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ABSTRACT

Large-scale surface coal mining will play a key role in
meeting the future energy needs of the United States, espe-
cially in affecting the costs of coal conversion and ad-
vanced combustion processes being developed by the U.S.
Energy Research and Development Administration (ERDA).

Fluor Utah, Inc., with Bonner & Moore Associates, Inc. as
subcontractor, was contracted by ERDA to study the costs and
problems of large-scale surface coal mining. This project
resulted in a series of computer models for use by the
industry in mine planning and analysis, and by government in
estimating future energy costs.

This report describes the simulation models representative
of contour stripping with dragline mining techniques which
were developed, documented and tested. Two types of models
were developed: detailed micromodels, which provide detail-
ed information on mining systems and equipment to assist in
mine design and equipment selection; and broad macromodels,
which provide a first-order evaluation of deposits and new
ventures for an entire mining complex.

The Appalachia (Ohio) Strippable Coal Resource Region was
used to test the models. A hypothetical mining situation
representative of typical mining problems and conditions

encountered in the Appalachia (Ohio) Region was selected.

The models were used to estimate mining costs for the hypo-
thetical baseline situation and for sensitivity analysis
varying Both mining parameters and financial assumptions.
The results of the test case indicate potential coal prices
for a range of geologic and economic assumptions.

The models are part of a series developed for mine planning
and economic analysis of surface coal mines. The complete
series designed for use by government or private industry,
permits examination of large-scale surface coal mining under
a variety of terrain conditions and overburden depths. Each
major operation in the coal mining process is represented in
these models so that the best methods and equipment may be
selected and so that the impact of such selection will be
reflected in estimates of capital investment, operating
costs, and sales price.



1.0 INTRODUCTION

1.1 PURPOSE OF THIS REPORT

The purpose of this report is to describe the development of
simulation models for large-scale surface coal mining pro-
jects using the contour stripping with draglines mining
method. A hypothetical test situation in the Appalachia
(Ohio) Region is described, and simulation results for this
test situation are presented. :

1.2 PROJECT OVERVIEW

Realizing that large-scale surface coal mines would be
needed to supply feedstocks for conversion processes cur-
rently under development, the U.S. Energy Research and
Development Administration sponsored this project to be
better able

to determine expected costs for future energy, and

to provide the industry with planning and analysis
models to aid in meeting future increased pro-
duction needs.

The project encompassed 42 months of work at a cost of $2.5
million involving both the mining and process engineering
staff of Fluor Utah, Inc. as prime contractor and the
consulting and computer programming staff of Bonner & Moore
Associates, Inc. as the major subcontractor.

Successful completion of the project has provided the follow-
ing immediate benefits:

Scientific planning for coal deposit exploitation by
the U.S. coal industry has taken a significant step
forward in this project.

Both government and industry, as a result of this
project, have a number of powerful tools at their
disposal for use in future expansion of surface coal
mining.

Information provided by the models will aid in proper
planning, equipment selection and exploitation tech-
niques so the coal industry can efficiently scale up
to meet the energy needs of the United States.



1.3 PROJECT OBJECTIVES

The first objective of this project is to develop, test and
document simulation models representative of current surface
mining techniques. The models provide mine designers, poli-
cy planners, and engineering managers with the ability to
analyze a surface coal mine at two levels of detail. To
achieve this goal two types of computer models have been
developed:

Detailed Micromodels. These models provide estimates
for a detailed part of a large~scale surface mining
complex. Individual models allow the user to sepa-
rately analyze overburden removal, overburden drill-
ing and blasting, coal drilling and blasting, coal
loading and hauling, coal preparation and handling,
land reclamation, and premining, facilities, and
administrative expenses.

Broad Macromodels. These models provide a first
order estimate for an entire mining complex. All the
detailed operations considered separately by the mic-
romodels are contained as subroutines in the macro-
model. In several cases simplified macromodel
relationships were derived from detailed micromodel
studies. Macromodels have been developed for three
mining methods identified by the method of removing
overburden: area stripping with draglines, area
stripping with shovels and trucks, and contour mining
with draglines.

These detailed micromodels and broad macromodels plus sup-
porting information and user manuals, are available to all
interested private and public organizations.

The second objective is to use these computer models to
estimate mining costs for hypothetical test situations in
the eight major United States coal resource regions where
coal is likely to be surface mined. The coal resource
regions investigated are shown on Figure 1. Results of
these analyses, including the sensitivity of coal costs to
different mining and financial parameters, are presented in
eight separate reports listed in Appendix A.

The objective of Phase I was to delineate the large deposits
of surface minable coal in the United States, collect equip-
ment costs and performance data needed to calculate surface
coal mining costs, describe major surface mining and coal
preparation methods, and investigate the socioeconomic im-
pact of large mining complexes. This information provided a
framework for achieving the project objectives. A six-
volume Phase I report listed in Appendix B, was issued.



A total of fifteen models have been developed: eleven de-
tailed micromodels,; three simplified macromodels, and one
economic analysis model. Table 1 shows the mining functions
analyzed by each model as well as the types of mining that
can be studied.

1.4 COMPARISON OF -BROAD MACROMODEL AND. DETAILED
MICROMODELS

Figure 2 is a flow diagram of the micromodeling and macro=-
modeling systems as applied to the area stripping with drag-
lines mining method. The diagram would have the same form
for the other mining methods but would show different models
as appropriate to the mining operations. It can be seen
that the micromodel system involves using up to seven models,
while the macromodel system involves a single model preced-
ing the cash flow analysis. With the micromodel system the
user must analyze the model results and prepare the cash
flow input, whereas that input is developed directly by the
macromodel system.

Both systems begin with a tract description and end with the

results of a cash flow analysis. The main difference between
the types of models is the number of steps required to reach

a solution.

The macromodel system requires only one manual step, i.e.,
defining case study parameters. The computer programs per-
form all calculations required to obtain a solution. Thus,
first-order estimates can be obtained in a single step. The
macromodels are designed to provide answers even for cases
where little verified field data are available about the
site or region under study. The macromodel user may define
all mining and financial parameters; however, each model
uses default values, typical of the mining method and region,
for all parameters not supplied by the user.

In contrast, the micromodel system requires several manual
steps since each mining function is examined separately with
the user interpreting the results from each model. This
procedure permits interactive use of the computer with
decisions being made by the user at each stage of the
analysis. The micromodels are designed for use where con-
siderable field data are available. They may be used in
less well defined situations since each micromodel also has
default values which may be acceptable substitutes for
unavailable field data.



Table 1,

Computer Models for Simulation of Surface Coal Mining

Drilling & Blasting

Detailed Broad
..Micromodels Macromodels
Dragline Shovel Area Shovel Contour
Mining Dragline Truck Dragline
Mining Minin Minin
e v ——
Overburden Basic Stripping Method (BSM)
Removal Extended Bench Method (EBM) . )
Contour Stripping Dragline (CSD) ShOV?llTIU?k ?trlpplng(STS
(Ref: Report FE-1520-114) ultiple Dipping Seams (MDS
cuntain Top Removal (MTR
Haul Unit Simulation (HUS) (Ref: Report FE~1520-115)
C°:1 Loid Coal Load/Haul (CLH) |
and Hau (Ref: Report FE-1520-116)
Overburden

Drilling And Blasting (DAB)
(Ref: Report FE-1520-116)

Coal
Drilling & Blasting

Drilling And Blasting (DAB)
(Ref: Report FE-1520-116)

Land
Reclamation

Land Reclamation Simulation (LRS)
{(Ref: Report FE-1520-116)

Area Shovel Truck (AST)‘-———'—"

Coal Handling
and Preparation

Preparation/General Administrative (PGA)
{(Ref: Report FE-1520-116)

{(Ref: Report FE-1529-111)
(Ref: Report FE-1520-112)

(Ref: Report FE~1520-110)

Premining, Facilities
and Administrative

Preparation/General Administrative (PGA)
(Ref: Report FE-1520-116)

""“Contour Dragline Macromodel (CDM)—‘)

‘——Area Dragline Macromodel (ADM)

Economic
Analysis

Cash Flow Analysis (CFA)
(Ref: Report FE-1520-113)

Cash Flow Analysis {(CFA)
{Ref: Report FE-1520-113)




Thus, the type of model used depends on the following factors:

1. Availability of field data:
If little, use broad macromodel.
If great, use detailed micromodels.

2. Desired interaction between user and computer:
If little, use broad macromodel.
If great, use detailed micromodels.

3. Desired detail of analysis:
‘If little, use broad macromodel.
If great, use detailed micromodels.

Once equipment selections have been made the next step is to
develop equipment and manpower lists and investment and
operating costs. These data are manually compiled when the
micromodels are used but developed directly by the macromod-
el. The final step is the estimation of the coal sales
price required to yield a specified return on investment or
the return that could be expected from a specified sales
price. The Cash Flow Analysis (CFA) model is used for this
final step. It develops a complete discounted cash flow
analysis of the project and prepares the following reports:

Financial Summary Report

Case Description

Investment List

Operating Personnel List

Maintenance Personnel List

Services and Materials List
Infrastructure Report

Production and Cash Expenditure Table
Financial Statements.

These reports provide the user with a wide range of informa-
tion useful in evaluating a large-scale surface coal mining
project in terms of capital investment, operating costs, and
profitability. :

1.5 POTENTIAL APPLICATIONS

1.5.1 DETERMINATION OF COAL COSTS FOR COAL CONVERSION
AND COMBUSTION

The cost of coal comprises a significant portion of the
selling price of synthetic gas, liquid products or electric-
ity produced from coal. Because the competitiveness of
these energy options depends so strongly on coal costs, it
is important to make reasonably accurate estimates of mining
costs. This is particularly true for surface coal mines
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which currently supply approximately one-half of U.S. coal
production and are expected to supply even more of the U.S.

coaldemand in the future.*

The macromodels can be used to develop first-order costs for
coal conversion process evaluation. The detailed micromodels
can be used for more precise cost determination for specific
plants.

1.5.2° MINE EVALUATION
Mine evaluation typically progresses through a series of

steps from initial order-of-magnitude estimates through
final engineering and start-up as follows:

Order~of-Magnitude Estimate
Preliminary Estimate

Basic Engineering

Detailed Engineering
Procurement

Construction

Start=-up.

The broad macromodels can be used to inexpensively obtain
order-of-magnitude estimates for initial reserve evaluation.

As more field data is collected, preliminary estimates can
be made using: 1) the macromodels for analyzing the overall
mining complex, and 2) the detailed micromodels for analyz-
ing critical mining functions.

In the basic engineering stage the computerized models can
be used to examine a wide range of alternatives for both
mining and processing prior to committing large expenditures
for the preparation of detailed engineering drawings, spec-
ifications, calculations, and estimates. Using the results
of field investigation and testing to further refine model
default values with actual realistic data, a great many
cases can be run rapidly and inexpensively to examine many
alternative mining methods, mining plans, processing methods,
equipment types, and equipment sizes.

*REFERENCE: Cyril W, Draffin, Martin R. Adams, Paul O.
Hedman and Christian W. Knudsen, "Economic
Analysis of Coal Conversion Processes," pre-
sented at Third International Conference on Coal
Research, Sidney, Australia, October 6-8, 1976.
(Available from ERDA Fossil Energy, Washington,
D.C. 20545).
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The detailed micromodels can be used as an aid in preparing
year-by-year mine plans.

The cash flow analysis model can be used to update profit-
able projections as construction and purchase commitments are
made.

1.5.3 EVALUATION OF GOVERNMENT POLICY

Government policies affecting coal mining costs that could
be evaluated include: 1leasing of federal lands, alternative
land reclamation requirements, various depreciation methods,
increased labor and equipment costs due to safety require-
ments, state severance taxes, royalty costs, price subsidies,
and construction grants.

The models can also be valuable in estimating long term coal
price projections. Curves representing the cost of coal as

a function of the cumulative amount of coal mined (coal
supply curves) could be constructed for coal resource regions.

1.5.4 ENVIRONMENTAL IMPACT ASSESSMENT AND EVALUATION

The infrastructure report printed by the Cash Flow Analysis
model presents information in four categories:

Physical Effects
Economic Impact
Utility Requirements
Manpower Requirements.

This type of information can be used to assess environmental
and socioeconomic impact.

1.5.5 PUBLIC ACCESS TO THE SIMULATION MODELS

The simulation models are on line on a Xerox Sigma Seven
computer as of the completion of the project. They can be
run either in time share (remote terminal) or batch mode.
The ultimate method of continued public access to the models
has not been decided. Those desiring an up-to-date status
of the availability of the models should contact one or more
of the following as appropriate:

1. The Fossil Energy Office of the Energy Research
and Development Administration in Washington,
D.C., which sponsored the project, should be
contacted for questions regarding government
participation and government agency use. '

12



2. Fluor Utah, Inc., San Mateo, California, which

supplied the mining and process engineering ex

pertise for the project, should be contacted for
questions regarding the formulation of mining
problems, equipment selection logic, and inter-
pretation of simulation results.

3. Bonner & Moore Associates, Inc., Houston, Texas,
which supplied the simulation medeling and
consulting expertise for the project should be
contacted for questions regarding mathematical
modeling techniques and details of time share or
batch use of the models.

1.6 TEST CASE RESULTS

The first step in analyzing the test case was to develop a
baseline solution using both the detailed micromodels and

the broad macromodel for a mining complex producing coal
with sufficient Btu content to nominally supply a 250 million
cubic feet per day gasification plant, a 40,000 barrel per
day liquefaction plant, or a 1500 megawatt power plant.

The result was a mining complex with six pits and three
preparation plants producing approximately 5.1 million tons
of prepared coal per year. A 4-foot coal seam with a strip-
ping ratio of approximately 12.5 bank cubic yards of over-
burden per ton of run-of-mine coal was assumed.

The situation was selected for the test case to describe
conditions that would represent practical mining problems
typical of, the region. The geologic and topographic situ-
ation chosen is representative of a typical situation, not
a statistical average nor an actual situation.

The next step in analyzing the test case was to determine
the sensitivity of solution values to the following mining
and financial parameters:

Mining Parameters

Coal Preparation Requirements Annual Energy Demand
(Crush and Screen, Baum Jig, for Complex
or Heavey Media) Run-of-~Mine Coal
Height of Overburden Heat Value
Height of Topsoil Saved Reclamation Cost Per
Height of Coal Acre for Dozing,

Revegetation, and
Land Management

13



Financial Parameters

Capital/Debt Ratio Federal Income Tax
Mineral Rights Rate
Surface Rights ; Long~-Term Interest
Royalty Payment Rate
Severance Taxes Short-Term Interest
Cash Flow Discount Rate Rate

The parameters were varied one at a time through a range of
values from extreme low to extreme high. The range of
values used represents practical limits for each variable
based on operating experience and field investigation. The
results illustrate the relative sensitivity of the coal
price to changes in the primary input parameters. These
results are reported in detail in Section 6 of this report.

Regional studies, which are recommended for future study,
were not considered as part of the current project. Never-
theless the test case results are of interest because they
provide a first—order estimate of the costs and problems of
mining in a given region using a specified mining method.
With the caution in mind that the values shown represent
only hypothetical test situations, it is of interest to
compare results in the following key areas:

Coal Price

Capital Investment

Annual Direct Operating Cost

Requirements for Individual Mining Functions.

1.6.1 COAL PRICE

The required coal price can be expressed in two ways: 1)
dollars per ton of coal shipped, or 2) dollars per million
Btu of heat value of coal shipped. As shown in Figure 3,
the coal price varies from approximately $10.00/ton to
$19.50/ton with a baseline value of approximately $12.70/ton
(no escalation, 10 percent rate of return). The ranges
shown in Figure 3 are based on the highest and lowest values
resulting from variation of mining parameters only.

14



EXAMPLE TEST CASE RESULTS

IESTCASES  ESTIMATED PRICE (DOLLARS PER TON OF COAL)
T0 ACHIEVE SPECIFIED RETURN ON INVESTMENT

1

0 5 10 15 20 25 30 35 40

DOLLARS PER TON
(ALL COSTS 1N JANUARY 1975 DOLLARS WITH NO ESCALATION)

ESTIMATED PRICE (DOLLARS PER MILLION BTU's) ™
TO ACHIEVE SPECIFIED RETURN ON INVESTMENT

L LA ¥ L\ g L 1 1) L £

.50 1.00 150 2.00

DOLLARS PER MILLION BTU's
(ALL £OSTS IN JANUARY 1975 DOLLARS WITH NO ESCALATION)
* COVERS COST OF MINING AND PROCESSING:

TRANSPORTATION NOT INCLUDED
B=BASELINE SOLUTION, RETURN ON INVESTMENT

R=RETURN ON INVESTMENT SET T0 15%

Figure 3. Estimated Price of Coal

The most important financial parameters affecting coal price
are return on investment and escalation. The effect of
changing return on investment from 10 percent to 15 percent,
as an example, is shown in Figure 3. To underscore the
impact of escalation, an additional set of example sensi-
tivity studies were made to compare baseline results (no
escalation) with 5 percent escalation of all investment and
operating costs holding price constant, and with 5 percent
escalation allowing price to escalate at 5 percent also.

The results are shown in the following tabulation:

Estimated Price (Dollars per ton)

No Escalation 5% Cost Escalation 5% Cost Escalation
Price Constant Price Constant 5% Price Escalation
all years all vears first year last year

12.70 24.82 14.45 to 65.57

15



1.6.2 CAPITAL INVESTMENT

The range of capital investment resulting from variation of
mining parameters is shown in Figure 4. Capital investment
includes all equipment, premining, and facilities costs.

For the Appalachia (Ohio) test case the capital investment
varies from approximately $125 million to approximately $245
million with a baseline value of approximately $160 million.

1.6.3 ANNUAL DIRECT OPERATING COST

The range of annual direct operating costs resulting from
variation of mining parameters is also shown in Figure 4.
Operating costs vary from approximately $20 million/vear to
approximately $39 million/year with a baseline value of
approximately $26 million/year.

EXAMPLE TEST CASE RESULTS

}55‘]7“['3355 5 REQUIRED CAPITAL INVESTMENT FOR A MINE COMPLEX

0 50 ‘ 100 150 200 250 300 350 400

MILLIONS OF DOLLARS
(ALL COSTS IN JANUARY 1975 DOLLARS WITH NO ESCALATION)

REQUIRED ANNUAL DIRECT OPERATING COST FOR A MINE COMPLEX

aaasasie .20....30‘5’ TR TR T
MILLIONS OF DOLLARS
B=BASELINE (ALL COSTS IN JANUARY 1975 DOLLARS WITH NO ESCALATION)

MINE COMPLEX PRODUCES NOMINAL COAL FEED REQUIRED FOR:
250 MILLION CU.FT./DAY GASIFICATION PLANT. OR
40,000 BBL/ DAY LIQUEFACTION PLANT, OR
1500 MEGAWATT POWER PLANT

Figure 4. Comparison of Required Capital
Investment and Operating Cost
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Figure 5. Percent of Capital Investment and
Operating Cost by Mining Function

1.6.4 RELATIVE IMPORTANCE OF MINING FUNCTIONS

The percentage of capital investment and operating costs for
each mining function is shown in Figure 5. Overburden
removal accounts for approximately 29 percent of investment
and 39 percent of operating costs. Coal handling and pro-
cessing actounts for approximately 41 percent of investment
and 25 percent of operating costs.

One reason for the high percentage of capital cost for coal
handling and processing is the extensive blending and stock-
piling facilities which may be required to provide a uniform,
stable feedstock to a coal conversion plant.

This comparison of capital investment and annual operating
costs underscores the fact that in large-scale surface coal
mining, especially to produce feedstock for a coal conver-
sion plant, it is not the extraction of the coal that has
the greatest impact on cost. Rather, it is the removal of
the overburden and the processing of the coal to meet feed-
stock requirements that account for the major costs.

17



2.0 DESCRIPTION OF THE MINING METHOD =
CONTOUR ‘STRIPPING WITH DRAGLINES

2.1 MINING OPERATIONS AT EACH PIT

A mining complex may consist of one or more pits. A pit is
the active working area where coal is being uncovered and
loaded. When the area stripping with draglines mining
method is employed, the following activities are part of the
mining operations at each pit:

Overburden drilling and blasting

Overburden removal

Coal drilling and blasting (not regquired for
Appalachia=0Ohio)

Coal loading and hauling

Land reclamation.

These mining operations are largely independent activities,
but must be coordinated to avoid delays or bottlenecks. All
operations must advance at the same annual rate to provide
uniform progress through the mine property. The physical
relationship of the various operations is shown schematically
in Figure 6, the plan view of a hypothetical area stripping
pit. A detailed discussion of large-scale surface mining
methods and equipment can be found in Volume 3 of the Phase

I Report (Ref: FE=1520-3).

2.1.1 OVERBURDEN DRILLING AND BLASTING

A pattern of vertical blast holes is drilled with a rotary
drill and the blast holes loaded with the specified amount
of blasting agents, primers, and detonating cord. The
blasting agent and primer fills only a portion of the blast
hole; fine drill cuttings or other suitable material (termed
stemming) f£ills the remainder of the blast hole. Blast
holes are detonated according to a planned sequence or
series designed to obtain efficient fragmentation of the
overburden. A typical self-propelled rotary drill used for
drilling overburden blast holes is shown in Figure 7.

Drilling and blasting is performed following land clearing
and topsoil removal and prior to overburden removal.

2.1.2 OVERBURDEN REMOVAL

Overburden is excavated by a walking dragline one panel at a
time and cast to spoil piles occupying the panel mined
previously. A typical walking dragline is shown in Figure 8.

With the removal of the overburden, the coal seam is exposed
and ready for loading and hauling.
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2.1.3 COAL LOADING AND HAULING

Coal is loaded by a shovel located in the pit bottom and
hauled by a fleet of bottom dump trucks which shuttle be-
tween the pit and the receiving station at the preparation
plant. The shovel loads the coal from the exposed seam into
waiting trucks adjacent to the point of excavation. The
trucks will travel either on top of the coal seam or on the
pit bottom. The trucks have access to the pit via ramps
through the spoil piles. A typical coal shovel and bottom
dump coal truck are shown in Figures 9 and 10.

Figure 9. Coal Loading Shovel

2.1.4 LAND RECLAMATION
Land reclamation includes the following operations:

Topsoil removal
Topsoil spreading
Spoil pile regrading
General dozing
Revegetation

Land management,
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Topsoil removal is accomplished by a fleet of self-loading
elevating scrapers. The scraper fleet hauls the topsoil

from the cleared area, ahead of drilling and blasting, to
the regraded area on the spoil piles on the other side of
the pit. Scrapers are also used to spread the topsoil prior
to revegetation. A typical self-loading scraper is shown in
FPigure 11.

Spoil piles are regraded by a fleet of bulldozers which
level the peaks and valleys left behind by the dragline.
Bulldozers are also required for general reclamation activ-
ities, including recontouring, drainage control, erosion
control, ditching, and dam work. A typical track-type
tractor with bulldozer is shown in Figure 12.

Figure 12. Track-Type Tractor with Bulldozer for
Regrading Spoil Piles and General Reclamation

Revegetation includes preparation of the soil prior to
planting, the addition of required soil amendments, and
reseeding.

Land management costs include follow-up activities to ensure
long-term revegetation (including reseeding of areas remain-
ing barren following initial revegetation effort), plus
interest on posted land reclamation bonds.

2.1.5 SUPPORT EQUIPMENT FOR MINING OPERATIONS AT EACH PIT

Several types of support equipment are required for the
primary operations at each pit:
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Overburden drilling and blasting:

Bulldozer to prepare bench for drill
Bulldozer to push cuttings into holes
Prill truck to deliver blasting agents and supplies.

Overburden removal:

Bulldozer to clean up bench for dragline movement

Loader with cable reel to handle dragline power -
supply cable

Secondary dragline with small bucket to remove high
spots, build level bench for primary machine,
control drainage, etc.

Coal loading and hauling:
Loader to clean the top of coal
Grader to maintain the haul road
Water truck to maintain the haul road
Pumps to remove water from pit.

It is assumed that no major road-building equipment is required.

2.2 CENTRAL OPERATIONS FOR THE MINE COMPLEX

A mine complex consists of one or more pits, each providing
coal to a central preparation and loadout facility. The
central operations serving the entire complex provide two
basic functions: coal handling and preparation, and general
and administrative activities.

2.2.1 COAL HANDLING AND PREPARATION

Coal preparation is a process for treating run-of-mine or
raw coal to meet market specifications. Commonly, this is
accomplished by mechanical sorting of particles in a medium
of water. (Chemical processes are currently under investi-
gation.) Prepared coal normally has defined physical prop-
erty specifications, higher calorific value, and lower
moisture, sulfur and ash contents than raw coal. It is a
premium quality coal which has advantages in the conversion
process.

Coals, as they occur in the ground, are extremely hetero-
genous with characteristics that vary widely from seam to
seam and within an individual seam. They tend to be adul-
terated with "deleterious dirt" which results in ash or
sulfur products upon conversion. Complicating the inherent
complexity and heterogeneity of coals is the mining process
which introduces additional adulterants, including waste
rock, mineral partings within the seam, and tramp materials.
Therefore, run-of-mine coal usually requires preparation.
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Three Levels of Preparation Difficulty

Through the use of developed flowsheets, equipment lists and
arrangement drawings, capital costs have been determined for
three different coal preparation plants. The plants repre-
sent levels of preparation difficulty which provide three
cost alternatives for study, as shown in Table 2.

TABLE 2. THREE TYPES OF PREPARATION PLANTS

THEORETICAL
DIFFICULTY OF WASHABILITY PLANT DESIGN
PREPARATION DATA REQUIRED {FLOWSHEET)
Slight Size consist Crushing and
screening plant
Moderate Size consist Baum jig plant
Sink/float
Washability
curves
Great Size consist Heavy media
Sink/float plant
Washability
curves

Coal conversion and combustion processes are expected to
require different degrees of preparation; however, the
benefits and extent of coal preparation are likely to be
more fully recognized and defined as more becomes known
about the conversion processes.

In an actual situation, the coal preparation plant is de-
signed based on detailed knowledge of the properties of the
run~of-mine coal (plant input) and the feedstock specifica-
tions of the prepared coal (plant output). For the general-
ized or hypothetical situation, neither coal properties nor
the feedstock specifications are known.

Therefore, to provide three alternatives which would indi-
cate the relative cost of hypothetical coal preparation
approaches that might be considered in the future, the
following plants have been examined:

Crushing and screening plant

Baum jig plant
Heavy media plant.
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These plants have been designed based on assumed properties
for the incoming coal. A coal that requires slight prepara-
tion effort was chosen as the basis for a crushing and
screening plant; a coal that requires a moderate preparation
effort was chosen as the basis for a Baum jig plant, and a
coal that requires a great preparation effort was chosen as
the basis for design of a plant requiring two-stage heavy
media separation and flotation.

For each of the three hypothetical plants being studied, the
following general specifications and costs have been esti-
mated for a plant with a baseline rated capacity of 75,000
tons per day (TPD) of run-of-mine coal:

1. Capital cost

(tons output of prepared coal )
(tons input of run-of-mine coal)

2. Yield factor

3. Rated capacity;

Cost extrapolation factors have been developed to establish
preparation plant costs as shown in the following formula:

Cost for plant Cost for plant Rated Production Y
of specified = of baseline X Specified Plant
capacity capacity - Rated Production

Baseline Plant
Where: Y = plant cost scaling factor.

Other facilities may be required in addition to the prepara-
tion plant:

Raw coal receiving and breaking
Blending and stockpiling
Prepared coal loadout

Support facilities.

Capital costs have been estimated for hypothetical designs
of each of the additional facilities.

A hypothetical overall plot plan for the coal handling and
preparation facility is shown in Figure 13.

The estimated costs are hypothetical and would vary widely
in actual situations. Many alternate process steps, such as
grinding, briquetting, thermal drying, etc., that may be re-
guired to feed a specific conversion process with a partic-
ular coal are not included in the general hypothetical plant
designs. , :
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Any one of the hypothetical plants can be combined with one
or more of the required additional support facilities to
form a complete preparation unit to provide coal for conver-
sion into synthetic fuels. 1In order to adjust for different
production rates, factoring formulas are available for each
of the three plants or four facilities. However, due to the
different assumptions used in the development of the plants
and facilities, the probability of an actual situation
matching a theoretical combination is very low; therefore,
any final results should be used with great caution.

A detailed discussion of large-scale coal processing for
coal conversion including process flow diagrams and equip-
ment descriptions can be found in Volume 4 of the Phase I
Report (Ref: FE-1520-4}.

2.2.2 GENERAL AND ADMINISTRATIVE FUNCTIONS

The centralized general and administrative functions serving
the entire mining complex have been divided into five
categories: .

Ancillary facilities
Ancillary equipment

Other premining costs
Supervisory and support staff
Miscellaneous overhead costs.

Ancillary facilities include roads and site work, buildings
(shops, warehouses, offices, laboratories, and other facil-
ities), electric power system, water system, and communlca-
tions system.

Ancillary equipment includes mobile equipment such as utility
trucks and cranes, as well as shop equipment for maintenance
operations such as machine tools and overhead cranes.

Other premining costs include initial payments for land
rights, exploration drilling costs, contract engineering
costs (feasibility study plus final design), and environ-
mental impact statement costs. ‘

The supervisory and support staff consists of mine manage-
ment, supervision, technical staff, safety, administration,
and purchasing.

Miscellaneous overhead costs include a cash reserve, home
office expenses, royalty and severance taxes, insurance and
property taxes, and inventories of spare parts, supplies,
and stockpiled coal.
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3.0 HYPOTHETICAL TEST CASE - APPALACHIA (OHIO)

3.1 - MINING SITUATIONkDESCRIPTION

In order to develop a macromodel for contour stripping with
- draglines, a representative test situation was selected for
the detailed analysis that would eventually form the founda-
tion of the generalized macromodel relationships. The
Appalachia (Ohio) Strippable Coal Resource Region, described
in detail in Volume 2 of the Phase I Report (Ref: FE-1520-2)
was selected for the test case, and a hypothetical situation
was constructed. While this hypothetical situation does not
represent an actual site, every effort has been made to
describe a situation which would present itself to practical
mining problems typical of the Appalachia (Ohio) region.

In order to fully document the underlying problems and
assumptions related to the test case, the following para-
graphs describe in detail the test case geology, mining
complex requirements, and individual pit requirements.

3.1.1 GEOLOGY FOR TEST CASE

The geologic and topographic situation chosen for the Appalachia
(Ohio) test case is representative of a majority of the
conditions encountered in the region. ' It is not a statisti-
cal average nor an actual condition, but only a typical
situation. The topography chosen for the test case was
taken from U.S. Geological Survey 1:24,000 scale topographic
maps of the region.

N
The base case geology is patterned after the Sewickly (meigs
Creek No. 9) coal. Overburden thickness and characteristics,
and coal seam thickness and quality are composites of data
taken from the geology data base described in Volume 2 of
the Phase I Report (Ref: FE-1520~2), and information ob-
tained during field visits. The geologic situation chosen
is summarized in a stratigraphic column (Figure 14), which
was used in compiling a hypothetical geology map of the
area.

The key geologic parameters are summarized in Table 3. The
overburden density was determined by taking a weighted
average of the density of the materials shown in the strati-
graphic column. The overburden height was determined by the
average distance between the top of coal and the surface.
The swell factors, highwall angle, spoil angle and topsoil
thickness are based on data gathered during field visits.
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Table 3.

GEOLOGY FOR APPALACHIA (OHIO) TEST CASE

Coal Height ft / 4
Coal Heat Value Btu/1l 12,600
Coal Density 1b/bank vd 2160
Coal Swell Factor .35
Coal Face Angle degrees 76
Burden Height Avg £ 49,27
Burden Density 1b/bank yd 4300
Burden Swell Factor .35
Burden Highwall Angle degrees 63.43
Burden Spoil Angle degrees 33.69

Topsoil Thickness Saved ft .5

3.1.2 MINING COMPLEX REQUIREMENTS FOR TEST CASE

The prime factor in determining the overall size of a mining
complex is the annual amount of energy in the form of pre-
pared coal that must be shipped from the complex. For the
test case, an energy demand of 130 trillion Btu's per year
was selected. This energy demand is roughly equivalent to
the annual feedstock requirement for a 250 million standard
cubic feet per day coal gasification plant, a 40,000 barrel
per day coal liquefaction plant, or a 1500 megawatt power
plant.

Assuming a 30 year life for the project and assuming that

the combination of feedstock specifications and coal charac-
teristics allow a low degree of coal preparation as repre-
sented by a crushing and screening plant, the overall pro-
duction requirements for the mining complex can be determined
as shown in Table 4.

3.1.3 INDIVIDUAL PIT REQUIREMENTS FOR TEST CASE

The mining complex has been divided into three identical
adjacent operating pits which feed run-of-mine coal into a
single crushing and screening plant. In an actual practical
situation the size of each pit would vary depending on the
geologic variations and land ownership patterns. For simi-
lar reasons the pits would not necessarily be adjacent to
one another. Note that the rail system for long distance
shipping is not included as part of the cost of the mining
complex (i.e., costs carried through to the unit train
loadout point).
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~Each individual pit in the hypothetical mining complex
contains approximately 28 million tons of coal in place.
The detailed individual pit regquirements for a 30-year pit
life are shown in Table 5.

Table 4.

MINING COMPLEX REQUIREMENTS FOR APPALACHIA (OHIO) TEST CASE

Energy Demand Btu/yr 1.3x1014
Coal Delivered ‘Prep tons/yr 5,140,021
Preparation Plant Type Crushing & Screening
Preparation Plant Recovery
Prep tons/ROM tons .99

Coal Demand ROM tons/vr 5,191,940
Expected Coal Recovery in Mine , k92
Production Life Years 30
Total Coal in Place Tons 169,302,390
Stripping Ratio

Burden bank yd /ton of recovered goal 12.40
Burden Demand Bank yd /yr 64,368,113
Total Pits in Complex 6
Years in Each Pit 30
No. of Active Pits , ‘ 6
Total Preparation Plants

in Complex 3
Rated Capacity of Preparation

Plants {(Combined Total) ROM tons/day 20,768

Table "5,
INDIVIDUAL PIT OPERATING REQUIREMENTS
FOR APPALACHIA (OHIO) TEST CASE

Overburden Drilling 3

& Blasting Bank yd3/yr 10,728,018
Overburden Removal Bank yd /yr 10,728,018
Coal Drilling & 3

Blasting Bank yd~/yr None
Coal Loading & Hauling ROM tons/yr 865,323
Coal Handling &

Preparation (Each Plant) ROM tons/day 6,923
o (250 days/yr)
Land Reclamation Acres recl./yr 150
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3.2 MINE OPERATION SCHEDULE AND EFFICIENCY

Once annual operating requirements for each pit have been
established, the operating schedules and efficiency for each
function are determined. In Table 6, the following six
factors are defined for each mining operation:

SHY = Scheduled Hours per Year
Total number of hours in a year
(365 days x 24 hours per day = 8760 hours
less days, shifts, or hours not worked due
to the following:
a. Holidays
b. Weekends
c. Strikes
d. Vacation shutdown
e. Severe weather seasonal shutdown
f. Preventative maintenance shifts during week
g. Idle shifts during day
h. Less than 8-=hour shift (work rules).

AEF = Annual Efficiency Factor
Discount factor used to account for lost scheduled
hours during a year due to the following:
a. Unscheduled minor repair
b. Unscheduled major repair
c. Scheduled overhaul.

PHY = Productive Hours per Year
Scheduled hours per year times annual efficiency
factor

ESO = Efficiency of Simulated Operation
Discount factor (sometimes expressed as minutes per
hour) used to account for lost production due to:
a. Shift startup and shutdown
b. On-shift routine preventative maintenance
c. Fueling
d. Breaks
e. Operator skill
f. Job conditions
g. Weather
h. Mobility
i. Difficulty of material
j. Job supervision
k. Interfaces with other operations
1. Short moves to reposition within work area.

PTF = Propel Time Factor
Discount factor used to account for lost production
due to:
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a. Moving to a working position on a new panel
b. Moving to a working position on a new bench
c. Moving to a working position in a new mine.

FF = Fill Factor
Discount factor used to account for lost or extra
production due to:
a. Inability of machine to carry 100% of its rated
capacity
b. Ability of machine to carry in excess of 100% of
its rated capacity.

The schedules and efficiencies shown in Table 6 were used
for the test case to compute machine annual production
capabilities to meet pit annual production requirements. A
user could vary these values to match his own field experi-
ence and production needs.

