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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 area stripping with dragline mining techniques which were
developed, documented and tested. Two types of models were
developed: detailed micromodels, which provide detailed
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 Fort Union Strippable Coal Resource Region was used to
test the models. A hypothetical mining situation repre-
sentative of typical mining problems and conditions encount-
ered in the Fort Union 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 area stripping with draglines mining method.
A hypothetical test situation in the Fort Union 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 de-
cisions being made by the user at each stage of the analysis.
The micromodels are designed for use where considerable
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.
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Table 1,

Computer Models for Simulation of Surface Coal Mining

Detailed Broad
Micromodels Macromodeﬁ.-ls
Dragline Shovel Area Shovel Contour
Mining Truck Dragline Truck Dragline

Minin

Drilling & Blasting

- imnai = e
Overburden Basic Stripping Method (BSM)
Removal Extended Bench Method (EBM) . .
Contour Stripping Dragline (CSD) ShivgllTrq?k Stripping (STS
(Ref: Report FE-1520-114) foo Pie PIPPIng Seans (MDS
ountain Top Removal (MTR
fHaul Unit Simulation (HUS) (Ref: Report FE-1520-115)
Cogl 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)

Coal Handling
and Preparation

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

Premining, Facilities
and Administrative

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

Mining Minin

Area Shovel Truck (AST)-“-"'—‘"")

{Ref: Report FE-1520-110)
{(Ref: Report FE-1529-111)

(Ref: Report FE-1520~112)

‘»———Area Dragline Macromodel (ADM)"‘“""

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

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:

S 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-
els. 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.

coal demand 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: leasing 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 Reguirements
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 gquestions 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 modeling 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 three pits and one
preparation plant producing approximately 9.2 million tons
of prepared coal per year. A l1l2-foot coal seam with a
stripping ratio of approximately 4 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 $5.00/ton to
$9.00/ton with a baseline value of approximately $6.00/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
EomEdoy  ESTIMATED PRICE (DOLLARS PER TON OF COAL)*
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DOLLARS PER TON
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* COVERS COST OF MINING AND PROCESSING:
TRANSPORTATION NOT INCLUDED
B=BASELINE SOLUTION, RETURN ON INVESTMENT =10°%

R=RETURN ON INVESTMENT SET 10 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 Coal Price (Dollars per ton)

No Escalation 5% Cost Escalation 5% Cost Escalation
Price Constant Price Constant 5% Price Escalation
all years all years first vear last year
5.93 11.03 6.54 to 24.49
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1.6.2 CAPITAL INVESTMENT

mining parameters is shown in Figure 4. Capital investment
includes all equipment, premining, and facilities costs.

For the Fort Union test case the capital investment varies
from approximately $121 million to approximately $214
million with a baseline value of approximately $137 million.

The range of capital investment resulting from variation of .

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 $14 million/vyear to
approximately $23 million/year with a baseline value of
approximately $16 million/year.

EXAMPLE TEST CASE RESULTS
INTortunoy  REQUIRED CAPITAL INVESTMENT FOR A MINE COMPLEX

Lonx T

0 30 100 150 200 250 300 350 400

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

REQUIRED ANNUAL DIRECT OPERATING COST FOR A MINE COMPLEX *

.30. ot .40, . 50. . .ﬁg' v .70. v 0

MILLIONS OF DOLLARS
B=BASELINE : {ALL COSTS IN JANUARY 1975 GOLLARS WITH NO ESCALATION)

* MINE COMPLEX PRODUCES NOMINAL COAL FEED REQUIRED FOR:

250 MILLION CU.FT./DAY GASIFICATION PLANT, OR
40,000 BBL/DAY LIOUEFACTION PLANT, OR
1500 MEGAWATT POWER PLANT

Figure 4. Comparison of Required Capital
Investment and Operating Cost
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TEST CASE 3 IN

FORT UNION

“OVERBURDEN
-_REMOVAL

PREMINING
& FACILITIES

COAL LOAD - OVERBURDEN ~—3
C- REMOVAL ——2

- COAL HANDLING *<::::%%)
- & PROCESSING - @0

INVESTMENT DIRECT OPERATING COSTS

R=RECLAMATION

D=ALL DRILLING/BLASTING
C=COAL LOAD & HAUL

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 14 percent of investment
and 34 percent of operating costs. Coal handling and pro-
cessing account for approximately 59 percent of investment
and 34 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.
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2.0 DESCRIPTION OF THE MINING METHOD -~

AREA STRIPPING WITH DRACLINES

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 (not required
for Fort Union)

Overburden removal

Coal drilling and blasting

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 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
7.

With the removal of the overburden, the coal seam is exposed
and ready for drilling and blasting.

2.1.2 COAL DRILLING AND BLASTING

Prior to drilling and blasting coal, the top of the coal
seam is cleaned by a front-end locader or, possibly, a motor
grader.

Coal is easily drilled and generally requires much less
blasting agent to achieve the desired fragmentation. Blast
holes in coal are drilled with an auger type drill. The
blast hole pattern is generally designed to reduce the
production of fine coal to a minimum.
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Figure 7. Walking Dragline for Overburden
Stripping
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Blast holes are stemmed with c¢oal fines to avoid extraneous

contamination; and detonated in a manner t6 obtain the

desired fragmentation.

Figure 8 shows a typical self-propelled auger coal drill.

A

|
\
\

Figure 8. Auger Drill for Coal Drilling

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.
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Figure 9. Cdal 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.

Topsocil 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
Figure 11.
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Figure 10. Bottom Dump Coal Hauling Truck

Figure 11. Self-Loading Scraper for Removal
and Redistribution of Topsoil
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Spoil piles are regraded by a fleet of bulldozers which
level the peaks and valleys left behind by the dragline.
Bulldozers are also reguired 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:

Overburden drilling and blasting:
Bulldozer to prepare bench for drill

Bulldozer to push cuttings into holes
Prill truck to deliver blasting agents and supplies.
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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 DATkA‘ 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 )

2. Yield factor (tons input of run-of-mine coal)

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 o

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-
quired 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 reguired additional support facilities to

form a complete preparation unit to provide coal for conver-
sion into synthetic fuels. In 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; and there-
fore, any final results should be used with great caution.

A detailed discussion of large~scale coal processing for
coal conversion 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 communica-
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 resexve, 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 - FORT UNION

3.1 MINING SITUATION DESCRIPTION

In order to develop a macromodel for area 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 Fort
Union Strippable Coal Resource Region, described in detail
in Volume 2 of the Phase I Interim 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 Fort Union 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 Fort
Union 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.

The coal seam for the test case geology is patterned after
coal seams found in the Beulah-Zap coal field of the Fort
Union region. Overburden thickness and characteristics, and
coal seam thickness and gquality 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 obtained
during field visits. The geologic situation chosen is
summarized in a stratigraphic column (Figure 14), which was
used in complying 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.

GECLOGY FOR FORT UNION TEST CASE

Coal Height ft 12

Coal Heat Value Btu/1 7070
Coal Density ib/bank vd 2000
Coal Swell Factor .35
Coal Face Angle degrees 76
Burden Height Avg £ 42 .00
Burden Density 1b/bank yd 2935
Burden Swell Factor .35
Burden Highwall Angle degrees 63.43
Burden Spoil Angle degrees 33.69
Topsoil Thickness Saved ft 1.25

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 either 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 similar
reasons the pits would not necessarily be adjacent to one
another. Note that the rail system for long distance ship-
ping 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 100 million tons of coal in place.
The detailed individual pit requirements for a 30-year pit
life are shown in Table 5.

Table 4.

MINING COMPLEX REQUIREMENTS FOR FORT UNION TEST CASE

Energy Demand Btu/yr
Coal Delivered Prep tons/yr
Preparation Plant Type

Preparation Plant Recovery

1.3x1014

9,160,435

Crushing & Screening

Prep tons/ROM tons .99

Coal Demand ROM tons/yr 9,252,963
Expected Coal Recovery in Mine .92
Production Life Years 30
Total Coal in Place Tons 301,745,730
Stripping Ratio

Burden bank yd™/ton of recovered goal 3.80
Burden Demand Bank yd /yx 35,203,970
Total Pits in Complex 3
Years in Each Pit 30
No. of Active Pits 3
Total Preparation Plants

in Complex 1
Rated Capacity of Preparation

Plants (Combined Total) ROM tons/day 37,011

Table 5.
INDIVIDUAL PIT OPERATING REQUIREMENTS
FOR FORT UNION TEST CASE

Overburden Drilling 3

& Blasting Bank vyd./vr None
Overburden Removal Bank yd~ /yr 11,734,656
Coal Drilling & 3

Blasting Bank yd /vr 3,352,523
Coal Loading & Hauling ROM tons/yr 3,084,321
Coal Handling &

Preparation (Each Plant) ROM tons/day 37,011

(250 days/vyr)

Land Reclamation Acres recl./yrxr 173
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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
Cc. 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
‘ ¢. 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 are used to
compute machine annual production capabilities which are
compared with pit annual production requirements.

Table 6.