Table 6.

MINE OPERATION SCHEDULE AND EFFICIENCY

Overburden Stripping Coal Coal Topsoil Regrading
Drill Dragline Shovel Truck Scraper Bulldozer
Scheduled Hours :
Per Year 3625 8297 ‘ 3625 3625 2000 2000
Annual Efficiency
Factoxr .90 .90 .90 .90 .90 .90
Productive Hours
Per Year 3262.5 7467 3262.5 3262.5 1800 1800
Efficiency of ;
Simulated Oper. 1.00%* .833 .833 .833 .833 .75
Propel Time
Factor 1.00% .98 N/A N/A N/A N/A
Fill Factor N/A .95 .95 1.10%* N/A N/A

*Drilling rate specified accounts for efficiency and propel time.
**Indicates 10% overload is allowable.

3.3 BASELINE SOLUTION USING MICROMODELS

During Phase I of the project, a series of computerized
micromodels was developed to analyze separately the various
required mining operations. These micromodels require
detailed input to define a problem, and are intended for a
user who desires a high degree of interaction with the
models. :
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The follow1ng micromodels are pertinent to the Appalachia
(n'hﬁn\ test case:

Contour Stripping Method (BSM)

Drilling and Blasting (DAB)

Coal Load and Haul (CLH)

Haul Unit Simulation (HUS)

Land Reclamation Simulation (LRS)
Preparation/General Administrative (PGA)
Cash Flow Analysis (CFA).

In brief, each model uses input based on the mining situ-
ation, schedule and efficiency, and the user's judgment to
select a combination of equipment with the least ownership
and operating cost for each function. The selections are
reviewed by the user, and with the addition of suitable
support equipment, a cash flow analysis is used to estimate
a required price for the coal in the deposit. The use of
the micromodels to solve a mining problem is shown schemat-
ically in Figure 15. A solution to a mining problem using
the micromodels is developed in six steps:

1. Tract Description (user)

. Develop Mine Plan (user)

. Develop Micromodel Input (user)

. Run Micromodel Solutions (computer)

. Analyze Micromodel Selections, Add Secondary
Equipment, and Make Financial Assumptions
(user)

6. Cash Flow Analysis (computer).

U WD

As previously described, the macromodels are intended to
require a brief set of input data and little interaction by
the user. In order to develop such a macromodel, a baseline
or reference point is developed against which eventual
macromodel results are tested. This reference point has
been established by running a detailed micromodel solution
for the hypothetical situation in the Appalachia (Ohio) as
defined by the test case mining situation description. The
test case mine operation schedules and efficiencies were
also used. The results of the test case baseline solution
using micromodels are described in the following paragraphs.

3.3.1 CONTOUR STRIPPING WITH DRAGLINES
The Contour Stripping with Draglines (CSD) computer micro-

model simulates contour stripping with a single dragline.
The CSD model assumes that the dragline operations will
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proceed along the outcrop line of the coal, and that the

line will be described as a series of sections. Each sec-
tion in this series comprises a single straight-line segment
or an arc with a specified radius of curvature and angle.
The number of sections can vary from one to thirty (this
limit can be increased, if needed). A single cross-section
description (hillside contour) is permitted for each section
in the problem statement. Thus, the user sections the
property to be studied to represent both the variations in
the outcrop line and the contour of the material overlying
the coal.

The user sets the working panel widths for each section. He
may direct the use of a particular dragline by entering the
appropriate specifications from the data book, or he may let
the model "synthesize" a dragline that will have a specific
effective dumping radius. The user may also specify different
panel widths for different sections. He could use different
draglines for each section; but the calculated costs would
probably be incorrect, since the model would cost on the

basis of the machine used for the last section.

For each section, the model analyzes the geometry and deter-
mines the number of panels that can be stripped before an
operating limit is reached. Generally, the operating limit
is reached when the spoils overlap the coal.

The user can set the overlap limit for any specified amount
of overlap (including "none”). The model then computes both
the amount of coal covered and the rehandle costs that would
be incurred if the overlapped coal were recovered. It also
draws a cross-section plot to graphically display the geo-
metry; and calculates volumes. :

After all sections are processed, the model develops overall
totals and costs and draws a plan-view plot. This plan view
is a stylized contour map showing the outcrop line, the
limit of the spoils, and the final highwall.

Forty-five input parameters plus the profile of each section
must be defined in order to run the Contour Stripping with
Draglines micromodel. These parameters are listed with
definitions and baseline values in Appendix B.l.

The Contour Stripping with Draglines output indicates that a
dragline with a 304-foot boom and 43-cubic-yard bucket would
provide the least cost solution of $2.487 per ton of recover-
able coal uncovered at the desired rate of production. An
abbreviated listing of the computer output is shown in
Appendix B.2. All costs are in January 1975 dollars (no
escalation).
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In addition, a plotter can be used in conjunction with the
computer to draw a cross section and a plan view of the pit
showing successive mining panels and spoil piles to scale.
Such a plot of the baseline solution is shown in Figure 16.

3.3.2 DRILLING AND BLASTING

" The Drilling and Blasting (DAB) computer micromodel simu-
lates the drilling of vertical blast holes and determines
the required amounts of blasting materials related to over-
burden drilling and blasting.

Three types of cases can be run:

1. Spacing, burden, and drill diameter not speci-~
fied

2. Drill diameter specified

3. Spacing, burden, and drill diameter specified.

In addition, a variety of blasting materials can be chosen.

The program determines the number of holes that must be
drilled per year. This is used to determine the reguired
quantity of machines and blasting materials. Costs are
determined and a least cost solution is selected.

Up to 26 input parameters must be defined in order to run
the Drilling and Blasting micromodel. These parameters are
listed with definitions and baseline values in Appendix B.3.

The Drilling and Blasting output indicates that .59 (or 1)
No. 16 rotary drill would provide the least cost solution of

$.657 per ton of recoverable coal (i.e., 86§5§géligns)'
§

An abbreviated listing of the computer output is shown in
Appendix B.4. All costs are in January 1975 dollars (no
escalation).

3.3.3 - HAUL UNIT SIMULATION AND COAL LOAD AND HAUL

Two separate micromodels, Haul Unit Simulation (HUS) and
Coal Load and Haul (CLH), are used in the selection of the
shovel/truck combination for loading the coal in the pit and
transportation from the pit to the receiving station of the
preparation plant. ‘

The HUS model simulates the performance of an off-highway
truck on a given haul road. The model evaluates the ablllty
of a truck according to the following criteria:

Possible truck speed and time to travel the
haul road
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Possible coal production (tons/hour) that
could be sustained by one truck

Size of the fleet required to maintain a given
coal production rate

Cost of ownership and operation of each truck
in the fleet

Cost of haulage for each truck ($/ton of coal).

The eguipment data base contains all the parameters required
by the HUS model. The following parameters are used for
each truck to be studied:

Weight capacity

Performance data

Braking data

Ownership and operating cost data
Number and size of tires

Engine characteristics.

The HUS model begins with a specification of the mine and
the haul road, from pit to tipple. The road is described in
segments with distance, grade, speed limits, stop, etc.,
defined for each segment. The model simulates the hauling
operation, and calculates operating statistics and operating
and investment costs. Input and output for the HUS model
are shown in Appendices B.5 and B.6.

The data developed with the HUS model is used in running the
CLH model. The CLH model processes shovel and truck files
to evaluate the ability of the shovel and truck in combina-
tion, to meet the requirements of physical dimensions and
production during the coal loading operation. Production
and cost information are calculated and printed for the
user.

The model operates the shovel and truck separately, at full
capacities, to determine possible production. Then the com-
bination of shovel and truck is evaluated, taking into
account the necessary losses in possible production due to
waiting time for the truck to spot at the shovel. ‘

Twenty input parameters plus a description of each segment
of the haul road are required to run the HUS micromodel. In
addition, 24 input parameters must be defined to run the CLH
micromodel. These parameters are listed with definitions
and baseline values in Appendix B.7.
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The CLH output indicates that one No. 31 shovel (12-yd3

bucket) with a fleet of four No. 53 trucks (150~ton payload)
would provide a least cost solution of $.684 per ton of
recoverable coal., An abbreviated listing of the computer
output is shown in Appendix B.8. All costs are in January
1975 dollars (no escalation).

3.3.4 LAND RECLAMATION

The Land Reclamation Simulation (LRS) micromodel analyzes

four separate operations: required scraper fleet for top-
soil removal and redistribution; required bulldozer fleet

for spoil pile regrading and for general dozer work; costs
of revegetation; and land management.

Input to the LRS program requires both a definition of the
geometry and desired production and a definition of the
performance specifications of the equipment to be used. The
input parameters and baseline values are shown in Appendix
B.9.

The LRS output indicates that a fleet of .66 (or 1) scrapers
would be required for topsoil removal and a fleet of 2.03
bulldozers (or 3) would be required for spoil pile regrading
and general dozing. Combining scraper and bulldozer fleet
costs with revegetation and land management yields a cost of
$.334/recoverable ton of coal. An abbreviated listing of
the computer output is shown in Appendix B.1l0. All costs
are in January 1975 dollars (no escalation).

3.3.5 COAL PREPARATION FACTORING

The Preparation/General Administrative (PGA) micromodel
determined the coal handling and processing costs by means
of extrapolation from a standard size facility. In addi-
tion, it allows plant selection based on three levels of
difficulty of preparation effort: crushing and screening,
Baum jig, and heavy media. The micromodel separates owner-
ship and operating costs into five categories:

Receiving and Breaking
Blending and Stockpiling
Coal Loadout

Preparation Plant
Preparation Plant Support.

The input parameters for the PGA model are used to define
the costs of the standard size facility and the extrapola-
tion factors for determining the costs of a new size facil-
ity. The key input parameters are energy demand and plant
type which are used to determine the daily rated capacity of
the new plant in run-of-mine tons of coal. Coal washability
curves are not directly considered.
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Abbreviated listings of the input and output of the PGA
model when used for coal preparation factoring are shown in
Appendices B.1l, B.12, and B.13.  The output indicates that
the cost of coal handling and preparation in three plant
facilities, each plant rated at 6,922 TPD run-of-mine coal,
would be $2.285/ton of recoverable coal. All costs are in
January 1975 dollars (no escalation).

3.3.6 GENERAL AND ADMINISTRATIVE

The Preparation/General Administrative (PGA) micromodel
determines the central facilities, staff, and premining
costs by means of extrapolation from a standard size fa-
cility. The micromodel separates ownership and operating
costs into thirteen categories:

Roads and Site Work

Buildings

Electric Power System

Water System

Communications System

Mobile Support Equipment

Shop Equipment

Land Rights

Exploration Drilling

Contract Engineering
Environmental Impact Statement
Supervisory and Support Personnel
Royalty and Severance Tax.

The input parameters for the PGA model are used mainly to
define the general and administrative costs for the standard
size mine and to define the extrapolation factors. The key
input parameters are energy demand and stripping ratio which
are used to determine the size of premining costs, facil-
ities, ‘and administration for the new mine. ' An abbreviated
list of input variables is shown in Appendices B.1l4 and
B.15,

The output of the PGA model indicates that a General and
Administrative cost of $1.24/ton of recoverable coal would
be required. An abbreviated listing of the computer output
is shown in Appendix B.16. All costs are in January 1975
dollars (no escalation).

3.3.7.  CASH FLOW ANALYSIS
The Cash Flow Analysis (CFA) computer model is used to
determine the required selling price of coal for a required

return on investment. The CFA model takes into account the
time value of money, as well as such financial parameters as
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interest rates, tax rates, and escalation rates. All expen-
ditures and revenues are compiled each year for the project

In addition, initial investment, deferred investment, and
replacement investment requirements are determined.

Three types of input data are required to run the CFA model:

Mining operation data

Personnel data

Case description parameters, financial assumptions,
and default values.

The mining operation data defines the performance and cost
of all items required for the mining complex. For each item
in a mine operation approximately 40 parameters must be
input to provide sufficient data for the cash flow analysis.
Data from micromodel results are transferred to cash flow
input, using the form shown in Appendix C.1l.

The personnel data defines the classifications, salary
grades, schedules, effective hours per year, and dollars per
effective hour for all types of manpower required for the
mine complex. The baseline input classifications and work
schedules are shown in Appendix C.2.

The financial assumptions and default values define the
economic conditions and accounting provisions for the pro-
ject. More than 30 financial assumptions must be input to
provide sufficient data for the cash flow analysis as shown
in Appendix C.3.

The output generated by the CFA model is contained in eight
reports:

1. Financial Summary Report and Case Description
2. Investment List

3. Operating Personnel List

Maintenance Personnel List

Services and Materials List

Infrastructure Report

Production and Cash Expenditure Table
Financial Statements.

0 ~J O Ul >
@

These reports are discussed in detail in Section 6.0.

43



4.0 DEVELOPMENT OF MACROMODEL RELATIONSHIPS

4.1 MACROMODEL SUBROUTINES

In order to provide a macromodel computer modeling system
requiring little interaction by the user, simplified sub-
routines were developed which provide similar solutions to
those provided by the micromodels described previously.
Table 7 shows the macromodel subroutines required to solve
an contour dragline mining problem along with the equivalent
micromodels., A detailed description of the macromodel
subroutines is contained in the macromodel user's manual
(Final Report Volume 12, ref: FE-1520-112). The following
paragraphs briefly describe how the simplified macromodel
relationships were derived from micromodel data.

Tablé 7. REQUIRED MACROMODEL SUBROUTINES AND
MICROMODEL EQUIVALENTS

Macromodel Subroutine Micromodel Eguivalent Modeling
Method
1. Dragline Contour Stripping Method Simulation
(CsM)
2, Drilling and Blasting . Drilling and Blasting Simulation
: {DAR)
Driiling/Blasting Coal Simulation
{DBC)
3. Coal Load and Haul Haul Unit Simulation (HUS)

Coal Load and Haul - (CLH) Simulation

4, Land Reclamation Land Reclamation Simu~ Simulation
lation (LRS)

5. Coal Preparation Coal Prep Factoring (CPF) Extrapolation

6. General and Administrative General and Admini- Extrapolaticn

strative (GAA)

4,2 SUBROUTINES FOR SIMULATED FUNCTIONS

To develop the relationships used in the simplified macromodel
subroutines for simulated functions, the equivalent micromodels
were run varying all key parameters through an expected

range of values. The resulting sets of solutions were used
along with a knowledge of the micromodel mathematical rela-
tionships for curve fitting to develop formulas that would
yield macromodel solutions in close approximation to solu-
tions generated by the equivalent micromodel.
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The Least-Squares Fit (LSF) program was used to develop the
equations that are used in the macromodel in place of the

more complex micromodel logic. The equation forms were
developed from the micromodel logic. The model parameters
were transformed as required to fit a linear equation of the
form:

+ et a X =Y

+ a
mm

a;xq 2%y t a3Xs
The LSF program processes the results from the micromodel
cases, determines the coefficients, resolves the expression
for each case, and displays the calculated deviation between
the recalculated values and the micromodel solution values.
In most cases; it was possible to transform the model param-
eters into a truly linear equation, and the R squared term
for these cases is .99 or better. In a few cases, the re-
sponse was almost linear and for these cases, the R squared
term drops to around .95. Note that the R squared term de-
notes degree of fit between micro and macro solutions and
should not be used to imply accuracy versus actual situa-
tions. R” equal to 1.00 implies a perfect curve fit.

To develop the equations for the subroutines, a single
parameter was varied for each micromodel case with all other
parameters held at baseline values to obtain the set of
observations for curve fitting. This approach would not be
valid for general regression analysis since interactions
between variables could be masked by the procedure itself.
Masking is not considered to be a problem in this situation
since the potential interactions are known from the micro-
model logic. However, several of the fits were verified by
runs in which the model parameter values were randomly
varied. The LSF results did not differ materially between
the random selection process and the structured selection
process.

4.2.1 DRAGLINE SUBROUTINE

The dragline size is determined by the production required
(bucket size) and by the dumping distance required by the
pit geometry (boom length). Unless oversize is specified,
it is assumed that a dragline could be built that would
match the required size., The cost for the resulting syn-
thetized dragline of the required size is based on corre-
lation using the dragline "DLX" value as the input variable
where "DLX" is defined as:

DLRMA * DLSW
1000

DIX =

where DLRMA
DLSW

boom length * cosine boom angle
bucket size
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An iterative solution is used to determine the boom length
required to meet the dumping distance resulting from the pit
geonmetry. ~

The derivation of the fbllowing dragline formula is shown in
Appendix D.1l. ‘

Base price of synthetized machine (DLCA):
DLCA = 981.71 + 410.6 * DLX

4.2.2  DRILLING AND BLASTING OVERBURDEN . SUBROUTINE
In the drilling and blasting subroutine the drill size and
powder ratio are held constant. The quantity of drills and
the cost of blasting materials are based on curve fitting,
The derivation of the following formulas for drill quanti-
ties and blasting materials costs for overburden are shown
in Appendices D.2 and D.3.

Quantity of drills for overburden (RNDR):

RNDR =.5.609 *  (CDRTY *‘HB)/(1E6 * HC % DRSMFH)

where HC = height of coal in feet
CDRTY = coal demand recoverable tons per year
HB = height of burden in feet
DRSMFH =.drilling rate in soft material in feet per hour

Cost of blasting materials for overburden (CEMDY):
CEMDY = 111 + 109.22 (CDRTY * HB * PR)/1E6 * HC)
where PR = péwder ratio pounds per bank cubic yard
4.2.,3 DRILLING AND BLASTING COAL SUBROUTINE

Curve fitting was not used in the derivation of the following
formulas for drill guantities and blasting materials cost

for coal. The formula for gquantity of drills is based on
baseline data showing a need for approximately .3 drills per
million tons of coal recovered. The formula for cost of
blasting materials is based on baseline data showing a need
for approximately $.05 for blasting materials per ton of
recovered coal.

Quantity of drills for coal (RNOQD):
RNOQD = .3 * QBCD/1E6 * 3263/QDCROH

where QBCD = coal demand recoverable tons per year
QODCROH = coal drilling operating hours per year
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Cost of blasting materials for coal (QBTEC):

OBTEC = .05 * QBCD * QLCRLO
where QLCRLO:= life of mining operation in years
4.2.4 COAL LOAD AND HAUL SUBROUTINE

In the coal load and haul subroutine the shovel size and the
truck size are preselected. The required quantity of shovels
and trucks is based on the required production and on a
truck cycle time derived from curve fitting. The derivation
of the following formula for truck cycle time is shown in
Appendix D.4.

Truck cycle time (TDCT): CHED
CHID 20.434 * TDSL * £380
= * *
TDCT = 7.41 + CHCT * SPL + 0.26673 * To=— + e
where CHCT = shovel cycle time in minutes

SPL no. of swings to load truck

CHHD = haul distance in feet

TDSL = truck payload in thousands of pounds
TDSC truck horsepower

W

4.2.5 LAND RECLAMATION SUBROUTINE

In the land reclamation subroutine the scraper size and
bulldozer size are held constant. The required gquantities
of scrapers and bulldozers are based on curve fitting. The
derivation of the following two formulas is shown in Appen-
dices D.5 and D.6.

Quantity of scrapers (TSCR):

TSCR = [.0157046 + 5.43198 * 9%%2!. + 7.36661 * (9§§EX°2:]* HBT

Quantity of bulldozers (RN@CD):

CDRTY * TAN ABSD * PWF
1 E6 * HC

RN@CD = - .00384704 *

CDRTY * TAN ABSD * PWF2
1 E6 * HC

+ .000618961 *

CDRTY * CGD

%*
+ .00660554 * “mmesv
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~where CDRTY = coal demand.

HC = height of coal
HBT = height of topsoil
CGD = cost for general dozing
PWF = panel width in feet
ABSD = angle of burden spoils in degrees
4.3 SUBROUTINES FOR EXTRAPOLATED FUNCTIONS

The macromodel subroutines for extrapolated functions are a
direct adaptation of the equivalent micromodels. These
micromodels determine quantities and costs using the follow-
ing general type of formula:

. Y
. N
New Qty = Baseline Qty x (Bzzeiizz T )
‘ New Size | ¥
New Cost = Baseline Cost x ( )

Baseline Size

The baseline values are based on estimates made for a speci-
fic size operation. The exponent "Y" is the scaling factor
used to scale up or down from the baseline size.

4,3.1 COAL PREPARATION SUBROUTINE

The baseline size for the coal preparation facilities is
75,000 TPD as described in Volume 4 of the Phase I Report
(Ref: FE-1520-4). A detailed description of the various
extrapolation formulas for ownership and operating costs,
personnel, etc., is contained in the user's manual (ref:
Report FE-1520-116).

4.3.2 GENERAL AND ADMINISTRATIVE COSTS

The baseline size for the mining complex for which the
general and administrative costs were estimated is 185,617,000
tons of material moved per year. A detailed description of
the various extrapolation formulas for ownership and opera-
ting costs, personnel, etc., is contained in the user's
manual (ref: Report FE-1520-116).

4.4 SUPPORT EQUIPMENT

Several of the mining operations require supplementary
equipment to be used in support of the primary equipment.
For the baseline case, support equipment requirements were
determined for each pit. These requirements have been
programmed as part of the subroutines as follows.
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4.4,1 SUPPORT EQUIPMENT FOR DRAGLINE

Based on field observation and experience, it was determined
that each primary dragline requires one each of the follow-
ing support equipment:

Track-type Tractor ~ 300 HP (General Dozing, Benc
Prep) B

Wheeled Loader ~ 325 HP (Cable Handling)

Secondary Dragline - (Remove High Spots, Bench
Building, and Drainage
Control).

An initial box cut excavation is required to open the first
panel.

4.4,2 SUPPORT EQUIPMENT FOR DRILLING AND BLASTING

Based on field observation and experience, it was determined
that each pit requires one each of the following equipment:

Track-type Tractor ~ 300 HP (General Dozing, Bench
Prep)

Wheeled Loader - 80 HP (Handle Cuttings)

Prill Truck - (Haul Blasting Agents).

4.4.3 SUPPORT EQUIPMENT FOR COAL LOADING AND HAULING

Each pit requires one each of the following equipment:

325 HP (Clean Top of Coal)

180 HP (Maintain Haul Road)
125,000 GPH (Clear Pit of
Water)

5000 GAL (Maintain Haul Road).

Wheeled Loader
Grader

Pump Set

Water Truck

This selection of support equipment assumes that the con-
struction and maintenance of haul roads will not require
such items as air track drills, rollers, or a materials
crushing plant. The user may wish to add to or modify the
support equipment shown to better match his personal experi-
ence or preference.
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5.0 MACROMODEL DESCRIPTION

5.1 ELEMENTS OF THE MACROMODEL

The basic elements of the macromodel for contour stripping
with draglines include a case study description, a main
program, subroutines, and a cash flow analysis. The macro-
model is described in greater detail in the macromodel
user's manual (Final Report Volume 12, ref: FE-1520-112).

5.1.1 CASE STUDY DESCRIPTION

In order to maintain minimum interaction between the user
and the macromodel, only a few key parameters are required
to describe a case study. Two types of input are included
in the case study description:

Mining Parameters

Prep. Plant Type Based on Difficulty of Preparation
(l1=crush & screen; 2=Baum jig; 3=heavy media)

Topsoil Thickness Saved (ft)

Height of Burden Average (ft)

Height of Coal (ft)

Energy Demand for Mine Complex (Btu/yr)

Run-of-Mine Coal Heat Value (Btu/lb)

Other Reclamation Costs ($/acre)

Financial Assumptions

Paid in Capital Long-Term Debt Ratio
Land Rights-Surface ($/acre)

Land Rights-Mineral ($/acre)

Rovalty ($/ton)

State and Local Severance Tax ($/ton)
*Desired Rate of Return (percent)
Federal Income Tax Rate (percent)
Long~Term Interest Rate (percent)
Short-Term Interest Rate (percent)
*Required Selling Price ($/prepared ton)

*Specify one parameter and set the other (which is to be
calculated) to zero.

5.1.2  MAIN PROGRAM
The main program of the macromodel develops the production

requirements for each function using the mining parameters,
along with many built-in default values and assumptions.,
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The main program sets the life for each mining operation.

It then sizes the preparation plant based on the required
energy demand, the run-of-mine coal heat value, and the
difficulty of preparation effort.

Next, the annual run-of-mine coal production for the mining
complex is established and divided among one or more pits.
The volume of coal and overburden, the stripping ratio, and
the number of acres are calculated for each pit.

Finally, the main program calls the subroutines which estab-
lish the equipment requirements for each function.

5.1.3 SUBROUTINES

As discussed in Section 4.0, the subroutines are based on
equivalent micromodels for each of the following mining
functions:

Dragline

Drilling and Blasting of Overburden
Drilling and Blasting of Coal

Coal Load and Haul

Land Reclamation

Coal Preparation

General and Administrative.

These subroutines generate three types of data: size and
quantity of primary equipment and facilities; size and
quantity of support equipment; and a cash flow input data
file containing all equipment and facilities data required
to run the Cash Flow Analysis program.

5.1.4 CASH FLOW ANALYSIS

The Cash Flow Analysis program described previously as part
of the micromodeling system, Section 3.3.7, is also used in
the macromodeling system. Manual transfer of data to the
cash flow program is not required, as is the case for the
micromodeling system, because the macromodel and the cash
flow program can be run in sequence. Thus, no interaction
is required on the part of the user between the point of
defining the input parameters and receiving the cash flow
output. Specified case description parameters and financial
assumptions are input to the macromodel and passed through
to the cash flow program.
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5.2 UNDERLYING ASSUMPTIONS

Because the macromodeling system is designed to require
minimum interaction between the user and the computer, there
are, by necessity, many assumptions built into programs.

5.2.1 MINING PARAMETERS

Many parameters which describe the mining situation are
assumed to be constant in the macromodel at the baseline
values established for the test case. For example, the safe
working angle of the highwall, the panel width, the swell
factor, and spoil angle of repose are all assumed constant
in the macromodel.

Similarly, the basic physiography and stratigraphy of the
site and the desired production per pit are assumed constant
at baseline values.

5.2.2 SCHEDULE AND EFFICIENCY

The macromodel also assumes that the pit operation schedule
and efficiency are held constant at the test case baseline
values.

5.2.3 FINANCIAL ASSUMPTIONS

As with the mining parameters, many financial assumptions
are also held constant in the macromodel. For example, the
long~term borrowing repayment rate, regional adjustments for
costs, assumptions concerning accounts payable, accounts
receivable and inventory, home office costs, and insurance
costs are all assumed constant at the test case baseline
values. :

It should also be noted that only the costs directly asso-
ciated with the project are included. Costs are not in-
cluded for a construction camp, infrastructure improvements
in surrounding communities, etc. However, local property
and severance taxes are included which could be used for
community development.

5.2.4 REASONABLE RANGE OF VALUES

The macromodel will make calculations based on the input
provided. Thus, it is assumed that when the user specifies
the mining parameters and the financial assumptions, he has
chosen values which define a practical, realistic problem.
The values used in the macromodel sensitivity analysis can
be used as a general guide to the reasonable range of values
that will vield good results with the macromodel.
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5.3 INTENDED USE

The macromodeling system is intended to provide useful
information related to macroeconomic studies and energy
planning and policy analysis. The macromodel can be used
for regional studies and to analyze a specific property at
an early stage when little field data is available.

Because the macromodel is based on many simplified relation-
ships and contains many built-in assumptions, the user
should be aware of possible shortcomings in the results when
the problem is beyond the flexibility of the macromodel to
analyze. (Such a problem might require use of one or more
micromodels to reach a reasonable solution.) In addition,
the user should not imply an accuracy to the result solely
due to the quantity and detail of the output. The accuracy

is influenced by how well the case being studied matches the
built-in assumptions. As long as the user bears in mind
that the model is intended to provide first-order estimates
of costs which can be used for planning purposes, the macro-
model can be used to generate valuable information for a
variety of decision making situations.

The use of the macromodels and micromodels at various stages
of a large~-scale surface coal mining project is shown in
Figure 17. The macromodels are most useful for early esti-
mating while the micromodels are most useful in more detail-
ed estimating and engineering. At the latter stages of a
project the bulk of the engineering and estimating is done
by traditional methods.

A macromodel needs only seven mining parameters and nine
financial parameters as input. All other parameters are set
at default Values generally descriptive of the region being
studied. The user who desires little or no interaction with
the model can obtain an answer quickly by defining only the
needed input and accepting all other parameters at the
default values. The user also has the option of changing
any or all the default values to match his own field data or
operating experience. '

The accuracy of results when using either the macromodel or
the micromodels depends in large part on two factors:

Quantity and accuracy of field data describing the
deposit.

Accuracy of financial assumptions describing future
economic conditions.
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Figure 17. Typical Mining Project Stages of Development
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Generally, as a large~scale mining project progresses from

the order-of-magnitude stage through start-up, the accuracy

of the estimates improves due to better field data and more
time and depth spent in analysis.

The Area Dragline Macromodel has been tested for representa-
tive cases not only in the Illinois Basin but also in the
Four Corners Region (Final Report Volume 3), the Fort Union
Region (Final Report Volume 4), and the Texas Gulf Region
(Final Report Volume 5). The default values used by the
macromodel are different for each region. Thus, if the
model were to be used for other regions, such as the Powder
River Region, a new set of default values would be required.

The prerequisite for using a macromodel for a specific site
in any region is the suitability of the mining method to the

characteristics of the deposit. While dragline stripping is
an economical mining method, its application must be tempered
with the following considerations:

Flexibility of operation

Savings on initial investment

Irregular topography

Greater mining selectivity ‘

Safety from catastrophic slope failures
Pit geometry exceeds capacity of draglines.
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6.0

MACROMODELkTEST CASE AND: SENSITIVITY ANALYSIS

6.1 TEST CASE SOLUTION

The baseline solution for a hypothetical mine complex in the
Appalachia (Ohio) Region, producing 5,140,000 tons per year
of prepared coal from six pits and processed in three coal
preparation plant, is shown in detail in the eight reports
contained in Appendix E:

l'.

®

®

00 =} OV Ut b Lo D
@

Financial Summary Report and Case Description
Investment List

Operating Personnel List

Maintenance Personnel List

Services and Materials List

Infrastructure Report

Production and Cash Expenditure Table
Financial Statements.

The Financial Summary Report lists key financial information

and the Case Description records the basic mining parameters

and financial assumptions as shown in Appendix E.l and
summarized as follows:

FINANCIAL SUMMARY REPORT

Sales price in: base dollars : $/prepared ton 12.70
: $/million Btu .50
Return on investment : Percent 10.00%
Return on paid-in capital : Percent 10.88%*%
Cummulative investment to steady state: M$ 161752,
Cummulative investment total project @ : M$ 222268.
Annual ‘operating cost at steady state : M$ 26135,
Base vear is 1975
Project begins 1976
First coal production in 1982
Steady state begins in 1985
Steady state ends in 2011
Last coal production in 2013
Project ends in 2015

*Discounted cash flow internal rate of return assuming project is
financed completely by internal capital.

**Discounted cash flow internal rate of return assuming project 'is
financed by user-set combination of internal capital and external

debt.
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CASE DESCRIPTION

Mining Parameters

Index to Plant Type*** 1
Coal Demand ROM Tons/Year (Complex) 5,191,800
Stripping Ratio (Bank Yards/Recovered Ton) 12.3977
Height of Topsoil in Feet .5
Height of Coal in Feet 4.0
Prepared Coal Tons/Year 5,139,880
Energy Demand for Complex Trillion

Btu/Year 130
ROM Coal Heat Value Btu/lb 12600
Reclamation - Othexr Costs - $/Acre 900

FINANCIAL ASSUMPTIONS

Capital/Debt Ratio 2
GAA-Mineral Rights ($/Acre) 50.00
GAA-Royalty Amount ($/Ton) .25
GAA-Surface Rights ($/Acre) 250.00
GAA-Severance Tax ($/Ton) 0
Rate - Cash Flow Discount .10
Rate - Federal Income Tax .48
Rate - Long Term Interest .08
Rate - Short Term Interest .10
Value - Reg. Price of Coal -~ §/Ton ]

**%Preparation Plant Types:
1 = Crushing and Screening
2 Baum Jig
3 Heavy Media

il

it

The coal p%ice for the baseline solution may be considerably
different from current prices for Appalachia (Ohio) coals
for several reasons:

1. Costs of equipment have increased drastically
over the last decade.

2, Operating costs have increased drastically over
the last decade.

3. Some long-term contracts had low profit margins
and little or no escalation.

4. The market price for coals varies widely (for
example: steam coal versus metallurgical coal).

5. Higher stripping ratios are being encountered
(i.e., the thickest seams with the least over-
burden were mined first).

6. Some coals are sold with little or no blending,
stockpiling, or preparation.
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In addltlon, the sens1t1v1ty analy51s shows a wide range of

prices in response to mining parameters and financial
assumptions.

To underscore the impact of financial assumptions on re-
quired coal price, a set of alternative studies were run to
compare with baseline results.

Baseline S R S $12.70/ton
(No escalation, 10% Rate of Return,
price constant for all project years)

Alternate 1 ==—-—ercerccr e e ——— $16.29/ton
(No escalation, 15% Rate of Return,
price constant for all project years)

Alternate 2 ====mmrmemcccme e $24.82/ton
(5% Cost Escalation, 10% Rate of Return,
price constant for all project years)

Alternate 3 —==mm-mmmm—————— first vyear $14.45/ton;
last year $65.57/ton
(5% Cost Escalation, '10% Rate of Return,
Price Escalates at 5%)

The Investment List shows all required equipment, facilities,
and premining costs. The total investment is divided into
initial investment (required to reach steady state produc-
tion), deferred investment (required additions as mining
proceeds), and replacement capital (requlred to replace worn
out equipment) as shown in Appendix E.2.

The initial capital investment requirements for the baseline
solution are shown in detail in Table 8., Note that overbur-
den removal plus coal handling and preparation together
account for nearly 70 percent of the initial investment
while general and administrative items (including premining
costs) account for nearly 17 percent of the initial investment.
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Table 8. INITIAL CAPITAL INVESTMENT FOR HYPOTHETICAL TEST

CASE IN APPALACHIA (OHIO)**

MINING STEP BASELINE INVESTMENT®* PERCENT
Drilling & BRlasting 3,891,000 2.4
Overburden Removal 46,748,000 29.0
Coal Load & Haul 14,507,000 9.0
~Coal Handle & Prep 65,735,000 40.8
Land Reclamation 3,114,000 1.9
Premining and Facilities 27,216,000 16.9
TOTAL $161,211,000 100.0

*Baseline investment from Investment List (Appendix E). All costs
are in January 1975 dollars (no escalation).

Table 9, ANNUAL DIRECT OPERATING COST FOR HYPOTHETICAL
TEST CASE IN APPALACHIA (OHIO)**

BASELINE ANNUAL*

MINING STEP OPERATING COST PERCENT
Drilling & Blasting 4,658,000 17.8
Overburden Removal 10,188,000 39.0
Coal Load & Haul 3,731,000 14.3
Coal Handle & Prep 6,403,000 24.5
Land Reclamation 1,155,000 4.4
TOTAL $26,135,000 100.0

*Baseline annual operating cost from operating personnel table,
maintenance personnel table, and materials and services table
(Appendix E). General and administrative not included. All
costs are in January 1975 dollars (no escalation).

**Mine complex with 6 pits and 3 preparation plants produces nominal
coal feed required for:
250 million cu.ft./day gasification plant, or
40,000 BBL/day liquefaction plant, or
1500 megawatt power plant
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The Operating Personnel List shows all eguipment/plant
operating crews plus the general and administrative staff.
As shown in Appendix E.3, the baseline solution indicates
that an initial operating staff of 463 people would be
required with an annual payroll of $9,323,100 (January 1975
dollars with no escalatlon)

The Maintenance Personnel List shows all personnel required
to maintain the equipment fleet and the plant. As shown in
Appendix E.4, the baseline solution indicates that an initial
maintenance staff of 276 people would be required with an
annual payroll of $5,458,500 (January 1975 dollars with no
escalation).

The Services and Materials List shows all required contract
services, spare parts, and consumable items. Power, water,
and fuel quantities are compiled. As shown in Appendix E.5,
the baseline solution indicates an annual services and
materials cost of $22 910,200 (January 1975 dollars with no
escalation).

The annual direct operating costs (labor plus materials and
services) are shown in detail in Table 9. Overburden re-
moval accounts for about 39 percent of the total operating
costs while drilling and blasting accounts for nearly 18
percent and coal handling and preparation over 24 percent of
the total operating costs.

Note that the total initial investment and the total annual
operating costs shown in Tables 8 and 9 are derived from the
‘investment list, operating manpower list, maintenance man-
power list, and materials and services list, while the
steady state values in the financial summary are derived
from the pro forma financial statements for the first year
of rated production. Therefore, the values found in Tables
8 and 9 will be approximately, but not exactly, the same as
the values found in the financial summary.

The Infrastructure Report (Appendix D.6) contains items of
interest with regard to environmental impact statements and
socioeconomic studies under the following headings:

Physical Effects
Economic Impact
Utility Requirements
Manpower Requirements

The environmental and socioeconomic impact of the mine
complex can be summarized as follows:
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Acres Disturbed: 898 acres/yr

Payrolls, Purchases and Taxes: $35,484,000/yx
Water Requirements: 313-acre~-ft/yr
Electric Power: 144,929 megawatt
“hrs/yr
Manpower - Operating: 463
- Maintenance: 276

The Production and Cash Expenditure Table (Appendix E.7)
shows the year by year production for each mining operation
as well as the cash expenditure for equipment, manpower, and
services and materials.

The Financial Statements show yearly pro forma income state-
ments, sources and uses of funds, and balance sheets for the
life of the project (Appendix E.8).

Default values for Appalachia (Ohio) mining parameters and
financial assumptions are shown in Appendix E.9.

6.2 CONTRIBUTION OF INDIVIDUAL MINING FUNCTIONS TO
PRICE OF COAL

To investigate the portion of the total price of coal attri-
butable to each mining function, a series of cases was run
with the macromodel. Each case utilized all baseline values
except that only one mining operation's investment and
operating costs were included each time. The results,
presented in Table 10, show overburden removal and coal
handling and preparation each contributing nearly 30 percent
of the price and premining and facilities contributing about
19 percent. The sum of the individual baseline solutions
does not equal the exact combined baseline solution due to
the combined effects of taxes, etc.

Table 10. CONTRIBUTION OF MINING FUNCTIONS TO COAL
PRICE FOR APPALACHIA (OHIO) BASELINE CASE

INDIVIDUAL BASELINE SOLUTION PRICE $/TON PERCENT
Drilling & Blasting 1.08 8.8
Overburden Removal 3.63 29.7
Coal ILoad & Haul 1.18 9.6
Coal Handle & Prep 3.68 30.1
Land Reclamation .34 2.8
Premining, Facilities, & Admin 2.33 19.0

12.24 100.0
COMBINED BASELINE SOLUTION 12.61
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6.3 SENSITIVITY ANALYSIS — MINING PARAMETERS

The mining parameters used in the sensitivity analysis were
selected because of their significant impact on cost or
because of policy issues that might be related to them. The
seven mining parameters selected are as follows:

Energy Demand for Mine Complex (Btu/yr)
Run-of=~Mine Coal Heat Value (Btu/ft)
Height of Burden Average (ft)

Height of Coal (ft)

Preparation Plant Type

Topsoil Thickness Saved

Other Reclamation Costs

The sensitivity range for these mining parameters is shown
in Table 1ll. The baseline values were selected to be repre-
sentative of a typical mining situation in the Appalachia
(Ohio)} Region. The expected low and expected high values
represent the range of situations commonly found in the
Appalachia (Ohio) Region. The extreme low and extreme high
values represent the range of situations that would be
unlikely or marginal situations for mining. All values were
selected based on a review of data collected during mine
visits and a review of coal resource and reserve data com-
piled during Phase I (Ref: Report FE-1520-2).

The results of the mining parameter sensitivity analysis are
tabulated in Appendix F.l. Coal price versus sensitivity
range is plotted in Figure 18. An analysis of Figure 18
shows that four parameters have a major effect on coal price
and three have less effect (under 10 percent) as follows:

Major Effect:

. . Preparation Plant Type

. Energy Demand for Mine Complex
. ‘Height of Burden Average

. Height of Coal

G0N

Less Effect:
1. Run-of-Mine Coal Heat Value
2. Topsoil Thickness Saved
3, Other Reclamation Costs

Thus, the first group of mining parameters deserves to be
studied and determined with relatively more emphasis than
the second group when analyzing a mining situation or region.
The user should also keep in mind that at a production of
several million tons per year, items affecting costs by less
than 1¢ per ton can represent savings or losses of hundreds
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Table 11. MINING PARAMETERS SENSITIVITY RANGE

APPALACHIA (OHIO) TEST CASE

Sensitivity Range

5 4 3 2 1
Extreme Expected Baseline Expected = Extreme
Low Low vValue High High
Mining Parameters

Energy Demand for Mine Complex

(Trillion Btu/yr) 32.5 81.3 130 195 243.8
Run-of-Mine Coal Heat Value (Btu/lb) 10,200 11,400 12,600 13,400 14,200
Height of Burden Average (ft) - 50 71 85 100
Height of Coal (ft) 2 3 4 8 10
Prep Plant Type Based on Difficulty

{l=crush & screen; 2=Baum jig; 3=heavy media) - - 1 2 3
Topsoil Thickness Saved (ft) 0] .5 1.0 1.75 2.5
Other Reclamation Costs ($/acre) 450 675 900 1125 1350

Note:

These values apply to the range of coal prices shown on Figure 18.
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1-0ther Reclamation Cost ($300/acre)

(Al Costs in January 1975 dollars

: . o with no escalation)
Figure 18.  Mining Parameter Sensitivity Analysis
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of thousands of dollars for an actual operating mine.

Therefore, even items which have "less effect" when making
an order of magnitude study, can be of considerable impor-
tance during actual mine operations.

6.4 SENSITIVITY ANALYSIS ~ FINANCIAL ASSUMPTIONS

The financial assumptions used in the sensitivity analysis
were also selected because of their significant impact on
cost or because of policy issues that might be related to
them. The twelve financial assumptions selected are as
follows:

Long-Term Interest Rate (percent)

Desired Return on Investment (Cash Flow Discount
Rate) (percent)

Federal Income Tax Rate (percent)

Paid-in Capital/Long~Term Debt Ratio

Labor Escalation Rate

Materials and Services Escalation Rate

Equipment Investment Escalation Rate

Depreciation Method

Land Rights-Surface ($/acre)

Land Rights-Mineral ($/acre)

Royalty ($/ton)

State and Local Severance Tax ($/ton)

The sensitivity range for these financial assumptions is
shown in Table 12. The baseline values represent average
conditions with no inflation using straight line deprecia-
tion. The expected low and expected high values represent a
range of common economic conditions (note that negative
numbers are not shown for the expected low value of infla-
tion, that is, deflationary conditions are not included).
The extreme high and extreme low values represent a range of
economic conditions that are possible but not likely. The
variation of depreciation method represents a comparison of
alternatives rather than a range of expected values.

The results of financial assumption sensitivity analysis are
tabulated in Appendix F.2. Coal price versus sensitivity
range is plotted in Figure 19. An analysis of Figure 19
shows that four assumptions have a major effect on coal
price and eight have less effect (under 10 percent) as
follows:
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Table 12. FINANCIAL ASSUMPTIONS SENSITIVITY RANGE

APPALACHIA (OHIO) TEST CASE

Sensitivity Range

5 4 3 2 1
Extreme Expected Baseline : Expected = Extreme
Low Low Value ~High High
Financial Assumptions
Long-Term Interest Rate (percent) - 6.0 8.0 10.0 12.0
Desired Return on Investment
(Cash Flow Discount Rate) (percent) 0 5.0 10.0 15.0 20.0
Federal Income Tax Rate (percent) 38.4 43.2 48.0 52.8 57.6
Paid-in Capital/Long-Term Debt Ratio .00 1 2 4 99
Labor Escalation  Rate - - .00 .05 .10
Materials and Services Escalation Rate - - .00 .05 .10
Equipment Investment Escalation Rate - - .00 .05 .10
Depreciation Method - - St.Line Decl.Bal. Dbl.Decl.
Land Rights-Surface {($/acre) 0 125 250 375 500
Land Rights-Mineral ($/acre) 0 25 50 75 100
Royalty ($/ton) - 0 .25 .50 1.00
State and Local Severance Tax ($/ton) - - 0 .50 1.00

Note:

These values apply to the range of coal prices shown on Figure 19.
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Financial Assumption Sensitivity Analysis
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Major Effect: .

. - Materials and Services Escalation Rate

Labor Escalation Rate

Equipment Investment Escalation Rate

Desired Return on Investment (Cash Flow Dis-
count Rate)

® L4

W N

Less Effect:

. Federal Income Tax Rate

. State and Local Severance Tax
Rovalty

Land Rights-Surface

Land Rights-Mineral

Depreciation Method

. Long-Term Interest Rate ‘

. Paid-in Capital/Long-Term Debt Ratio

CO =IO Uil N
L] e

Thus, the user should be aware of the major impact of
projected escalation rates. And, as with the mining para-
meters, it should be noted that financial assumptions which
have "less effect" can be very important to operating mine
management.
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Micromodel Test Case Analysis Input and Results
Cash Flow Analysis Input

Curve Fitting Analysis

Macromodel Baseline Solution

Macromodel Sensitivity Analysis
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APPENDIX A

A,1 Final Report List (Phase II Report)
A.2 Phase I Report List

The Final Report consists of sixteen volumes which include a
one volume executive summary; eight volumes, documenting
example applications of the simulation models for hypo-
thetical test situations; and seven volumes giving user
documentation on how each model operates.

The Phase I Report consists of six volumes documenting data

gathering activities and modeling efforts completed during
the first 24 months of the project.
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Appendix A.l1 Final Report List (Phase II Report)

Economics of Large—-Scale Surface Coal Mining

SUMMARY
Volume

1:

Using Simulation Models

Executive Summary (ref: FE-1520-101).

REGIONAL TEST CASES

Volume
Volume
Volume
Volume

Volume

Volume

Volume

Volume

USER'S MANUALS

2
3:

4:

Area Stripping with Draglines Using Illinois
Basin Region Test Case (ref: FE-1520-102).
Area Stripping with Draglines Using Four
Corners Region Test Case (ref: FE-1520-103).
Area Stripping with Draglines Using Fort
Union Region Test Case (ref: FE-1520-104).
Area Stripping with Draglines Using Texas
Gulf Region Test Case (ref: FE-1520-105).
Contour Stripping with Draglines Using
Appalachia-Ohio Region Test Case (ref: FE-
1520-106) .

Area Stripping with Shovels and Trucks Using
Powder River Region Test Case (ref: FE-1520-
107).

Mountain Top Removal Mining Using Appalachia-
West Virginia Region Test Case (ref: FE-1520-
108).

Multiple Dipping Seam Mining Using Green
River Region Test Case (ref: FE-1520-109).

FOR COMPUTER MODELS

Volume

Volumefll:/

Volume
Volume
Volume
Volume

Volume

10:

12:
13:
14:
15:
16:

User's Manual for Area Dragline Macromodel
(ref: FE-1520-110).

User's Manual for Area Shovel Truck Macro~
model (ref: FE-1520-111).

User's Manual for Contour Stripping with
Draglines Macromodel (ref: FE-1520-112).
User's Manual for Cash Flow Analysis Model
(ref: FE-1520-113).

User's Manual for Dragline Stripping Micro-
models (ref: FE-1520-114). .
User's Manual for Shovel Truck Mining Micro-
models (ref: FE-1520-115).

User's Manual for Nonstripping Mining Func-
tion Micromodels (ref: FE-1520-116).

All volumes available from:

National Technical Information Service
U.S. Department of Commerce
Springfield, Virginia 22161
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Volume 1:

Volume 2:

Volume 3:

Volume 4

ee

Volume 5

113

Volume 6:

Appendix A.2 Phase I Report List

Introduction, Summary, Conclusions, ‘and Recommen-
dations for Research.

Summary of Phase I results (31 pages, ref: FE-
1520-1).

Characterization of Coal Deposits for Large-Scale
Surface Mining.

Delineates strippable coal resource regions of the
U.S. and describes their physiography, surficial
deposits, soils, structural geology, general
stratigraphy, and coal stratigraphy (346 pages,
ref: FE-1520-2).

Surface Coal Mining Methods and Eguipment.

Describes mining methods and equipment used in
large scale surface coal mining (109 pages, ref:
FE-1520-3).

Large~Scale Coal Processing for Coal Conversion.

Discusses coal preparation plant design related to
producing feedstocks for coal conversion and
describes hypothetical plants for three types of
coal preparation (80 pages, ref: FE-1520-4).

Survey of Socioeconomics, Financial Statistics,
and Legal Aspects.

Provides an overview of the socioeconomic, financial,
and legal factors which affect surface coal mining
(121 pages, ref: FE-1520-5).

Computer Systems to Support Mine Planning.
Describes the status of the simulation models and

supporting data files at the end of Phase I (307
pages, ref: FE-1520-6).

Available from the National Technical Information Service,

U.S. Department of Commerce,
Springfield, Virginia 22161.

Further information not contained in these volumes can be
obtained from Fluor Utah, Inc., in San Mateo, California or
the Fossil Energy Office of the Energy Research and Develop-
ment Administration in Washington, D.C.
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APPENDIX B

Micromodel Test Case Analysis Input and Results

Twwwwwwmww
bt =D 00~ OV U B L0 DO

=t O

w
ot
N

w
fourt
(08}

B.14
B.15

B.16

Basic Stripping Method (BSM) Input

Basic Stripping Method (BSM) Output

Drilling and Blasting (DAB) Input

Drilling and Blasting (DAB) Output

Haul Unit Simulation (HUS) Input

Haul Unit Simulation (HUS) Output

Coal Load and Haul (CLH) Input

Coal Load and Haul (CLH) Output

Land Reclamation Simulation (LRS) Input

Land Reclamation Simulation (LRS) Output
Preparation/General Administrative (PGA) Input
(Coal Preparation Factoring)

Preparation/General Administrative (PGA) Default
Values (Coal Preparation Factoring)
Preparation/General Administrative (PGA) Output
(Coal Preparation Factoring)

Preparation/General Administrative (PGA) Input
(Premining, Facilities, and Administration)
Preparation/General Administrative (PGA) Default
Values (Premining, Facilities, and Administration)
Preparation/General Administrative (PGA) Output
(Premining, Facilities, and Administration)

User's manuals for the above micromodels are contained in
Volumes 14 and 16 of the Final Report (ref: FE-1520-114 and
FE-1520-116) .
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Appendix B.l & B.2 Basic Stripping Method
Input and Output

The Basic Stripping Method (BSM) computer model simulates
area stripping with a single dragline. The model determines
‘the range and production requirements based on input for the
pit geometry and required coal production. It then processes
the Dragline Data File to compare the requirements to the
capabilities of the full range of machines commercially
available.

Computer input and output for the hypothetical baseline

situation for the Appalachia (Ohio) test case are shown on
the following 6 pages.
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ELEVATION OF FIRST HIGHWALL

HE IGHT OF COAL

ALLIWABLE OVERLAP

RADIUS OR LENGTH OF SEGMENT )
SCALE FACTOR FOR CROSS~SECTION PLOT
SWELL FACTOR FOR OVERBURDEN

SAFE WORKING DISTANGE FROM EDGE OF HIGHWALL

SLOPE OF HIGHWALL - VERTICAL/HORIZONTAL
SLOPE OF COAL VERTICAL/HORIZONTAL
SLOPE OF SPDIL VERTICAL/HORIZONTAL

VALUE §S CALCULATED WHEN E5DLS = 1




B.2 Contour Stripping with Draglines (CSD) Output

8L

Dracline Data

£ 8PaYY +1072T7E G8 BURDEN PRODN. BANK YARDS/YEAR
* NDLCA 608195 DRAGLINE PURCHASE PRICE
®.DLCl 7471.77 DRAGLINE TOTAL. INVESTMENT COST
® DLCL 105,171 DRAGL INE "HOURLY "OWNERSHIP COST
* DLCR 183,004 DPAGUINE HOURLY OPERATING COST
C DLARMA 262.996 RADIUS MEASURED 'FROM BOOM FOOT
* DLSA 304.000 ORAGLINE BUOM LENGTH
€ DLSH 302. €417 DRAGLINE DUMPING RADIUS
& DLSJ 719.2952 DRAGLINE WIDTH OVER BOTH SHOES
* OLSW 42,9583 DRAGLINE BUCKET SIZE
€ OLX 12.4215 CORRELATION FALTOR
C TODF 129776 TOTAL - CUTCROP DISTANCE - FEET
NPETS P NDL ACRES T07¢C
47,359 «5633 1.000 4490.29 +2595%0E 08
& YRS TCL ACR TCR 0A0 $74 877
i. 30,000 +235594E 08 . 136649E 07  <40994TE 08 .665542E 08 - 14376.% 2.48678
# YRS TCL ACR TCR 0AT $/4 $/7

Lo 30.000 +235594E 08  .136649E 07 .409947E 08 ~.645541F 08  14376.4 2048677

(See next page for definitions.)




6L

NPITS

YP

NDL

ACRES

TOTC

YRS
TCL

ACR

TCR

OAO

$/A

$/T

it

The number of pits (as defined by all sections in the
problem definition) that would be needed to provide
the coal demand.

The number of calendar years the dragline must operate
in this pit to strip all overburden.

The number of draglines required to uncover the coal
demand.

The number of surface acres disturbed in this pit.
Acres are measured from the outslope of the first
spoil bank to the top of the final highwall, using
the distance along the coal center line.

The total recovered coal demand (i.e., CDRTY * TMY).

Number of draglines that must be purchased to meet the
coal demand. It is NDL rounded up to the next integer.

The vears of dragline operation.

Total ownership costs for the draglines when operating
for YRS vears, with salvage value equal to the non-
depreciated value at the end.

Annual operating costs for the draglines.

Total operating costs associated with YRS years of
operation.

Total Ownership plus total operating costs for YRS
years.

Total ownership plus total operating costs, divided
by acres.

Total ownership plus total operating costs, divided
by total recovered tons of coal.




B.2 Contour Stripping with Draglines (CSD) Output =~ Continued

08

CSD = RUN DATE 12/03/76 PAGE NO 1.3
CASE N@ . 503 (CSDO0503) CONTOUR -STRIPPING
SECY -NO 1 MODEL SEZES THE DRAGLINE BUCKEY

A B C D ! E
NS RAD CHORD [y ART
1. 6550.0 2720.3 23,970 274062
F G H I J K L M N 0] P
Np TADS RADC . RADB - ARCS = ARCC - ARCH voLs RHY TONC £7c
1. 6610,  6313; 6305, 2765, 2641 2638, 428428E 06 400000 42257, . 00000
2. 6506. 6213, &203. 2722.° 2599: 2595+ «37512E 06 . 00000 41588, .00000
3. 6402. 6113, 6102, 2678. 25574 2553,  .402L0F 06 00000 40918, . 00000
4. 6301, . 6013. 6002. 2636, 2516, 2511l. .41977E .06 400000 40249, .00000
5, 6200+ 5913  5901l. 2594. -24T4s 2469 2438%42E 06 .. 00000 39580, .00000
6. . 5098, 5813. 5800. 2551 2432, 2426. -+46291E 06 ,00000 38910, + 00000
7e 5996.. 5713. 5699, 2508, .2390. .2384. - .4B684E 06 . ,00000 38241, »00000
8. 5895. S5613. 5599. 2466. 2348, 2342. <50284E:06 ..00000 37572 - 00000
9. 5794, S5513. 5498, 2424, 2306. 2300, - .49587E 06. 00000 36902, < 00000
10, 5694. 5413, 5398. 2382, 2265+ 2258.  .48T02E 06 - .00000 36233, 00000
1le 5594.. 5313, 5299, 2340, 22230 2217. +4T44%E 06 500000 35564, s 00000 .
12, 5475.  5213. 5199. 2299, 218l. 2175, «44975E 06 ~.00000 34896, «00000
13. 53960 5113. 5100. 225T. '2139. 2134 +42666E 06 <00000 34225 +00000
14, 5297. 5013. 5000. 2216, 2097. 2092. - .39792E 06 ', 00000 33555, » 00000
15, 5198. 4913 490i. 2175, ~2055. 2050, 36370 06 00000 32886. 00000
16. 5100. 4813. 4802, 2134, 2014, 2009, +32991€ 06 0000 32217, « 00000
OVERBURDEN BANK CUBIC YARDS { THOUSANDS) WITH REMANDLE
1 2 3 4 5 & 7 8 9 10 i1
12 13 14 15 T 1e SUM
1 284.3 375.1 402.1 419.8 438.4 46249 486.8 502.8 495,9 487.0 YR
449.7 42407 397.9 363.7 329.9 6795.5
COAL RECOVERED TONS WETH REHANDLE
i 2 3 4 5 6 7 8 9 10 i1
12 1% 15 16 SUM

13
1 38877. = 3826l1. 37645, 37029. 36413, 35798, 35182, 34566, 33950. 33334, 32718,
32103, 31487, 30871. 30255. 29639, 548127,

STRIPPING RAYID WITH REHANDLE
1 2 3 4 5 6 7 8 9 10 i
12 13 14 15 16 SUM
1 7.31 9.80 10.68 1134 12.04 12,93 13.84 14055 14e61 14061 164,50
14,01 13.49 12.89 12.02 11.13 12.40 .
DAYS ‘IN PANEL WITH REHANDLE
1 2 3 4 5 6 7 8 9 10 i1
12 13 1% 15 16 Su%
1 9.7 12.8° 13.7 14.3 1449 15.8 1646 17.1 16.9 1606 1601
15.3 14k 13.5 12.4 11.2 231.2

I(See next page for definition of Columns A through P.)




B.2 Contour Stripping with Draglines (CSD)

Column A

5 5 T ol 2.
vuLpuT L LTI L CLULLD

The section number.
Radius or length of segment.

The calculated length of the chord connecting the
ends of the radii describing this section. CHORD
is set to zero for straight-line segments.

The angle enclosed by the two radii.

The calculated arc length connecting the two
radii. This is the length of the coal outcrop
that has been defined for this section and it has
the same value as RAD for straight~-line segments.

The panels are numbered from the first highwall in
the direction of panel advance.

The radius of the spoils is calculated to the
crest of the pile.

The coal radius is calculated to the centerline of
the coal panel.

The calculated overburden radius is measured to
the center of mass of the material excavated.

The arc length is calculated along the crest of
the spoils.

The arc length is calculated along the coal panel
centerline.

The overburden arc is calculated along the center
of mass.

The overburden, in bank cubic yards, that is
spoiled from this panel.

The rehandle volume is measured in bank cubic
yards. It is the volume of spoils that must be
rehandled when coal is recovered. When this value
is zero, no coal is covered.

The recoverable tons of coal in this panel.
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B.2 Contour Stripping with Draglines (CSD)
Output - Definitions (Continued)

The recoverable tons of coal that have been covered
by spoils. This value is zero when the spoils do
not overlap the coal. A nonzero value is the
amount of coal that would be left in place if the
spoils were not rehandled.
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‘Appendix‘B.3 & B.4 Drilling and Blasting

Input and Output

The Drilling and Blasting (DAB)} computer model simulates the
drilling of vertical blast holes and determines the required
amounts of blasting materials related to overburden drilling
and blasting.

Computer input and output for the hypothetical baseline

situation for the Appalachia (Ohio) test case are shown on
the following 3 pages.
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B.3 Drilling and Blastinq (DAB) ‘Input

DRELLENG AND BLASTING SIMULATION
INPUT PARAMETERS

0503  {0DABQS503)

gHIC

12/02/7¢

1 DRELLING AND BLASTING OVERBURDEN

KMED
ICASE

OSRHY
OPRHY
ENno
PTF

P
HAMF
DPGCC
DAGCE
056CC
PRPY
POH
PWH
HPE
PEBC
¢BCOC
cPoP
Capp
csoe
PLY
DRSMFH
BDBYY
H3
soD1

|
2.

3625.00
3262.50
1.0C0
1.00
100.C0
2,00
1.50

- BO
1.50
«30

50

10

- 50

«C5
13¢,00
40

=08

»32
30.00
100,
«1073E (8
49.27
15,000

MEDIUM FOR DRILLINGy 0=COAL 1=0.8.
ICASE = 1y NO Sy8+50D1 SPECIFIED
ICASE = 24 SDDI SPECEFIED

ICASE '= 3, Sy8y AND .SODI SPECIFIED
SCHEDULED OPERATING HOURS PER YEAR
PRODUCTIVE OPERAT ING HOURS PER YEAR
EFFICIENCY OF DRILLING OPERATIONS -~ FRACTION
PROPEL TIME FACTOR ~ FRACTION

PANEL WIDTH = FEET

HOLE BOYTOM MARGIN = FEET

DENSITY OF PRIMER - GRAM / CC
DENSITY QF ANFO -~ GRAM / CC

DENSITY OF "SLURRY - GRAM / €C

PUWDER RATEO ~ LBSs / YARD

PERCENTAGE DRY HOLES

PERCENTAGE WET HOLES

HEIGHT OF PRIMER - FEET

% EX. BLASTING CAPS/CAST BOOSTERS
COST OF BLASTING CAPS/CAST BOOSTERS = $/100
COST OF PRIMER - § / LB,

COST OF ANFO -~ $ / LB.

COSY OF SLURRY = $§ /7 LB

PROJECT LIFE -~ YEARS

DRILLING RATE IN SOFT MAT!L - FVo./HR.
BURDEN DEMAND = BANK YDS/Y¥YR

HEIGHT OF BURDEN = FEET

SPECIFIED DRILL DIAMETER - INCHES
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B.4 Drilling and Blasting (DAB) Output

DRILLING AND BLASTING SIMULATION
INTERMEDIATE VARIABLES 12702776
0503 (0DABO503} OKIO

1 ORILLING AND BLASTING OVERBURDEN

5 38,00 SPACING - FT.

8 38.00 BURDEN - FT.

BAF 4048,86 BURDEN ACRE FEET

ABBY «32184E 09 AREA BURDEN - BANK YDS

RLADFY 58789.48 RATE OF LINEAR ADVANCE - FT, / YR,

RHLF 47,27 REQUIRED HOLE LENGTH = FT.

VLFYH $3,48 VOULUME EFFECTED — CUe. YDo / FOOT OF HOLE

PEM 791,00 POUNDS OF EXPLOSIVE PER HOLE

VECYH 2€35,03 VOLUME EFFECTED - CU. YDs / HOLE

NHY 4(71.00 NUMBER OF HOLES PER YEAR

WAPFH 61,29 WEIGHT OF ANFD -~ LBS. /7 FT. OF HOLE

WSPFH 114,92 WEIGHY QF SLURRY - 1BSe /7 FT. OF HOLE

WPPFH 114,92 WEIGHT OF PRIMFR - LBS. / FT., OF MHOLE

. HAF 11.97 HEIGHT OF ANFO IN HOLE - FT.

HSF ©.38 HEIGHT OF SLURRY IN HOLE - FT.

SHOF 34,80 STEMMING HEIGHY FOR DRY HOLES = FT,

SHHWF 40,39 STEMMING HEIGHY FOR WET HOLES - FT.

NBCY 4274.00 NO. OF BLASTING CAPS/CAST BOOSTERS / YEAR

8CoY 5556,20 COST OF BLASTING CAPS/CAST BODOSTERS — $/YR

WePY 23391%.44%4 WEIGHT OF PRIMER - LBS. / YR,

[4:4v2 4 93567,75 COST OF PRIMER - $ / YR,

WAPY 2687616.00 WEIGHT OF ANFO - LBS. /7 YRa

CADY 215€09.19 CCST OF ANFO ~ § / YR,

HWSPY 298624.12 WEIGHY OF SLURRY - LB8S. / YR,

cSoY 95559,69 COSY OF SLURRY - § /7 YR,

APRPY +30 ACTUAL POWDER RATIO - L8S. /7 CU. YD

CEDY 4096%92.81 COST OF EXPLOSIVES = § / YR.

CEFH 2.13 COST OF EXPLOSIVES -~ $ /7 FT. OF HOLE

CEUB «04 COST OF EXPLOSIVES - $ /7 UNIT BLASTED

Drills Explosives Combined
A B C D E F G H I J K L M N
NOR MSOWN M$OPN M$ 060 $/FT S/UNLET M8/ YR $/FTY S$/UNET CHMS/YR $/FT

is +«590 63.59 94.91 158.50 o 82 <015 409.69 2013 «038 568.19 c2.95 c‘,?g;; nggf:;
i9 590 75,06 103,85 178.89 293 2 0LT 409.69 2.13 =038 588.58 3.06 2055 4361.08
22 «590 118,43 130.55 24B8.98 129 <023 409.69 2013 «038 658.68 3.42 « 061 4£880.46

LEAST COST MACHINE - 16

(See next page for definition of Columns A through N.)
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Column

ZREPE RuHDmOHEEHUOUOWR

B.4 Drilling and Blasting (DAB) Output - Definitions

Rotary drill data base identification number

Number of drills required

Annual ownership cost for drills (thousands of dollars)

Annual operating cost for drills (thousands of dollars)

Annual ownership and operating cost for drills (thousands of dollars)

Drilling cost ($/foot of hole drilled)

Drilling cost ($/cubic yard of overburden drilled and blasted)

Annual operating cost for explosives (thousands of dollars)

Explosives cost ($/foot of hole drilled)

Explosives cost ($/cubic yard of overburden drilled and blasted)

Combined annual ownership and operating costs for drilling and explosives
(thousands of dollars)

Combined cost ($/foot of hole drilled)

Combined cost ($/cubic yard of overburden drilled and blasted)

Combined cost ($/acre of coal uncovered)
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Appendix B.5 and B.6 Haul Unit Simulation
Input and Output

' The HUS model simulates the performance of an off-highway
truck on a given haul road. The model evaluates the ability
of a truck according to the following criteria:

Possible truck speed and time to travel the haul road

Possible coal production (tons/hour) that could be
sustained by one truck

Size of the fleet required to maintain a given coal
production rate

Cost of ownership and operation of each truck in the
fleet

Cost of haulage for each truck ($/ton of coal).
Computer input and output for the hypothetical baseline

situation for the Appalachia (Ohio) test case are shown on
the following 2 pages.
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B.5 Haul Unit Simulation (HUS) Input

88

INPUT FACTCRS USED IN HAUL UNIT CALCULATEONS

HAULING MEDIUM = 0=COALsL=0:8% 0. KMED
TRUCK TYPE = 1=REAR;2=TRAILER,,3=BOTH 2. KYT
TRUCK . SPOT "AND WAIT .~ 0=NO.1=YES 0. KSWT
AVERAGE. SITE TEMPERATURE 75400 AST
ALTITUDE 1700.00 ATF
COAL PRCDUCTICN DEMAND %30.47 CORTH
DENSITY OF BANK CODAL 2160.00 DCBPY
SWELL FACTCR CF CCAL : «35 SFC
EFFICIENCY OF LOADER OPERATION +833.EQQ
EFFICIENCY OF TRUCK OPERATION 833 ETO
FILL FACTCR «95 FF
EMPTY -SPEED FACTOR-LONG ‘HAUL <95 RSFLH
EMPTY SPEED FACTOP=~SHORT ‘HAUL <80 RSFSH
€OSYT OF FUEL PER GAL. 30 CF
TRUCK AVAILIBILITY FACTOR 1.00 TA
OlL ARD LUBE FACTOR 30 OLF
SCHEDULED OPERATING HOURS PER DAY T.25 OSTHD
PRODUCT IV E OPERATING HOURS PER DAY 6,52 OPTHD
INDEX FCR JGB CONDITIONS 2,00 13C
TOLERANCE FOR PAYLOAD GVERLOAD <10 PLT
wmmew  { QADED e

SEG LENGTH GRADE ROLLING SPEED SAS SAE
NO  {FT.} (%) RES.{(Z) LIMIT IND IND

5 20009 -2 oS ok AR SAS IND = Stop at start of segment
3. 27720.0 —=e2 3.0 30.0 0. ‘1. SAE IND = Stop at end of setment
34320.0
EMFTY

SEG LENGTH GRADE ROLLING SPEED SAS SAE
NG  IFT.) {2} RES (%) -LIMIT IND IND

3. 27720.0 *2 3.0 30.0 'l Os

2s - %600.0 0 5.0 30,0 0o 0.

. 2000.0 -0 Te5 12.0 0. 1.
34320.0

68640.0 TOTAL
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-w
B.6 Haul Unit Simulation (HUS) Output
Truck 53
e | JADED —emm-
————— CYCLE TIME~w—=~
SEG LENGTH GRADE RCLLING SPEED S$AS SAE ACTUAL TIME LOADED TIME 2957
NO (FT.} (%) RES.(%) LIMIT IND IND SPEED {(MIN} EMPTY TIME 14.75
LOADING TIME 3.60
i« 2000.0 =0 Te5 120 1o O T-1 3.2 WAIT TIME AT LOADER 1.80
2. 4600.0 0 5.0 30.0 0. 0o 103 5.1 TIME 70 SPCT AT LOADER <00
3. 277200 ~s2 3.0 30.0 0. 1le 148 21.3 TURN AND DUMP TIME «60
34320,0 29.6
wwmm=TOTAL CYCLE TIME—m—ww 50.32
----- EMPTY =
e = PRODUC TION DATA~— ==
SEG LENGTH GRADE ROLLING SPEED SAS SAE ACTUAL TIME EFFECTIVE MINUTES / HOUR 50.0
NO (FTo) (%) RES.{(Z) LIMIT IND IND SPEED (MIN} NO. OF TRIPS 7/ HOUR 1.0
ACTUAL —~ CAPACITY PAYLOAD IN TONS 150.0 155,2
3, 27720.,0 o2 3.0 30,0 1. Q. 30.0 10.5 NO. OF TCNS / HCUR 149.0
2o 4600.0 » 0 5.0 30.0 0= O- 22:1 2.% NO. OF HAUL UNITS NEEDED 4.0
1o 20C0.0 =0 T 12:0 0. 1o 12.0 1.9
T m—— COST DATA~—~rm
34320.0 14.8
68640.,0 TOTAL MOVING TIME & LENGTH 44403 APPLICATICN - RATED TCN MILES PER HOUR 188.68 235000
EFFECTIVE TIRE LIFE-HRS 5000.0
FUEL CCNSUMPT ION~GAL/HR 24,0
OWNERSHIP COST ~ $/HR 21.94
—eee~OPERATEING COST—mmeee
MAINTENANCE - MATSL 12.39%9
LABOR 8,26
FUEL COST 9.36
LABOR 11.26
TIRE COST 13.75
NPERATING CCST ~ §/HR 5%5.01
TOTAL OWNERSHIP & OPERATING COST T6ho 9%
0 & 0O DOLLARS PER TOM 52




Appendix B.7 and B.8 Coal Load and Haul
‘ Input and Output

The data developed with the HUS model is used in running the
CLH model. The CLH model processes shovel and truck files
to evaluate the ability of the shovel and truck, in combina-
tion, to meet the requirements of physical dimensions and
production during the coal loading operation. Production
and cost information is calculated and printed for the user.

The model operates the shovel and truck separately, at full
capacities, to determine possible production. Then the
combination of shovel and truck is evaluated, taking into
account the necessary losses in possible production due to
waiting time for the truck to spot at the shovel.