MINE OPERATION SCHEDULE AND EFFICIENCY

Coal Stripping Coal Coal Topsoil Regrading
Drill Dragline Shovel  Truck Scraper Bulldozer
Scheduled Hours
Per Year 3625 8297 3625 3625 2000 2000
Annual Efficiency
Factor .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 PFactor 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 use
by a user who desires a high degree of interaction with the
models.
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The following micromodels are pertinent to the Fort Union
test case:

‘Basic Stripping Method (BSM)
Drilling/Blasting Coal (DBC)

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 eguipment, 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:

. Tract Description (analyst)

Develop Mine Plan (analyst)

Develop Micromodel Input (analyst)

Run Micromodel Solutions (computer)

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

6. Cash Flow Analysis (computer).

Ut b (s DN
°

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 Fort Union region 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 BASIC STRIPPING METHCD
The Basic Stripping Method (BSM) computer micromodel simu-

lates area stripping with a single dragline. The model
determines the range and production requirements based on
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input for the pit geometry and required coal production. It

then processes the Dragline Data File to compare the require-

ments to the capabilities of the full range of machines .
commercially available.

For each dragline processed, the model obtains the range
information from the data file and compares these values
with the requirements.

The machine is tested against the requirements when operat-
ing at the minimum height. If it does not meet the conditions
of dumping radius, dumping height, and digging depth, the
machine is considered to be physically unsuited for the job
and is dropped from future consideration. If the machine
meets the minimum requirements, it is checked for the aver-
age and maximum operations. The model prints these require-
ments, but: it does not automatically eliminate machines

which fail to meet the average or maximum range.

The model is now ready to determine the production capability
and costs of operation. It first calculates a bucket capac-
ity using the manufacturer's allowable load figure, and the
density of overburden and weight of bucket, as defined by

the engineer. The machine cycle time from the data file is
adjusted if the machine has a larger~than-required dumping
radius, ‘and the annual production rate is calculated.

The desired annual production rate is used to determine the
number of years required to strip the area using this machine.
The annual coal production is then determined from the

amount of recoverable coal and the number of years to strip
the area. .

The annual operating costs from the data file are extended
according to the number of years to determine the total cost
of operation. The total cost is allocated to the total
recoverable coal to calculate stripping costs ($/ton of
coal).

If the dragline is capable of uncovering coal faster than
necessary to sustain the coal demand specified by the user,
the model calculates a second cost figure. This second
figure is the cost of stripping when the dragline is slowed
to meet the coal demand rate.

As the draglines in the data file are processed, the model
keeps track of the two cost figures. At the end of the run,
it identifies the machines resulting in least cost at the
full production rate and least cost at the required coal
demand rate. :
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Thirty—-six input parameters must be defined in order to run

the Basic Stripping Method micromodel. These parameters are
listed with definitions and baseline values in Appendix B.l.

The Basic Stripping Method output indicates that dragline
No. 104 with a 229-foot dumping radius and 36-cubic-yard
bucket would provide the least cost solution of $.487 per
ton of recoverable coal uncovered at the desired rate of
production (Note: costs are extended to significant figures
to facilitate comparison between text and computer runs in
the appendices; the number of significant figures is not
meant to imply accuracy). An abbreviated listing of the
computer output is shown in Appendix B.2. All costs are in
January 1975 dollars (no escalation). In addition, a
plotter can be used in conjunction with the computer to draw
a cross section of the pit showing the selected dragline to
scale, including its relationship to the spoil pile. Such a
plot of the baseline solution is shown in Figure 16.

3.3.2 DRILLING/BLASTING COAL

The Drilling and Blasting (DAB) computer micromodel simulates
the drilling of vertical blast holes in coal and determines
the required amounts of blasting materials related to coal
drilling and blasting. When the DAB model is used for
analysis of coal drilling and blasting, it has been given

the code DBC to differentiate from overburden drilling and
blasting.

The DBC model must be run as Case 3, in which spacing,
burden and drill diameter are specified. There are two
choices of drill hole size using an auger-type drill: 3
inches and 6 inches. Specifying one or the other drill hole
diameter causes the model to automatically select the appro-
priate size auger drill for analysis.

The program determines the number of holes that must be
drilled per year, the quantity of machinery required, and
the quantity of blasting materials required. Costs are
determined based on the selected drill size.

Input parameters for the Drilling and Blasting Coal micro-
model with definitions and baseline values are listed in
Appendix B.3.

The DBC output indicates that 1.07 (or 2) Drill No. 23, a
3-inch auger-type drill, would provide the required number
of drill holes for blasting the coal. Drilling and Blasting
Coal costs amount to $0.068 per ton of recoverable coal

. $210,520 . . s
(i.e., 37084, 321 tons)‘ An abbreviated listing of the

computer output is shown in Appendix B.4. All costs are in
January 1975 dollars (with no escalation).
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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 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).

The equipment 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.
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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 reguired 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.

The CLH output indicates that one No. 34 shovel (l6—yd3
bucket) with a fleet of five No. 18 trucks (180-ton pay-
load) would provide a least cost solution of $.502 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 2.82 (or 3) scrapers
would be required for topsoil removal and a fleet of 1.33
bulldozers (or 2) would be required for spoil pile regrading
and general dozing. Combining scraper and bulldozer fleets
with revegetation and land management yields a cost of
$.154/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
determines the coal handling and processing costs by means

of extrapolation from a standard size facility. In addition,
it allows plant selection based on three levels of difficulty
of preparation effort: c¢rushing and screening, Baum jig,

and heavy media. The micromodel separates ownership and
operating costs into five categories:
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Receiving and Breaking
Blendlng and S-I—nn'lz-:xﬁ 11 ng

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.

Abbreviated listings of the input and output of the PGA
model when used for coal preparation factoring are shown in
Appendices B.1ll1l, B.12, and B.13. The output indicates that
the cost of coal handling and preparation in a facility
rated at 37,011 TPD run-of-mine coal would be $1.254/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, facilities,
and administration for the new mine. An abbreviated list of
input variables is shown in Appendices B.14 and B.15.
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The output of the PGA model indicates that a General and
Administrative cost of $.867/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
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.l.

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

4, Maintenance Personnel List
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5. Services and Materials List

6. Infrastructure Report
‘ 7. Production and Cash Expenditure Table
8. Financial Statements.

These reports are discussed in detail in Section 6.0.
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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 area 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 10, ref: FE-1520-110). The following
paragraphs briefly describe how the simplified macromodel
relationships were derived from micromodel data.

Table 7. REQUIRED MACROMODEL SUBROUTINES AND
MICRCMODEL EQUIVALENTS

Macromodel Subroutine Micromodel Equivalent Modeling
Method

1. Dragline Basic Stripping Method Simulation
{BSM)

2. Drilling and Blasting Drilling and Blasting Simulation
(DAB)
Drilling/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- Extrapolation
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:

alxl + a2x2 + a3x3 + ce.. F a ¥, T 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 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-
thesized 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

DLX =

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

geometry. .

The derivation of the following dragline formula is shown in
Appendix D.1. »

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 gquanti-
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)/1EG * HC)
where PR = powder ratio pounds per bank cubic vard
4.2.3 DRILLING AND BLASTING COAL SUBROUTINE

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

for coal. The formula for quantity 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
QODCROH

coal demand recoverable tons per yvear
coal drilling operating hours per year
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Cost of blasting materials for coal (QBTEC):

' OBTEC = .05 * QOBCD * 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
CHED 20.434 * TDSL * £580
= * %
TDCT 7.41 + CHCT SPL + 0.26673 £580 + TDSC
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

4.2.5 LAND RECLAMATION SUBROUTINE

In the land reclamation subroutine the scraper size and
bulldozer size are held constant. The required quantities
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 * Eggzz_ + 7.36661 * (Egggzo%] * HBT

Quantity of bulldozers (RN@CD):

CDRTY * TAN ABSD * PWF
= e *
RN@GCD .00384704 1T FE * HC

: 2
CDRTY * TAN ABSD * PWF
*
+ .000618961 1 Ee * HC

CDRTY * CGD

%
+ .00660554 * “—m—t
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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 EXTRAPQOLATED FUNCTIONS

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

. Y
. New Siz
New Qty = Baseline 0Oty x (Baselin: ST7e )
New Size X
New -Cost = Baseline Cost x ( = )

Baseline Size

The baseline values are based on estimates made for a specif-
ic 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 operat-
ing 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, Bench
Prep)

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:

Wheeled Loader ~ 325 HP (Clean Top of Coal)

Grader ~ 180 HP (Maintain Haul Road)

Pump Set - 125,000 GPH (Clear Pit of
Water)

Water Truck - 5000 GAL (Maintain Haul Road).

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 area stripping with
draglines include a case study description, a main program,
subroutines, and a cash flow analysis. The macromodel is
described in greater detail in the macromodel user's manual
(Final Report Volume 10, ref: FE-1520-110).