Computer input and output for the hypothetical baseline

situation for the Appalachia (Ohio) test case are shown on
the following 3 pages.
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B.7 Coal Load and Haul (CLH) Input

R St g S T

INPUT FACTORS USED IN CCAL LOAD AND HAUL SIMULATION

0503
1

{OCLHOS03) QORID
COAL LCAD AND HAUL SIMULATION

LOAD AND HAUL MECIUM - 0=COAL,1=(.B.
SHOVEL~SCHEDULED hOURS PER YEAR
SHAYEL-PPODUCT IVE HCURS PER YEAR
SHOVEL CYCLE TIME [N MINUTES
EFFLCIFNCY OF SHCVEL CPERATIONS
SHIOVEL DIPPER FILL FACTOR

MENIMUM KUMBEP CF SHOVEL SWINGS TO LOAD
MAXIMUM NUMBER OF SHOVEL SWINGS TO LOAD
PANEL WIDTH

HE IGHT OF COAL

EXPECTED COAL RECOVERY

AREA CNAL IN RECCVERARLE MILLION TONS
COAL DEMAND

DENSITY CF COAL - BANK

SWELL FACTOR OF CCAL

CLEARANCE OF QOPERATION

EFFICIENCY OF YRUCK OPERATION

TRUCK AVAILEBILITY

TRUCK-SCHEDULED HOURS PER YEAR
TRUCK~PRODUCTIVE HOURS PER YEAR
PAYLTJAD TOLERANCE

METHOD OF OPERATION

NUM3ER OF (LTS TO REMCVE MATERIAL
DEPRECIATION SHWITCH

0. KMED
1812.50 0SQHY
1631.25 OPQHY
+50 QCTH
+83 EQD
.95 FF
4.0 MINNC
20.0 MAXNC
100.00 P
4,00 HC
«92 ECR
25.96 ACRT
865323, CORTY
2160.00 DCRPY
<35 SEC
2.00 CLO
.83 €10
1.00 Ta
1812.50 OSTHY
1631.25 OPTHY
.10 PLT
2.00 ICASE
1.0 NCS
.0 IDEP

CASE = 2 —-TRUCK LOADED ON SIDE OF SHOVEL
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B.8 Coal ILoad and Haul (CLH) Output
INTERMEDIATE VARIABULES CALCULATED 8Y SEMULATION 12702776 RUN NO. % 1
0503 - {OCLHOSO3) - OkiO
i CCAL LCAD AND HAUL SIMULATION
ACTUAL ANGLE OF SWING 90.0 AANGS
ACTUAL 'SHOVEL CYCLE TINME +50 QCTMA
SHOVEL EFFECTIVE MINUTES PER HOUR 50,0 SEMH
NUMBER. OF -SHOVEL SWINGS PER HOUR 1000 SNSH
HE IGHT OF BERM 'ABCVE FLOOR ~ CASE 1 4.0 GLH
COAL ACRES 4046863 CAF
Shovels Combined Trucks
A B C D E F G H I J K L M
SEQ # I MMS O MM$  $/TON CS/TON  CS/AFT  $/TON 1 MMS O MM$ # # SEQ
23 1.00 1.764 2e4%% 162 + 760 4871 2598 4678 10,834 6:.%3 7 1
23 1.00 1.7¢4 2:4%% w162 e 758 4860, «596 42666 10.802 6042 7 2
23 100 1764 g.464 .162 « 914 5862» 0752 6.973 12,552 5.61 S 5
31 1.C0 1.017 2.290 « 127 «TL3 45724 + 586 4.678 10,524 6625 7 1
31 1,00 1.017 24290 <127 «T11 4561, +584 4,666 10,494 6,23 i 2
31 1,00 1.017 20290 «127 - 868 55664 T4l 6.973 12.25% 5.48 ) 5
31 1200 1.017 2290 5127 +850 5448, s 722 7091 11.658 5,04 & 6
31 1.00 1.017 2.290 <127 o 746 4784 +619 5,691 10,371 5015 [ 45
31 1+00 1.017 2.290 al27 o 746 4784 « 619 5,691 10,371 5.15 ) 46
31 1.00 1.017 20290 2127 2713 4570, + 585 4,524  10.671 4,82 5 51
31 1.00 1.017 2.290 2127 « 713 4570, « 585 %4.524 10,671 4.82 5 52
3% 1.00 1.017 2.290 127 +684 4389, «955T 4,294 i0.168 3.78 4 5§
34 1.00 2.005 2:688 2181 « 7152 4823 «5TL 4,678 10.157 6,03 7 1
34 1.€0 2.005 2+.688 ‘o181 2751 4813, «5T0 4,666 10,127 6.02 7 2
34 1.00 2005 2.688 « 181 +903 5788. « 122 6.973  1l.767 S, 26 -3 -3
34 1.00 2.005 2.688 » 181 «902 5784, + 721 T.091 11,635 5,03 6 &
34 1.00 2.005 2.688 « 181 « 645 41386 s 465 3.349 8.710 3,01 3 18
34 1.00 2005 2.688 «181 746 4T78% s + 565 G762 9,932 %o 94 5 &5
34 1.00 2,005 24688 +181 o T46 4T8%. «56% 4742 9.932 4.9% 5 46
34 1.00 2.00% 2.688 +181 . 764 4901 2584 4.524 10.625 %080 5 51
34 1.00 2,005 2688 s181 « 164 %901, « 586 4s52%  10.625 4,80 5 52
34 1 .00 2.00% 2.688 ».181 « 727 4661. o 546 4s29% 9,881 3.67 & 53
36 1,00 2+388 2994 « 207 « 755 46844, « 548 %524 9. 706 %39 5 51
36 1.00 2388 2994 « 207 <755 484%%» 2548 4524 9.706 4039 5 52
36 1.00 2.388 2994 <207 s719 461l 4512  4429% 8,993 = 3.34 & 53
LEAST COST COMBINATION - 36' i8

(See next page for definition of Columns

A through M,) .
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Column

EHROHZNOHEEHOOW M

B.8 Coal Load and Haul (CLH) Output - Definitions

Shovel data base identification number

Number of shovels required (rounded to integer)

Total project ownership cost for shovels (millions of dollars)
Total project operating cost for shovels (millions of dollars)
Shovel cost ($/ton"of coal recovered)

Combined cost for shovels and trucks ($/ton of coal recovered)
Combined cost ($/acre of coal uncovered)

Truck cost ($/ton of coal recovered)

Total project ownership cost for trucks (in millions of dollars)
Total project operating cost for trucks (in millions of dollars)
Number of trucks required

Number of trucks required (rounded to integer)

Truck data base identification number




Appendix B.9 and B.10 Land Reclamation Simulation
Input: and Output

The Land Reclamation Simulation (LRS) micromodel analyzes
four separate operations: required scraper fleet for top-
soil removal and redistribution; required bulldozer fleet
for spoil pile regrading and for general dozer work; costs
of revegetation; and land management.

Computer ihput and output for the hypothetical baseline

situation for the Appalachia (Ohio) test case are shown on
the following 4 pages. ‘
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B.9 Land Reclamation Simulation (LRS)

Input

LAND RECLAMATION SIPULATION 12702776
L0OG PARAMETERS

0503 (OLRSCS03) OHIO
i LAMD RECLAMATION SIMULATION

i XxacC 4 METHOD OF INPUT = 1y 29 3y OR 4

i KSR 1 SPOIL REGRADE - 1=YES, O=NOD

1 L0GPA 1 PRINT INPUT VARIABLES IF = |

& ACRES 4490.23 ACRES CN PROPERTY :

® ACRT «259597E 08 AREA COAL IN RECOVERABLE TONS

i CORTY 865323, COAL DEMAND ~ RECOVERED TONS / YEAR

1 ¢GD 600.000 COST FOR GENERAL DOZING - $/ACRE
ICLH 100,000 COST FOR LAND MANAGEMENT - $/ACRE

I cry 200,000 COST FOR REVEGETATION - $/ACRE

C EMH 49.9800 EFFECTIVE MINUTES PER HOUR

I ERD 833000 EFFICIENCY OF LAND RECLAMATION -~ FRACTION
I HBT +500000 HEIGHT OF TOPSOIL - FEEY

I PLRHY 1665.00 PRODUCTIVE LAND RECLAMATION - HRS /7 YR
& PWF 100,000 PANEL WIDTH -~ FEET

C RAY 149.67¢ RECLAMAT JON ACRES PER YEAR

C TANT 2 666€41 TANGENT OF ANGLE OF SPOILS

C THY 30.0C0C TOTAL MINING YEARS

i pTAPY 2320.00 DENSITY OF TOPSOIL - BANK LBS / YD

I SCaA 1.C000C SCRAPER AVAILIBILITY - FRACTION

I SCCHN 38,2100 SCRAPER HOURLY OPERATING COST -~ $/HR
i scce 22,2600 SCRAPER HOURLY OWNERSHIP COST ~ $/HR
I scPa =.31810¢C SCRAPER PERF, COEF. A

i scrB 126.40C SCRAPER PERF, COEF. B

i scre 33.500¢C SCRAPER MAXIMUM PERF, SPEED — MPH

i scePo 2225400 SCRAPER BRAKING COEF. A

I sCePe 247,800 SCRAPER BRAKING-COEF. B

I SCPF 33.0000 SCRAPER MAXIMUM BRAKING SPEED -~ MPH

I SCsa 32.0000 SCRAPER HEAPED CAPACITY ~ CU YDS

i sCsc 91. 2000 SCRAPER EMPTY WEIGHT - M LBS

I SCsO 72.0000 SCRAPER PAYLOAD ~ M LBS

I SFT «430000 SWELL FACTOR OF TOPSOIL - FRACTION

f TMSM «7CCO0Q TIME TO MANUEVER AND SPREAD - MINUTES
I TR¥ «600000E~01 TOTAL RESISTANCE IN HAUL ~ FRACTION

C TRMYY 120,739 TOPSOIL REMOVAL DEMAND M YDS/YR = BANK
C TRSAY 149.676 ToSe REMo & SPRD. ACRES / YR

€ TRSPY 24.6966 T.5. REM, & SPRD, NO. OF PANELS /7 YR
& TRYDF 3200.00 TOPSOIL REMOVAL DISTANCE MOVED - FEET
C TSMyY 172.656 TCPSOIL SPREAD DEMAND M YDS/YR - LOOSE
& TSTOF 1600.00 TOPSOIL SPREAD DISTANCE MOVED - FEEY
1 7TLm «30000¢C TIME TO LOAD SCRAPER ~ MINUTES

i ABSD 33.6890 ANGLE OF BURDEN SPOILS - DEGREES

I Cna 1.00000 DOZER AVAILIBILITY ~ FRACTION

1 CDCN 31.1800 DOZFR HOURLY (OPERATING COST - $/HR

1 coce 21.3000 DOZER HOURLY OWNFRSHIP COST - $/HR

i COPA =49.5700 DOZER PRODUCTION COEF. A

I Coea 158000, OOZER PRODUCT ION COEF. B

1 CnpPuy 1665.00 DOZER PRODUCTIVE HOURS PER YEAR

C DNHMF 150.C00 DOZING DISTANCE ~ FEET

I D¥NDF 50,0600 DGZING MINIMUM DISTANCE - FEET

i DYXDF 6C0.000 DOZING MAXIMUM DISTANCE — FEET

I ECDO « 750000 EFFICIENCY OF DOZER OPERATION

I FPwW 1. 50000 FRACTION PANEL WIDTH DOZED MAY®L MOVED
I FR «250000 FRACTION OF DOZED MAT'L REHANDLED




B.9 ILand Reclamation Simulation (LRS) Input - _ Continued
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C SRAY 149.676 SPOIL REGRADE ACRES PER YFAR

C SRMYY 1257.6% SPOIL REGRADE DEMAND M ¥DS 7 ¥R

€ SRYA 672196 SPOIL REGRADE YARDS /7 ACRE

€ SRYAR 8402.45 SPOIL REGRADE 'YDS 7 ACRE ENCLes R/H
I = Input Parameter
C = Calculated Parameter
* =

Calculated if not Input




B.10 Land Reclamation Simulation (LRS) Output

L6

LAND RECLAMATION SIFULATION 12702776
CALCULATED RESULTS

0503 {OLRS0503F OHIO
1 LAND RECLAMATION SIMULATION

A B C
SCRAPER CuyD P~-MLBS A~MLBS
32.00 72.00 51.92
D E
DOZER DMF CUYD/HR
156.00 1003.76 )
F G H T J K L M ™ 0 P O
L=MPH E-MPH CTH TPH MCYY # I-M$/YR  O-M$/VYR EOMS/YR $/CY $/A $/TON
TS REMOVAL 11.95 22.78 624 8,01 298,51 « 40 14,99 25.73 %072 337 272.074 « 047
TS SPREAD 11.23 22.78 4,02 12.4%4 662,98 26 2.6%5 16.57 26022 2152 1750181 <030
<« 66 4472255 - 077
SPOIL REGRADE 1253.45 1.00 35.58 52.09 BT.67 «070 5685.742 =101
GENERAL DNDLING 103 89.81 600.000 = 104
2.03 1185.742 205
REVEGETATION 29.94 200,000 035
LAND MANAGEMENTY 14.97 100.000 «017
TOTAL LAND RECLAMATICN 289,32 1932.997 <334

sSTOPE O

(See next page for definition of Columns A through Q.)
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Column

OPWOZR2RH H"NuHIDQEEHUOOD P

B.10 Land Reclamation Simulation (LRS) Output - Definitions

Scraper rated capacity (cubic yards)

Scraper rated payload (thousands of pounds)
Scraper actual payload (thousands of pounds)
Dozing distance (feet)

Dozing hourly capacity (cubic yards/hr)

Scraper average speed loaded (miles/hr)

Scraper average speed empty (miles/hr)

Scraper cycle time (minutes)

Scraper production (tons/hr)

Scraper production (thousands cubic yards/year)
Number of scrapers required

Number of dozers required

Annual ownership costs (thousands of dollars)
Annual operating costs (thousands of dollars)
Annual ownership and operating costs (thousands of dollars)
Cost ($/cubic yard of topsoil)

Cost ($/acre)

Cost ($/ton of coal recovered)



Appendix B.1l1l, B.12 and B.13 Coal Preparation Factoring

Input and Output

The Preparation/General Administrative (PGA) micromodel
determines the coal handling and processing costs by means
of extrapolation from a standard size facility. In addi-
tion, it allows plant selection based on three levels of
difficulty of preparation effort: crushing and screening,
Baum jig, and heavy media. The micromodel separates owner-
ship and operating costs into five categories:

Receiving and Breaking
Blending and Stockpiling
Ccoal Loadout

Preparation Plant
Preparation Plant Support.

Computer input and output for the hypothetical baseline
situation for the Appalachia (Ohio) test case are shown on
the following 4 pages.
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B.1l1l Preparation/General Administrative (PGA)

(Coal Preparation Factoring)

Input

PGA MODEL ECONOMIC  SUMMARY

CASE N3. 503

LT, NI, 503 TITLE

1975 DOLLARS

1M0GA
IMOPP
1PeT
LOGCF
LIGEC
LOGPA
L9650
LOGSY
NY
PERED
PPBT
PPNED
PONHY
pPPODY
THY

Dottt g Bt M ot N g G PR GG et P g D

RUN DATE '14:08 DEC 02,76 PAGE NO. 1ol

TITLE - {PGACO503) HYPOTHETICAL MINE STUDY = BASELINE SOLUTION

() bt Bt ps et o et 0o

«4CS500E 15
75000.0
«13C000CE 15
12600.0
250,000

30.0CCC

APPALACHIA —~ OHIN

INCLUDE GENERAL & ADMINISTRATIVE
INCLUDE PREP PLANT

PP ~

INDEX TO PLANT TYPE

WRITES CFA CONTROL FILE IF 1
WRITES CFA EQUIPMENT ‘FILE IF 1
PRINTS PARAMETERS IF 1

WRITES SPECIFICATION DATA IF 1
WRITES ECCNOMIC “SUMMARY IF ONE

NCo
pp -
PP -
PP ~
PP -
Pp ~

OF YEARS TO STARTYP

BASE ENERGY BTU/YEAR

BASE TINS/DAY

CCMPLEX ENERGY DEMAND BTU/YEAR
COAL HEAT VALUE BTU/LSB
OPERATING DAYS/YEAR

TOTAL MINING YEARS




B.12 Preparation / General Administrative (PGA) Default Values
(Coal Preparation Factoring) :

101

PGA MODEL ECONOMIC SUMMARY RUN DATE 14308 DEC 02,°76 PAGE NOo 1le3

CASE NO. 503 TITLE (PGACO503) HYPOTHETICAL MINE STUDY — BASELINE SOLUTION
ALT. NJ. 503 TITLE APPALACLHIA — OHIQ

1975 DOLLARS

PPEHY BASE HEAT VALUES 10990. 12760. 13084,
PPBSF BASE SIZE FACTCRS <9900 .8250 .7870
PP BHF BASE HEAT FACTORS 1.003%6 10373 10600
PPCCF  CAP. COST FACTORS 17700. 67400, 3600. 9500, 8100, 52100, 8100. 70200, 8100.
PPCCX CAP. COST EXPo .80 .80 1.00 80 .50 .75 .50 .70 +50
PPPSF OPER. PER. FRACTICONS 2.00 8.50 2.00 2.00 Ga 60 &.00 9. 60 6. 00 9,60
2.00 2.00 2.00 2.00 %.80 2.00 7.20 £.00 9.50
3.00 .00 1.00 3.00 .00 3.00 .00 3.00 .00
.00 .00 .00 1.00 .00 3.00 .00 5,00 .00
.00 .00 .00 .00 .00 2.00 .00 2.00 <00
.00 .00 .00 .00 .00 .00 .00 2.00 .00
.00 .00 .00 <00 .00 .00 .00 <00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00
PPPSX OPER. PER, EXP. .35 .35 .35 .35 .35 .35 .35 .35 .35
PPCS  OPER. SCHED. CCDES 5. 9. 12. 9. 5, 9. 5. s, 5.
PPOC  OPER. CLASS CODES 13. 13. 13. 13. 1. 13. il. 13. il.
18. 23. 18. 18. 22. 17. 22. 17, 22.
23. 0. 23. 224 0. 22. 0. 22. 0.
0. 0. 0. 23. a. 23. 0. 5. 0.
0: 0. 0. 0. 0. 10. 0. 23. 0.
" 0. 0. 0. 0. 0. 0. 10. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0, 0. 0. 0. 0o 0.
PPMLE MAINT. LABOR COST £. 71.52 81.09 30.56 54031 174,02  1B4.13  215.38  269.38  232.32
PPMLX MAINT. LABOR EXP. .35 .35 .35 «35 .35 .35 35 «35 <35
PPMYE  MAINT. MATL. COST F. 122.07  309.86 10.33 43,67 101,25  287.42  101.25  516.37  101.25
PP¥MX  MAINT. MATL. EXP. .80 .80 .80 <80 .50 .75 .50 .70 .50
PPFCF  FUEL COST FACTORS .00 .00 .00 12.41 .00 15.45 .00 17.93 .00
PPFCX  FUEL COST EXP. .00 .00 .00 <80 .00 .75 .00 .70 00
PPWCF WATER COST FACTORS .00 .00 .00 .00 .00 2.40 .00 4220 .00
PPWCX WATER COST EXP. .00 .00 .00 «00 <00 100 .00 1.00 .00
PPECF ELEC. COST FACTORS 45.05 99.87 22.12 19,08  128.12- 185.00 128,12 314,65 128,12

PPECX ELEC. COST EXP. 1.00 1.00 1.00 1.00 1.00 1.00 1,00 L.00 1.00
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B.12 Preparatlon/General Administrative (PGA) Default Values =~ continued
(Coal Preparation Factoring)

PGA MODEL ECONOMIC. SUMMARY

RUN DATE 14208 DEC 02¢°76 PAGE NO.

le8

CASE NO. 503 TITLE  (PGAGOS03) HYPOTHETICAL MINE STUDY ~ BASELINE SOLUYION
ALT. NO, 503 TITLE - APPALACHIA -~ CHIO

1975
FPLCF
PPLCX
PPOWCF

PPOTF

PPEQTY

PPHMS

PPMC

POHF

PPCRSY
PPCRNY
PPCRSE
PPCRPL
PPLRLD
PPD2SF
PPDZ0M
PPOZPC
PPD2RA
PPOZEF
ppp2CO

DOLLARS
LABOR COST FACTORS 68.78
LABCR COST EXP. «35
OWNy COST FACTORS 3625,
OPER. HOURS/CAY 14.50
UNIT QUANTITIES 3.00
MAENT o SCHED. CODES Se
MAINT, CLASS CODES b
56
&,
14.
12.
18.
23,
T»
MAINT. FRACYIONS « Q7%
+074
«296
« 071
»212
»205
068
»000
START YEAR 7.
Nd. YEAR STAPTUP 3.
STARTUP EFF. 1o
PURCHASE LEAT ‘TIRE 3a
LIFE OF DPERN, ) 30,
SALYAGE FRACTYION « 00
DEPREC, METHCO 0.
PURCHASE .CODE S5e
REGIONAL ADJ. 1.00
ESCAL. FACTOR <00
CONSTRUCTION CODE le

105.53
35
5438,
21.75
3,00
54

“.
Se
6’
t4e
12.
18,
23

«087
<044
2261
#0642
0125
«401
040
000

5%.83
35
8712«
38.45
3.00
5e

Gbo
50
6.
14
12.
18.
23.

2069
«069
278
2066
«199
2256
« 063
«000

1924
*35
543 8.
2175
3. 00
5e

4o
5‘
6o
14,
120
18,
23,
¢ 2%
«131
«064%
.259
=061
«187
239
=059
000

143,62
»35
2000.
8.00

3,00

16106
3%
5438,
21.75
3.00
Se

%o
Se
60
l4e
iz.
18.
23
[+
<096
096
» 288
«092
128
o L%8
«052
«000

166.80
=35
2000.
8.00
3.00
S5e

be
Se
6o
12e
i3.
22.

Q.
«118
«157
315
2226
<075
«109
«000
+Q00

220.21

*35
5438,
2175

3.00
Se

4e
Se
6o
l4e
12.
i8.
23
0.
=113
099
«311
- 068
=122
L4 248
« 039
000

189.99
«35
2000,
8,00
3400
5s

4o
5e

12,
i3.
22+
Q.
0.
« 146
166
328
"« 210
« 070
« 100
=000
<000

w«——-.m
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B.13 Preparation/General Administrative (PGA)
(Coal Preparation Factoring)

Output

PGA MODEL ECONDMIC SUMMARY RUN DATE 14308 DEC 02,76 PAGE NO. 1.2

CASE NG, 503 TITLE (PGACOS03) HYPOTHETICAL MINE STUDY - BASELINE SOLUTION
ALT. NO. 503 TITLE APPALACHIA -~ OHIO

1975 DOLLARS

PREPARATION PLANY STATISTICS

TYPE sizg ~ ~ - DELIVERED COAL - =~ -
TONS/DAY BTU/LB TONS/YEAR BTU/YEAR
1 20767.2 126454 .513988E 07 +130000€ 15
UNTT LABOR OWNERSHIP OPERATING 060
INVESTMENT = = = = = $/HOUR = = = = = $/TON
REC & BREAK PREP, PLANT .789316E 07 89.62 230.08 249.72 335
BLEND-STOCK PREP. PLANT +300564€ 08 137.50 586,03 409,00 1,040
COAL LOADCUT PREP. PLANT 996824« 12.75 12,09 123030  .251
CRUSH~SCREEN PREP, PLANT +%23644E 07 103,25 82.32 204,31 300
€S SUPPORT  PREP. PLANT . 738251€ 07 187.13 390,04 541.64 359
+505653E 08 24285
C PPEHV 12645.4 PP ~ FINAL HEAT VALUE
¢ PPFTY .513G88E 07 PP — FINISHED COAL TONS/VEAR
C PPHF 1.€03¢0 PP - HEAT VALUE FACTOR FOR IPPY
C PPHY 10990.0 PP - BASE HEAT VALUE FOR IPPT
C PONS 20767.2 PP — COMPLEX SIZE TONS/DAY
C PPSF «9900C0 PP - S1ZE FACTOR FOR IPPT




Appendix B.14, B.1l5 and B.16 Premining, Facilities, and
Administration input and output

The Preparation/General Administrative (PGA) micromodel
determines the central facilities, staff, and premining
costs by means of extrapolation from a standard size faci-
lity. The micromodel separates ownership and operating
costs into thirteen categories:

Roads and Site Work

Buildings

Electric Power System

Water System

Communications System

Mobile Support Eguipment

Shop Equipment

Land Rights

Exploration Drilling

Contract Engineering
Environmental Impact Statement
Supervisory and Support Personnel
Royalty and Severance Tax.

Computer input and output for the hypothetical baseline

situation for the Appalachia (Ohio) test case are shown on
the following 3 pages.
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B.14 Prepara?ion/General Administrative (PGA) Input
(Premining, Facilities and Administration)

S0T

PGA MNDEL ECONOMIC SUMMARY RUN DATE 14308 DEC 02,°76 PAGE NG. 1ol

CASE NI, 503 TITLE (PGAGOSOé) HYPOTHET ICAL MINE STUDY - BASEL INE SOLUTION
ALT. NJ. 503 TITLE APPALACHIA ~ COHIN

1975 DOLLARS

I 14064 1 INCLUDE GENERAL € ADMINISTRATIVE
I IMopp 1 INCLUDE PREP PLANT

I 1eet 1 PP ~ INDEX TO PLANT TYPE

1 LOGCF 1 WRITES CFA CONTROL FILE IF 1

I LIGEC 1 WRITES CFA EQUIPMENT FILE IF 1

I LOGPA 1 PRINTS PARAMETERS IF 1

1 196D 1 WRITES SPECIFICATION DATA IF 1

1 LOGSH 1 WRITES ECCNOMIC SUMMARY LF ONE
£y 3 NC. OF YEARS TO STARTUP

1 DIBPY 4330, 00 DENSITY OF DVERBURDEN BANK LBS/YARD
I GAMR $0.0000 GAA ~ MINERAL RIGHTS ({$/ACRE)

1 Ga%a .25€000 GAA — ROYALTY AMOUNT ($/TON)

1 GASR 250.0C0 GAA = SURFACE RIGHTS [$/ACRE}

1 GAST «000000 GAA ~ SEVERANCE TAX ($/TON)

1 GaTag 26941.7 TOTAL ACRES DISTURBED IN COMPLEX
1 GATYB 144.545 GAA - TCNS/YEAR - BASELINE

1 Giup .110000 GAA — UNION PAYMENT {$/TON)

1 SRYY 12,3917 STRIPPING RATIO YARDS/ROM TONS

I THy 30.€CCO TOTAL MINING YEARS
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B.15 Preparation/General Administrative (PGA) Default Values

(Premining, Facilities, and Administration)

PGA MODEL ECONOMIC SUMMARY

CASE N2 503 TITLE  (PGATO503) HWYPOTHETICAL 'MINE STUDY ~ BASELINE SOLUTVION
ALT . NJ. 503 TITLE APPALACHIA - QOHIO

1975

G1CCF
G250F
G20SQF
G2MSFF
G2MSF W
G3CCF
GHACCF
G6BCCF
G4CCCF
GSCCF
GoLCF
GICCF
GBPERC
Gas?
GaMP
GICCF
GYAHOL
G1ocCo
GLICCF
G13PRC
G134Py
GL3FCT
G133CL
6133SC
G13AWR
GARA
GAST
Gayp
GLEXP
G2EXP]
G2ExXP2
G2EXP3
G3sxp
GaFXP
GseExp
GHEXP
GTEXP
GLORXP
GL1EXP
G13exp
GACRLO
GACRNY
GACRUH
GACIPL
GACRQT
GACRSY

| GAD2BY

GAD2CO
GAD? DM
GADZEF
GAD2PC
GAD2RA
GADZ SF

DOLLARS

SITE WORK, $
BUILDINGSy SQs FT,
BUILDING COST, $/5QFT
ANNUAL FUEL CCST. 8
ANNUAL WATER C0ST, $
POWER -SYSTEM COST, '8
HZ20 - SYS, COSTy C~S,e
H20 SY¥YS., COSTy B-Js
H20 S¥Se COSTe H=M,
COMMUNICATION SYSey. $

MOBIL EQUIPMENT, $§

SHOP EQUIPMENT,. $

LANDy ‘DOWN PYMT FRACVICN
LAND, SURFACE RIGHTS, $/ACRE
LAND; MINERAL RIGHTS, $/ACRE
EXPLORN, "DRILLING, $/HCLE
EXPLORN S TRILLINGy ACRES/HOLE
FUGINEERINGy &

ENVIRCNMENTAL IMPACT STAT.y §
STAFF PERS<y PERCENT CF UNION
TOTAL UNICN -MANPOWER ESTIMATE
SUPPLIESy $/YEAR/STAFF PERs
WIRK CLASS .~ STAFF

HWORK "SCHEDULE  ~ STAFF

AVFRAGE STAFF WAGEy $/YEAR
ROYALTY ON -COAL,- $/TON
SEVERANCE TAMX, $/TON

UNTON PESNICMN FUNDy $/TON
SITE CAP. COST EXPe

BLOG FUEL EXP.

BLDG FUEL MES EXP.

BLOG WATER EXP,

POWER SYS. EXP,

WATER SYS. EXP,

COMM, S$YS. EXPa

MOIBILE SUP. EXP.

SHOP EXP.

CONYe ENG. EXP,

EolaSo EXPs

STAFF EXP.

LIFE OF OPERATION .
NOs YEARS STAKTUP

OPERATING HOURS/YEAR

PURCHASE LEAD TINME

QUANTITY

STARYUP YEAR

BASE YEAR

CONSTRUCT ION CODE
DEPRECIATICN METHCD

STARTUP EFF. FACTOR

PURCHAS £ LODE

REGIONAL ACJLSTMENT FACTOR
SALVAGE FRACTICN

@® B e

RUN DATE 14308 DEC 02,°76 PAGE NO.

+300000E 07

1350004
36,2500
65000.0
200,000

+450000E 07

200000,
450000,
550000.
125000
» 120000
«100000
-100000
250,000
50.0000
1000.00
40,0000
«600000
»100000
160000
492,000
2000.00
2400000
3.00000
17900.0
«250000
2000000
«110000

2000. 20

€07
E 07

E 07
£ .07

- 35
-85
90
- 75
« 70
<45
<40
» 85
045
« 55
+25
» 90
32
1.
00.
3.
la
Ta

32.
1.
2000.
J.

1o

Te

0.

32
1.
2000,
3.

lo

Te

1.6

326

20004
ry
le
Te
Q.

1o
00

1,00
00

32

2000,
5'
1o
To
0.

4
-00

1. 00
<00

32.

1.
2000,
Se
l.
s

32.

2000.
bo
le
Te
0.
0o
io

.00

100
=00

32.
1.
2000,
bo
le
Te
0o
(2%
le
00
1.
1.00
+00

32.

2000«
00
i
1o

32.

1o
2000
0o
l.
7.




B.16 Preparation/General Administrative (PGA) Output
(Premining, Facilities, and Administration)

LOT

PGA MODEL ECONOMIC SUMMARY RUN DATE 14208 DEC 02,976 PAGE NO» 1.5

CASE NO. 503 TITLE (PGACO503) HYPOTHETICAL MINE STUDY — BASELINE SOLUTION
ALTe NJo 503 TITLE APPALACHIA ~ OHIO

1975 DOLLARS

GENERAL & ADMINISTRATIVE COSTS.

UNET OWNERSHIP OPERATING 080

INVESTMENT $ 7HOUR $/HOUR $/TON

ROADS & SITE ANC. FAC, «300000E 07 155,16 -00 « 064
BUILOINGS ANCo FAC, «489375E 07 253,10 32.60 «117
FLECT., SYSe ANC. FAC, «450C00E 07 232.73 200 096
WATER SYS. ANCo FAC, 200000, 10. 34 =00 « 004
CCMMUN, SYS. BNC. FAC, 125000, 6046 «00 »003
#OBILE SUP. ANC. FAC, » 120000 07 62. 06 - 00 026
EQUIP. SHOP ANC. FAC. »100000E 07 -51.72 «00 . 021
LAND RIGHTS PREMIAE 808251, 41,80 121.24 <067
EXPL. DRILL. PREMINE 673542, 34083 <00 «0Ll4
CONT. ENG® PREMIME «600000E 07 310.31 « 00 - 128
€. I So PREMINE +100000E 07 51.72 =00 «021
SUPERV . PER. +000000 » 00 776,82 =319
ROY-SEV. TAX »000000 « 00 876.12 360

«234005€ 08 1210.24 1806077 10,240

TOTAL MM TCNS/VEAR 164,545
TOTAL ACRES DISTURBED 26941 .7

C BPBYY L643664E 08  CCMPLEX OVERBURDEN PROD. YARDS/YEAR
C CoPTYX .519180F 07 COMPLEX COAL DEMAND ROM TONS/YEAR
¢ vagy .193069€ 10 VYOL. OVERBURDEN BANK YARDS

€ VCRT +155754E 09 VOLe CCAL ROM TONS




APPENDIX C

Cash Flow Analysis Input

C.1 Definition of Equipment and Facilities Requirements for
the Project.

C.2 Definition of Personnel Data.

C.3 Definition of Case Description Parameters, Financial
Assumptions, and Default Values.

A User's Manual for the Cash Flow Analysis Model is con-
tained in Volume 13 of the Final Report (ref: FE-1520-113).
The following examples of manually prepared input data are
for the hypothetical baseline situation for the Appalachia
{(Ohio) test case.

The equipment data (Appendix C.l) is prepared manually by
the user based on the results of the micromodel analysis
shown in Appendix B.

The personnel data (Appendix C.2) establishes wage categories
and work schedules for all employees.

The case description, financial parameters, and default

values (Appendix C.3) record the values used for the major
mining and economic variables.
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Appendix C.1 Definition of Equipment and Facilities

Each item of equipment, facilities, or premining costs must
be defined on a series of input cards as follows:

1) ECRG Card: Defines the mining operation code; the
equipment identification number from the equipment data
base; the initial quantity required; the quantity of
fleet spares; the operating hours per year; the steady
state annual production in 1000's; the start year
(first year of production); the number of years to
complete startup (time from first production to reach
steady state production); the startup efficiency (dis-
counts production in early years); the purchase lead
time in years; deferred purchase; life of operation in
vears; and scheduled hours per vear.

2) EDI Card; Defines equipment type and size.

3) ED2 Card: Defines equipment investment cost; deprecia-
tion (replacement) life; salvage fraction; depreciation
method; purchase code for progress payment schedule;
investment base year; investment regional adjustment;
investment escalation; construction and tax credit
treatment.

4) ED3 Card: Defines the equipment operating costs for
maintenance labor, maintenance material, fuel, tires,
electric power, water, and other.

5) EDO1l Card: Defines the personnel wage classification,
persbnnel work schedule basis, and quantity of opera-
ting personnel required for the equipment.

6) EPM1 Card: Defines the personnel wage classification
for personnel work schedule basis and fractional pro-
portion of maintenance expenditure for that classifica-
tion required for the eguipment.

7) EMSU Card: Defines the usage adjustment, if any, to
the operating costs shown on the ED3 card to account
for any variation from the assumed conditions used in
the equipment data file.

A worksheet, as shown on the following page, is used to code

the equipment and facilities information for entry into a
computerized data file for the cash flow program.
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L Row Guide Operation identification Quantity Spares Hrs/Yr Production (10005} Year . Startup Efficiency Lead Time Purch'se Operat’n -~ Hrs/ Y
{EcrG] |01 | |peo 6] o] [T4e7 e+ 7] [ 7] [ 3] [.[80 ol [3lo] 22977
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Eqg.Personnel| Mining Equipment - e /"/\F"‘\ — P
Maintenance Operation identification Class ~Sched. Fraction Class  Sched Fraction [Class  Sched|  Fraction Class = Sched|  Fraction 1Cldass ~ Sched Fraction
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—— : e e |
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Appendix C.2 Definition of Personnel Data

All operating and maintenance personnel must be identified
by two codes:

1)

2)

PWC: Personnel Wage Classification which identi-
fies the person's union pay grade and work descrip-
tion.

PSB: Personnel Schedule Basis which identifies
the possible work schedules (shifts per day, hours
per shift, and shifts per week).

Two additional parameters are defined for each combination
of wage classification and schedule basis:

1)

2)

EHPY: Effective Hours Per Year which is an esti-
mate of the annual number of hours the person is
expected to be on the job ready to work (accounts
for overtime, holidays, etc.).

PDPH: Personnel Dollars Per Hour which is an
estimate of the total wages plus overtime, pre-
mining and payroll added costs per hour. This
personnel data is organized into a computerized
file for the cash flow program.

The personnel wage classifications schedules used for the
hypothetical baseline situation for the Appalachia (Ohio)
test case are shown on the following 3 pages.
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C.2 Definition of Personnel Data

Personnel Personnel shifts Hours Days
Wage Schedule Per Per Per
Classification Grade and Work Description Basis Day Shift Week
PWC 1 5 Coal Loading Operator PSE 1 1 7.25 5
PWC 2 5 Strip Mach Operator PSB 2 1 7.25 6
PWC 3 5 Master Electrician PSB 3 1 8.00 5
PWC 4 4 Electrician PSB - 4 1 8.00 6
PWC 5 4 Machinist PSB 5 2 7.25 5
PWC 6 4 Mechanic PSB . 6 2 7.25 6
PWC 7 4 Welder 1lst Class PSB 7 2 8.00 5.
PWC 8 4 Oiler PSB 8 2 8.00 6
PWC 9 4 Groundman PSB 9 3 7.25 5
PWC 10 4 Central Control PSB 10 3 7.25 6
PWC 11 3 Mobile Equip Operator PSB 11 3 8,00 5
PWC 12 3 Repairman PSB 12 3 8.00 6
PWC 13 3 stat Equip Operator

PWC 14 3 Welder

PWC 15 3 Driller & Shooter

PWC 16 3 Cay Loader

PWC 17 2 Tipple Attendant

PWC 18 2 Helper

PWC 19 1l Car Operation

PWC 20 1 Sampler

PWC 21 1 Sve Vehicle Driver

PWC 22 1 Utility Man

PWC 23 1 Laborer

PWC 24 s Gen & Adm Staff
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Personnel Effective Hours Per Year

Personnel

Wage Personnel Schedule Basis

Classification Grade PSB 1 PSB 3 PSB 5 PSB 6 PSB 9 PSB 10 PSB 12
PWC 1 5 1618 1618 1942 1618 1942 2269
PWC 2 5 1618 1618 1942 1618 1942 2269
PWC 3 5 lel8 1618 1942 1618 1942 2269
PWC 4 4 1618 1618 1942 1618 1942 2269
PWC 5 4 1618 l6l8 1942 1618 1942 2269
PWC 6 4 1618 1618 1942 1618 1942 2269
PWC 7 4 1618 1618 1942 1618 1942 2269
PWC 8 ) 1618 1618 1942 1618 1942 2269
PWC © 4 1618 1618 1942 1618 1942 2269
PWC 10 4 1618 1618 1942 1618 1942 2269
PWC 11 3 1618 1618 1942 1618 1942 2269
PWS 12 3 1618 1618 1942 1618 1942 2269
PWC 13 3 1618 1618 1942 1618 1942 2269
PWC 14 3 1618 1618 1942 1618 1942 2269
PWC 15 3 1618 lel8 1942 1618 1942 2269
PWC 16 3 1618 1618 1942 1618 1942 2269
PWC 17 2 1618 1618 1942 1618 1942 2269
PWC 18 2 1618 lelg 1942 1618 1242 2269
PWC 19 1 1618 1618 1242 1618 1942 2269
PWC 20 1 1618 1618 1942 1618 1942 2269
PWC 21 1 1618 1618 1942 1618 1942 2269
PWC 22 1 1618 1618 1942 1618 1942 2269
PWC 23 1 1618 1618 1942 1618 1942 2269
PWC 24 S 2000
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Personnel Dollars Per Hour

Personnel

Wage Personnel Schedule Basis

Classification Grade PSB 1 PSB. 3 PSB 5 PSB 6 PSB 9 PSB 10 PSB-12
PWC 1 5 11.32 11.42 12,37 11.52 12.48 12.90
PWC 2 5 11.32 11.42 12.37 11.52 12.48 12,90
PWC 3 5 11.32 11.42 12.37 11.52 12.48 12.90
PWC 4 4 10.49 10.59 11.47 10.69 11.58 12.10
PWC 5 4 10.49 10.59 11.47 10.69 11.58 12,10
PWC 6 4 10.49 10.59 11.47 10.69 11.58 12.10
PWC 7 4 10.49 10.59 11.47 10.69 11.58 12.10
PWC 8 4 10.49 10.59 11.47 10.69 11.58 12,10
PWC 9 4 10.49 10.59 11.47 10.69 11.58 12.10
PWC 10 4 10.49 10.59 11.47 10.69 11.58 12.10
PWC 11 3 10.03 10.13 10.97 10.23 11.08 11.46
PWS 12 3 10.03 10.13 10.97 10.23 11.08 11.46
PWC 13 3 10.03 10.13 10.97 10.23 11.08 11.46
PWC 14 3 10.03 10.13 10.97 10.23 11.08 11.46
PWC 15 3 10.03 10.13 10.97 10.23 11.08 - 11,46
PWC 16 3 10.03 10.13 10.97 10.23 11.08 11.46
PWC 17 2 9.67 9.77 10.58 9.87 10.69 11.07
PWC 18 2 9.67 9.77 10.58 9.87 10.69 11.07
PWC 19 1 9.56 9.66 10.46 9.76 10.57 10.77
PWC 20 1 9.56 9,66 10.46 9.76 10,57 10.77
PWC 21 1 9.56 9.66 10.46 9.76 10.57 10077
PWC 22 1 9.56 9.66 10.46 9.76 10.57 10.77
PWC 23 1 9.56 9.66 10.46 9.76 10.57 10.77
PWC 24 s 10.28



Appendix C.3 Definition of Case Description Parameters,

Finanecial -Assumptions;-and-Defauvlt-Values

The parameters to be defined are in three categories as
follows:

1) Mining Parameters which provide identifying information
for the case description report but which do not direct-
ly affect the cash flow calculations.

2) Financial Assumptions and Control Parameters which
define the major items that determine the method and
cost of financing the project and that determine the
revenue and profitability. Depreciation method, esca-
lation rate, and purchase method are also defined.

3) Default Values which define the major items needed to
create yearly pro-forma financial statements for the
project. Regional adjustment factors are also defined.

The mining parameters, financial assumptions, and default
values for the hypothetical baseline situation for the
Appalachia (Ohio) test case are shown on the following 2 pages.
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ipoer s
coRTYS
SiyYTS
HBT §
HC$
PIFTYS
PPNEDS
PPN4VE
©ROCS
vCRP

tnr
GAMRS
GARAS
GAS$
GASTS
RCF3
RFLT
RLTE
RSTE
vSPC

nMl
042
DH3
3451
EREL
ERFU
EIM,
FR MM
E3L
EROT
ERSPC
E3TI
ERKWA
ESPC
43}
pLe
P23
PLG
PLS
[44]
pPCT

CASE DESCRIPTION

MINING PARAMETERS

i
«5191B0E€ 07
12,3977
500000
%4.00000
«513988E 07
«130000€ 15
12600,0
200.000
12645 .4

FINANCTAL ASSUMPTIONS

2. 00000
50,0000
250000
250,000
000000
» 100000
« 480000
+«800000E~01
+100000
»030000

%
FINANC AL CONTROL PARAMETERS

« 000000
. 000000
+002000
« 000000
- 000000
» 000000
« 000000
000000
+ 000000
000000
000000
» 000000
«003000
+ 000000
» 000000
« 000000
+» 000000
« 000000
+ 000000
+ 000000
«000000

§NDEX TO -PLANT TYPE

COAL DEMAND ROM TONS/YEAR (COMPLEX)
STRIPPING RATIO YARDS/ROM TONS

HE EGHT OF TOpPSOIL - FEET

HEIGHY "'OF COAL IN -FEET

PREPARED COAL TONS/YEAR

ENERGY DEMAND FOR-TOMPLEX BTU/YEAR
ROM COAL HEAT VALUE BTU/LB
IECLAMATION = OTHER LOSTS ~ $/ACRE
VALUE - COAL 'BTU/POUND

CAPITAL/DEBT RATIO
GaA - MINERAL RIGHYS ($/ACRE}
GAA = ROYALTY "AMOUNT ($/TIN)

"3AA -~ SURFACE RIGHTS {$/ACRE}

GAA =~ SEVERANCE ‘TAX ( $/TON}

RATE = CASH FLOW DISCOUNT

AATE ~ FEDERAL INCOME TAX

RATE - LONG TERM “INTEREST

RATE = SHORT TERM INTEREST

VALUE - REQ., PRICE OJF COAL - $/TDN

RESET .DEP, METHOD 1 .TO NONZERD VALUE
RESET DEP. METHOD 2 TO NOUNZERO VALUE
RESET ‘DEP» METHOD 3 T) NONZERO VALUE
ESCAL, RATE - ALL EQUIP. INVEST,
ESCAL. RATE -~ ELECTRICITY

ESCALs RATE - FUELS

ZSCAL, RATE .~ MAINTENANCE LABOR
ESCAL s RATE - MAINTENANZE MATERIALS
ESCAL. RATE = OPERATING LABOR

ESCAL. RATE - OTHER LOSTS

ESCAL. RATE = SELLING PRICE OF (CJAL
ZSCAL. RATE = TIRES

ESCAL. RATE -~ WATER

ESC, COAL PRICE PER COSY ESC. {F 1
RESETS PUR. CODE 1. TU NUNZERO VALUE
RESETS PUR, CODE 2 TO NONZERD VALUE
RESETS PUR. -COJE-3 TO NONZERD VALUE
RESETS PUR. CODE 4 TO NONZERD VALUE
RESETS PUR. CODE. 5 TO NONZERD VALUE
RESETS PUR, CODE 6 -TO NONZERO VALUE
RESETS PUR. CODE 7 TO NONZEROD VALUE

$ 1IN YAYME INODICATES A MEMOD I TEM FOR CFA

- _
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PARAMETER LIST

Lirld
LCFDB
LCFFP
LLFRSY
LCFIL
LoFIR
LCFMPL
LIFOPL
LIF3ZE
LCFPFS
LIFSYL
LCFXY
NEDNC
CEIM44
CFOMG
CHI4s
0426
DAPN
DEZ
DER
DERT
EYAE]
EYHT
EYML
FYOL
EYSPL
FALC
FCR
F432
FIPT
Fsi
Fal
RAAE]
RACL
AAFY
RAML
449
RAQL
R&JT
RATE
RAWA
R2Y
RCI

Ry TS
RLTIR
veoy
WIAP
VDAR
voct
VECY
vooy
Vs
¥J20H

Qo o o s PO s g P pao PO (Y P

10. 0000
300.000
«500000E-01
« 100000
+500300
» 000000
1.,00000
+100000
000000
.000300
» 000000
« 000000
» 000000
120000
250000
+200000€~-01
»500000E~01
100000
+625000E~01
1.30300
1.00000
1.00000
1.00000
1, 00000
133000
1.,00000
1. 00000
1.00000
» 000000
»120000
+ 700000E-01
10.0000
365.300
20,0000
45.0000
10.0000
1976. 00
250.000
« 000000
« 000000

BUILDS CORRELATION DATA FILE IF 1
LOGS DEBUG A3RAYS L& 1

PRINTS THE FINANCIAL PARAMETERS IF 1
PRINTS FINANCIAL SUMMARY REPORT IF 1
PRINTS INVESTMENT LIST IfF 1

PRINTS INFRASTRUCTURE REPORT IF 1
PRINTS MAINTENANCE MANPOWER LIST (F i
PRINTS OPERAT ING MANPOWER LIST IF 1
PRINTS PRODN. & CASH EXP. REPORT [F 1
PRINTS PRO~FIRMA STATVEMENTS [F |
PRINTS SERVICE & MATERIALS LIST IF 1
BUILDS X,Y PLOT FILE [F 1

NEW EQUIP. DATA FOR NEXT ZASE IF 1
COST OF ELECTRICITY - $/MEGAWATT HOJR
COST JF FUEL - $/M 5ALS.

COST OF AATER ~ $/M GALS

JEPLETION ALLOWANCE ~ PERCENT OF GROSS
DEPLET ION ALLOAANCE - PEZENT OF NET
DEBT/EQUITY RATIO CONTROL

DEBT/EQUITY RATIO

DEBT/EQUITY RATI0 TOLERANCE

Z8CALs YEAR =~ ALL EQUIP. INVEST.
ESCAL . YEAR - HOURLY [OSTS

ESCALs, YEAR ~— MAINTENANCE LABOR
ESCAL. YEAR - OPERATING LABOR

ESCAL. YEAR = SELLING PRICE QF CJAL
FACTOR - ANNUAL LEASE COSTS

FACTOR - CASH REQUIRMENTS

FACTOR - HOME QFFICE COSTS

FACTOR -~ INSURANCE & PROPERYY TAX
FACTOR - SJUPPLIES INVENTOIRY

FACTOR — WAREH(OUSE [NVENTORY

REGIONAL ADJ, ~ ALL EQUIP. INVEST.
REGIONAL ADJ. -~ EBLECTRICITY

TEGIONAL ADJ. -~ FUELS

REGIONAL ADJ. - MAINTENANIE LABOR
REGIONAL ADJ. - MAINTENANCE MATERIALS
EGIANAL ADJ. ~ UPERATING LABOR
REGIONAL ADJ. - OTHER COSTS

REGIDNAL ADJ. - TIRES .

REGIOVAL ADJ, - WATER

LATE - CASH ODIVIDENDS

IBTE -~ SONSTRUCTION INTEREST

RATE = INVESTMENT TAX CREDIY

RATE = L-T DEBT REPAYMENT {(YEARS)
VALUE =~ CALENDAR DAYS/YEAR

VALUE DAYS ACCOUNTS PAYABLE
VALUE DAYS ACCOUNTS RECEIVABLE
VALUE DAYS OF COAL INVENTORY

VALUE - FIRST CALENDAR YEAR

VALUE OPEAATING DAYS/YEAR
YALUE START ING CASH
VALUE

UNIDON PENSION $/HOUR




APPENDIX D

Curve Fitting Analysis

D.1 Dragline Price

D.2 Quantity of Drills for Overburden

D.3 Cost of Blasting Materials for Overburden
D.4 Truck Cycle Time for Coal Hauling

D.5 Quantity of Scrapers for Land Reclamation
D.6 Quantity of Bulldozers for Land Reclamation

This appendix presents the results of work done with the
micromodels and the Least-Squares Fit (LSF) program to
develop the equations that are used in the macromodel in
place of the more complex micromodel logic. The equation
forms were developed from the micromodel logic. The model
parameters were transformed as requlred to fit a linear
equation of the form:

41Xy + a5%, + azxa + ... +ax =y

The LSF program processes the results from the micromodel
cases, determines the coefficients, resolves the expression
for each case, and displays the calculated deviation between
the recalculated values and the micromodel solution wvalues.
In most cases, it was possible to transform the model param-
eters into a truly linear equation, and the R squared term
for these cases 1is .99 or better. In a few cases, the
response was almost linear and for these cases, the R
squared term drops to around .95,

For all equations presented here, a single parameter is
varied for each micromodel case with all other parameters
held at baseline values to obtain the set of observations
for curve fitting. This approach would not be valid for
general regression analysis since interactions between
variables could be masked by the procedure itself. Masking
is not considered to be a problem in this situation since
the potential interactions are known from the micromodel
logic. However, several of the fits were verified by runs
in which the model parameter values were randomly varied.
The LSF results did not differ materially between the random
selection process and the structured selection process.

Initially, the LSF program did not develop an Analysis of
Variance report since the primary objective was to see how
well the fitted curve reproduced the micromodel results.
This fit is demonstrated by the recalculated values and
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deviations; the Standard Deviation of the deviations between

micromodel results and recalculated values is used as the
criterion of fit. However, the LSF program was modified to
print an Analysis of Variance report for those interested in
regression analysis statistics. The method used is described
by N. R. Draper and H. Smith in APPLIED REGRESSION ANALYSES
(John Wiley & Sons, New York, 1968).
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Appendix D.1

Dragline Price

Base Price of Synthetized Machine:

DLCA = 981.71 + 410.6 * DLX

where DLCA = Dragline Base Price
DLRMA * DLSW
DLX =
1000
DLRMA = Boom length in feet * cosine boom angle

DLSW = Bucket size in cubic yards

The following sheet shows the curve fitting results for the
above ‘egquation.
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D.1 Dragline - Base Price of Synthetized Machine

£.073 s, N VO S n. s O T,
(CULve " e Triigrnesultsy)

Equation:
DLCA = A + B * DLX
Coefficients: A = 981.71 B = 410.60
Data File Curve Fit Comparison between
Solution Solution Data File & Curve Fit
COUNT INPUT Y CALC Y DEV % DEV
1 2039.60010 2039.62305 -.023 -.001
2 2784.60010 2784.57568 .024 .001
3 4182.10156 4182.05469 .047 .001
4 4742.10156 4742.,11328 -.012 -.000
5 5440,.89844 5440.83203 .066 .001
6 8189.80078 8189.80469 -.004 -.000
7 7366.39844 7366.55078 -.152 -.002
8 8481.19922 8481.33203 -.133 -.002
9 9793.30078 9793.20313 .098 .001
10 12140.00000 12139.78516 .215 .002
11 15475.00000 15474.68359 .316 .002
12 22139.00000 22138.73437 .266 .001
13 2424.60010 2424.60205 -.002 -.000
14 3572.19995 3572.23120 -.031 -.001
15 4916.80078 4916.82422 -.023 -.000
16 6137.00000 6137.21094 -,211 -.003
17 7160.10156 7160.01953 .082 .001
18 7482.89844 7482.75000 .148 .002
19 8973.69922 8973.64062 .059 .001
20 , 9832.30078 9832.20703 .094 .001
21 "13292.00000 13292.33984 -, 340 -.003
22 18382.00000 18382,55859 -.559 -.003
23 2226.30005 2226.28198 .018 .001
24 2781.00000 2781.00366 -.004 -.000
25 3353.50000 3353.54517 -.045 -,001
26 4971.50000 4971.47656 .023 .000
27 7800.19922 7800.14453 .055 .001
28 4182.10156 4182.05469 .047 .001
AVER., 7509.35156 7509.34375 .172 .002
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Appendix D.2

Quantity of Drills for Overburden

Quantity of Drills for Overburden:

RNDR = 5,609 * : (CDRTY *. HB)/(1E6 * HC * DRSMFH)

where RNDR = Reguired number of drills
HC = Height of coal in feet
CDRTY = Coal demand recovered tons per year
HB = Height of burden in feet
DRSMFH = Drilling rate in soft material in feet per hour

The following sheets show the curve fitting results for the
above equation and the supporting variation of parameters
and resulting micromodel solutions.

122



D.2 Quantity of Drills for Overburden
{Curve Fitting Results) ‘
' Equation:
RNDR = A * CDRTY/1lE6/HC * HB/DRSMFH
Coefficients: A = 5.60855
Micromodel Curve Fit Comparison Between
Solution Solution Micromodel & Curve Fit

COUNT INPUT Y CALC Y DEV % DEV
1 3.61600 3.61771 -.002 -.047
2 2.41100 2.41156 -.001 -.023
3 1.80800 1.80886 -.001 -.047
4 .90400 .904429 -.000 -.947
5 .72300 . 723542 -.001 -.075
6 .45200 .451965 .000 .008
7 1.13000 1.13091 -.001 -.080
8 1.80800 1.80886 -.001 -.047
9 2.71300 2.71378 -.001 -.029
10 3.39000 3.39178 -.002 -.051
11 .47200 .509537 -.038 -7.953
12 1.25800 1.27384 -.016 -1.259
13 1.80800 1.80886 -.001 -.047
14 2.17500 2.16553 .009 .435
15 2.56800 2.54768 .020 .791
16 3.61600 3.61771 -.002 -,047
17 2.41100 2,41121 -.000 -.009
18 1.80800 1.80886 -.001 -.,047
19 1.44600 1.44708 -.001 -.075
20 1.20500 1.20596 -.001 -.080

ANALYSIS OF VARIANCE

SOURCE DF 58 MS

TOTAL (CORRECTED) 19 18.0521

REGRESSION 0 18.0499 .723701E 76

RESIDUAL 19 .217846E~-02 .114656E-03

R SQUARED .999879

AVERAGE INPUT Y = 1.88610

STD. DEV. OF RESIDUAL =

S.b. AS PCT OF AV, Y = .57
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D.2 Quantity of Drills for Overburden (Variation
of Parameters and Micromodel Results)

: Micromodel
Equation Parameters Solution
COUNT 1/HC CDRTY/1E6 HB 1/DRSMFH RNDR
1 .50000 1.8170 71.000 .10000E-01 3.6160
2 Var .33333 1.8170 71.000 .10000E-01 2.4110
3 HC ¥ .25000 1.8170 71.000 .10000E~-01 1.8080
4 .12500 1.8170 71.000 .10000E~-01 .90400
5 .10000 1.8170 71.000 .10000E~-01 .72300
6 .25000 .45400 71.000 .10000E-01 .45200
7 Vary .25000 1.1360 71.000 .10000E-01 1.1300
8 CDRTY .25000 1.8170 71.000 .10000E-01 1.8080
9 .25000 2.7260 71.000 .10000E-01 2.7130
10 .25000 3.4070 71.000 .10000E-01 3.3900
11 .25000 1.8170 20.000 .10000E-01 .47200
12 Var .25000 1.8170 50.000 .10000E-01 1.2580
13 HB b4 .25000 1.8170 71.000 .10000E~-01 1.8080
14 .25000 1.8170 85.000 .10000E-01 2.1750
15 .2500 1.8170 100.00 .10000E-01 2.5680
16 .2500 1.8170 71.000 .20000E-01 3.6160
17 Var .25000 1.8170 71.000 .13333E-01 2.4110
18 DRS%FH .25000 1.8170 71.000 .10000E~-01 1.8080
19 .25000 1.8170 71.000 .80000E~02 1.4460
20 .25000 1.8170 71.000 .66667E~02 1.2050
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_ Appendix D.3

Cost of Blasting Materials for Overburden

Cost of Blasting Materials for Overburden:
CEMDY = 111 + 109.22 * (CDRTY * HB * PRPY)/(1lE6 * HC)

where CEMDY = Cost of explosives in thousands of dollars per year

i

HC = Height of coal in feet
CDRTY = Coal demand recovered tons per year
HB = Height of burden in feet
PRPY = Powder ratio pounds per bank cubic yard

The following sheets show the curve fitting results for the
above eguation and the supporting variation of parameters
and resulting micromodel solutions.
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D.3 Cost of Blasting Materials for Overburden
(Curve Fitting Results)

Equation:

CEMDY = A+B * CDRTY/1lE6/HC * HB * PRPY

Coefficients: A = 111.033 B =109.220

Micromodel Curve Fit Comparison Between
Solution Solution Micromodel & Curve Fit
COUNT INPUT ¥ T CALC Y DEV % DEV
1 2341.10 2224.54 116.559 4,979
2 1560.80 1519.90 40.900 2.620
3 1170.50 1167.79 2.709 .231
4 585.250 639.411 -54,161 -9.254
5 468.170 533.736 -65.566 -14.005
6 292,490 375.077 -82.587 -28.236
7 731.770 771.724 ~39.954 ~5.460
8 1170.50 1167.79 2.709 .231
9 1756.20 1696.45 59.746 3.402
10 2194.90 2092.53 102.373 4.664
11 442.420 408.711 33.709 7.619
12 870.910 855,228 15.682 1.801
13 1170.50 1167.79 2.709 .231
14 1369.60 1376.17 -6.597 -.479
15 1583.90 1599.42 -15.523 -.980
16 494,870 463.286 31.584 6.382
17 832.690 815.538 17.152 2.060
18 1170.50 1167.79 2.709 .231
19 2688.90 2752.92 -64.023 -2.381
20 3533.40 3633.56 -100.161 -2.835
ANALYSIS OF VARIANCE
SOURCE DF Ss MS
TOTAL (CORRECTED) 19 .135482%8 08
REGRESSION 1 .134862E 08 .134862EF 08
RESIDUAL 18 62076.5 3448.69
R SQUARED .995418
AVERAGE INPUT Y = 1321.47

STD. DEV. OF RESIDUALS = 58.7256
S.D. AS PCT OF AV. Y = 4,44
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D.3 Cost of Blasting Materials for Overburden

(Variation of Parameters and Micromodel Results)

Micromodel
Equation Parameters Solution
COUNT 1/HC CDRTY/1E6 HB PRPY CEMDY
1 .50000 1.8170 71.000 .30000 2341.1
2 Vary .33333 1.8170 71.000 . 30000 1560.8
3 HC .25000 1.8170 71.000 .30000 1170.5
4 .12500 1.8170 71.000 .30000 585.25
5 .10000 1.8170 71.000 . 30000 468.17
6 .25000 .45400 71.000 .30000 292.49
7 Var .25000 1.1360 71.000 .30000 731.77
8 CDR%Y .25000 1.8170 71.000 .30000 1170.5
9 .25000 2.7260 71.000 .30000 1756.2
10 .25000 3.4070 71.000 .30000 2194.9
11 .25000 1.8170 20.000 .30000 442,42
12 Var .25000 1.8170 50.000 .30000 870.91
13 2FY 25000 1.8170 71.000 .30000 1170.5
14 .25000 1.8170 85.000 .30000 1369.6
15 .25000 1.8170 100.00 .30000 1583.9
16 .25000 1.8170 71.000 .10000 949.87
17 var .25000 1.8170 71.000 20000 832.69
18 PRP% .25000 1.8170 71.000 .30000 1170.5
19 .25000 1.8170 71.000 .75000 2688.9
20 .25000 1.8170 71.000 1.0000 3533.4
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Appendix D.4

Truck Cycle Time for Coal Hauling

Truck Cycle Time:

citih 20.434*TDSL*§%§%
= o 4 % o * N
’TCDT 7.41 CHCT 0.26673 5580 THEC
where TDCT = Truck cycle time in minutes
CHCT = Shovel cycle time in minutes
SPL = Number of swings to load truck
CHHD = Coal haul distance in feet
TDSL = Truck payload in thousands of pounds
TDSC = Truck horsepower

All correlations were made for an assumed shovel cycle time
= ,5 and number of swings to load truck = 6. Therefore, the
initial term in the equation for cycle time is 10.41

(i.e., 7.41 + CHCT * SPL
when CHCT

10.41
.5 and SPL = 6).

o

The test cases were run with haul roads varying in length
from 13,239 feet to 42,164 feet (six haul roads) using 32
coal haulers. The result was 192 data points to be used in
the correlations.

The following sheets show the curve fitting results and the
supporting variation of parameters.

128




D-

4  Truck Cycle Time

[ Py T e e 2 o by Y AY
{fCurveritcingResults)

Eguation:

CTM =

Coefficients: A

= 10.410

Micromodel Curve Fit

B =

.26673

A + (B * DIST) + (C * (PL * DIST / HP))

20.434

Comparison Between

Solution Solution  Micromodel & Curve Fit
COUNT INPUT Y CAILC Y DEV % DEV
1 77.66 70.82 6.85 8.81
2 69.48 62.53 6.95 10.00
3 61.29 54.24 7.05 11.50 g;ﬁikRﬁad
4 53.10 45.95 7.15 13.46 Ja
5 44,91 37.67 7.25 16.14
6 36.80 29.38 7.42 20.16
7 77.43 70.82 561 5.54
8 69.26 62.53 6.73 9.72
9 61.09 54.24 6.85 11.21 g;gikRgad
10 52.92 45.95 6.97 13.16 T
11 44.75 37.67 7.08 15.83
12 36.65 29.38 7.27 19.84
13 §5.55 55,16 5,39 .72
14 58.72 52.47 6.25 10.64
15 51.89 45.79 6.10 11.76 g;gikRgad
16 45.06 39.10 5.96 13.23 Hay
17 38.23 32.41 5.82 15.23
18 31.45 25.72 5.74 18.24
19 70,45 8.49 1,96 778
20 63.24 60.52 2.73 4.31
21 56.04 52.55 3.49 6.23 gggikRgad
22 48.84 44.58 4.26 8.72 Jad
23 41.64 36.61 5.02 12.06
24 34.50 28.65 5.85 16.96
75 23.50 20,51 598 .56
26 38.84 36.38 2.46 6.33
27 34.19 32.25 1.93 5.66 ggﬁikRgad
28 29.53 28.12 1.41 4.77 Ja
29 24.88 23.99 .89 3.56
30 20.25 19,86 -39 1.93
3T 15,37 13.62 T.75 3,50
32 40.54 39.07 1.47 3.63
33 35.70 34.51 1.19 3.34 g;gikRiad
34 30.87 29.95 .91 2.96 Hay
35 26.03 25.40 .63 2.44
36 21.23 20.84 .39 1.82
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37 44,71 41.68 3.03 6.78

38 39.81 37.39 2.42 6.08

39 34.91 33.10 1.81 5.19 g;gfkRgad
40 30.01 28.81 1.20 4.01 nan

41 25.11 24.52 .59 2.37

42 20.25 20.23 .02 .09

23 17.50 1168 ) £33

41 39.61 37.39 2.22 5.62

45 34.73 33.10 1.63 4.70 g:ﬁikRgad
46 29.85 28.81 1.04 3.48 Hau

47 24.96 24.52 L44 1.78

48 20.11 20.23 -12 -.58

73 17,25 15,18 =393 =592

50 37.35 40.41 -3.06 -8.18

51 32.45 35.64 -3.19 ~9.82 g;ﬁikRgad
52 27.55 30.87 ~3.32  -12.05 Had

53 22.64 26.10 ~3.45  -15.25

54 17.77 21.33 -3.55  -19.99

55 1731 1518 =396 =702

56 37.36 40.41 ~3.05 -8.17

57 32.50 35.64 ~3.14 -9.66 EgﬁfkRgad
58 27.64  30.87 -3.23  -11.67 had

59 22.78 26.10 -3.31  -14.54

60 17.96 21.33 -3.37  -18.75

3 15.95 5170 575 12,51

62 40.69 46.04 -5.34  -13.13

63 35.44 40.37" ~4.94  -13.93 g;gfkRiad
64 30.18 34.71 -4.53  -15.00 Lo

65 24.92 29.04 -4.12  -16.53

66  19.70 23.38 -3.67  -18.65

%7 17.80 51,70 =390 T8 16

68 42.40 46.04 -3.64 -8.59

69 36.99 40.37 -3.38 -9.14 g;ﬁfkRﬁad
70 31.58 34.71 -3.12 -9.89 Jan

71 26.18 29.04 -2.86  -10.93

72 20.81 23.38 ~2.56  -12.32

73 13.55 1750 =132 Z5.97

74 38.54 42.75 -4.21  -10.92

75 33.53 37.61 -4.08  -12.16 gggikRﬁad
76 28.52 32.47 -3.95  -13.84 Hau

77 23.51 27.32 -3.82  -16.23

78 18.53  22.18 ~3.65 _ =19.70

o —40.88 1314 T 5,53

80 36.38 38.65 -2.27 -6.24

81 31.88 34.16 —2.28 -7.16 gggikRgad
82 27.38 29.67 -2.29 -8.37 Hau

83 22.88 25.18 -2.30  -10.06

84 18.40 20.69 —2.28  -12.40

130



85 42.79 47.22 -4.42  -10.33
86 38.19 42.17 ~3.97  -10.40
87 33.59 37.12 -3.52  -10.49 g:ﬁfkRgad
88 28.99 32.07 -3.08  -10.61 Had
89 24.39 27.02 -2.63  =-10.77
90 19.82 21.97 -2.15  -10.84
51 57.18 62,02 =7.84 -y
92 50.87 54.94 ~4.07 -8.00
93 44.57 47.86 -3.29 -7.39 gruikRPad
94 38.26 40.78 ~2.52 ~6.58 106 ©
95 31.96 33.70 -1.74 -5.44
96 25.70 26.62 -.91 -3.56
57 16,87 39,74 713 T5.21
98 41.65 35.71 5.93 14.25
99 36.42 31.69 4.74 13.00 g;gikRgad
100 31.20 27.67 3.54 11.34 Has
101 25.98 23.64 2.34 9.01
102 20. 80 19.62 1.18 5.67
103 13,32 36.59 5. 73 15,53
104 38.50 33.00 5.50 14.29
105 33.67 29.40 4.27 12.68 g:ﬁikaiad
106 28.85 25.81 3.04 10.54 Hay
107 24.03 22.22 1.81 7.53
108 19.24 18.63 .61 3.18
109 IT. 61 38.24 338 §.11
110 37.05 34.42 2.63 7.11
111 32.50 30.60 1.89 5.83 g;ﬁikRiad
112 27.94 26.78 1.15 4.12 Hau
113 23.38 22.97 .41 1.76
114 18.85 19.15 ~-.30 ~1.60
115 13.98 38,24 5,75 13,06
116 39.13 34.42 4.71 12.04
117 34,28 30.60 3.67 10.72 ggﬁikagad
118 29.42 26.78 2.64 8.96 Hay
119 24.57 22.97 1.60 6.51
120 19.74 19.15 .60 3.02
131 16.30 51,090 T4.79  =10.35
122 40.92 45.51 -4.59  -11.21
123 35.54 39.93 -4.38  -12.34 g:3§kRgad
124 30.16 34.34 ~4.18  -13.86 Hay
125 24.78 28.76 -3.98  -16.05
126 19.44 23.18 -3.74  -19.22
157 75.50 27.51 =3.01 —4. 42
128 40.25 42.42 -2.17 -5.39
129 35.00 37.33 -2.33 -6.66 g;zikRZad
130 29.75 32.24 -2.49 -8.38 Hau
131 24.50 27.15 ~2.65  -10.83
132 19.28 22.06 ~2.78  -14.40
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45.50

133 47.51 —2.01 —4.42

134 40.25 42.42 ~2.17 -5.39

135 35.00 37.33  =2.33 -6.66 ggﬁikRgad
136 29.75 32.24 -2.49 -8.38 an

137 24.50 27.15 —2.65  -10.83

138 19.28 22.06 -2.78  -14.40

139 53.20 5T.09 7,12 358

140 47.47 45.51 1.97 4.14

141 41.74 39.93 1.82 4.35 g;ﬁikRﬁad
142 36.01 34.34 1.66 4.62 Hau

143 30.28 28.76 1.51 5.00

144 24.59 23.18 1.40 5.71

135 517,25 53,17 —Y) =179

146 45.46 46.44 -.98 ~2.15

147 39.68 40.71 -1.04 -2.61 Eiﬁikaiad
148 33.89 34.98 -1.09 ~3.23 Hau

149 28.10 29.25 -1.15 ~2.10

150 22.36 23.52 ~1.17 -5.22

151 1848 7 27 T.27 561

152 43.00 42.17 .83 1.94

153 37.52 37.12 .40 1.07 ggﬁikRgad
154 32.04 32.07 -.03 ~.09 Hau

155  26.55 27.02 ~.46 ~1.74

156 21.11 21.97 -.85 -4.05

157 1653 1518 T.05 537

158 41.10 40.41 .70 1.70

159 35.98 35.64 .35 .96 gzszRgad
160 30.86 30.87 -.00 —.01 Hau

161 25.74 26.10 _.35 ~1.38

162 20.66 21.33 —.67 -3.25

163 §2.97 53.94 T =153

164 56.45 56.59 -.14 ~.26

165 19.92 49.25 .68 1.35 pruck b
166 43.40 41.90 1.49 3.44 Hau

167 36.88 34.56 2.31 6.28

168 30.40 27.22 3.19 10. 48

169 5707 53.94 T3 =153

170 56.45 56.59 -.14 Z.26

171 49.92 49.25 .68 1.35 ggﬁikRgad
172 43.40 41.90 1.49 3.44 Hau

173 36.88 34.56 2.31 6.28

174 30.40 27.22 3.19 10.48

175 ZT-02 5849 744 =12.19

176 54.07 60.52 -6.45  -11.94

177 47.09 52.55 ~5.46  -11.60 g:ﬁikRgad
178 40.11 44.58 ~4.47  -11.15 Han

179 33.13 36.61 -3.48  -10.51

180 26.21 28.65 ~2.44 ~9.29
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181 61.04 68.49  -7.44 ~12.19
182 54.07 60.52  -6.45 -11.94 R
183 47.09 52.55  =5.46 ~11.60 truclk-d
184 40.11 14.58  -4.47 -11.15 flaul Road
185 33.13 36.61  -3.48 -10.51
186 26.21 28.65  -2.44 -9.29
187 72.15 73.73  =I1.59 =2.20
188 64.33 65.04 -.72 -1.11
189 56.51 56.36 .15 .27 ek o
190 18.69 17.67 1.02 2.10 Hau
191 40.88 38.98 1.89 4.64
192 33.13 30.29 2.83 8.55

AVER. 37.73 37.73 3.60 5.03
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D.4 Truck Cycle Time
(Variation of Truck Size and Haul Distance)

Truck Payload Horsepower Road Haul Distance '
A 200. 560. 1 42,164
B 200. 560. 2 36,379
C 200, 700. 3 30,594
D 240. 700. 4 24,809
E 72. 420. 5 19,024
F 80. 420. 6 13,239
G 100. 560.

H 100. 560.
I 170. 850.
J 200. 1000.
K 240. 1000.
L 240. 1000.
M 260. 1200.
N 300. 1600.
@ 340, 1600.
P 364. 1200.
Q 70. 420.
R 70. 475.
S 100. 635.
T 100. 635,
U 150. 635.
v 150. 700.
W 150. 700.
X 150. 635.
Y 170. 700.
Z 170. 800.
0 170. 850.
1 200. 635.
2 200. 635.
3 240. 700.
4 240. 700.
5 300. 800.
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Appendix D.5

Quantity of Scrapers for Land Reclamation

Quantity of Scrapers:

TSCR = [.0157046 + 5.43198 x CD/HC + 7.36661 x (CD/HC)2] x HBT

where TSCR = Required number of scrapers
CD = Coal demand recovered tons per year
HC = Height of coal in feet
HBT = Height of topsoil in feet

Note: HBT was not included in the correlation because all
coefficients are equally affected by the HBT wvalue.