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
(1=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/1lb) :

Other Reclamation Costs ($/acre)

Financial Assumptions

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

Land Rights-Mineral ($/acre)

Royalty (S$/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 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 yield 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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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 Fort Union but also in the Illinois
Basin (Final Report Volume 2), the Four Corners Region
(Final Report Volume 3), 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 MACROMODEL TEST CASE AND SENSITIVITY ANALYSIS

6.1 TEST :CASE SOLUTION

The baseline solution for a hypothetical mine complex in the
- Fort Union Region, producing 9,160,000 tons per vear of
prepared coal from three pits and processed in a single coal
preparation plant, is shown in detail in the eight reports
contained in Appendix E:

1. Financial Summary Report and Case Description

2. Investment List

3. Operating Personnel List

4, Maintenance Personnel List

5. Services and Materials List

6. Infrastructure Report

7. Production and Cash Expenditure Table
8. 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.l1 and
summarized as follows:

FINANCIAL SUMMARY REPORT

Sales price in base dollars : $/prepared ton 5.93
: $/million Btu .42
Return on investment : Percent 10.00%*
Return on paid-in capital : Percent 10.87%*%*
Cummulative investment to steady state: M$ 137395.
Cummulative investment total project : M§ 179628.
Annual operating cost at steady state : M$ 15630.
Base year 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
Proiject 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) 9,252,963
Stripping Ratio (Bank Yards/Recovered Ton) 3.80
Height of Topsoil in Feet 1.25
Height of Coal in Feet 12
Prepared Coal Tons/Year 9,160,435
Energy Demand for Complex Trillion

Btu/Year 130
ROM Coal Heat Value Btu/lb 7070
Reclamation - Other Costs - $/Acre 600

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 0]

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

The coal price for the baseline solution may be considerably
different from current prices for Fort Union 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.



In addition, the sensitivity analysis 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 =—=-m—=mmm e e e e e $5.93/ton
(No escalation, 10% Rate of Return,

price constant for all project years)

Alternate 1 ==m=m——mm e e e e $7.67/ton
(No escalation, 15% Rate of Return,
price constant for all project years)

Alternate 2 —=emmem e e e $11.03/ton
(5% Cost Escalation, 10% Rate of Return,
price constant for all project years)

Alternate 3 ===-m—ce——c————— first year $6.54/ton;

last year $24.49/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 (required 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 73 percent of the initial investment
while general and administrative items (including premining
costs) account for over 19 percent of the initial investment.
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Table 8. INITIAL CAPITAL INVESTMENT FOR HYPOTHETICAL TEST

CASE  IN- FORT UNION#**

MINING STEP ‘BASELINE INVESTMENT* PERCENT
Overburden Removal 19,017,000 14.0
Drilling/Blasting Coal 220,000 0.2
Coal Load & Haul 7,736,000 5.7
Coal Handle & Prep 79,602,000 58.6
Land Reclamation 2,772,000 2.0
Premining and Facilities 26,591,000 19.5
TOTAL $135,938,000 100.0

*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 FORT UNION**

BASELINE ANNUAL*

MINING STEP OPERATING COST PERCENT
Overburden Removal 5,144,300 34.2
Drilling/Blasting Coal 673,400 4.5
Coal Load & Haul 3,199,500 21.2
Coal Handle & Prep 5,040,900 33.5
Land Reclamation 993,000 6.6
TOTAL $15,051,600 100.0

*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 3 pits and 1 preparation plant 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 equipment/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 327 people would be
required with an annual payroll of $6,816,200 (January 1975
dollars with no escalation).

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 147 people would be required with an
annual payroll of $2,845,800 (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 $17,339,100 (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 over 34 percent of the total operating
costs while drilling and blasting coal accounts for less
than 5 percent and coal handling and preparation over 33
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
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The environmental and socioeconomic impact of the mine

complex ‘¢can be summarized as follows:

Acres Disturbed: 518 acres/yr
Payrolls, Purchases and Taxes: $25,341,000/yr
Water Requirements: l165-acre~-ft/yr
Electric Power: 110,589 megawatt
hrs/yr
Manpower - Operating: 327
- Maintenance: 147

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-
mwents, sources and uses of funds, and balance sheets for the
life of the project (Appendix E.8).

Default values for Fort Union 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 contributing
nearly 22 percent of the price while coal handling and
preparation contributes over 36 percent and premining and
facilities contribute approximately 25 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 FORT UNION BASELINE CASE

INDIVIDUAL BASELINE SOLUTION PRICE $/TON PERCENT
Overburden Removal 1.38 21.7
Coal Drilling & Blasting .08 1.3
Coal Load & Haul .74 11.6
Coal Handle & Prep 2.29 36.1
Land Reclamation .27 4.3
Premining, Facilities, & Admin 1.59 25.0

6.35 100.0
COMBINED BASELINE SOLUTION 5,93
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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 1l1. The baseline values were selected to be repre-
sentative of a typical mining situation in the Fort Union
Region. The expected low and expected high values represent
the range of situations commonly found in Fort Union. 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 compiled 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

W N

e o s o

Less Effect:
1. Run-of-Mine Cocal 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 analyst 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 1l. MINING PARAMETERS SENSITIVITY RANGE

FORT UNION TEST CASE

Sensitivity Range

5 4 3 2 1
Extreme Expected Baseline Expected Extreme
Low Low Value 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) 6,000 6,500 7,070 7,400 7,700
Height of Burden Average (ft) - 20 42 70 100
Height of Coal (ft) 4 8 12 17 22
Prep Plant Type Based on Difficulty

(l=crush & screen; 2=Baum jig; 3=heavy media) - - 1 2 3
Topsoil Thickness Saved (ft) 0 .5 1.25 2.00 2.5
Other Reclamation Costs ($/acre) 300 450 600 750 9200

Note:

These values apply to the range of coal prices shown on Figure 18.




ESTIMATED PRICE ($/Prepared Ton)

FORT UNION
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25—
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0 : Baseline Value~-$5.93/ Ton —t—
9
44 ‘ : ; 3
5732 ; - __,_:E’g' e ilsn
$0 _
Extreme Expected : Expected Extreme
Low Low Baseline High High

SENSITIVITY RANGE
(WITH BASELINE VALUES SHOWN IN PARENTHESIS)
1—Energy Demand (130 Trillion BTU's/yr)
2~ ROM Coal Heat Valve (7070 BTU's/Ib)
3—Height Of Burden (42ft)
4-Height 0f Coal(12ft)
5-Prep. Plant Type (Crush & Screen)
6- Height Of Topsoil (1.25ft.)
7-Other Reclamation Cost ($600/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
FORT UNION 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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1 —Long Term Interest Rate( 8%) 7—Equipment Investment Escalation
2-Return On Investment (10%) Rate (0%)
3—Federal Income Tax Rate(48%)  8-Depreciation Method (Straight Line)
4—Paid-in Capital /Debt Ratio(2:1) 9-—Surface Rights($250/acre)
5—Labor Escalation Rate (0%) 10—Mineral Rights ($50/acre)
6-Materials & Services Escalation  11—Royalty (5.25/ton)
Rate (0%) 12—Severance Tax ($0/ton)
(AU baseline costs in January 1975 dollars with
no escalation)
Figure 19 Financial Assumption Sensitivity Analysis
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Major Effect:

1.
2.
3.
4.

Materials and Services Escalation Rate

Labor Escalation ‘Rate ‘

Equipment Investment Escalation Rate

Desired Return on Investment (Cash Flo
count Rate)

Less Effect:

1.
2.
3.
4.
5.
6.
7.
8.

Federal Income Tax Rate

State and Local Severance Tax
Royalty

Land Rights-Surface

Land Rights-Mineral

Depreciation Method

Long-Term Interest Rate

Paid-in Capital/Long-Term Debt Ratio

Thus, the user should be aware of the major impact
jected escalation rates. And, as with the mining p
eters, it should be noted that financial assumption
have "less effect" can be very important to operati

management.
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APPENDIX A

A.l 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
‘ Using Simulation Models '
SUMMARY
Volume 1: Executive Summary (ref: FE-1520-101).

REGIONAL TEST CASES

Volume
Volume
Volume
Volume

Volume

Volume

Volume

Volume

USER'S MANUALS

2:
3:
4:
5:

6:

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
Volume
Volume
Volume
Volume
Volume

Volume

10:
11:
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 "1l:

Volume 2:

Volume 3

Volume 4:

Volume 5

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 Equipment.

Describes mining methods and equipment used in
large scale surface coal mining (109 pages, ref:

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

Basic Stripping Method (BSM) Input
Basic Stripping Method (BSM) Output
Drilling, Blasting and Coal (DBC) Input
Drilling, Blasting and Coal (DBC) 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
0 Land Reclamation Simulation {LRS) Output
1 Preparation/General Administrative (PGA) Input
(Coal Preparation Factoring)
B.12 Preparation/General Administrative (PGA) Default
Values (Coal Preparation Factoring)
B.1l3 Preparation/General Administrative (PGA) Output
(Coal Preparation Factoring)
B.14 Preparation/General Administrative (PGA) Input
(Premining, Facilities, and Administration)
B.15 Preparation/General Administrative (PGA) Default
Values (Premining, Facilities, and Administration)
B.16 Preparation/General Administrative (PGA) Output
(Premining, Facilities, and Administration)

Wwwwwowwwww
= WO 00 = O U DO

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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DATE 07/08/76
PLPH = 2,03000
PCS< = 3,07000
LSO = 1,072000
Me(, = 0

KuLt =2 0

A8 B 63,4350
ACFU 8 {0,000
AbBSu ® 33,6890
Salni 2 2,00000
Brfiel 2 L00N000
Bl F & ,302000
CATC = 700000
FFP =2 390700
SFro= L350000
£97 = LH33700
ECR = 920000
PIF = ,9506°09
pLrPY = 2070,00
penPY = 2935,00
DBUC ® 2000,00
05SHY = 8207,00
PSSHY = 7647,00
CURTY = 3,3784321E 06
DOy = 1,20U302
ThaU = 16,2000
TUYH = 5,00000
TOGL = 5.00000
Kae = 1

ALF = 1.568,0
AnF = 214310
PLF = 10569,0
PAF = 107,000
HBH = 31,5700
HBA = 42,0000
HBX = 73,5000

HC = 12.5000

B.l Basic Stripping Method (BSM)  Input

BASIC STRIPPING METHOD
0507 {BSHUO507) FORT UNION
0507 BASIC STRIPPING METHOD

INPUT PARAMETERS



LL

PCPM
PCSM
PCSD

MFG

KDLN
ABHD
ACFD
ABSD
SWDH
BWBH
BWCF
CATC
FFB
SFB
ES@
ECR
PTF
DCBPY

B.l Basic Stripping Method

Plot Control Primary

Plot Control Secondary

Plot Control Direction
Manufacturer Code

Dragline Identification
Angle Burden Highwall Degrees
Angle Coal Face Degrees
Angle Burden Spoil Degrees
Safe Working Dist Highwall
Bench Width Burden Highwall
Bench Width Coal Face
Clearance at Toe of Coal
Fill Factor Bucket

Swell Factor of Burden
Efficiency of Stripping Op
Expected Coal Recovery
Propel Time Factor

Density of Coal

(BSM) Input - Definitions

DBBPY
DBUC
@#SSHY
PSSHY
CDRTY
DDY
TRAD
TDMH
TDGD
KAC
ALF
AWF
PLF
PWF
HBN
HBA
HBX
HC

Density of Overburden
Density of Bucket

Scheduled Hours Per Year
Productive Hours Per Year
Coal Demand Recov. Tons/Year
Dragline Depreciation Years
Tolerance on Radius
Tolerance on Dump Height
Tolerance on Dig Depth
Area of Panel or Segment
Area Length Feet

Area Width Feet

Panel Length Feet

Panel Width Feet

Height Burden Minimum
Height Burden Average
Height Burden Maximum
Height Coal
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B.2 Basic Stripping Method (BSM) Output

B U708/ BASIC STYRIPPING BETHID
507 (BSMUOSOT) FORT UNTLN
0307 BASIC STRIFPING METHOD

SELECTION STATISTICS

HU, MACHINES 200
N TR UN O MInIPUM 200
M3, D,K, UN AVERAGE 159
M, Q.M. DN MAXIRUM 109
MU, O.K. FOR COAL DEMAND 145
REFERENCE T LEAST-(CUST MACKINE 84 &/7TOKN 369
REFEREMCE T COAL DEMAND MACHINE 104 %/70N s487
A-B - CD E F
A B CDE F G H I J K L M N 0
BY/Y YEARS cT/yY INVEST QPER REAEE Y $/TON COR /7 $7CeYs
1 1525175 3019 2 5300E 07 66,42 S1393F 07 «1T6BE 08 4 3B3T7E. 08 ,5605E (8 06057 £ 0000 §1592 NA
21525 175 35 19 #+B0TBE 07 69433 2 1334E 07 s1R00E OB 43951F 08 ,5751F 8. 46215 0000 1634 NA
3 1525 175 40 19 e4890F 07 71,99 ¢1285E 07 ,1815E 08 4037€ 08 ,5852E 08 46324 +0000 w1662 Ne
4 1567 19530 17 «H980E 0T T0s70 e 1309E n7 ¢ 1B6UE 0B 44067E 08 ,5934E 08 6413 +0000 1685 NA
5 1567 195 3% 18 25155F 07 68,29 513558 07 . »1P13E 08 ¢3937€ 08 ,5750E 08 6213 #0000 1633 Na
6 1567 195 40 19 §3256E 07 66,97 J13BZE 07  «1725E 08 +3798E 08 ,5523E 08 .5969 000G i1569 NA
82 10670 283 30 125 23961E 08 -~ 8,888 21041F 08 4 1396E 0B 42261F 08 ,3656F 08 3951 1334 «1039 NAXE
83 10670 285 35 131 «4UDBE 08 R 591 SLOTTE 08 g1347TE 08 42182E- 08 ,3329E 08 .3814 1,332 1002 NAXP
B4 1ub7c 285 38 137 24266F 08 8,297 J110BF 05 ,130%E 08 21108 08 ,3415E o8 L3690 14335 s 9T700E~0] NA=V
85 10900 310 30 113 e 3641E 0B 9670 295T0E OT o1505E 08 ,2443E 08 ,3948E 0B 4267 1.324 1122 NAXR
86 10900 310 '35 119 ¢3793E 08 ~9,28] fF9TOE 07 ¢ L43TE 08 ¢2335E°08 ,3773E 08  .4077 1,318 $1072 NAXP
87 10909 310 38 125 ¢3951E 08 . 8,911 1038E 08 ,1390E 08 42253E 08 ,3642E 08 43936 1,325 21035 NAXP
88 13550 325 34 149 4BOYE 08 70327 +1263F 08 S 1465E Q8 ,2277E 08 - ,3741E 08,4043 1,056 1063 NAXP
103 3100 225 30 45 «1364E 08 25,81 «3585E 07 (1391E 08 ,26028 08 . .3993E 06,4315 §5015 1134 NA-p
106 3100 250 3% 41 1258E 08 27,98 #330TE 07 (14506 08 42753k GB  .4203E 0B . ,6542 4870 §1194 Na P
105 3100 275 30 31 fFEBOLE DT 35,70 22592 07 . ¢1683E 0B . 2962F 08 ,4647E 08 ,5022 2 0000 L1320 NAX
106 33850 30032 3% 21129 08 31418 2968E 07 ¢171BE 087 33210E 08 ,402PFE 08 5326 $ 0000 1400 NAX
196 5398 34n 33 52 o1716E 0B 20,52 «4B51LE 07 G LTLIOE 08 53)48E 08 ,4864L 08 (5257 2 TGB7 21382 Naxp
195 6437 340 36 58 o 1903E 08 18,50 oBOO0LE 07 416306 08 & ,2936F 08 . ,4566FE 08 ,4934 s 8000 1297 NAXP
196 6455 340 38 bl s 1992F 08 17467 0 5236E 07 21572k 08  (2B21E 08 ,43930 0B 26747 £ 8060 §1248 NAXP
197 3180225 30 45 e 1376E 0B 25,55 #3622F 07  L1380E 08 22T12€ 08 ,4092E 08 44422 £5193 1162 NA P
198 3180 2385 30 . 43 +1330E 08 26447 0 3496FE 07 #13Y5E 08 ¢2770E 08 ,4165E 08 44501 85102 21183 NA P
199 3180 245 30 40 ¢ 1250F 08B 28,16 «32B0E 07 . o140YE 0B . ¢2931E 08 ., 44008 08 4755 §5066 21250 NA&D
200 3180 260 30 35 «1110E 08 31,70 e2919E 07 ¢1585F 0B ¢3219E 08 L4B04E 0B 4519] 2 Q000 1365 NAX

(See next page for definitions of Columns A thru 0.)
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Colunn

OZEMRuHMEQEDNU QWP

B.2 Basic Stripping Method (BSM) Output - Definitions

Dragline data base identification number

Dragline weight (thousands of pounds)

Boom length (feet)

Boom angle (degrees)

Bucket size (cubic yards)

Machine capacity (bank cubic yards/year)

Years required to mine property at full machine capacity

Recoverable coal uncovered at full machine capacity (tons/year)

Total investment cost

Total operating cost

Total cost

Stripping cost in dollars per ton of recoverable coal at full machine capacit
Stripping cost in dollars per ton of recoverable coal at required production
Stripping cost in dollars per bank cubic yard

Machine acceptability code: meets geometry at minimum overburden

meets geometry at average overburden

meets geometry at maximum overburden

meets required production rate

U2

Y

rate




Appendix B.3 & B.4 Drilling and Blasting
Input and Output

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

Computer input and output for the hypothetical baseline
situation for the Fort Union test case are shown on the
following 3 pages.