The following sheets show the curve fitting results for the

above equation and the supporting variation of parameters
and resulting micromodel solutions.
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Equation:

D.5  Quantity of Scrapers
(Curve Fitting Results)

TSCR = A + B * CD/HC + C * (CD/HC) ** 2

Coefficients A=

.157046E-01

B

= 5.43198 C = 7.36661

Micromodel Curve Fit Comparison Between
Solution Solution Micromodel & Curve Fit
COUNT INPUT Y CALC Y DEV % DEV
1 .720000 .727133 -.007 -.991
2 2.15000 2,15255 -,003 -.119
3 4,00000 4.00378 -.004 -.094
4 7.14000 7.13896 .001 . 015
5 9.99000 9.98671 .003 .033
6 11.0300 11.0325 -.003 -.023
7 6.01000 6.00885 .001 .019
8 4.00000 4.00378 -.004 -.094
9 1.64000 1.62965 .010 .631
10 1.25000 1.24605 .004 .316
ANALYSIS OF VARIANCE
SOURCE DF S8 MS
TOTAL (CORRECTED) 9 120.225
REGRESSION 2 120.225 60.1123
RESIDUAL 7 .228335E-03 .326194E~-04
R SQUARED .999998

AVERAGE INPUT Y = 4.79300
STD. DEV. OF RESIDUALS = .571133E-02
S.D. AS PCT OF AV, Y = .12
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D.5 Quantity of Scrapers

(Variation of Parameters and Micromodel Results)

Micromodel
Equation Parameters Solution

COUNT CD/HC (cp/HC) 2 TSCR
1 113500 ~128822E-01 730000
2 -284000 .806559E-01  2.15000
3 g:;§n§°al .454295 .206384 4.00000
4 .681500 464442 7.14000
5 .851750 .725478 9.99000
g 508590 835535 11,0300
7 . .605727 .366905 6.01000
8 Zgrzogilght 454295 .206384 4.00000
9 227147 515960E-01  1.64000
10 181718 ©330214E-01  1.25000
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Appendix D.6

Quantity of Bulldozers for Land Reclamation

Quantity of Bulldozers:

CDRTY * tan ABSD * PWF

22 e *
RN@CD = -.00384704 TR

CDRTY * tan ABSD * PWF2
1E6 * HC

CDRTY * CGD
1E6 * HC

+ .000618961 *

+ .00660554 *

where RN@CD = Required number of dozers

CDRTY = Coal demand recovered tons per year
ABSD = Angle of burden spoils in degrees
PWF = Panel width in feet
HC = Height of coal in feet

CGD = Cost of general dozing in $/acre

The following sheets show the curve fitting results for the
above equation and the supporting variation of parameters

and resulting micromodel solutions.
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D.6

Equation:

Quantity of Bulldozers

{(Curve Fitting-Results)

TCDR = A * CDRTY/1E6/HC*TABSD*PWF
+ B * CDRTY/1E6/HC*TABSD*PWF**2
+ C * CDRTY/1E6/HC*CGD

Coefficients: A =

-.384704E-02

B =

.618961E-03

Comparison
Micromodel &

C =

Between

Curve Fit

Micromodel Curve Fit
Solution Solution
COUNT INPUT Y CALC Y
1 .889000 .889097
2 2.22400 2.22470
3 3.55700 3.55834
4 5.33600 5.33849
5 6.67000 6.67214
6 2.20700 2.20809
7 2.65700 2.65817
8 5.35700 5.35868
9 8.95700 8.95936
10 3.06100 3.06209
11 3.30600 3.30679
12 3.71700 3.71814
13 3.90800 3.90984
14 7.11500 7.11669
15 4.74300 4.74399
16 1.77900 1.77917
17 1.42300 1.42334
18 2.22900 2.21072
19 2.77600 2.76737
20 4.58000 4.58363
21 5.85300 5.84324
ANALYSIS OF VARIANCE
SOURCE DF S8
TOTAL (CORRECTED) 20 84,9297
REGRESSION 2 84.9291
RESIDUAL 18 .551891E-03
R SQUARED .999993
AVERAGE INPUT Y = 3.92114
STD. DEV. OF RESIDUALS .553720E-02
s.D. AS PCT OF AV, Y = .14
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DEV

-.000
-.001
-.001
.002
.002
.001
.001
.002
.002
.001
.001
.001
.002
-.002
-.001
-.000
-.000

.018

.009
-.004

.010

MS

42.4646

% DEV

-.011
-.032
-.038
.047
.032
.049
.044
.031
.026
.036
.024
-.031
.047
.024
.021
.010
.024
.820
.311
.079
.167

i

.306606E-04

.660554E-02



{(Variation of Parameters and Micromodel Results)

D.6 Quantity of Bulldozers

Micromodel
- Equation Parameters Solution
COUNT CDRTY/1EE CGD TAN & /606 BWF TCDR
T 452 500, 6667 73500 100, 889
2 1.136 600. .6667 .2500 100. 2.224
3 gz;gng°al 1.817  600. 6667 .2500  100. 3.557
4 2.726 600. .6667 .2500 100. 5.336
5 3.407 600. 6667 .2500 100. 6.670
3 1.817 150. 6667 72500 100, 3.307
7 Z;rgeggigl 1.817 300. .6667 .2500 100. 2.657
g O S° 1.817  1200. .6667 .2500 100. 5.357
9 g 1.817  2400. .6667 .2500 100. 8.957
10 T.517 500, 4785 2500 100. 3,061
11 . 1.817 600. .5713 .2500 100. 3.306
12 er{eSP°1l 1.817 600. .7273 .2500 100. 3.717
13 Bng 1.817 600. .8000 .2500 100. 3.908
T2 T.517 500, 6667 5000 160, 7.115
15 . 1.817 600. .6667 .3333 100. 4.743
16 Z;rgogflght 1.817 600. .6667 .1250 100. 1.779
17 1.817 600. .6667 .1000 100. 1.423
18 T.817 500. 5657 2500 50 3,229
19 1.817 600. .6667 .2500 75. 2.776
20 xiﬁzhpanel 1.817  600. .6667 2500  125. 4.580
21 1.817 600. .6667 .2500 150. 5.853
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APPENDIX E

All

Report 1

Report 2

Report 3

Report 4

Report 5

Report 6

Report 7

Report 8

costs are

Macromodel Baseline Solution

Financial Summary Report - provides economic
highlights such as required investment,
selling price, and rate of return.

Case Description - identifies the case being
analyzed, including mining parameters and
financial assumptions.

Investment List - identifies all equipment
facilities, and other premining costs; shows
total investment and replacement capital.

Operating Personnel List - identifies all

operating personnel, including supervision
and staff; shows total manpower needs and

payroll,

Maintenance Personnel List -~ identifies all
maintenance personnel; shows total manpower
needs and payroll.

Services and Materials List - identifies all
services and materials; shows annual cost:;
shows annual quantity of electric power,
water, and fuel.

Infrastructure Report - summarizes physical
effects, economic impact, utility require-
ments, and manpower regquirements.

Production and Cash Expenditure Table - for
each year of the project shows production and
cash expenditure.

Financial Statements - for each year of the
project compiles an income statement, sources
and uses of funds statement, and a balance
sheet.

Default values for Appalachia (Ohio).

in January 1975 dollars (no escalation).
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Appendix E.l1 Financial Summary Report
and Case Description

The Financial Summary report provides economic highlights
including required investment, selling price, and rate of
return.

The Case Description identifies the case being analyzed,
including mining parameters and financial assumptions.
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CFA 43IDEL:
503 {COM005033) HYPOTHETICAL MINE STUBY - OdIC

i BASELINE SOLUTION

FINANCIAL SUMMARY REPORT

SALES PRICE N BASE DOLLARS ¢ $/PREPAED TOWM 12. 70
: $ S/MILLION BTU « 50
RETURN ON INVESTMENT s PERCENT 10. 60
RETURN JN PALD-IN CAPITAL ¢ PERCENT 10.88
CUMMULATIVE INVESTMENT TO STEADY STATE : M$ 161752,
CUMMILATEIVE INVESTMENT TOTAL PROJECT $ M$ 222268.
ANMNJ AL OPERATING COST AT STEADY STATE 3 M$ 26135,
BASE YEAR IS 1975
PROJECT BEGINS IN 1976
ZFAST COAL PRODUCTION IN 1982
STEADY STATE BEGINS IN 1985
STEADY STATE ENDS IN 2011
LAST COAL PRODUC TION IN 2013
PROJECTY ENDS IN 2015

& DISCOUNTED TASH FLOW INTERNAL RATE OF RETURN ASSUMING
PROJECTY IS FINANCED COMPLETELY BY INTVERNAL CAPITAL.

#% DISCOUNTED CASH FLOW INTERNAL RATE OF RETURN ASSUMING
PROJECT S FINANCED BY USER-SET CIMBINATION OF
INTERNAL CAPITAL AND EXTERNMAL DEBT.

"

DATEs 13234 JAN

184077

PAGE NO.o

1. 01




122%

CASE DESCRIPTION

MINING PARAMETERS

{231 s i INDEX TO PLANT TYPE

CI3TY$ .519180E 07 COAL DEMAND ROM TONS/YEAR (LIMPLEX)
SAyTs 12.3977 STRIPPING ‘RATIO YARDS/ ROM TONS

HBT $ +5322000 HE IGHT UF TOPSOIL - FEET

HI$ 4.G0000 HEIGHT OF COAL [N FEET

PIFTYS .5139888 07 PREPARED COAL TONS/YEAR

PPNEDS .132300E& 15 ENFRGY DEMAND FOR TOMPLEX BTU/YEAR
PPNAYS 12600.0 ROM COAL HEAT VALUE -8TUY/LB

ROCS 502.000 IELLAMATION - OTHER COSTS - $/ACRE
yioae 12645 .4 VALUE - CGAL BTU/POUND

FINANCIAL ASSUMPTIONS

iR 2,00000 CAPITAL/DEBT RATIO

GAMRS 50,0000 Gaa ~ MINERAL RIGHTS ($/ACRE}
GARAS 2250000 GAA = ROYALTY AMOUNT {$/TDIN}

Gass 250.000 34A - SURFACE RIGHTS ($/ACRE}
GASTS 000000 GAA = SEVERANCE TAX ($/T70N}

ZF) . 100000 RATE -~ CASH FLOW DISCOUNT

RFIT «430000 IATE = FEDERAL. INCOME TAX

RLYI .90C000E-01L RATE — LONG T ERM INTEREST

STl . 100000 RATE = SHORT TERM [NTEREST

vspC .3320G0 VALUF —~ REQ, PRICE JOF CDAL - $/TON

FINANC AL CONT?3L PARAMETERS

I . 030000 RESET DEP. METHOD 1 T3 NONIZERD VALUE
O%2 .Q00000 RESET DEP. METH(UD 2 TO NUNZERO VALUE
oMy .333700 RESET CEP. METHID 3 7] NOJNZERD VALUE
EAC] . COC000 ESCAL. RATE = ALL EQUIP. INVEST,
EREL .000900 ESCAL. RATE - ELECTIRICITY

ERFU . 300000 ESCAL. RATE — FUELS

EIM_ - 020000 TSCAL. RATE = MAINTENANCE LABOR

FR MM 000000 ESCAL . RATE - MAINTENANZE MATERIALS
EJL » 000000 ESCAL. RATE — OPERATING LABOR

ERDT . 000000 FSCAL. RATE - OTHER [DSTS

ERSPC . 0300C0O ESCAL. RATE = SELLING PRICE OF CJAL
Tl « 030000 Z8CAL. RATE - TIRES

ERHA .3233200 ESCAL. RATE -~ WATER

ESPC - 000000 ESC. COAL PRICE PER COST FSC. 1F 1
PCL - 000000 RESETS PUR. CODE 1 TU NONIERO VALUE
pL2 «00000C0 RESEFS PUR, CODE 2 TO NONIZERD VALUE
PZ3 « 000000 RESETS PUR. COJE 3 TO NONZERQO VALUE
pCé .000000 RESETS PUR.. CODE 4 TO NONZERD VALUE
PlS » 000000 RESETS PUR. CODE. 5 TO NONZERD VALUE
(443 - 000000 RESETS PUR. CODE 6 TO NONIERQ VALUE
PiT «000000 RESETS PUR. COBE 7 TO NONZERO VALUE

$ 1% NAME INDICATES A MEMO ITEM FOR CFA

SRR OIS




Appendix E.2 Investment List

The investment list identifies all equipment facilities, and
other premining costs; shows total investment and replace-

ment capital.
are defined as

Column

Column

Column

Column

Column

Column

Column
Column

Column

Column

Column

A

Columns A through R of the investment list
follows:

For each mining operation the steady state
annual production requirement is given fol=-
lowed by a list of equipment or facilities
giving the equipment file number, type, and
size. Note that the general and administra-
tive operation includes ancillary facilities,
ancillary equipment (including mobile equip-
ment, such as pick-ups, service vehicles, and
maintenance vehicles), and premining costs.

Original quantity of equipment required to
reach steady state production.

Fleet Spares.

Total quantity equals original quantity plus
fleet spares.

Unit investment is the regionally adjusted
base year required investment per item.

Total investment equals total quantity times
unit investment. Note that items with an
asterisk are deferred purchases which are
additional equipment required as the mine
development becomes further away from the
central plant.

Productive hours per year for the equipment.
Depreciation life in hours.

Replacement years equals depreciation life
divided by productive hours per year.

Replacement quantity is the number of new
machines that must be purchased at intervals
later in the project to replace worn out
machines.

Replacement capital equals replacement quan-
tity times unit investment.
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Column L

Column M:

Column N:

Column

Column

Column

Column

Salvage fraction is the portion of the pur-
chase price which can be recovered when the
equipment is replaced.

Depreciation method

1 = straight line
2 = declining balance
3 = double declining balance.

Purchase year is the project year in which a
commitment must be made to purchase equipment
(takes into account purchase lead time).
Purchase plan is the method of progress
payments for the equipment.

Lump sum with order

Lump sum at delivery

25% with order, 75% at delivery

50% with order, 50% at delivery

Equal payments each year

Lease

CY U > W DN =

wnwunnu

Base year for escalation of unit investment
determined by subtracting the calendar year
of the cost file from the calendar year of
the start of the project.

Escalation rate as an annual fraction.

Regional adjustment as a multiplier for base
costs.

Beginning and ending operating year of the
machines.
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Lyl

CFA 4WIDEL:
503 {COMB050
1 BASELINE
A
M INIEING H
OPERAT [ ON 3

OVER. DRILL & BLASY
§ THOUSAND CU YDS)

RD16 ROTRY DRILL 15.000 IN 70 HP
CD3a TR TRACTIR 300 4P

LDt WH LOADER 1.5 YD 80 HP
DXL PRILL TRUCK

TOTAL (LESS DEFERRED}

IVEIBURDEN REMOVAL
{THOUS AND CU YDS}

oLt DIAGL INE 43. CY 307 FT
D3 TR TRACTOR 300 HP
LD16 W4 LOADER 325 4P

TOTAL {LESS DEFERRED}

COAL LOAD €& HAUL
{THOUSAND ROM TONS)

SD3tT  SHOVEL 12 CY. ¥D.
D53 TIULK 150 TOK
Lis 4H LOADER 325 HP

603 GRADER 180 HP

PyUMS  PyYMd SET 125000 5P+

TOX2 H22 TRUCK 5000 GAL
TOTAL (LESS DEFERRED)

COAL HANDLE & PREP
{THIUSAND CLEAN TOVS)

CONSTRUCTION INTEREST
PRRB EC & SAEAK PREP. PLANT
PRBS BLEND-STOCK PREP, PLANT
PRCL  COAL LOADOUT PREP. PLANTY
PRCS CRUSH-SCREEN PREP, PLANT
PRSL CS SUPPORT PREP. PLANY

TOTAL {LESS DEFERRED])

LAND RECLAMATION
(ACRES}

CO 5 Tl TRACTOR 410 HP
SC 5 SCRAPER 32 CY &4l5 WP

TOral (LESS DEFERRED)

3) HYPOTHETICAL MINE STUDY ~ OHIO
SOLUTION

INVESTMENT LEST
B C D B F G H
DRIG SPR TOT  UNIT TOTAL PROD DEPREC
QTY QTY QTY ENVEST  INVEST  #3§ HOWS

EM$) {M$) {H/YR)
64366
[} 0 ] 440.8 2645, 3263 20000
6 o] 6 135.3 812, 3263 12000
6 ] 6 36.4 21 8. 1631 12000
6 ) 6 36.0 216, 1631 20000
3891.
64366
3 0 6 7533.1 4519%. 7467 224010
6 o 6 135.3 812. 1467 24000
6 o [ 123.0 738. 2374 12000
46748 .
5191
6 o [ 763.4 4580, 1631 60000
24 3 a7 29206 7900, 1631 20000
[} 0o 6 i23.0 7368 1631L 12000
6 o ] 80.1 481, 1631 15000
[} o 6 10.0 60 1440 21600
[} ] [} 124. 6 T48. 1631 20000
14507,
5140
15170,
3 o] 3 2631.0 7893, 3625 108750
3 ] 3 10018.8 30056. 5438 163140
3 B 3 332.3 997, 8712 261360
3 G 3 1412.1 4236 5638 163140
3 0 3 2460.8 7383, 2000 60000
65735,
898
it 1 12 192.5% 2313 1665 12000
L L] % 208.1 504, 1665 L2000
3114

DATE: 13334 JAN

I

J KX

REPL REPL REPL
YRS QTY CAPITAL

6.1
3.7
Te%
12.3

30.0
3.2
S5e1

36.8
12,3
7ot
9.2
15.0
12.3

30.0
30,0
30.0
30.0
30.0

-
e o
NN

{nsg)

24 10579,
48 6494,
24 874«
i2 432
18379.
o] 0.
54 7306,
30 3690.
10996,
0o 0.
48 14045,
24 29520
is 14462
& 60.
i2 1495,
19994
4] /2%
0 Qo
¢ [+ 8
0 O
] 0o
0.
44 8470.
i6 3218.

11688,

18, °

SAL
FRC

- 00
«00
+00
.00

<00
+20
- 00

00
«00
-00
+ 00
- 00
<00

<00
200
- 00
-00
- 00

«00
<00

17 PAGE NO. 2.01
M N O P

DP PUR BAS INFL REG
MD YR PL YR RATE ALY
1 6 2 0 .00 1.00
1 6 2 0 .00 1.00
1 6 2 0 .00 1.00
i & 2 0 .00 1.00
1 3 5 0 .00 1.00
1 6 2 0 .00 1.00
1 6 2 0 .001.00
1 5 5 0 .00 1.00
3 6 2 0 .00 1.00
1 6 2 0 .00 1.00
i 6 2 0 .00 1.00
1 & 2 0 .001.00
1 6 2 0 .0U 1.00
i 4 5 0 .00 1.00
i 4 5 0 .00 1.00
i 4 5 0 .001.00
1 4 5 0 .00 1.00
i 4 5 0 .00 1.00
i 6 2 ¢ .00 1,00
i 6 2 O 1.00

<00

R
OPR YRS
L1ST-LAS

7-38
7-38
7-38
7-38

7-38
7-38
1-38

38
7-38
7-38
7-38
7-38
7-38

7-38
7-38
7-38
738
7-38

7-38
7-38




8VT

A

B C D E F G H I J K LM N o P 0 R

GENERAL & ADMINISTRATION
CONSTRUCTION [INTEREST 3816.

SITE R3ADS & SITE ANC. FAC, i ) i 3000.0 3000. 2000 64000 32.0 [+] O, <001 4 5 0 .00 1.00 7-38
BLOG BJILDINGS ANC. FAC. 1 [+ 1 4893.7 489 %. 2000 64000 32.0 4] 0. 00 1 4 5 0 .00 1.00 1-38
Pwe ELECT. SYS. ANCe FACo i 0 I 4500.0 4500, 2000 64000 32.0 0 0. 001 4 5 0 .00 1.00 1-38
H29 WATER SYS, ANC. FACe 1 0 1 230.0 200 2000 64000 32.0 4 0. .00 1 4 % 0 .00 1.00 7-38
oM COMMUN. SYS. ANC. FAC. 1 0 1 125. 0 125. 2000 64000 32.0 0 0. 00 1} ¢ 5 0 .00 1.00 7-38
MBEY MIBILE SUP. ANC. FAC. 1 0 £ 12%0.0 1200, 2000 64000 32.0 [+ 0. .00 1 8 5 0 .00 1.00 7-38
SHEQ EJJIP. SHIP ANC. FAC, 1 0 1 1000.0 1000. 2000 64000 32.0 0 0« 400 1 5 5 0 .00 1.00 7-38
LAND LAND RIGHTS PREMINE 1 0 1 808,3 808. 2000 64000 32.0 0 0s 001 2 1 0 .00 1.00 7-38
XDRL EXPL, DRILL. PREMINE 1 Y] i 673.5 67%4a 2000 64000 32.0 0 Os .00 1 2 1 0 .00 1.00 7-38
ENG CONT . ENG. PREM [NE i 1] 1 6000.0 6000. 2000 64000 32.0 0 0. 2001 L 5 0 00 1.00 7-38
ELS Eo Ie So PREMINE i [ 1 1000.0 1000. 2000 64000 32.0 0 0. 001 3 1 0 .00 1.00 7-38
TOTAL (LESS DEFERRED) 272160 Q.
TOTALS 161211, 61057,




Appendix E.3 Operating Personnel List

The operating personnel list identifies all operating per-
sonnel, including supervision and staff; shows total man-
power needs and payroll. Columns A through M of the opera-
ting personnel list are defined as follows:

Column A: For each mining operation the equipment file
number and type is given as well as the
operator's wage classification description.

Column B: Union pay grade.

Column C: Personnel schedule basis (shifts per day -
hours per shift - days per week).

Column D: Quantity of operators required per machine
shift.

Column E: Quantity of machines requiring operators.

Column F: Scheduled machine hours per year.

Column G: Total scheduled hours equals quantity of

machines times scheduled machine hours.

Column H: Effective hours per year (hours on the job
per man) for the personnel schedule basis.

Column I: Manpower needs represent the total number of
men that must be hired to have men on the job
for every scheduled hour for the machine.

Column J: Base year dollars per hour per man based on
wage table plus regional adjustment and
additional union pension.

Column K: Annual payroll in base year dollars for
steady state production.

Column L: Manpower required to operate the deferred
equipment.

Column M: Annual payroll for operators of deferred
equipment.
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0ST

CFa 9JDEL: . DATE: 13234 JAN 184°77 PAGE NO. 3. 0L
503 {CDMB0503) HYPOTHETICAL MINE STUDY -~ 0410
i BASELINE SOLUT ION .

OGPERATING PERSONNEL LIST
A B C D E F G H I J X L M
4 {1 NING PERSONNEL EQP - SCHED TOTAL EFF . MANPOWER PAYRL  ENITIAL DEFR DEFR
OPERAT IODN GO . SCHEDULE QTY QTY . 4R/YR SCHED MR HR/YR .NEEDS RATE PAYROLL . MANP PAYROLL
(M3 /¥YR) EHAX) (MSIYRY

20 do

OVER., DRILL & BLAST

3316 RITRY ORILL DRILLER & SHOOTER 3 2-7.25~5 1.00 6 3625 21750 1618 134 -10.13 220.3
HELPER 2 2-7.25-5 1.00 6 3625 21750 1618 13.4 9.77 212.5
BLST BLASTING DRILLER & SHOOTER 3 1-7.25-5 1.00 6 1813 10878 1618 6.7 10.03 109.1
CD3a T2 TRACTOR MOBILE EQUIP DPERAT '3 2-7.25=5 1.00 5 3625 217501618 13.4 1013 22023
LDl 4H LOADER MOBILE EQUIP DPERAT -3  1-7.25-5 1.00 & 1813 10878 - 1618 6.7 10,03 109.1
TOXL PRILL TRUCK MOBILE EQUIP DPERAT 3 1-7.25-5 1.00 6 1813 10878 1618 6.7 10.03 1091
OVERBURDEN REMCVAL
OLL JRASLINE STRIP MACH OPERATOR 5 3-8.30~6 1.00 6 8297 49782 2269 21,9 12.9C 642, 2
O ILER % 3-8.,00~-6 2.00 & 8297 49782 2269 €3.9 12,10 1204, 7
CD3 TR TRACTOR STRIP MACH OPERATOR -5  3-8.00-6 1.00 & 8297 49782 2269 21.9 ~12.90 642.2
L0116 WH LIADER STRIP MACH OPERATOR - 5 3-8.,00-b 1.00 B 2638 15828 2269 7.0 "12.90 20%4.2
COAL LOAD & HAUL
SD31 SHIVEL ZOAL LOADINS OPERAT 5 1-7.25~-5 100 5 i813 10878 1618 6.7 11.32 123.1
OILER 4 1-7.25-5 1.00 6 1813 10878 1618 67 10,49 116.1
TDS3 YRUCK MOBILE EQUIP OPERAT 3 - 1~-7.25-5 1.00 24 1813 43512  l1el8 26,9 10.03 436, 4
Li6 4H LOADER YOBILE EQUIP DPERAT 3 1-7.25-5 1.00 [} 1843 10878 1618 6.7 10.03 109.1
GDS GRADER MOBILE EQUIP OPERAT 3  1-7.25~5 1.00 & 1813 10878 1618 6.7 10,03 £09.1
PUMP PUMP SET UTILITY MAN 1 1-7,25-5 1,00 & 1440 8640 1618 503 9.56 82.6
TDX2 H2D TRUCK MOBILE EQUIP OPERAT 3  1-7.25-% 1.00 6 1813 10878 1618 6.7 L10.03 109.1
CIAL HANDLE & PREP
PRRB REC & BREAK STAT EQUIP OPERATIR 3  2-7.25-5 «87 3 3625 10875 1618 5.8 10.13 95.8
HELPER 2 2-7.25-5 «87 3 3625 10875 1618 5.8 9. 77 9204
LABORER 1 2-7.25-5 1.30 - 3 3625 10875 1618 8a7 9.66 136.6
PRBS BLEND-STOCK STAT €QUIP OPERATOR - 3 3-7.25-5 3.69 3 5438 16316 1618 37.2 10.23 615.8
LABORER 1 3-7.25-5 -87 3 5438 16314 - 1618 8.8 9. 76 138.5
PRCL COAL LOADOJT STAT EQUIP OPERATOR 3  3-8.00-6 87 3 8712 26136 2269 10.0 11l.46 260 .6
HELPER 2 3-8.00-% «87 3 8712 26136 2269 10.0 11.07 25%. 7
LABDORER 1 3-8.00-6 «43 3 8712 26136 2269 5.0 1077 121.0
PRCS CRUSH~SCREEN STAT EQUIP OPERATOR 3 3-7.25-5 87 3 5438 16314 1618 8.8 10.23 145.2
HELPER 2 3-7.25-5 87 3 . 5438 16314 1618 8.8 9. 87 140. 1
UTILITY MaY 1 3-7.25-5 1.30 3 5438 16314 1618 13.1 9.76 207.0
LABDRER i 3-7.25~5 43 3 5438 16314 1618 403 9. 76 68.5
PRSL CS SUPPIRY MOBILE EQUIP OPERAT "3 2-7.25-5 4017 3 2000 6000 1618 5.5 10.13 253.5
UTILITY MAN 1 2-7.25-% 2.08 3 2000 6000 1618 ToT 9 .66 120.6
LAND RECLAMATION
€D 5 TR TRACTOR MOBILE EQUIP OPERAT '3 2-7.25-6 1.00 11 1850 20350 . 1942 10.5 10.97 223.2
SC & SLRRPER STRIP MACH OPERATOR 53 2-T7.25-6 i.00 L] 1850 7400 1942 3.8 12.37 91. 5
GENERAL € ADMINISTRATION
STF ' SUPERY, PER. GEN & ADM STAFF $ 1-8.00-5 78.00 i 2000 2000 2000 78.0  10.28 1603. 7
TITALS 462.9 9323, 1 - OF 0




ISsT

ENFLATION ESCALATICN RATE =
REGIONAL ADJUSTHMENT FACTOR =

-00
1. 00




Appendix E.4 Maintenance Personnel List

The maintenance personnel list identifies all maintenance
personnel; shows total manpower needs and payroll. Columns
A through M of the maintenance personnel list are defined as
follows:

Column A: For each mining operation the equipment file
number and type is given as well as the main-
tenance wage classification description.

Column B: Union pay grade.

Column C: Personnel schedule basis (shifts per day-hours
per shift-days per week).

Column D: Fraction of maintenance labor hourly cost to
be allocated to a particular maintenance wage
classification type.

Column E: Base year maintenance hourly cost including
regional adjustment.

Column F: Total productive hours equals the number of
machines times productive machine hours.

Column G: Effective hours per year (hours on the job
per man) for the personnel schedule basis.

Column H: Manpower needs represents the total number of
men that must be hired to have men on the job
for every maintenance labor hour required for
the machine.

Column I: Base vear dollars per hour per man based on
wage table plus regional adjustment and addi-
tional union pension.

Column J: Reguired maintenance labor hours equals the
hourly cost times total productive hours
divided by payroll rate.

Column L: Manpower required to maintain the deferred
equipment.

Column M: Annual payroll for maintenance of deferred
equipment.
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£€ST

CFA MODEL:

A
MINING

503 {COM00503 )

1 BASELINE SOLUTION

gPERA&TION

OVER. JRILL & BLASY

RDLS RITRY DL
CD3A TR TRACTOP

L01 W4 LJADER

MECHANIC
MECHANIC
MECHANIC

TOx1L PRILL TRUCK MECHANIC

DVEIBUIADEN REMOVAL

DLT  DRAGL INE

CD3 T3 TRACTOR

Lt D6 4H LOADER

COAL LOAD & HAUL

SD31 SHIVEL

T053 YTRUYCK
L16 W4 LIADER
GU5 GRADER

PuUMP PUMP SET
TDXZ H20 TRUCK

MECHANIC
MECHANIC
MECHANIC

MECHANIC
MECHANIC
MECHANIC
MECHAN IC
MECHANIC
MECHANIC

COAL {4ANDLE & PREP

PRRB REL & BREAK

PRBS BLEND-STOCK

ELECTRICIAY
MACHINIST
MECHANIC
WELDER
REFPAIRMAN
HELPER
LABORER

ELECTRICIAN
MACHINIST
MECHANIC
WELDJER
REPAIRMAY
HELPER
LABJIRER

PRCL COAL LOADOUT ELECTRICIAN

MACHINIST
MECHANIC
WE LOER
REPAIRMAN
HELPER
LABDRER

PRCS CRUSH~SCREEN ELECTRICIAN

PRSE LS SUPPDRY

MACHINIST
MECHANIC
WELDER
REPATRMAN
HELPEHR
LABORER
ELECTRICIAN
MACHINIST

& P

PR YY)

PEENERLSSSPFPNEPLIPENRRWLLET OSSP

HY POTHET ICAL MINE STUDY - JHID

MAINTENANCE PERSONMEL LIST

o
PER SOVVEL
6D SCHEDULE

3~T.256
3-7.25-6
3-T.25-6
3-7,25~6

3-7.25-6
37,255
3-7.25-6

3-7.25-6
3-T7.25-6
3-7.255
3-7.25-86
3-T7.25~6
3-7.25-6

2-T7.25-5
2~7.25-5
2-7.25~5
2-7. 255
2~7.25-5
2-7.25-5
2-7.25-5
2-~7425-5
2~7.25~5
2~725-5
2~T.25~5
2~7.25-5
2-7.25~5%
2-7.25-5
2-7+25~5
2-7.25-5
2-7.25~5
2-T.25-5
2~Te25~5

2-7.25-5

2~7.25-5
2=T7425~5
2~T.25-5
2~7+25~5
2-T7.25~%
2=Te25~5
2~Ta25~3
27255
2+T225-5
2~7+25-5

FRAC

1. 00
1. 00
1.00
1.00

1. 00
1.00
1.00

1. 00
1. 00
1.00
1. 00
1.00
100

« 07
<07
#30
- 07
.21
=20
«07
«09
« 04
«26
« 0%
‘12
<40
- 0%
«07
07
.28
07
.zo
«26
.06
«13
06
026
«06
.19
- 2%
« 06
210
.19

B
HOURLY

CIsT

10.14
3. 96
1.06

- 935

47.99
3.96
3.81

5.01
8.26
3.81
1. 61
3.65
6035

31.05
31. 06
31.06
31.06
31.06
31.06
3i. 06
35.22
35.22
35.22
35.22
35.22
35,22
35.22
13.27
13.27
13.27
13,27
i3.27
13. 27
13.27
23.59
23.59
23.59
23.5%
23.59
23,59
23.59
75.58
75. 58

iy
TOTAL

DATE:

Eg% MANJ%HER

PROD HRS 4R/YR

19578
19578
9786
9786

£4802
%4802
1624%

9786
39144
9786
9786
8640
9786

10875
10875
10875
10875
10875
10875
10875
16314
16314
16314
16314
16314
16314
16314
26136
26136
26136
26136
26136
26136
26136
16314
16314
16314
16314
16314
16314
16314
6000
6000

1942
1942
1942
1962

1942
1942
1962

1942
1962
1942
1942
1942
1942

1618
1618
1618
1518
1618
1618
1618
1618
1618
1618
1618
1618
1618
1618
618
1618
1618
1618
1618
1618
1618
1518
1618
1618
1618
i618
[Y-3 %
i6le
1618
1618

13234 JAN 18,°77

NEEDS

8.8
3%
5
b

95.6
7.9
2 %

L4eb

i

PA;R
RATE

i1.58
11.58
i1.58
1i.58

1i.58
11.58
11.58

11.58
1L.58
i1.58
11.58
11.58
11.58

10.59
L0.5°
10.59
10.13
10.13
9.77
9 .66
10. 59
10.59
10.59
10.13
10.13
9,77
9.66
10.59
10.59
10.59
10.13
10.13
.77
9. 66
1059
10.59
10.59
10.13
10. 13
So77
9. 66
16.59
10.59

J
REQD
HOURS

17143
6695
895
802

185569
15320
4686

4233
271921
3219
1360
2723
5366

2360
2360
94641
2367
7068
7087
2377
4720
2387
14161
2382
7090
23583
2379
2259
2259
91046
2259
6813
9087
2261
©T60
2325
9412
2317
7104
V4L e
2350
4153
8350

PAGE NO. 4,01

K T, M
INITIAL OEFR DEFR
PAYROLL MANP PAYROLL
{MS/YRY {MAK) (MS/YRI

198.5
17.5
10.4%

9.3

2150.0
i77.4
5443

49.0
323.3
37.3
15.8
31.5
62.1

25.0
25.0
100.0
24 .0
1.6
69.2
23.0
50.0
25.3
i50.0
2401
7i.8
230. 4
23.0
23.9
23.9
P64
22.9
69.0
88 .8
218
50.4%
2406
99.7
23.5
72.0
920
227
4.0
88.4




AN

A B C D E F G H I J X
TIRES 9786 L.26 12000 1de3 ] ¢ [ [} g 0
PUMP PU¥P SET 125000 GPH
MATERTAL 8640 1.50 1. 000 13.0 0 Q 0 [ 0 [
FUELS 8640 1.09 1.000 9ol 0 ] 31 [+ @ ]
TDX2 H20 TRUCK 5000 GAL
MATEREAL 9788 5.70 1,000 55.8 [} (4 (] [} 0 e
FUELS 9786 5465 1.000 5543 o 0 164 0 o ¢
TIRES 9788 +50 1.000 4.9 0 ] 0 ¢ 0 1]
WATER 9786 «50 1,000 4e9 0 97859 0 ¢ [ @
TOTALS {LESS DEFERRED) 212841
CIAL HANDLE €& PRgP
PRAB REC & BREAK PREP, PLANT
MATERIAL 10875 18,15 1.000 197 4 [ 0 o 0 o] ]
ELECTRIC 10875 4.16 1. 000 452" 4523 0 0 ) 0 1]
PRBS RBLEND-STOCK PREP. PLANT
YATERTAL 16316 46006 1000 751 <% 0 ] 2] 0 0 0
ELECTRIC 16314 9.22 1. 000 150. 4 15041 0 g 0 g 0
PRCL COAL LOAGOUT PREP. PLANT
MATERTAL 26136 1.5% 1.000 40.2 4] 0 o ) [ ]
ELECTRIC 26135 2.04 1.000 5303 5331 g 4] 0 ] ]
PRCS CRUSH-~SCREEN PREP. PLANT
MATERIAL 16314 6049 1. 000 105.9 0 ] [} 0 0 0
FUELS 16316 1.84 1.000 30.0 - @ 0 100 0 Y 0
ELECTRIC 163k4 1. 76 L. 000 28,7 2871 0 0 ¢ 0 0
PRSI €S SUPPORY PREP, PLANT
MATERIAL 6000 30.76 1.000 184.6 '] 0 ¢ [ Q )
ELECTRIC 6000 i1.83 1. 000 71.0 7097 1] ¢ [ 0 ¢
TITALS (LESS DEFERRED) 1658.2
LAND RECLAMATION
€05 T TRACTOR 410 HP : : :
MAT ERTAL 18315 10.32 1. 000 189.0 o ] o 0 0 +]
FUELS 18315 5035 1 .000 98 .0 0 0 326 ] 1] ¢
SC 6 SCRaPER 32 CY 415 +4pP
MATERTAL 6660 9.19 14000 6.2 0 [ [ /] ) o
FUELS 6660 5.13 1.000 34.2 L] [+] 13 ¢ g 4]
TIRES 6660 3.59% 1. 000 23.6 0 o Y 1] o [}
RYCT REVEGETATION
JTHER 1665 107.87 1-.000 179.6 [ ] Q 0 Y ]
LMGT LAND MGT
OTHER 1668 53 .9% 1.000 89 .8 0 [ L) 0 ] 0
TOTALS (LESS OEFERRED) 675.4
GEVEIAL & ADMINISTRATION(STEADY-STATE YEAR)
SITE POADS & SITE ANC. FAC,
BLD3 BUILDINGS ANC, FAC.
FUELS 2000 32.50 1. 000 65.0 0 0 216 ) 0 0
WATER 2000 <10 1.000 T e2 0 3999 0 [+ 0 g
PHR ELECT. SYS. ANC. FAC,
HZO WATER 5YS. ANC. FAC.
coM CIMMUN,. - SYS. ANC. FAC,
MBE} MIBILE SUP. ANC. FAC.
SHEQ  EQUIP. SHOP ' ANC. FAC.
LAND LAND RIGHTS  PREMINE
OTHER 2000 121.2% 1+ 000 24245 g ] 0 ¢ ] 0

AOPL  EXPLs ORILL. PREME
ENG- LINT. ENG, PREME

NE
NE




}_.l
Ul
wn

A B C D E F G H I J X
MECHANIC 4 2-7.25-5 229 T5.58 6000 1618 7.7 10.59 12503 132.4
REPAIRMAN 3 2-7.25-5 023 75.58 6030 1618 6.4 10,13 10430 105.7
STAT CQUIP OPERATOR 3 2-7.25-5 «09 75.58 6000 1618 206 10.13 4163 42,2
UTILITY HAN 1 2-7.25-5 « 09 T5.58 6000 1618 246 .66 %224 40. 8
LAND RECLAMATION
€D 5 T TLACTDR MECHANIC 4 3-Te25-6 1.00 5.6% 18315 1942 406 11.58 8920 . 103.3
SC 5 SCRAPER MECHANIC 4 3-T.25-6 1.00 9 19 6660 1962 27 11.58 5283 6l.2
GEVYERAL & ADHMINISTRATION
TaTAaLS 276.% - 0%

IMFLATION ESCALATION RATE = - 00
REGIONAL ADJUSTHENT FACTOR = 1.00

5458.5




Appendix E.5 Services and Materials List

The services and materials list identifies all services and
materials; shows annual cost; shows annual guantity of elec-
tric power, water, and fuel. Columns A through K of the
services and materials list are defined as follows:

Column A: For each mining operation the equipment file
number and type is given as well as a listing
of the types of hourly services and materials
costs associated with the equipment.

Column B: Total productive hours equals the number of
machines times productive machine hours.

Column C: Base year materials and services hourly cost
including regional adjustment.

Column D: Usage adjustment to account for any variation
from the assumed conditions used in the
equipment data file.

Column E: Annual cost equals total productive hours
times hourly cost times use factor.

Column F: Annual steady state electric power require-
ments.

Column G: Annual steady state water requiremenﬁs.

Column H: Annual steady state fuel requirements.

Column I: Electric power for deferred equipment.

Column J: Water for deferred equipment.

Column K: Fuel for deferred equipment.
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CFA ¥3DELs

(CDM00S038 HYPOTHETICAL MINE STUDY - OHIO
BASELINE SOLUTION

503
i
A B
I NING H TOTAL
OPERAT I O0ON H PROD
{HR/ YRS
OVER. DRILL & BLASY
RD1& ROTRY DRILL 15.000 IN 70 HP
HATERTAL 19578
ELECTRIC 13578
JTHER 19578
BLST BLASTING
OTHER 9786
CD3& T3 TIACTOR 300 4P
MATEREAL §3578
FUELS 19578
LDt 4H LOADER 1.5 YO 80 HP
MATERTAL 3786
FUELS 9786
TIRES 9786
TOXLT PRILL TRUCK
HATERIAL 9786
FUELS 9786
TIRES 9786
TOTALS (LESS DEFERRED}
DY ERBURDEN REMOVAL
oL JRASLINE %3, CY 307 FT
HATERIAL 44802
ELECTRIC 44802
co3 TR TRACTOR 300 HP
MATERIAL 44802
FUELS 44802
L D16 WH LOADER 325 HP
MATERIAL 14244
FUELS 14244
TIRES 14244
TITALS (LESS DEFERRED}
COAL LOAD & HAUL
5031 SHIVEL 12 SU. ¥D.
MATERTAL 9786
ELECTRIC 9786
TD53 TRUCK 150 TON
MATERIAL 3314%
FUELS 39144
TIRES 39144
Lis WH LOADER 325 HP
M MATERIAL 9786
FUELS 9786
TIRES 9786
G605 GRADER 180 WP
MATER] AL 3786
FUELS 9786

SERVILES

D

HOURLY  USE
cast  FACTR
1ADS )
6.76  1.000
2.87 1,000
7.04  1.000
242,13 1.000
7.00  1.000
3,71 1,000
4,73 1.000
1.07  1.000
232 1.000
1.31  1.000
.66 1,000
.57  1.000
71,98 1.000
22.81  1.000
7.00 1., 0G0
3.71  1.000
20449 1.000
3,93 1.000
2.75 1,000
15,03 1.000
2,30 1.000
12.39  1.000
9.35  1.039
13.75 1,000
20. 49 1. 000
3,93 1.000
2,75  1.000
12,93 1,000
2.1% 1,000

AND HMATERTALS

B
ANNUAL
08T
i(M$}

132.3
56.2

137.8

2760.9

137.0
72.6

46 .3
10.5
3.1

3224.8
1021.9

313.6
166.2

291.9
56.0
39.2

5113.6

147.1
225

485,0
366.4
538.2

200.5
38.5
26.9

126.5
20.9

10. 00
E~-MWH

5618

P00 PO Oo ©

102193

oo oo

2250

DATES

LisY
I _
ANNUAL gUANT ITVH

«05 30000
W-MGAL F-MGAL
0 4]

0 0

0 ]

] ]

0 o

1] 242

0 0

0 34

0 0

0 1}

0 21

0 0

0 0

1] [+]

[ 9

0 554

0 o

11 186

0 4]

0 0

[+] 0

] G

0 1221

] 0

0 0

0 128

0 0

[ 0

] 69

o Qe oo

133346 JAN 18,°77

PAGE ND.

DE—ER. ANNU{L QUANTI&'Y

10.00 «0%
E~-MHH W-MGAL

0 0
0 0
0 0
0 o
0 0
o )
o 0
0 0
0 0
0 0
0 0
0 o
0 0
0 0
0 0
0 0
o o
0 0
o 0
) 0
0 0
0 0
0 0

0 0
0 )
0 0
0 )
0 0
0 0

300.00
F-MGAL

oo o Qo [-X =N OO0 o® © oo

00 o000 oG o0

5. 0L
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A B C D E F G H I J K
TIRES 9786 1:26 1,000 12.3 0 4] o o 0 ]
PUMP  PUMP SET 125000 GpPH
MATFRIAL 8640 1.50,° 1.000 13,0 0 0 0 [+] (1] (]
FUELS 8640 1,09 1,000 9.4 0 (¢] 31 [ 0 4]
TDXZ H20 TRUCK 5000 GAL
MATERIAL 9786 $.70 1000 55.8 g 4 0 4] el 0
FUELS 9786 5 .65 1.000 55.3 0 0 184 ] [+] 4]
TIPES 9786 50 1,000 4.9 0 (+] 0 (1] 1] 0
WAT ER 786 450 1,000 4.9 0 97859 ] [+] [ 0
CYQTALS (LESS DEFERREDY 212851
COAL HANDLE & PREP
PRRB "REC § BREAK . PREP, . PLANT
MATERT AL 10875 18415 1,000 197.4 0 ] 0 0 4] ]
ELECTRIC : 10875 4.16 1.000 45,2 4523 o ] o e} [
PRBS - BLEND-STOCK ~PREP. PLANT
MATERTAL 16314 46,06 1,000 - 751.¢ 0 [ [ 0 [0} s}
ELECTRIC 16314 9422 14000 . 15044 15041 0 "] [+] 0 o
PRCL - COAL LCADCUT PREP. -PLANT .
MATERT AL 261386 1454 . 1,000 4042 1] 0 ] [+] 0 a
ELECTRIC 26136 2.04 1.000 53,3 5331 o 0 o 0 0
PRCS CRUSH-SCREEN PREP. PLANT
MATERTAL 16314 6049 1.000 - 105:9 0 [+] 0 [¢] 0 0
FUSLS 16314 1.84 1,000 30,0 L] 1] 100 0 ‘o 0
ELFCTRIC 16314 1.76 1.000 28.7 2871 o ] "] 0 (]
PRSE €S SUPPORT  PREP. PLANT )
MATERTAL 6000  30.76 1.000 = 184.6 0 0 0 0 (1] <]
ELECTRIC 6000~ 11.83  1.000 71.0 7097 (] [\] ] [+ 0
TOTaLS (LESS DEFERRED) 1658,2
LAND RECLAMATION
€0 5 TR TRACTOR 410 NP
MATERIAL 18315 10.32 1000 189.0 0 0 0 [} [ [+]
FUELS 18315 5.35 1.000 98,0 o 0 326 (4] 0 4]
SC & SCRAPER 32 CY 415 HP
MATERTAL 6660 9,19 1.000 61.2 0 [+] 0 4] 0 [{]
FUELS 5660 5013 1.000 34,2 0 0 113 0 ] 0
TIRES 6660 3.55% 1,000 23.6 0 0 o [+] o [+]
RVGT REVEGETATION '
ITHER 1665 1C7.87 ~ 1.000 1796 ] ] o o] o 0
LMGT - LAND MGT
OTHER 1665 53.94 1.000 89,8 0 o 4] 0 0 0
TOTALS {LESS CEFERRED!? 675.4
GENERAL € ADMINISTRATION(STEADY-STATE YEAR}
SITE  ROADS-& SITE ANC. FAC.
BLDG -~ BUILDINGS ANC. FAC,
FUFLS 2000 - 32.50  1.000 65.0 0 (1] 216 ] 0 0
WATER 2000 10 1,000 .2 o] 3999 1] 0 0 o
PHR  ELECT. SYS. ANC. FAC.
H20 - WATER $YS.  ANC. FAC.
COM  COMMUN, "SYS. ANC. FAC,
MBEQ ~MOBILE. SUP. ANC. FAC.
SHEQ EQUIP. SHOP . ANC. FAC.
LAND LAND RIGHTS - PREMINE .
OTHER 2000 121.24 1.000 242.5 0 o 0 [+] 4] o
RORL  EXPL s DRILLe PREMINE
PREMENE

ENG CONT,. ENGo




A B c D E F G H
EiS Eo o So PREM INE
STF SUPERY. PER.
YATERIAL § 2000 78.72 1. 000 i57. 4 0 Y 0
RLTX ROY-SEV., TAX
JITHER 2000 876.12 1000 1752.2 Y] 0 0
INSURANCE & PROP. TAX 6982.0
40ME OFFICE COSTS 753 .8
TOTALS {LESS DEFERRED) 995302
TOTALS (LESS DEFERRED} 2291002 144929 101859 3431
TITAL DEFERRED - 0%

FREGELERLLRPRE LUK R A IRRLHRAEA T LR LS EB ke R

REGIONAL INFLATION
ADJUSTMENT ESCALATION

FACTOR RATE
MATERIAL ¢ 1.00 +00
FUELS H 1.00 00
TIRES H 1. G0 « 00
ELECTRIC s 1.00 «00
WATER H 1.00 «00
OTHER H 1. 00 « 00




Appendix E.6 Infrastructure Report

The infrastructure report summarizes the physical effects,
economic impact, utility requirements, and manpower require-
ments as follows:

1)

2)

3)

4)

Physical Effects: Gives the steady state annual
amount and the total for the project life for
acreage disturbed, preparation plant reject mate-
rial, prepared coal production, and overburden
handled.

Economic Impact: Gives the steady state annual
amount and the maximum annual amount for the pay-
roll (operating and maintenance personnel), fuel
purchases, tire purchases, other materials and
services purchases, insurance and property tax and
royalty and severance tax.

Utility Requirements: Gives the steady state
annual water and electric power requirements.

Manpower Requirements: Gives the steady state
annual manpower requirements and the maximum
annual manpower requirements for both operating
and maintenance personnel.
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CFa4 MODEL:
503 {CDMO0503)

DATE: 13336 JAN 18,°77

HYPOTHETECAL MINE STUDY - OHWIOD
i BASELEINE SOLUTION

INFRASTRUCTURE REPORT

ALL FIGURES IN BASE DOLLARS

PHYSIZAL EFFECTS 3

UNITS ANNUA L
AZREAGE DISTURBED ACRES 898
PREP PL ANT REJECT HTONS 51
COAL PRODUCTION MTONS 5139
JVEIBUIDEN HANDLED MCYDS 64366
ECINOMIC IMPACT 3
UNITS ANNUAL
PAYRILL Mg 14782,
FJEL PURCHASES 33 1029,
TIRE PURCHASES M 654,
MATL & OTHER SERVICES M$ 10284,
NS, & PROP., TAXES M$ 6982,
ROYALTY & SEVR. TAXES WM$ 1752,
TOTAL 35484,
UTILEYY REQUIREMENTS ¢
UNITS ANNU AL
WATER ACRE-FEET 313,
ELECTRICITY MEGA WH 1446929,
MANPOWER REQUIREMENTS 3
OPERATING
GRADE ANNU AL + DEF
S 78.0 78.0
i 53,0 5340
5 6l.% 6le %
2 38.1 38.1
% 50.6 506
3 181.9 181.9
TOTAL 462.9 46209

PROJECT
TOTAL
26760
1523
153168
1918112
+ DEF
14782
1029.
65%.
10284
698 2,
1752
35684,
HMALNTENANCE
ANNUAL 4+ DEF
0 0
Bo& 8a%
® 0 .0
30.% 30.4
205.% 205+%
32.1 32.1
2760 4 276.%

PAGE NOeo

6.0L




Appendix E.7 Production and Cash Expenditure Table

The production and cash expenditure table shows for each
vear of the project the production and cash expenditure as
follows:

1) Production: For each mining operation the total pro-
duction is shown for each year and summarized for the
total project. The total energy content of the pre-
pared coal is also shown for each year.

2) Expenditures: For each mining operation the expendi-
tures are shown for three categories. The equipment
expenditures include all progress payments and final
payments for the original quantity, fleet spares,
replacements, and deferred purchases. The manpower
expenditures include the payroll for both operating and
maintenance personnel. The services and materials
expenditures include the costs of maintenance materials,
fuel, tires, electric power, water, and other services
and materials. '
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CFA WODEL:

503 {CDM00503 )
1 BASELINE SOLUTION

OVER . DRIILLING & BLASTING
(MILLION CU ¥YDSH

EJUIPHMENT
MANP NWER
SEAVICES & MATERIALS

OVERBURDEN REMOVAL
(MILLION CU YDS)

EQUI PHENT
MANPOWER
SERY ICES & MATERIALS

CDAL LJADING & HAULING
{THOUSAND ROM TONS)

EJJIPHMENT
KANPOWER
SEIVICES & MATERIALS

COAL HANDLING & PREP.
{ T40USAND CLEAN TONS)

EQUIPMENT
HANPOWER
SER/ICES & MATERIALS .

LAND RECLAMATION
{ACRES )

EJUIPMENT
MANPOAER
SEAVICES & MATERIALS

GENERAL & ADMINISYRATVIVE
EJUIPHMENT
MAN2 IWER
SERVICES & MATERJALS
WESIELLANEQUS

TITAL EXZENDITURE
BILLION BTU PRODUCED

1976

BERBBREBR

Lo o

oo @

O o

e @

oo ©

857
178
17
%

1056
)

HYPOTHET ICAL MINE STUDY - JHID

PRODUCT ION AND CASH EXPENDITURE TABLE ($M)

1977

Cos o oL © Coo o

eoce @

ool o

2339
356
35

8

2738
0

1978

Lo O

[« N Y] (=]

1857
535
52
12

5669
0

1979

aueEVBLE

cocoe D

o0 o SOQ ©

SO0 ©

857
713
70
isé

BELETET|E

7682
[}

DATES 13334 JAN 18,°77 PAGE NO. 701
1980 1981 1982 1983
BRBEEEILN BERETBER

0 0 17 39
0 ] 1297 1297

[} 0 425 8541

[ 0 1127 2254

0 0 17 39
9040 9040 9556 6543
0 o 1692 3383
4] o 1705 3409
o ] 1384 3115
509 ioLe 4836 4327
0 0 534 1068
0 ] 709 1419
0 [ 1371 3084
0 0 21912 21%12

] 4] 1582 3163
[+] [ 553 1103
[ Y 233 538
0 ] 1038 1038
¢ g 160 320

0 0 135 360
1590 1590 18125 )
891 1069 1247 1425
87 105 %30 448
20 24 5517 1722

= z=®
12137 12846 72580 62044
0 ] 34666 77995
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CFA MODEL: ’ DATES 13334 JAN 18,°77 PAGE HNO. 702
503 {COMDO0503)  HYPOTHETICAL MINE STUDY - OHIO i

i BASEL INE SOLUTION
PRODUCTEON AND CASH EXPENDITURE TABLE (8M)

1984 1985 1986 1987 1988 1989 1990 1991
WEVRNET2I BEBBREDR zE= ERNEEETES BEEBERT NI BRI =R BRESD LR
- OVER. DRILLING & BLAST ING .

{MILLION CU YDS} 60 64 6% b4 6% 6% 6% 6%
EQUI PHENT 1297 211 211 2mn sa2 1225 1225 343
WANPINEZR 1276 1276 1276 1276 1276 1276 1276 1276
SERVICES & MATERIALS 3382 3382 3382 3382 3382 3382 3382 3382

DVEIBUADEN REMOVAL
(MILLION CU YDS}H 60 64 6% 6% 66 64 6% 64
EJUIPMENT 3530 271 211 517 517 517 271 271
MANPOWER 5075 5075 5075 5075 5075 5075 5075 5075
SEAVICES & MATERIALS 5114 5114 5114 5114 5114 5114 5ile 5114
COAL LOADING & HAULING

{ T4OUSAND ROM TONS) 4845 5191 5191 5191 5191 5191 5191 5191
EQUI PMENT 3818 0 0 0 0 246 246 406
HANPIWE R 1603 1603 1603 1603 1603 1603 1603 1603
SERVICES & MATERIALS 2128 2128 2128 2128 2128- 2128 2128 2128

CI4L 4ANDLING & PREP,

{THOJSAND CLEAN TINS) %197 5140 5140 5140 5140 5140 5140 5140
EQUICHENT 21912 o o 0 0 0 0 o
HANPOWER 4745 4745 4745 %745 4745 §745 %745 4745
SERVICES & MATERIALS 1658 1658 1658 1658 1658 1658 1658 1658

LANG RECLAMATION

{ACRES) 838 398 898 898 898 898 898 898
EQUIPMENT 1038 0 0 o 0 974 974 974
¥aNPINER 479 479 479 %79 %79 479 479 479
SERVICES & MATERIALS 566 675 675 675 675 675 675 675

GENGRAL & ADMINEISTRATEVE
EQJ IPMENT o o 0 0 ] o o 0
MANPIWER 1604 1604 160% 1604 1604 1604 1606 1604
SERVICES & MATERIALS 465 %65 %65 465 465 465 %65 465
MISCELLANEOUS 9823 9488 9152 8828 8538 8326 8102 7841
. BEEZRZRR BEREJRBR : RRERITLD BRBTETRTS BEEEBR =R BEREIRRDER
TOTAL EXPENDITURE 69533 38234 37898 376820 38141 39492 39022 38039

BILLION BTU PRODUCED 121325 129992 129992 - 129992 129992 ‘129992 129992 129992
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CFA MODEL:

503 {COM00503 )

i BASELINE SOLUTION

DVER. DRIILLING & BLASTING
IMILLEON CU YDS)H

EQUIPHENT
MANPORHER
SERVICES & MATERIALS

OVERRBURDEN REMOVAL .
{MILLION CU YDS)

EQUIPMENT
HANPIWER
SERVICES & MATERIEIALS

COAL LIADING € HAULING
{THOUSAND ROM TONS )

EJUIPHENT
MANPOWER
STRVICTS & MATERIALS

COAlL HANDLING & PREP.
{T40JSAND CLEANM TONS?

EQUI PMENT
MANPIWER
SER/ICES & MATERIALS

LAND RECLAMATION
(ACRES )

EJSIPMENT
MANPOWER
SERVICES & MATERIALS

GENERAL & ADMINISTRATIVE
SQUIPMENT
MANPOAER
SERVICES & MATERIALS
4 ESCELLANEOUS

TITAL EXZENDITURE
BILLION BTU PRODUCED

1992

sesszRTs
64

0
1274
3382
[-13
517
5075
5114
5191
160

1603
2128

5140

&745
1658

898

479
675

)
1604
465
7517

EBRERERZD

36398
129992

HYPOTHET ICAL MINE STUDY - JHID

DATE: 133364 JAN 18,°77

PRODUCTEON AND CASH EXPENDITURE TABLE (sM)

1993

REVRIRER
64
271
1276
3382
64
517
5075
5114
5191
160

1603
2128

5140

4745
1658

898

%79
678

0o
1604
465
7206

36358
129992

1994

ETEE P PN
6%
1224
1276
3382
64
517
5075
5116
5191
2590

1603
2128

5140

4745
1658

898

479
675

0
1604
465
7065

39600
129992

1995

WMEVRB 80
6%
1224
1276
3382
64
271
5075
5114
5191
2590

1603
2128

5140

4745
1658

898

479
675

0
1604
465
6912

BREEBBBRERR

39201
129992

19%6

BussszEs
646
1297

1276
3382

64
271

5075
5114

5191

2836
1603
2128

5140

4745
1658

8ga

974
479
675

[}
1604
465
6821

BRETTITESTR

40403
129992

PAGE NO.  7.03
1997 1998 1999
= zuE = =
o4 64 64
343 343 o
1276 1276 1276
3382 3382 3382
64 64 64
246 517 517
5075 5075 5075
5114 5116 5116
5191 5191 5191
266 266 20
1603 1603 1603
2128 2128 2128
5140 5140 5140
0 0 o
4745 %745 4745
1658 1658 1658
898 898 898
974 974 0
%79 %79 479
675 675 675
o o o
16064 1604 1604
465 465 465
6557 6307 5984
BEETRITRI =
36590 36611 34725
129992 129992

129992
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CF& HODEL®

503 (C0400503)
i BASEL INE SOLUT ION

OVER. ORILUING & BLASTING
{MILLION CU YDS)

EQUIPMENT
WAV IHER
SERVICES & MATERIALS

OVEIBJIIDEN REMOVAL
(MILLION CU YDS}

EJJIPMENT
MANPOWER
SEIVICES & MATERIALS

COAL LOADING & HAULING
{ THIUSAND ROM TONS)

EQUIPMENT
#AYI THER
SERVICES .6 MATERIALS

€IAL HANDLING & PREP,
(THOUSAND CLEAN TONS}

EQUIPMENT
MANPOWER
SERVICES & MATERIALS

LAND RECLAMATION
{ACRES)

EQUIPMENT
MANPIWER
SERY ICES & MATERIALS

GENEAL £ ADMINISTRATIVE
EQUIPMENT
HANPOWER
SEIVICES & MATERJALS
MISCELLANEOUS

YOTAL EXPENDITURE
BILLION BTU PROODUCED

2000

Essmmsea
&%

1152
1276
3382

64

271

5075
511%

5191
160

1603
2128

5140

4745
1658

893

479
675

G
1604
465
5709

wZREIWER

35496
129992

HYPOTHETICAL MINE STUDY = QOHID

DATE:

PRODUC TION AND CASH EXPENDITURE -TABLE ($M)

2001

BRERBBRIZ D
64

1152
1276
3382

64

271

5075
5116

5191
160

1603
2128

3140

4745
1658

1604
465
5434

BEIBRZDR

35221
129992

2002 2003
=8

64 64
1152 0
1275 1276
3382 3382
&4 &%
517 517
5075 5075
5116 5114
5191 5191
160 0
1603 1603
2128 2128
5140 5140
] Q
&T45 4745
1658 1658
898 898
0 974
479 479
675 675
0 4]
1604 1604
465 465
5169 4890
35202 34585
129992 129992

2004

BEBRBERER
6%

343
1276
3382

6%

517
5075
5114

5191

246
1603
2128

5140

4743
1658

898

974
%79
673

0
1604
%65
4661

BRESZEBE

34925
129992

13234 JAN 18,77 PAGE NOa

2005

BREBERETDR
6%
343

1276
3382

6%
271

5075
5114

5191

246
1603
2128

5140

6745
1658

898

974
479
673

0
1604
465
4379

BRBERBER

34417
129992

2006

BRBRBEEEE
64
1297
1276
3382
&%
271
5075
5114
5191
2836

1603
2128

5140

4745
1658

898

%79
675

[}
1604
465
424%

BRRBZRRE

36852
129992

T 0%

2007

BEREERER
6%

1224
1276
3382

64

517

5075
3114

5191
2590

1603
2128

5140

%745
1658

898

479
675

0
1604
465
%4102

BERETIERS

36637
129992
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CFA MODELS

503 (CDOMO0503)
1 BASELINE SOLUTION

OVER. DRILLING & BLASTING
(MILLION €U YOS?

T EQIIPMENT
MANPORWER
SEAVICES & MATERIALS

OVERBURDEN REMOVAL
(MILLION CU YOS

EQUIPMENT
4ANPIWER
SERVICES & MATEP [ALS

CIAL LIADING € HAULING
{THOUS AND ROM TONS S

EQJIPMENT
MANPIWE R
SEIVICES & MATERIALS

COAL HANDLING & PREP,
§T40USAND CLEAN TONS)

EQUIPMENT
HANDIWER
SERVICES £ MATERIALS

LAND RECLAMATION
{ACRES)

EJUIPMENT
MANPOWER
SERVICES & MATERIALS

GENERAL & ADMINISTRATIVE

TAUIPHMENT

MANPOAER

SERVICES & MATERIALS
WISCELLANEQUS

TITAL EX?ENDITURE
BILLIDN BTYU PRODUCED

2008

ERBRTTI S
6%
1224
1276
3382
6%
517
5075
5114
5191
2590

1603
2128

5140

%745
1658

898

479
673

g
1425
448
3956

BRIBBBRE

36295
129992

HY POTHET ICAL MINE STUDY - 3JHID

DATE: 13334 JAN 18,°77

PRODUCT ION AND CASH EXPENDITURE TABLE ($M)

2009

BEBETEDES

6%
271

i27s6
3382

64
517
5075
5114
5191
160

1603
2128

5140

%745
1658

898

479
675

0
1247
%30
3641

32401
129992

2010

BPRERRBLR

64

4]
1276
3382

13

271
5075
5114

5191

160
1603
2128

5140

4745
1658

898

974
479
675

0
1069
413
3352

3237%
129992

2011

BEEREZES
13
3643

1276
3382

b4
271
5075
5114
5191
406

1603
2128

5140

4745
1658

898

974
479
675

0
891
395

3092

BEETBRRE

32%07
129992

2012

BEBEBERR
43

343
851
2254%

%3

271
3383
3409

3461

246
1068
1419

3427

3163
1105

598

974
320
540

0
713
378

2720

23157

86661

PAGE NO.

2013 2014
BRBEE R 2R BRUVBE BR
21 [}
343 4]
425 4]
iiz7 ]
21 0
a [
1692 0
1705 0
i730 o
246 0
534 0
109 /]
B713 [}
o L]
1582 4
553 L]
299
g 0
160 0
315 20
0 0
535 356
360 35
2360 379
== B=
12646 860
' 43330 [

7.05

2015

coo o oo © e o oo ©

o0 ©

]
178

17
374

569
[
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CFa MIDEL:S DATES 13336 JAN 18,°77 PAGE NO. 706
503 {CDMD0503) - HYPOTHETICAL MINE STUDY ~ OWIO
i BAS EL INE -SOLUT ION

PRODUC TION AND CASH EXPENDITURE TABLE (8M}
TOTALS

BEEZZTIER

DVER. DRILLING & BLASTING

{MILLION CU YDS) 1918
EQJ IPHMENT 22270
MANP OWE R 38285
SERVICES & MATERIALS 101451
162007
DVEXIBJIDEN REMOVAL
{MILLION CU YDS} 1918
TG IIPMENT 57744
HANPOR ER 152250
SERVICES & MATERIALS 153408
363403
COAL LOADING € HAULING
{ THIUSAND ROM TONS) 154692
EQUIPMENT 14500
MANPOWER 48080
SEIVICES € MATERIALS 63843
146424
CIAL HANDLING & PREP.

{THOUS AND CLEAN TONS 153168
ZQUIPMENT 65735
MANPOAER 142344
SERVICES & MATERIALS 49745

257823

LAND RECLAMATION .
{ACRES) 26760
EQUIPMENT 14802
MANPOWER 14378
SEXVICES & MATERIALS 20263
49443

GEVEIAL & ADMINISTRATIVE

£ QUI PMENT 21216
MANPOWER 51317
SERVICES & MATERIALS 14884
MiSCELLANEOUS 196230
289647
RERITRDE
TITAL EXPENOITURE 1268745

BILLION BTU PRODUCED 3873736




Appendix E.8 Financial Statements

Pro-forma financial statements are prepared for each year of
the project as follows:

1)

2)

3)

Income Statement: Shows selling price and resulting
revenue, costs, net income, federal (accounts for
depletion and investment tax credit), and net earnings.

Sources and Uses of Funds: Shows from where funds are
derived balanced against how they are utilized.