80
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DRILLING

0807  {(UDBLO507)

i

KMED
ICASE

QSRHY
NPRHY
£ED0
pTE

D
HRMF
DeGLe
LAGLE
DSGLL
proy
POH
Pk
HPF
PERL
CRCOC
COCONF
[gerd
cany
tspeP
PLY
DR SMEH
CORTY
COsYY
HC
SND1
S

8

B.3 Drilling/Blasting Coal

AND BLASTING SIMULATION
INPUT PARAMETERS

11719776

FORT UNION

DRILLING AND BLASTING COAL

1812. 50
1631.25
1.033
1. 00
100.00
- 00

- 00

+ 80

«00

» 15
1.02

- 00

PR )

.05
125,00
44400

» 00

-C8

+32
30.00
360,
3084512,
»3353E C7
12.00
3.000
12.99
12.G0

MEDTUM FOR DRILLING, 0=COAL 1=0.8,
ICASF = 1, N0 S¢8,S50D1 SPECIFIED
{CASE = 2, SDOI SPECIFIED

ICASE = 3, S,3, AND SDDI SPECIFIED
SCHEDULED CPERATING HOURS PER YEAR
PRONULTIVE OPERATING HOURS PER YEAR
EFFICIENCY OF ORILLING OPERATIGNS -~ FRACTION
PROPEL TIME FACTOR -~ FRACTION

PANEL WIDTH - FEET

HULE BOTTOM MAAGIN « FEET

DENSITY CF PRIMER -~ GRAM / (C
DENSTTY OF ANFO =~ GRAM / CC

DENSTITY COF SLURRY - GRAM / CC
PCWOFR RATIO — £8S. / YARD
PERCENTAGE DRY HOLES

PERCEMNTAGE WET HOLES

FEIGHT CF PRIMER =~ FEET

% FX. BLASTING CAPS/CASY BOOSTERS
COST OF BLASTING CAPS/CAST BOOSTERS - $/100
CCST OF DETCNATING CORD - & / M FT
CGST CF PRIMER - $ / LA,

CCST GF ANFQ - & / LB,

CCST OF SLURRY = § / LB.

PRCJECT LIFE - YEARS

DRILLING RATE IN SOFT MAT'L <« FT./HR.
COAL DEMAND - TONS/YEAR

COAL DEMAND - BANK YDS/YR

FEIGHT OF COAL -~ FEET

SPECIFIED DRILL DIAMETER - INCHES
SPACING =~ FEET

BURDEN = FEET

Input




8

B.4

DRILLING 'AND BLASTING SIMULATION
INTERMEDTATE VARTABLES

11719776

FOKRT UNITUN

DRILLING AND BLASTING COAL

CCOAL ACRE FEET

AREA COAL - BANK YDS

RATE OF LINFAR ADVANCE -~ FT, / YR,
REQUIRED BHOLE LENGTH - FT,

VOLUME EFFECTED < CUe. YD. / FOUY CF HOLE
PCUNDS COF EXPLOSIVE PER HOLE

VCLUME EFFECTED - CU. YDo / HOLE

NUMBER OF HOLES PER YEAR

WFIGHT OF ANFO - LBS, / FT. OF HOLE
WEIGHT OF SLURRY - LBSs / FT. OF HOLE
WEIGHT OF PRIMER - 18S./ FT. OF HOLE
HEIGHT OF ANFO IN HOLE - FT,.

REIGHT OF SLURRY IN MOLE -~ FT.
STEMMING HEIGHT FOR DRY HOLES = FT.
STEMMING HEIGHT FOR WET HOLES - FT.
REQUIRED LENGTH OF DETONATING CORD
COST OF DETUNATING CORD = % / YR,
NO. (F BLASTING CAPS/CAST BOOSTERS / VEAR
COST ‘OF BLASTING CAPS/CAST BOOUSTERS ~ $/YR
WEIGHT OF PRIMER ~ LBS. / YR,

CCSY_OF PRIMER =~ $./ YR.

WEIGHT OF -ANFO - LBS. / YR,

CCST OF ANFO - $ / YR,

WEIGHT OF SLURRY =~ £3S8. / YR,

CLST OF SLURRY =~ & / YR.

ACTUAL POWDER RATIO - L8S, / CU. YD.

COST OF EXPLOSIVES -~ ¢ / YR.

CCST QF EXPLOSIVES =% / FT. OF HOLE

COST OF EXPLOSIVES ~'$ / UNIT BLASTED

- FT / ¥R

DRILLING AND BLASTING COAL

0507  (uDBCOSCT)
1
CaF 5155.39
ACRY «10058E 239
RLADFY 75437.06
RHLF 12.00
VIFYH .33
PEH 10.00
VECYH £4,00
NHY 5238€.00
WAPFH 2:45
WSPFH -2
WPPFH Q0
HAF 4.08
HSF «22
SHDF 71.52
SHWF 12.00
RLOCFY 1445852.00
cneoy €3617.52
N3CY 55205.22
cscoy 68756¢.19
WPPY <00
P oY «00
WAPY 52386C.00
CADY 41938.79
WSPY 00
csoy .00
ADRPY 16
CEDY 174282.44
CEFH «28
- CEUB «06
A B

NDR

23 CD 3-18 1.07¢

(See next page for definitions of Columns A thru

C D E F G H I
MeCwh MIOPN M$06LC $/FT $/UNIY M$/IYR $/FT
5.76 30.48 36.24 - 06 «Q12 174.28 28
LEAST COST MACHINE - 23
Iqo)

Drilling/Blasting Coal (DBC)

Output

J K
$/UNIT CMS/YR
«0587 210.52

L

C$/FT
+33

M

C$/UNIT
« 068

N

C3/AFT
1215.63
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Column

RUu-OmHHOOQ@

Z2r

B.4

- Rotary

Number
Annual
Annual
Annual

Drilling and Blasting (DAB) Output - Definitions

drill data base identification number

of drills required

ownership cost for drills (thousands of dollars)

operating cost for drills (thousands of dollars)

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 yvard of overburden drilled and blasted)

Combined annual ownership and operating costs for drilling and explosive

(thousands of dollars)
Combined cost ($/foot of hole drilled)
Combined cost ($/cubic yard of overburden drilled and blasted)
Combined cost ($/acre of coal uncovered)

1]




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 Fort Union test case are shown on the
following 2 pages. ‘
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B.5 Haul Unit Simulation (HUS) Input

wesoessHAUlL DATAmsesaes

S8

TRUCK UBDL180D1BOTEww% (UHUS0507)
mamre  LOIABED oewve=

SEG LENGTH GRADE ROLLING SPEED SAS
NO  (FT.) (%! RES,{%) LIMIT IND

FORT UNION HAUL UNIT SIMULATION

INPUT FACToRS USED IN HAUL UNIT CALCULATIONS

HAULING MEDIUM = 0OmCpAlL,1=0,8,

TRUCK TYPE = 1aREAR,2eTRAILER,3®g0TH

TRUCK SPDT AND WAIT = OuNDs1=YES

2640, 0 6. 20
2. 2430.0 60 30 w0 on oo AVERAGE SITE TEMPERATURE
3, 10716,0 o0 2.0 20 0. O gb:iTgESNUCTxum DEMAND
% 7040 0 3 0 Sl el
! o 0 RE BENSITY OF BANK CUAL
22826,0 SWELL FACTUR DF COAL
' EFEICIENCY OF LOADER OPERATION
gFFICIENCY OF TRUCK DPERATION
mmame EMPTY masen FILL FaCTOR
EMBTY SPEED FACTOR=LANG HAUL
EMPTY SPEED FACTOR<SHORT HAUL
SEG LENGTH GRADE ROLLING SPEED SAS SAE COST OF FUEL PER GAL,
(¢ RES (%) T G TRUCK AVAILIBILITY FACTOR
ND  (FT,} (%) RES, (%) LIMIT IND IND 1L AND LUBE FACTOR
4s 704040 40 3.0 30,0 1. 0 SCHEDULED OPERATING HOURS PER DAY
3, {0716,0 0 3.0 30,0 0. 0, PRODUCTIVE OPERATING HDURS PER DAY
2 2630,0 =40 3,0 30.0 0. O, {NDEX FOR JOB COMDITIONS
le 2540.0 0 6.0 12.0 0o 1 TOLERANCE FUR PAYLOAD DVERLUAD
22826,0
45652,0
SAS IND = Stop at start of segment required
SAE IND = Stop at end of segment required
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B.6

Haul

wommmgwa bl AUL  DATH w0

TRUCK UBD18ODIBOTEw=% (UHUSOS507)
comne | DADED ovswe=

FORT UNIDN HAUL UNIT STMULATION

SEG LENGTH GRADE ROLLING SPEED $AS SAE ACTUAL
NO - (FTe) (%) RES, (%) LIMIT IND IND SPEED
1o 2640.0 0 660 12.0 1. O 6.8
2. 2430,0 4,0 3,0 0 0. Os 5.8
3, 10710.0 0 3.0 :0 0s Qo 16,0
4y T060.0 40 3,0 0 0, 1s 1640

22826,0

nowea EMPTY ccsms

SEG LENGTH GRADE ROLLING SPEED SAS SAE ACTUAL
ND  (FT.} (%) RES, (%) LIMIT IND IND SPEED
4e _T040.0 20 3.0 30.0 1. O 30,0
3, {0716,0 40 3.0 30,0 0. 0, 30,0
2' 2430,0 "(.lo 3.0 30.0 Os Os 3010
ls 2640,0 40 6.0 12,0 0. 1s 12,0

22826,0
45652,0 TOTAL MOVING TIME & LENGTH

Unit Simulation (HUS) Output

TiNE
(MINS

2.7
451
e 9

243
10,1
3260

mmmmaCYCLE TIMEe=me=

LOADED TIME

EHMRTY TIME
LOADINGETIME

“AYT TIME. AT LOADER
TIME To S5PT AT LOADER
TURN AND DUMP TIME

wowenTOTAL CYCLE TIMEmm=-=-

mromewP RUDUETION CATAmwpmww

EFFECTIVE MINUTES / HOUR

HO,. OF TRIPS -/ HOUR

ACTUAL = CAPACITY PAYLDAD IN TONS
N0, 0F TONS o/ HOUR

MO, OF HAUL UNITS NEEDED

wawmmnl ST BATAnemww

APPLICATION = RATED TON MILES PER HOUR
EFFECTIVE TIRE LIFEwHKS

FUEL CONSUMPTION=-GAL/HR

DWNERSHIF COST « S/HR

ween IPERATIHG COSTwmen=

MAINTENANCE = MATHY
LABOR

FUEL COST

LAROR

TIRE €0ST

OPERATING COST. = $/HR

TOTAL OWHERSHIP & QPERATING COST
24 0 DOLLARS PER TON

2181
1013
Bahf
1a80
00
260

37498

50,0

*
181,9
239,06

Aofl

212+23
5000,0
28,8
22481

11,28

Ts52
11e23
1le26
17.86
5915

81496
s34

158¢2

280400



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 Fort Union test case are shown on the
following 3 pages.
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B.7 Coal Load and Haul (CLH) Input

INPUT FACTORS USED IN COAL LDAD AND HAUL SIMULATION 09/23/76 RUN NO, = ]

0507  (UCL40507) FORT UNIDN
1 CUAL LDAD AND HAUL SIMULATION

LOAD AND HAUL MEDIUM = 0al0ALs1=0,R, 0, KMED
SHOVEL=SSHEDULED HOURS PER YEAR 3625,00 Q5QHY
SHIOVEL~PRONUCTIVE HOURS PER YEAR 3262,50 DPGHY
SHOVEL CYLLE TIME IN MINUTES » 50 QCTH
EFFICIENCY DF SHOVEL DPERATIONS 283 EDU
SHOVEL DIPPER FILL FACTOR 095 FF
MINIMUR NUWBER F SHOVEL SWINGS Tg LoAD haQ MINME
MAXIMUM wUuBER OF SHOVEL SWINGS Tpo LOAD 20.0 MAXHG
PAMEL ©]OTH 100,00 P
REIGHT OF oAl 12,00 HC
EXPECTED ChAL RECOVERY 222 ECR
AREA CAL IN RECQVERABLE MILLION TONS 2,53 ACRT
COAL DEMAND 3084321, CORTY
DENSITY pf CnAL - BANK 2000,00 UDCEPY
SnELL FACTAR UF COAL ¢35 §FC
CLEARANCE nF QPERATION 2,00 CLD
EFREICIENCY OF TRUCK OPERATION 83 ETO
TRUCK AYAILIBILITY 1,00 Ta
TRUCK-SLHEPULED HOURS PER YEAR 3625,00 U3THY
TRUCK-2RDDYCTIVE HOURS PER YEAR 3262,50 UPTHY
PAYLDAD TOLERANCE 10 PLY
METHND (OF MPERATION 2,00 ICASE
NUMBER DF CUTS TU REMOVE MATERTAL 130 NCS
DEPRECIATINN SWITCH «0 IDEP

CASE- = 2 =-=TRUCK LDADED ON SIDE DF SHOVEL
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9307
1

ACTUAL
ACTUAL
SHOVEL
NUMBER
WEIGHT

[$94

#0507}

ANGLE UF
SHOVEL CYCLE TIME
EFFECTIVE MINUTLS PER HOUR
OF SHOVEL SWINGS PER HOUR
DF BERM ABQVE FLOOR - CASE 1

COAL ALKES

A
SEQ

23
23
23
22
23
23
23
23
23
23

25

33
34
34
34
34
24
34
346
34
34
34
36
36
36

26
36
36
36
36

-

36

36

c
I MM$

3,528
33528
3,528
3,528
3,528
3,528
3,528
3,528
3,528
3,528

54017

4,066
4,011
4,011
4,011
4,011
4,011
4,011
4011
4,011
4,011
4,011
4,776
4,776
4,776

4,776
4,770
4,776
4,776
4,776
4,776
4,776

FORT UNION

B.8

Coal Load and Haul (CLH) Output
INTERMEDIATE VARIABLES CALCULATED BY SIMULATION 09/23/76 RUN NO, = 1}

COAL LOAD AND HAUL SIMULATION

SWING

D
G MHE

4,878
4,888
4,808
4,898
4,838
4,818
4,888
4,808
4,838
443488
574

9.159
5,376
5,376
5,376
5,376
5,376
5,376
5.376
5.376
5,376
5,376
5,998
5,988
5,998

5,928
5,928
5,958
5,928
5,958
5,998
5,958

E,
$/TON
2091
+091
Qagl
.le
2091
+0%1
071
091
2091
2091
s118

$ 1463
5101
101
101
101
«101
« 101
0101
101
2101
101
«116
elle
116

e 116
<116
: 116
110
116
0110
116

F
£$/ToN

23538
«537
+ 853
e&16
2490
2571
2 571
2547
1547
2532
<573

'601
1556
#5558
,683
2629
#5502
538
588
9559
+ 559
0539
556
2555
i

21636
e 457
e 5658
. 565
2567
e 567
514

LEASY COST COMBINATION =

90.0 AANGS
.50 4CTHA
500 SEMM
1000 SHSH
120 CLH

5195,04 CAF

G
CS8/AFT

G576,
FEBO,
11316,
10973,
EEREN
10168,
10168,
97444
D44,
F680)e
10210,

1070%L.
9908,
GRET,

12158,

11198,
8945,

1048G,

104980,
783,
9963,
3857,
GR0N,
G879,

120617,

10053,
10n51,
10091,

3162,

35 18

H I J K L M
S/TON 1 MMS 0O MM # # SEQ
44T 12.029 29,308 570 2 1
s448  11.9298 29,229 Dot 9 2
#5572 18,5%4 34,374 7469 8 5
1528 160346 32,046 6,92 7 )
$408 110163 26,545 'YL 5 18
0480 15175 29,230 T.26 & 45
480 15,175 29,230 7,26 g 46
e4556 12.666 29,538 5,68 7 5%
1438 12,6066 29,528 6ch8 7 52
bl 12881 27,951 519 & 53
455 124027 36,054 3.2 ? 1

w

#4658 12,881 29,486 5448
0458 124029 30,054 B:92
2454 11,998 29,376 8490
581 18,594 125,180 7.87
0527 16546 32,244 6,97
2401 1e163 25,921 4443
2487 15,175 29,885 Tatd
45T 15,175 29,8385 Tabd
2458 12,666 29,703 6471

o
Qo OR WY R e 1

I N ARG - R URC R LRV 8
U g B
P O

258 12,666 29,703 6,71 2
$437 12,881 27,590 5,12 53
a4l 12,029 28,639 8,50 1
0438 11,998 28,562 3468 K3
w551 18,394 33,302 Tohl 5
e 320 16:546 1a 8 LyA2 7 I
331 11.1563 26,054 Gey S 3 18
2448 13,278 28,1958 Te3l T 4%
448 13,278 28,193 Told ki &
%50 12.656 28,993 6,55 7 51
2650 12,666 28,993 6,455 7 52
«398 104735 26,100 hedB 3 32

(See next page for definitions of Columns A thru M.)
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Column

BEHERGHIOEBODOW 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 input and output for the hypothetical baseline
situation for the Fort Union test case are shown on the
following 4 pages.
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B.9 Land Reclamation Simulation (LRS)