Balance Sheet: Shows year end financial status balanc-
ing assets against liabilities and net worth.
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0LT

CFA MODEL:

503 {CDOMDO503)

i BASELINE SOLUTION

INCIME  STATEMENT

i ot ot o e

SALES PRICE $/TON
REVEMUES (NET)

C387s
MANPIWER
SERVICES & MATERIALS
LEASING COSTS
G & A
ENTEREST
DE?EC IATEION

TOTAL COSTS
NET - INCOME
TAXES
MZT EARNINGS

MEMI 3 FOR THIS PROBLEM,
PERCENTAGE DEPLETEON IS

SOURCE AND USE OF FUNDS

o sy w0 i s am e 0 850

SIURCE
NET EARNINGS
DEPRECIATION
SALE OJF ASSETS
INCREASE N DEBT
INZREASE IN CAPITAL

TOTAL SOURCE

USE
SURPLUS CASH
SHIRT TERM BURROWEREP
A/RoINV A/ P,CASH CHAN

INC OR DEC{~} IN WIRK C
FIXED ASSET PURCHASE
REDUCT ION IN DEBT
PAYMENT OF ODIVIDEND

TGTAL USE

HYPOTHETICAL MINE STUDY - OHID

ALL FIGURES IN THOUSANDS OF DOLLARS

DATES 13334 JAN 18,77

PAGE NOW 8401

1976 1977 1978 1979 1980 1981 1982 1983 1964 1985
«00 -00 «00 2 00 - 00 <00 1z.70 12.70 12570 12,70
o o ] o o 0 17404 39158 60913 65266
Q 0 0 4] 0 O %393 8785 13178 13178
[ e o [} [+ 4 %229 8548 12867 12957
0 0 G 0 0 () ] 0 o (4]
200 399 %99 799 . 998 1198 7194 9595 11891 11557
54 i8s 436 796 1366 2017 4545 5184 4742 3043
o 0 J 0 ] o 2922 %993 7065 7133
253 584 1033 1595 2364 3215 23283 37106 49744 47868
~252 ~583 ~1034 -159¢ ~2363 -321% -5879 2052 11369 17396
4} 1) [ 0. 0 [ ] 0 0 Qo
-252 ~583 «103% ~1594 ~2363 «321% ~5879 2052 11169 17396
ERREBR BEBVIT B BEBBIR TERETH MEBRRDBE BE BRRDR CRBERR ZINTDLBW BERTBDR BBRERR
(1] s} 4] ] 0 0 Q 1026 5585 6526
-252 =583 -1034 -1 594 ~2363 . =321% -5879 2052 11169 173%¢6
o [ ¢ 0 o ) 2922 4993 7065 7133
¢ ] o 0 0 ] g o Y 0
286 780 1623 2295 3713 3883 18921 11705 10531 180
571 1559 3247 4589 1426 7765 37842 23411 21063 368
604 1755 3836 5289 8775 %433 53808 42162 496828 25070
0 0 0 4 0 ] Q o g 7338 -
308 706 1300 1991 3129 4118 1118} - 401 ~9286 ~13042
26 i5 -2 ~102 ~104 ~353% 5073 2323 3573 ~1243
~281 -689 -1302 =2 092 -3233 -44672 -6107 2725 12860 19137
857 2339 4870 6884 11139 11648 56763 3516 31594 541
29 107 269 498 870 1258 3150 %321 5374 5392
Y 4] 0 9 0 ] o 1] o 4]
604 1755 3836 5289 8775 8433 53806 %2162 %9828 25070




TLT

CFA 9YIDELs DATE: 13334 JAN 18,°77 PAGE NUe 8. 02
503 {COM00503) HYPOTHETICAL MINE STUDY - J4IO
1 BASELINE SOLUTION

ALL FIGURES IN THOUSANDS OF DILLARS

1976 1977 1978 L2979 1980 1981 19872 1983 1984 1985
BALANCE SHEET
CURRENT ASSETS
CASH 0 G 0 o 1] o 1098 2196 3294 3294
SURPLUS CASH o] 0 [} 0 4 o . Q [ 0 7338
ACCIUNTS REZEIVABLE 0 o 0 g o 4] 2146 4828 7510 8046
ENVENT ORY 5% i50 310 437 708 738 4710 4661 5744 3987
TOVAL CURRENT ASSETS 55 1%0 310 637 705 738 7954 1168% 16549 22666
FIXED ASSETS
DEPRECIABLE ASSETS G ¢ ] [ 0 0 71881 116546 161211 1617352
LESS DEPRECIATION o o [ [ o 0 2922 7915 14980 22113
NET DEPIRECIABLE ASSET [¢] 0 [¢) 0 o o 68959 108631 146231 139639
NON-~DEPRECIABLE ASSET G ¢ 0 Y 0 ) [+ 0 o] 0
FIXED ASSET PROG. PAY 857 3196 8066 14950 26089 37737 22619 13071 0 0
TOTAL FIXED ASSETS 857 3196 8066 14950 26089 37137 91579 128702 146231 139640
TOTAL ASSETS 912 3346 8376 15387 26734 38476 99532 133386 162780 162305
mEZZZ= ETRERD ITEITD EI|ERES TMBTESR BREBRE SRERTR mETZET ETRS I HEDZIE
CJRRENT LIABILITIES
BZCOUNTS PAYABLE 1 2 3 4 5 6 255 493 731 735
SHIXT TERM 3J0ORROW 308 1013 2313 %304 7433 11551 22732 22330 13043 0.
CURRENT PORTION OF DEBT 29 107 269 498 870 1258 3150 %321 5374 5392
TOTAL CURRENT L IA8. 337 1122 2585 4806 8308 12814 26137 27143 194147 6127
LING TEM DEBT 257 930 2285 4081 6924 9549 25320 32705 37863 32652
TOTAL LIABILITIES 59% 2052 4870 8887 15232 22364 51457 59849 57010 38779
NET WORTH
PATID-IN CAPITAL 571 2131 5378 9967 17393 25158 63000 86411 107474 107835
RETAINED EARNINGS -252 ~836 -i87¢0 ~3466 ~5830 ~3045 ~14925 - 12872 ~1703 15691 -
TITAL NET WORTH 318 1294 3506 5500 11562 16112 48075 73538 105770 123526
TOTAL LIAB ¢ NET 9i2 3346 8378 15387 26794 38476 99532 133386 162780 162305

EREIEH REREEE BREZEE BEEBES BEXERE BREBBE EREZZR EE 22T 3] BEER N BREBBR




CLT

"CEA MODEL:

503 §LDM00503})
i BASEL INE SOLUTION

INCOME STATEMENT

SALES PRICE $/TON
REVENUES (NETH

€387s
HAN? JWER
SEIVICES & MATERIALS
LEASING COSTS
G & A
INTEREST
DE?IECIATION

TOTAL ‘COSTS
NET INCOME
TAXES

MET CARNINGS

ME®O ¢ FOR THIS PROBLEM,
PERCENTAGE DEPLEVIEIN IS

SOURCE AND - USE OF FUNDS

Ar i e am o o aw aimn

SIOURCE
NET EARNINGS
DEPRECIATION
SALE 3F ASSETS
ENCPEASE IN DESBT
ENCREASE IN CAPITAL

TOTAL SOURCE

USE
SURPLUS CASH
SHIRT TERM BIRROWEREP
A/R¢INV oA/ Py CASH CHAN

ENC OR DEC{-} IN WIRK T
FIXED ASSEY PURCHASE
REDUYCTIIN IN DEBY
PAYMENT OF DIV IDEND

T3ITAL USE

HYPOTHETICAL MINE STUDY = OWID

DATE: 13336 JAN 18,°T7

PAGE NO. - 8.03

ALL FIGURES EN THOUSANDS OF DOLLARS

1986 1987 1988 1989 1990 19%1 1992 1993 1994 1995
12.70 12.70 12.70 12,70 12,70 12.70 12.70 12.70 12,70 12,70
65264 6526% 65264 65264 65264 63264 65264 65264 65264 65264
13178 13178 13178 13178 13178 13178 13178 13178 13178 13178
12957 12957 12957 12957 12957 12957 12957 12957 12957 12957
[} 0 ¢ Q Q 0 G 0 0 0
11221 10897 10607 10395 10171 $910 9585 9275 9134 8980
2627 2217 1828 1490 1156 825 484 301 298 362
7133 7135 7080 7117 7105 7105 7038 7038 7093 7090
47115 46384 45650 45136 44567 43975 43243 %2749 42660 42568
18149 18880 %9614 20127 20697 21289 22021 22515 22604 22696
1910 5678 6042 5198 6592 6970 7418 7610 7652 7685
16239 k3202 13572 13930 14005 14319 14603 15905 14952 15011
BERTRER BEBEEBBE REERTE W T WA BERERRR REBEER "ﬁ:" BEBREB R BESZEE BEBSBEE
6526 6526 6526 6526 6526 6526 6526 6526 6526 6526
16239 13202 13572 13930 14005 14319 14603 149035 14952 15011
7133 7135 7080 TLLT 7105 7105 7038 7038 7093 7092
4] o V] 0 o 0 ] (Y ¢ g

180 262 466 987 905 665 226 316 l444 1362
361 525 932 1974 is8i0 1329 451 632 2887 2723
23913 21124 22050 24008 £3826 23418 22318 22891 26375 26186
17980 14940 15285 15735 16042 16666 17243 19318 20361 21553
0 4] o o 0 [ a o ¢ o

i1 &7 154 228 265 277 1787 1156 1120 ~133
17998 15008 15438 15963 16308 16943 - 19030 20472 21481 21420
541 87 1398 2962 2716 1994 677 9%7 %331 4085
5381 5329 5214 5083 4802 4480 2611 1472 563 681
4] 0 ¢} [} 1] [ ¢) 1] Y o
23913 2124 22050 2%008 238256 23418 22318 22891 26375 26186




ELT

CFA vIDEL:

503 (COMTO0503)

i BASELINE SOLUTION

BALANCS SHEEY

CURIENT ASSETS
CASH
SURPLUS CASH
ACCIUNTS RECEIVABLE
ENVENTORY

TOTAL CURRENT ASSETS
FIXSD ASSETS
DEPRECIABLE ASSETS
LESS DEPRECIATION
NET DEPRECIABLE ASSET
NON-DEPRECIABLE ASSET
E{XED ASSET PROG. PAY
TOTAL FIXED ASSETS
TOTAL ASSEYS
CIRRENT LIABILITEES
ACCOUNTS PAYABLE
SHIRT TEIM 3NRROW
CURRENT PORTION OF DEBT
TOTAL CURRENT L1AB.
LONS TERM DEBT
TOTAL LIABILITIES
NET HORTH
PAID~IN CAPITAL
RETAINED EARNINGS
TOTAL NET WORTH

TOTAL LIAB + NET

HYPOTHETICAL MINE STUDY - OMIO

ALL FIGURES (N THOUSANDS OF DOLLARS

DATEs

13336 JAN 18,°77

PAGE NO. 8. 04

1986 1987 1988 t 989 1990 1991 1992 1993 1994 1995
3294 3294 3294 3294 3294 3294 3294 3294 3294 3294
25319 40259 55544 71278 873214 103987 121230 140548 160908 1824561
8046 8046 8046 3046 8046 8046 80406 8046 8046 8046
3987 4002 4040 %138 4122 4077 3995 4012 4223 4208
40646 55602 70925 86757 102786 119406 136565 155899 176472 i98010
162293 163081 164479 167440 170156 172150 172827 173774 178105 182190
29245 36381 43461 50578 57683 64788 71826 78865 85958 93048
133048 126700 121018 115862 112673 107362 101000 94909 92147 89142
0 o [ 0 0 0 0 0o o 9

0 2 [} 0 [+ 0 0 a [} ]
133048 126700 121018 116863 112473 107362 101001 94910 92147 89142
173694 182302 191942 203620 215257 226768 237567 250809 268619 287152
BEEZZER RZZEEE BREBZE ZE=aTR T/RRED BEITEN mERERE BTITER BEXZE=S REXZRS
735 735 735 735 735 735 735 735 735 735

0 [ 4] 0 0 0 0 g [} (]

5381 5329 5214 5083 4802 44580 2611 1472 563 681
6117 6065 5949 5818 5538 5216 3346 2207 1299 1417
27451 22384 17636 13540 5643 5827 3442 2286 3166 3847
33567 28449 23585 19359 15181 11043 6788 %493 4465 5263
108196 io8721 109653 111627 113437 114767 115218 115850 118737 121463
31931 45133 58705 72634 86639 100958 115561 130466 145418 160429
140127 153853 168357 184261 200076 215725 230779 246316 264154 281889
173694 182302 191942 203620 215257 226768 237567 ‘250809 268619 287152

BREXED

BERRRS

RRBBES

EZTERE

BRZERE




PLT

CFA MODEL:

503 {CDMO0503)

i BASEL INE  SOLUTION

INCOME ST ATEMENT

s o e ot e s

SALES PRICE $/TON
REVINUES (NET}

COsTs
MANPOWER
SERVICFS & MATERIALS
LEASING COSTS
G & A
INTERESY
DIPRECIATION

TOTAL COSTS
MET INCOME
TAXES
NET EARNINGS

MEMO 2 FOR THIS PROBLEM,
PEACENTAGE DEPLETION IS

SOURCE AND USE OF FUNDS

o a0

SOURCE
NET EARNINGS
DEPRECIAT ION
SALE OF ASSETS
INCREASE IN DEBT
INCREASE IN CAPITAL

TOTAL SOURCE

USE
SURPLUS CASH
S4ORT TERM BORROWGLREP
A/R INV,A/PCASH CHAN

I¥C I DEC{-) IN WORK C
FIXED ASSET PURCHASE
JFEQUCTION IN DEBT
PAYWENT OF DIVIDEND

TOTAL USE

HYPOTHET {CAL MINE STUDY -~ OHIO

ALL FIGURES IN THOUSANDS OF DOLLARS

DATE: 13336 JAN 18,°77

PAGE NO< . 8.05

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005
12.70 12.70 12.70 12,70 12,70 12570 12.70 1270 12,70 1270
65264 6526% 65264 5264 6526% 65264 65264 6526% 65264 65264
12178 13178 13178 13178 13178 13178 13178 13178 13178 13178
12957 12957 12957 12957 12957 12957 12957 12957 12957 12957

o o 0 [4] 4] 1] ¢ Q o [+]

8890 8626 8376 5052 7778 7502 7238 6959 6710 6448

451 433 418 361 337 317 304 279 269 258

7160 6996 6996 6879 6965 &983 7009 6964 6964 6961
42635 ,62190 41926 41427 %1215 40937 40686 %0337 40077 39802
22628 23074 23338 23836 240%9 24327 24577 24927 25187 25662

7643 7828 7966 8108 8221 835% 8637 8829 8953 9 QB9
16985 15246 15372 15728 15828 15972 15551 16098 16233 16373
| B/BR WMIBEBRR L322+ %23 & 2% 3 BREEER EEETRE E T £33 E -2 4% RS SR BREERTE

6526 6526 6526 $526 6526 6526 £526 6526 6526 6526
14985 15246 15372 15728 15828 15972 15941 16098 16233 16373

7160 6996 6996 6879 6965 £983 7009 6964 6964 6961

o o o 0 0 o a o 0 0

1793 610 Too 179 528 528 . 610 %97 693 611

3585 1220 1400 358 1055 1055 1219 294 1387 1223
27523 24071 24468 23144 26375 24538 26779 26533 25277 25168
21383 21622 21474 21806 21907 22173 22166 22276 22335 22599

o 0 o 0 o 0 0 0 o 0
-79 -25% -5 ~16 103 i4 -22 -38 112 60
21302 21365 21467 21787 22010 22187 22143 22237 22447 22659
5378 1829 2100 537 1583 1583 1829 £491% 2080 483¢
842 877 901 820 782 768 807 825 750 675
1] [+] ] ] 4] V] 0 o g ¢}
27523 24072 26468 23144 26375 24538 24779 24552 25211 25168




SLT

CFa MODELS DATES 13334 JAN 18,977 PAGE HO. 8006
%03  (CO¥30503) HYPOTHETICAL MINE STUDY = OHIO
1 BASELINE SOLUTION
ALL FIGURES IN THOUSANDS OF DOLLARS
1996 1997 1998 1999 2000 2001 2002 2003 2004 2005
BALANCE SHEET
CURRENT ASSETS
CASH 3294 3294 3294 3294 3294 3294 3294 3294 3294 3294
SURPLUS CASH 203844 225466 246939 268743 290651 312824 334990 357266 379601 - 402200
ACCOUNTS RECEIVABLE 8046 8046 8046 8046 8046 8046 8046 8046 8046 8046
INVENTORY 4289 4067 4084 3986 4052 5052 4067 %046 4083 4067
TITAL CURRENT ASSETS 219473 240873 262364 284070 306043 328216 350397 372653 395024 417608
FIXED ASSETS
DE?IECIABLE ASSETS 187567 189397 191497 132033 193616 195199 197028 198519 200599 - 202433
LESS DEPRECIATION 100208 107204 1164200 121080 128045 135027 162037 149000 155964 - 162925 -
NET DEPRECIABLE ASSET 87360 82193 77296 70954 65572 60172 56992 49519 44635 39508
NON-DEPREZ {ABLE ASSET o 0 0 o o 0 0 o 0 o
FIXED ASSET PROG. PAY o 0 0 ¢ o 0 0 o 0 o
TOTAL FIXED ASSETS 87360 82193 17296 70954 65572 60172 54992 49519 44635 39508
TOTAL ASSETS 306833 323066 339560 355024 371615 388388 405389 422171 439659 457116
ERTSRVR BREBIED BRERTE BEZURD £t 3§ 13 RETREZBR EEBRET 2R BVRITBD REECTREDT BEZITR
CURLENT LIABILITIES
ACCOUNTS PAYABLE 735 735 735 735 735 735 135 735 735 735
$4IXT TERY BORROW o 0 o o o 0 0 0 0 0
CJRIRENT PORTION OF DEBT 842 877 901 820 182 768 807 azs 750 675
TITAL CURRENT LIAB. 1578 1613 1636 1555 1517 1506 1542 1560 1485 1510
LONG TERM DEBT 4797 4%29 4329 3688 3434 3193 2996 2668 2611 2548
TOTAL LIABILITIES 6315 6142 5965 5243 4951 4697 4538 %228 4097 3958
NET WIRTH
PAID~EN CAPITAL 125045 126265 127665 128022 129078 130133 131352 132346 133733 134955
RETAINED EARNINGS 175614 190660 206031 221759 237587 253559 269499 285598 301831 318206
TOTAL NET WORTH 300459 316926 333696 349782 366666 383692 400851 417964 435564 453159
TOTAL LIAB ¢ NET 306833 323066 339661 355026 371615 388388 405389 422172 439660 457117

BESRBD

WEBRES

ERBBRR

BBTD R

EERBER

BEEBRR
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CFA MODEL:
503

(CDMDOS03 ) - HYPOTHET ICAL MINE STUDY - JHID
BASELENE SOLUTEON

ALL FIGURES IN THOUSANDS OF DOLLARS

DATE: 13334 JAN 18,°77

PAGE NO» 8.07

2006 2007 2008 2009 2010 2011 2012 2013 " 2014 2015
INCOME ST AT EMENT
SALES PRICE $/TON 12,70 12.70 12,70 12.70 12570 12470 12.70 12.70 e 00 «00
REVENUES (NET) 55264 65264 65264 65264 65264 65264 43509 21755 0 o
cOSTS
HANPOWER 12178 13178 13178 13178 13178 13178 8785 4393 o 0
SEIVICES & MATERIALS 12957 12957 12957 12957 12957 12957 8728 %409 90 0
LEASING COSTS 0 0 0 o ) 0 0 o o o
3 6 A 6313 6171 5829 5318 4834 4378 3611 3255 7711 569
INTEREST 321 385 443 406 376 365 348 298 235 177
DEPREC AT ION 7060 7113 7113 7040 6992 7008 5599 %084 89 0
TOTAL COSTS 39829 39804 39519 38898 38337 37886 27271 16439 4185 746
NET INCIME 25435 25460 2574% 25366 26926 27378 16238 5316 ~1184 748
TAXES 9076 9088 9225 9523 9792 10009 5706 1507 ¢ o
NET EARNINGS 16359 16372 16520 16843 17134 17369 10532 3809 =1184 -~ 745
WEZ BB BREBED REBERE BRERBE BRERERS HERBRES BRBBEZIR EBXBRR BRBERDBR RBRBR P
MEMO ¢ FOR THIS PROBLEM,
PSIZENTAGE DEPLETION 1§ 6526 6526 6526 6526 6526 6526 4351 2175 (! 0
SOURCE AND USE OF FUNDS ‘
SOURCE
NET EARNINGS 16359 16372 16520 16843 1713% 17369 10532 3809 -1184 ~745
DE2XEC IATION 7060 713 7113 7040 5992 7008 5§59 4084 89 0
SALE OF ASSETS 0 o ) 0 0 0 0 124% 0 o
INZREASE IN DEBT 1468 1444 1446 316 468 665 611 196 o o
INCREASE IN CAP ITAL- 2936 2687 2867 632 936 1329 1223 393 o o
TOTAL SOURCE 27822 27615 27963 24831 25531 26371 17965 15726 <£109% -745
use
$JRPLJS CASH 22583 22847 22907 23295 23285 23533 20162 19239 3010 1463
SHORT TERM BORROJGREP 0 0 0 0 0 o 0 0 0 0
A/R,INV,A/P,CASH CHAN 193 -87 T4 -225 34 22 4852 ~4893 ~4827 56
INC OR DECE~} IN WORK C 22776 22159 22832 23070 23319 23555 . 15310 143645 ~1817 «“1407
FIXED ASSET PURCHASE 4404 4331 4331 947 1405 1994 1834 589 0 o
REOUCTION IN DEBT 642 126 800 8l4% 808 821 822 192 722 661
PAYMENT OF DI VIDEND 0 0 o P o o 0 0 o 0
TOTAL USE 27822 27615 27963 26831 25531 26371 179695 18726 . =~1095 ;=146




LLT

CF& HMODEL:

503  {CDMO0503)

1 BASELINE SDLUTION

BALANCE SHEET

G b e oy o

CURRENT ASSETS
Cas4
§J32LJS CASH
ACCOUNTS RECEIVABLE
T¥VENTIRY

TOTal CURRENT ASSETS
FIKED ASSFETS
DEPIECIABLE ASSETS
LESS DEPIECIATION
NET DEPRECIABLE ASSET
NON-DEPRECIABLE ASSEY
FIXED ASSET PROG. PAY
TITAL FEIXED ASSETS
TOTAL ASSETS
CURRENT LIABILITIES
ACCIUNTS PAYABLE
S40RT TERM BORROM
CURRENT PURTION OF DEBT
TOTAL CURRENT LIAS.
LONG TERM DEBYT
TOTAL LIABILITIES
NET WORTH
PAID-IN CAPITAL
RETAINED EARNINGS
TOTAL NET WORTH

TOTAL LIAB ¢ NET

#STOP® G

HYPOTHETICAL MINE STUDY = DHIO

ALL FIGURES IN THOUSANDS OF DOLLARS

DATE2 13234 JAN 18,977

PAGE NO. 8.08

20046 200%, 2008 2009 2010 2011 2012 2013 2014 2015
329% 3294 3294 3294 3294 3294 2196 1098 g (4]
424784 447630 $70537 693833 517118 540651 560813 580052 583063 581598
8046 8046 8046 8046 8046 8046 5364 2682 Q 0
4228 4223 4222 %008 %035 4070 2766 1384 ie 2
440352 463194 486100 509182 532494 556062 571139 585217 583075 581600
206836 211167 215498 216445 217850 219844 221618 215023 215023 218023
169985 177097 184210 191251 198243 205250 210850 214934 215023 215023
36851 34070 31288 25195 19607 146594 10828 90 0 4
o] 4] Y 0 0 1] 0 ] 1] 0

g ] Y 0 0 0 o] 0 0 0
36852 34070 51288 25198 19607 14594 10829 %0 i i
477204 497264 517388 534377 552101 570655 581967 585306 583075 581600
SBRETD BERZRSR BBEVBVE BRBRRR BRTES BERBDH EBRSZS BEBRIR BBRBUE BEERER
735 735 735 734 733 732 %99 261 7 1

o] 0 0 a 0 o 0 0 0 0

642 726 800 814 808 821 822 792 122 661
i378 1461 1535 1547 1540 1553 1321 1053 729 662
3373 %091 4735 6237 3897 3741 3530 2935 2213 1552
4751 5552 6269 5784 5638 5294 %841 3988 2942 2214
137891 140778 1436635 144297 145233 146563 147786 148178 148178 148178
334562 350934 367454 384296 405431 %1 8800 429332 633140 431956 431209
472453 491712 511119 528593 . 54666% 565363 STTLLY 581319 580134 579388
477204 &9 7264 517388 534377 $52102 570656 581968 585307 583076 581601
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Appendix E.9 Default Values for Appalachia (Ohio)

Mining parameters and financial assumptions which are not
input values but which are required by the macromodel are
assigned default values appropriate to the region being

studied. Macromodel control parameters are also set at
default values.
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Appendix E.9 Default Values for Appalachia~Ohio

COM MODEL ECONOMIC SUMMARY RUN OATE 13:34 JAN 18,°77 PAGE NO. 1.5

RUN ¥3. 503 TITLE {COMO0503) HYPOTHETICAL MINE STUDY - OHIO
CASE NO. i TITLE BAS ELINE SDLUTION

1975 DOLLARS} FINANCIAL PARAMETERS AS PER MICRD MODEL ASSUMPTIONS

I 14004 1 INCLUDE COAL LOAD AND HAUL

i MO8 1 INCLUDE ROCK DRILL AND BLAST

I IMODL 1 INCLUDE OVERBURNDEN REMOVAL W/ DRAGLINES
1 143G4A 1 INCLUDE GENERAL & ADMINISTRATIVE

I IMOLR i INCLUDE RECLAMATION

I IvdpP 1 INCLJDE PREP PLANT

I 14338 o INGCLUDE CUOAL DRILL AND BLAST

1 1ppy i PP ~ INDEX TO PLANT TYPE

§ LIGCF 1 WRITES CFA CONTROL FILE IF 1

I LOGOY i PRINTS DEFAULTY VARIABLES IF 1

I LIGEC i WRITES CFA EQUIPMENY FILE IF 1

1 136G24A i PRINTS PARAMETERS IF 1

i LOGRD 1 PRINTS REGRESS. DATA FILE IF 1

1 L3392 i WRITES SPECIFICATION DATA [F 1

1 LOGSH 1 WRITES ECONOMIC SUMMARY IF ONE

I EDR 260,000 EFFECTIVE DJMPING RADIUS

1 Gahp 110000 GAA ~ UNION PAYMENT ($/TIN)

D ABHD 63.4250 ANGLE BURDEN HIGHWALL {DEGREES)

O ABSD 33.6890 ANGLE BURDEN SPOILS (DEGREES)

D ACFD 7600000 ANGLE COAL FACE (DEGREES)

0 CORTYD 865000, COAL DEVAND ROM TONS/YEAR

D CH+4DF &600.00 COAL HAUL DISTANCE IN FEET - AVEIAGE
D DBARY 4330. 00 DENSITY OF OVERBURIEN BANK LBS/YARD
D DlBPY 2160.00 DENS ITY COAL BANK LBS/YARD

D DRSHFA 100. 000 DRILLING RATE IN SOFT MAT?L. = FT/HR
D ECR «920000 EXPECTED COAL RECOVERY FASTOR

D GATYS 144.545 GAA = TONS/YEAR - BASELINE

D PPBED 4095008 15 PP - BASE ENERGY BTU/YEAR

o PPBT 75000.0 PP - BASE TINS/DAY

0 PPI3Y 250, 000 PP - OPERATING DAYS/VEAR

D PRPY 300000 POWDER RATIO - POUNDS / CU. YD,

0 PWF 1006.000 PANEL WIDVH (FEET)

O SFB «350000 SWELL FACTOR FOR BURDEN

D SFC «350000 SHELL FACYOR FOR COAL

o THY 30,0000 TOTAL MINING YEARS

D TRF «&00000E- 0} TOTAL RESISTANCE ON TOPSOI L HAUL ROAD




CFA YIDEL: DAYEs 13236 JAN 18,°77  PAGE NO. «01
503 (COMDO503 Y~ HYPOTHET ICAL MINE STUOY = JHI0
L BASELINE SOLUTION
PARAMETER LESY
D LYY i BUILDS CORRELATION DATA FILE IF 1
D LCFDB 0 LOGS DEBUG ARRAYS IF 1
D LLFFP 1 PRINTS THE FINANCIAL PARAMETERS IF 1
D LCFFS? i PRINTS FINANCIAL SUMMARY REPORT IF 1
D LCFIL 1 PRINTS INVESTMENT LIST IF 1
D LIFIR 1 PRINTS INFRASTRUCTURE REPORT [F 1
D LCFMPL 1 PRINTS MAINTENANCE MANPOWER LISY {F -}
D LIFOPL i PRINTS OPERAT ING MANPOWER LIEST §F 1
D LCFICE i PRINTS PROON. & CASH EXP. REPORT IF 1
0 LCFPFS | i PRINTS PRO~FORMA STATEMENTS IF 1
0 LIESML 1 PRINTS SERVICE & MATERIALS LISY IF 1
D LCFXY 1 BUILDS XeY PLOT FILE IF 1
D NEDNC ] NEW EQUIP . DATA FOU NEXT CASE IF 1
D L2344 10. 0000 COSY OF ELECTRICITY = S/MEGAHATT HOUR
D CFOMG 300,000 . COST OF FUEL '~ $/M 3ALS.
0 CHlu3 «500000E~01 COST OF WATER - $/M GALS
D DAPG » 100000 JEPLETION ALLOWANCE ~ PERCENT OF GROSS
D DAPN »500000 DEPLET ION ALLOWANCE = PERTENT OF NET
b= D DEC » 000000 JEBT/EQUITY RATIO CONTROL
0 D DER 1.00000 DEBT/EQUITY RATIO
o D DERT 2100000 DEBYT/EQUITY RAT IO YOLERANCE
D EYAEL + 000000 SSCALs YEAR = ALL EQUIP. ENVEST,
D EVHC «000000 ESCALc YEAR = HOURLY-LOSTS
D EYML » 000000 ESCALs YEAR ~ MAINTENANCE LABOR
0 EYOL « 000000 ESCAL . YEAR -~ OPERATING LABOR
D EYSPC « 000000 ESCAL. YEAR = SELLING PRICE OF CJAL
D FALC 1.20000 FACTOR = ANNUAL LEASE COSTS
D FLR «250000 FACTOR ~ CASH REQUIRMENTS
D F432 « 200000E-01 FACTOR = HOME OFFICE COSTS
b FiIPT »500000€-01 FACTOR = INSURANCE & PRUPERTY TAX
b FSi «1 00000 FACYDR = SUPPLEES INVENTORY
D FHl «625000E~01 FACTOR -~ WAREHOUSE "INVENTORY
D RAAE] 1.00300 REGIONAL ADJ. = ALL EQUIP. INVEST.
D */BEL 1.00000 REGIONAL “ADJ ~ ELECTRICITY
D RAFY 1. 00000 AEGIONAL ADJ. = FUELS
D RAML 1.,00000 REGIDONAL ADJ, - MAINTENANCE LABOR
0 A9 1,.00000 REGIONAL ADJe = MAINTENANCE MATERBALS
D RAGL 102000 REGIONAL ADJ. — OPERATING LABOR
0 RADT 1+ 00000 REGIONAL -ADJ. — OTHER COSTS
D RATE 1. 00000 REGIONAL -ADJ. - TIRES
D fAMWa 1.00000 REGIONAL ADJ» - WATER
0 /3D « 000000 RATE - CASH DIVIDENDS
D RCH «120000 RATE - CONSTRUCTION INTEREST
O RITC » T00G00E~01 RATE = INVESTMENT TAX CREDIT
D RLTOR - 10. 0000 RATE ~ L~T DEBT REPAYMENT (YEARS)
D vCDY ' 365.000 VALUE = CALENDAR DAYS/YEAR
D viap 20.0000 VALUE = DAYS "ACCOUNTS PAYABLE
D YDAR 45,0000 VALUE ~ DAYS ACCOUNTS RECEIVABLE
D VvoCi 10,0000 VALUE = DAYS OF COAL INVENTORY
D VECY 1976.00 VALUE = FIRST CALENDAR YEAR
D vooY 250,000 VALUE = OPERATING DAYS/YEAR
0O VS2 « 000000 VALUE - START ING CASH
0 VI2OH + 000000 VALUE = UNION PENSION $/HOUR




APPENDIX F

- Macromodel Sensitivity Analysis

F.l Vary Mining Parameters
Energy Demand
ROM Coal Heat Value
Height of Burden Average
Height of Coal
Difficulty of Preparation Effort
Topsoil Thickness Saved
Other Reclamation Costs

F.2 Vary Financial Assumptions
Long-Term Interest Rate
Desired Return on Investment
(Cash Flow Discount Rate)
Federal Income Tax Rate
Paid in Capital/Long Term Debt Ratio
Labor Escalation Rate
Materials and Services Cost Escalation Rate
Equipment Investment Escalation Rate
Depreciation Method
Land Rights ~ Surface
Land Rights - Mineral
Royalty
State and Local Severance Tax

The mining parameters and financial assumptions were varied

one at a time through a range of values from extreme high to
extreme low for the Appalachia (Ohio) test case to indicate

the impact of each on the following:

Sales Price in Base Dollars: $/prepared ton
Sales Price in Base Dollars: S/million Btu
Return on Investment: percent

Return on Paid-in-Capital: percent
Cummulative Investment to

Steady State: M$

Cummulative Investment Total

Project: MS

Annual Operating Cost at

Steady State: M$

The range of values used and the results for each are shown
on the following 4 pages.
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Appendix F.1l

Mining Parameter Sensitivity Analysis (Appalachia-Ohio)

Dollars Dollars Return Return Invest. Invest. Annual
Prep'd Million on on Paid - to 'steady Total Operate
Ton BTU Invest. Capital State Project Cost
Energy Demand for Mine Complex (Btu/yr)
.243800E 15 10.92 .43 10.00 10.81 281124, 397115, 46947,
+195000E 15 11.67 .46 10.00 10.84 232917. 330473. 39162,
+130000E 15 12.70 .50 10.00 10.88 161752. 222268, 26135,
.813000E 14 14.34 .57 10.00 10.89 110575. 150749, 17987.
.325000E 14 18.22 .72 10.00 10.88 54171. 72030, 9169.
Run-0Of-Mine Coal Heat Value (Btu/lb)
14200.0 13.30 47 10.00 10.88 148721, 207697. 24789
13400.0 12.99 .48 10.00 10.88 154570. 214316, 25408,
12600.0 12,70 .50 10.00 10.88 161752, 222268, 26135,
11400.0 12.61 .55 10.00 10.88 179860. 253183, 30376.
10200.0 12.1% .60 10.00 10.88 195760, 274535, 32483,
Height of Burden Average (ft)
31.5221 19.55 .77 10.00 10.85 247688, 318780. 38339.
19.1527 15.18 .60 10,00 10.86 191641. 252156, 30829,
12,3977 12.70 .50 10.00 10.88 161752, 222268, 26135,
6.38885 : 10.44 .41 10.00 10.90 134396, 194912, 21956,
Height of Coal (ft) :
8.00000 9.95 .39 10.00 10.90 129231. 180006, 20714.
6.00000 10.95 .43 10.00 10.89 141294, . 197925, 22684,
4.00000 12.70 .50 10,00 10.88 161752. 222268, 26135,
3.00000 14.48 «57 10.00 10.87 183339, 251284. 29535,
2.00000 18.26 <72 10.00 10.85 226904. 315936, 37383,
Prep. Plant Type Based on Difficulty*
3.00000 18.72 .70 10.00 10.88 243697, 322470. 37255,
2.00000 16.83 .64 10.00 10.88 220162 - 298166. 34493,
1.00000 12.70 .50 10.00 10.88 161752, 222268. 26135,

*¥(1=Crush & Screéen; 2=Baum Jig; 3=Heavy Media)

{continued next page)
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Appendix F.l (Continued)

Dollars Dollars Return Return Invest. Invest. Annual
Prep'd Million on on Paid to steady Total Operate
Ton BTU Invest. Capital State Project Cost
Topsoil Thickness Saved (ft)
2.00000 12.97 .51 10.00 10.88 164166. 234334, 26950,
1.00000 12.79 .51 10.00 10.88 162557, 226290, 26407,
500000 12.70 .50 10.00 10.88 161752. 222268, 26135,
. 250000 12.65 .50 10.00 10.88 161350, 220257, 25999,
Other Reclamation Costs ($/aczre)
1350.00 12.76 .50 10.00 10.88 162330. 224385, 26381,
1125.00 12.73 .50 10.00 10.88 162138. 223423, 26258,
900.000 12,73 .50 10.00 10.88 162138. 223423, 26258,
675.000 12.65 .50 10.00 10.88 161367. 220343, 25956.
450,000 12.62 .50 10.00 10.88 161175. 219389. 25833.




Appendix F.2
Financial Assumption Sensitivity Analysis (Appalachia-Ohio)

Dollars Dollars Return Return Invest. Invest. Annual

781

(Continued next page)

Prep'd Million on on Paid to steady Total Operate
Ton BTU Invest. Capital State Project Cost
Long Term Interest Rate (percent)
: .120 12.70 .50 10.00 10.73 161752. 222268, 26135,
.100 12.70 .50 10.00 10.80 161752, 222268, 26135;
.080 12.70 +50 10.00 10.88 161752, 222268, 26135,
. 060 12.70 +50 10.00 10.94 161752. 222268, 26135,
Desired Return on Investment (percent)
.200 20.53 .81 10.00 21.06 161752, 222268, 26135,
.150 16.29 .64 15.00 15.98 161752, 222268, 26135,
.100 12.70 +50 10.00 10.88 161752, 222268, 26135,
050 10.03 40 5.01 5.50 161752, 222268, 26135,
.000 8.44 .33 .04 999,99 161752. 222268. 26135,
Federal Income Tax Rate (percent)
.576 13.20 .52 10.00 10.93 161752, 222268, 26135,
.528 12.93 .51 10.00 10.91 161752, 222268, 26135,
.480 12.70 .50 10.00 10.88 161752. 222268, 26135,
432 12.50 .49 10.00 10.85 161752, 222268. 26135,
.384 12.32 .49 10.00 10.82 161752, 222268, 26135,
Paid in Capital/Long Term Debt Ratio
99.000 12.70 .50 10.00 10.00 161752, 222268, 26135,
4,000 12.70 .50 10.00 10.48 161752. 222268. 26135,
2.000 12.70 50 10.00 10.88 161752, 222268, 26135,
1.000 12.70 .50 10.00 11.51 161752 222268, 26135
.000 12.70 .50 10.00 999.99 161752, 222268, 26135,
Labor Escalation Rate
100 32.74 1.29 10.00 10.85 161752, 222268. 47137.
.050 16.75 .66 10.00 10.91 161752, 222268, 34422,
. 000 12.70 +50 10.00 10.88 161752, 222268. 26135.
Materials and Services Escalation Rate
.100 33.58 1:33 10.07 10.93 161752, 222268. 46785,
.050 16.90 <67 10.01 10.93 161752, 222268, 34283,
. 000 12.70 50 10.00 10.88 161752. 222268. 26135,



G871

Equipment Escalation Rate
.100
. 0590
. 000
Depreciation Method*
3.000
2.000
1.000
Land Rights-Surface ($/acre)
500.000
375.000
250,000
125.000
. 000000
Land Rights-Mineral ($/acre)
100.000
75.0000
50.0000
25.0000
. 000000
Royalty (R/ton)
1.00000
. 500000
.250000
. 000000
State and Local Severance Tax ($/ton)
1.00000
500000
. 000000

* (1=St. Line, 2=Decl. Bal, 3-Dbl.

Appendix F.2 (Continued)

Dollars Dollars Return
Prep'd Million on
Ton BTU Invest.
22.36 .88 10.00
3¥6.27 .64 10.00
12.70 .50 10.00
12.38 .49 10.00
12.62 .50 10.00
12.70 .50 10.00
12.78 .51 10.00
12.74 .50 10.00
12.70 .50 10.00
12.65 .50 10,00
12.61 .50 10.00
12.72 .50 10.00
12.71 .50 10.00
12.70 .50 10.00
12.69 .50 10.00
12.68 .50 10.00
13.51 .53 10.00
12.97 .51 10.00
12,70 .50 20.00
12.43. .49 10.00
13.78 .54 10.01
13.24 .52 10.00
12.70 .50 10.00
Decl)

Invest.

Return Invest. Annual
on Paid to steady Total ‘Operate
Capital State Project Cost
10.93 342540 1157320. 26135.
10.92 237305, 453891. 26135,
10.88 161752, 222268, 26135,
10.31 161752, 222268, 26135,
10.85 161752, 222268, 26135,
10.88 161752, 222268, 26135.
l1o0.88 162426, 222941, 26135,
10.88 162089. 222604. 26135,
10.88 161752, 222268. 26135,
10.88 l61416. 221931. 26135,
10.88 161079. 221594. 26135.
10.88 161887. 222402, 26135.
10.88 161820, 222335, 26135,
10.88 161752, 222268, 26135.
10.88 161685, 222200, 26135.
10.88 161618. 222133. 26135,
10.85 161752, 222268, 26135,
10.87 161752. 222268, 26135.
10.88 l61752. 222268, 26135.
10.89 161752, 222268. 26135.
16.85 161752, 222268, 26135,
10.86 161752. 222268, 26135,
10.88 161752. 222268, 26135,