Input

LAYD RECLAMATION SIMULATION

L0G PARAMETERS

07/20/76

507 (ULRS0506) FORT UNINN

i LAND RECUAMATION SIMULATION
I KAC 1 METHOD NF INPUT = 1, 22 3, OR 4
1 KSR 1 SPOIL REGRADE = 1=YESs O=hn
1 LOGPA 1 PRINT INPUT VARIABLES IF = 1}
# ACRES 5195.39 ACRES NN PROPERTY
$ ALRT «925362F 08 AREA LOAL IN RECOVERABLE TPNS
{ CORTY »308432E 07 COAL DEMAND « RECOVERED TOMS / YEAR
1 ¢6n 300,000 COST FNR GENERAL DNZING = $/ACRE
1 CLn 100,000 COST FOR LAND MAMNAGEMENT = $/ACRE
§ CRY 250,000 COST FNR REVEGETATION = $/ACRE
¢ EMH 49,9600 EFFECTIVE MINUTES PER HDUR
1 ERQ 833000 EFFICIENCY DF LAND RECLAMATION. » FRACTION
1 W8T 1,25000 HEIGHT NF TOPSNIL - FEET
i PLRHY 1590,00 PRADUCTIVE LAND RECLAMATION = HRS / YR
® PUF 190,000 PANEL WINTH = FEET
C RAY 173,168 RECLAMATION ACRES PER YEAR
€ T1anTy 666641 TANGENT NF AMGLE DF SPDILS
¢ MY 30,0021 TOTAL MINING YEARS
1 mAP 3 NUMBER NF ADDITIONAL PANELS
& P 214 NUMBFR 0f PAMELS
¢ ABBY .352040E 09 AREA BURNEN IN BANK YARDS
1 adHD 63,4350 ANGLE NF BURDEN RIGHWALL =~ DEGREES
e ACAT .100583E 09 ARFA CNAL TN BANK TONS
¢ ACHY L.100553F 09 . AREA CNAL TN BANK YARDS
1 ACFD 76,0000 ANGLE NF (DAL FACE = DEGREFS
# ALF 10560.0 ARFA LENGTH « FEFT
® AWF 21431.0 AREA WIDTH = FRET
1 AW3H . 00000 BERM WIDTH ON HWIGHWALL = FFET
{ npuck 000000 BERM WIDTH NN CNAL FACE = FEET
1 CATC 000000 CLEARANCE AT TDE OF CDAL = FEET
¢ COTA 2699967 COTANGENT DF ANGLE OF THE c0AL
¢ cove .249376 COTANGENT DF ANGLE OF THE NVERBURDEN
¢ curT 1.50006 COTANGENT OF ANGLE OF SPOIL
§ NapPy 2935,.00 DEHSITY NF BURDEN ~ BANK LRS / ¥D
1 ocepPy 2100.00 DENSITY mF COAL - BANK LBS / YD
1 ECR .520000 EXPECTEN COAL RECUVERY =~ FRACTION
8 HBA 42,0000 AVERAGE HEIGHT OF DVERBURDFN = FEET
# HC 12,00¢0 HEIGHT DF COAL - FEET
¢ HSA 73.3600 HETGHT NF SPMIL (AVERAGE} « FEET
# PLF 105600 PANEL LFNGTH = FEET
1 RAP +3000C0E=0QL RAMP GPANE = FRACTION
¢ ¢ 4,01062 SLOPE OF THE CNAL
1 SF8 . 350000 SWFLL FACTOR OF NVERBURDEN « FRACTION
€ sH 2,00001 SLOPE OF THE HIGHWALL .
¢ SRYT 3,80435 STRIPPING RATIN - BANK YDS / REC, TUNS
¢ $s 1>50006 SLOPE OF THE SPOILS
* $SL 225984 07 SUM OF THE SEGMENT LENGTHS
C TANA 2,00001 TANGENT nF AMGLE OF COAL
¢ TauB 4,01082 TANGENT NF ANGLE OF OVERRURDEN
¢ TRSLAFY 75431.7 LINEAR ADV, OF THE STRIPPING 0P, = FT/YR
1 WPLF 2640,00 WORKING PANEL LENGTH = FEET
¢ XHBA 20,9999 EXTENSINN DF AVERAGE OVERBURDEN = FEET
€ XHC 2,99151 EXTENSION DF CNAL ~ FEET
€ XHSA 110,053 EXTENSINY NF AVERAGE SPOIL ~ PEET
L. HRAMP 1598500 EXTENSION OF RAMP = FEET
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B.9 Continued

§ DIGRPY 2320.00 DENSITY nF TNPSOIL = BANK LBS 7 YU

1 sCA 1,00000 SCRAFER AVAILIBILITY =~ FRARYION

1 sCCN 38,2100 SCRAPER WOURLY OPERATING CnST = $/HR
f sceP 22,2600 SCRAPER HOURLY OWNFRSHIP CnsT = &/HR
1 scPa -,318100 SCRAPFR PERF, CfIFF, A

1 5CP8 126,400 SCRAPEP PERF, COEF, 8

1 scrC 33,5060 SCRAPER MAXIHUM PERF, SPEER = MpH

{1 sCPD 5225400 SCRAPER RRAKING CDEF, A

§ SCPE 247,800 SCRAPER RRAKING CUFF. B .

1 SCPF 33,0000 SCRAPER MAXIMUM BRAKING SPFED « MPH

i SCSA 32,0000 SCRAPER WEAPED CAPACITY = €U Y0NS

1 scsC 91.20C0 SCRAPFR FMPTY WEIGHT = M LRS

1 scso 72,0000 SCRAPER PAYLOAD - ¥ LBS

I SFT £ 430000 SWELL FARTDR OF TDPSNIL = FRACTION

T TmsM < 700000 TIME TN PANUEVER AND SPREAD « MIMUTES
1 TRF +%000C0E=01 TUTAL RESISTANGE UM HAUL - FRACTION

¢ TRMYY 349,221 TOPSOIL PEMOVAL DEMAND M YNS/YR = BANK
¢ TRSAY 173, 1¢7 T.5. REM, € SPRD, ACRES / YR

¢ TRSPY 28,5726 T.S. REM. & SPRD, HOL OF PALFLS / YR
# TRYDF 5012.61 TOPSNIL REMOVAL DISTANCE MAVED = FEET
€ TSHYY 499,305 TOPSNIL SPREAD DEMAND M YDS/YR = LDOSE
& TSTDF 2748.43 TORSN1L SPREAD DISTANCE MOVED e« FEET
1 TTLH 500000 TIME TN LUAD SCRAPER = MINUTES

I ABSD 33,6890 ANGLE NF BURDEM SPDILS - DFGREES

1 coa 1.000¢0 DOZER AVAILIBILITY « FRACTION

1 COCN 31,1820 DIZER HOURLY DPERATING €OST = $/HR

1 eocp 21,3000 DOZER HOURLY DWNERSHIP COST = $/HR

1 cLPA «49.5760 DUZER PRNDUCTION COEF, A

1 cop8 158000, DOZER PRNDUCTION CTIEF, B

1 COPHY 2190.00 DOZER PRNDUCTIVE HMURS PFR YEAR

€ npuF 130,000 DOZING NISTANCE = FERT

1 DMNOF 55,0000 DOZING MINIMUM DISTANCE - FEEY

1 DMXOF 600,000 DOZING MAXIMUM DISTANCE ~ FEET

1 £C00 » 750000 EFFICIENCY DF DNZER OPERATIUN

1 FPw 1.50000 FRACTION PANEL WIDTH DOZFD MAT'L WMOVEQD
1 FR 2250000 FRACTINN OF DUZED MAT'L REHANDLED

¢ SRAY 173,168 SPNIL REGRADE ACRES PER YEAR

€ SRMYY 1455,03 SPNIL REGRADE DEMAND M YDS / YR

€ SRYA 6721.96 $POIL REGRADE YARDS / ACRE

€ SRYAR 8402,65 SPOIL REGRADF YDS / ACRE INCL. R/H




B.10 Land Reclamation Simulation (LRS) Output

149

-
LAND RECLAMATION STMULATION 07/20/786
CALCULATED RFSULTS
n5n7 (ULRS0506) FORT UNION
1 LAND RECLAMATION SIMULATION
A B C
SERAPER cuyD PeMLBS A=MLBS
32,00 72,00 51,92
D jiA
DOZER 6?% CUYD/HR
150,00 1003,76
F G H I J K L M N o P Q
LeMPH  E~MPH CTH TPH MCYY 4 I=M$/YR  DeM$/YR  1aM$/¥R $/CY $/4 $/TON
75 REMOVAL  12.24 22.78 8.75 5.71 203415 1.72 60.84 §04e44 165,28 473 954.428 056
TS SPREAD 11.95 ~ 22.78 5,58 8.93 455440 1510 38,81 66062 105,43 L211 608,851 2034
2,82 1563,278 2088
SPrIL REGRADE 1648,68 «88 41417 60,26 101663, 070 585,742 +033
GEMERAL NOZING sh5 51.95 300.000 017
1:33 885,742 2050
REVEGETATINN 34,63 200,000 W01}
LAND MANAGEMENT 17.32 100,000 L1
TOTAL LAND RECLAMATION 476,06 2749,021 154
(See next page for definitions of Columns A thru Q.) ;
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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.11, B.12 and B.1l3 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
Coal Loadout

Preparation Plant
Preparation Plant Support.

Computer input and output for the hypothetical baseline
situation for the Fort Union test case are shown on the
following 4 pages.
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B.11 Preparation/General Administrative (PGA)
(Coal Preparation Factoring)

GA MODEL ECONCMIC SUMMARY RUN DATE 12:13 OCT 29,776 PAGE NO. 7.1

CASE NQO. 1019 TITLE ({PGALO1S) HYPCTHETICAL MINE STUDY — BASELINE SOLUTICN
ALT. NO, 507 TITLE FORT UNION

1975 DOLLARS

I 1#0GaA o INCLUDE GAENERAL & ADMINISTRATIVE
T [mMoee 1 INCLUDE PREP PBLANT

i 1 PP~ INDEX TO PLANT TYPE

1 1 WRITES CFA CONTROL FILE IF 1}

{ 1 PRINTS DEFAULT VARIABLES IF 1

i 1 WRITES CFA EQUIPMENT FILE IF 1

I 1 PRINTS PARAMETERS IF 1

i 1 PRINTS REGRESS. DATA FILE IF 1

i 1 WRITES SPECIFICATION DATA IF 1}

i 1 WRITES ECONCMIC SUMMARY IF ONE
H 2 Nijo CF YTARS T2 STARTUP

1 PPGED «4LS3CCE 15 PP~ BASE ENERGY ATU/YEAR

i ppaY 75003049 pp ~ BASE TONS/DAY

I PPNED «13CGOCE 15 PP -~ CCMPLEX ENERGY DEMAND BTU/YEAR
{ PPNHY 767C.CO PP — CLCAL HEAT VALUE BTU/LSB

{ P20DY 2554300 PP —~ OPERATING DAYS/YEAR

I SFR «350CCC SWELL FACTOR FOR BURDEN

I SFC «35CCCC SWELL FACTOR FOR LCOAL

fosavr 2.804CC STRIPPING RATIC YARDS/RUM TONS

1

™Y 30.00CCC TOTAL PINING YEARS

Input
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B.12 Preparatoon/General Administrative (PGA) Default Valhes
(Coal Preparation Factoring)

PGA MODEL ECONCMIC ‘SUMMARY RUN DATE 12213 OCT 29,*76 PAGE NO. 7.3 ,/”'

CASE NO. 1019 TITLE “{PGALOL9) HYPCTHETICAL MINE STUDY ~ BASELINE SOLUTION
ALY, NO. 507 JITLE . FORT UNION

1975 DOLLARS

PPRHY  BASE FEAT VALUES 10993. 12760, 13084,
PPBSF  BASE SIZE FACTCRS « 9900 +8250 7870
PPBHF  BASE FEAT FACTORS 1.0036 1.0373 140600
PPCCF  CAP. COST FACYDRS 17790, 67400 2600. 9500, 8100. 52100, 8100, 702C0. 8100«
PPCLX  CAP, COST EXP. « 80 «80 1.00 <80 «590 75 <50 - 7G 50
PPPSF  UPER, PER. FRACTICNS 2.00 8.50 2.00 2.00 9.60 6.00 .60 6400 940
2423 2.00 2.00 2.020 4280 2.00 7420 &.00 F.60
3.00 00 1.00 3.00 +00 3.C0 « 00 3.00 .00
<00 00 «00 1.00 »00 2.00 « 00 5.G0 00
0 .02 »00 » 00 .00 2,00 «00 2,00 200
00 «00 -00 + Q0 » 00 » 00 30 2. 00 » 00
00 00 00 00 » 30 230 033 - 00 -390
«00 00 00 =00’ - G0 - 00 - 00 +CO «G
PPPSX  OPER. PER. EXP, «35 «35 #35 »35 «35 35 «35 325 35
PeLs 0P£R. SCHEL., COPES Se 9. 12 Fe S5 G Se G S
PPCC (JPER. CLASS CGDES 13. 13, 13. 13. 1. 13a 1la 13. ila
18 23. 18. 18. 22 17. 22a 17a 22
23. o} 23. 22 Ou 22 Oa 22. Qe
Je Co Ow 23, 0. 23 Ge 5 Ga
Oe 0. Co 0. e 10. Ga 23. G
Qe Ou Os 0. 0. 0. e i0s Ge
0. O. 0a Qe C. Ce Oa Ca Do
Ow Qe Oa O. G. 0. O D Do
PPMLF  MAINT. LABLR COSY F. 71.52 81.09 30.56 54431 174,02 184413 215.38 249438 23232
PPMLX  MAINT. LABCR EXP. 33 +35 35 «35 +35 «35 35 « 25 35
PPMMF  MAINT., MATL, CCOSY Fo 122.07 309.86 10.33 43.67 101.25 26742 101.25 51637 101.25
PPMMX  MAINT,. PMATL. EXP. -89 «80 =80 « 80 « 50 75 +50 « TG 50
PPFCF  FUEL COST FACTCRS .00 - 00 «-00 12.41 00 15.45 - 20 17.53 =00
PPFCX FUEL CCST EXP. - 00 00 00 - 80 - 00 .75 » 00 70 00
PPWCE  WATER CLST FACTORS «00 00 «00 » 00 .00 240 »30 %4620 «00
PPWCX WATER COST EXP, <00 =00 =00 00 00 1.00 30 1.00 =20
PPECF ELEC. COST FACTORS 45,05 99.87 22.12 19.08 128.12 185,00 128.12 314,65 128412

PPECX ELEC. COST EXP. 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 100
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B.12 Continued

PGA MODEL FCONCMIL SUMMARY RUN CATE 12:13 OCT 29.*76 PAGE NO. 7.4

CASE NQ. 1019 TITLE {PGA10l9) HYPOTHETICAL MINE STUDY - BASELINE SOLUTION
ALTe NJ. 507 TITLE FORT UNION

1975 DOLLARS

PALCF  LABOR COST FACTORS 63.78 105.53 55.83 79.24 143.62 161.06 166.80C 223.21 18%9.99%

PPLLX  LABCR CCST £xP. «35 «35 -35 «35 35 35 35 »35 35

PPONCF OWN, COST FACTORS 2625, 5438, 8712, 54384 2000. 54328, 2000a 5438, 200C0.

PODTF  (DER. HCURS/CAY 14.50 2L.75 38.45 21,75 8,00 2175 8.00 2173 2,00

PPEQTY UNIT QUANTITIES 1.00 100 1.00 1.00 1. 00 1.00 1.00 1.G0 1.C0G

PPMS MAINT, SCHEC. CODES 5. Se 5. 5a S5a Se 5. 5o 5e

PPMC MAINT. CLASS CCDES 4a 4o 4 o 4 b 4 b 4o

5a 5. Se Sa 5 5e 5. 5. 5

5. 6. 6w 60 [ [ be Ga be

14, 14, lé. l4. 12. 14, 12. ihe 1Za

12. 12. 12, 12. 13, i1z. i3. 124 1Z.

18. i8. 18. 18. 22. 18a 22. 18a 27

23 23. 23. 23. Qs Z3. s 23, Ce

0. 0. 0. OC. ol Oe Qe Oa Ca

PRME MAINT, FRACTICNS =074 - 087 - 069 «131 » 097 « 096 «Llis 113 « 146

«074 2+ 044 » 069 064 «195 - 096 w157 « 059 146

=256 2261 278 259 +292 « 238 ~315 «311 «228

«371 . J42 « 366 2061 .233 =092 0226 2068 « 210

«212 <125 199 187 .023 <128 075 w122 70

«205 «401 «255 +239 « 363 < £ 48 109 o248 . L05G

068 » 340 2063 - 059 <000 - 052 =000 - (3% <300

« 000 -G00 -000 «000 +000 « 000 2000 . 000 « 200
PRCRSY START YEAR 7.
PPCRNY NCa YEAR STARTUP 3.
PPCRSE STARTUP EFF. le
PPCRPL PURCHASE LEAC TIME 3.
PPLRLO LIFE CF (OPERA. 30,
PPQ2SF SALVAGE FRACTICN - 00
PPG20M DEPREC. METHIT O.
PRPD2PL PURCHASE CCDE Sa
PPO2KA REGICMAL ACJ. 1.92
PPD2EF ESCAL. FACTCR «00

PPL2CO CONSTRUCTICN CODE 1.
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B.13 Preparation/General Administrative (PGA) Output
(Coal Preparation Factoring)

PGA VODEL ECONCMIC SUMMARY RUN DATE 12213 OCT 29,?76 PAGE NO. 7.2

CASE NO. 1019 TITLE ({PGAIO19) HYPOTHETICAL MINE STUDY - BASELINE SOLUTICN
AT, NO. S207 TITLE FCRY UNION

1875 DOLLARS

PREPARATION PLANT STATISTICS

TYPE StZE ~ = — DELIVERED COAL - = —
TCNS/0AY BTU/LS TCNS/YEAR BYU/YEAR
i 370130.8 T7395.4 »316018E 07 »130000E 15
UNIT LABOR OWNERSHIP OPERATING [$244]
INVESTMENT = ~ — = =~ $/HOUR - = = - - $/TGN
REC & BREAK PREP. PLANY »100E598E 38 53.72 293.24 201.18 - 194
BLEND-STOCK PREP. PLANT -383066€ 08 82.42 T44 .34 371.14% «656
CCAL LOADCUT PREP, PLANT « L7TEER2E 37 43.60 21.55 84.26 4110
CRUSH-SCREEN PREP. PLANT «539930E 07 61.89 104.91 145.59 w147
CS SUPPORT PREP. - PLANT «569CC8E C7 112417 30C.63 282042 <148
«612223€ 08 1.254
T PPFHY 7055.4% PP~ FINAL HEAT VALUE
C epFrTY «S16C18E 07 PP~ FINISHED COAL TUNS/YELAR
C PoYF 1.0C3¢2 PP ~ HEAT VALUE FALCTOR FOR IPPT
R RN 10690.3 PP ~ BASE HEAT VALUE FGR [PPT
L PeNS 3701C.5 PP ~ CCMPLEX S1ZE TONS/DAY

POSE «S5S00C0 PP~ SIZE FACTOR FCR IPPT




Appendix B.14, B.15 and B.l6 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 facil-
ity. 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.

Computer input and output for the hypothetical baseline

situation for the Fort Union test case are shown on the
following 4 pages.

10l
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B.1l4 Preparation/General Administrative (PGA) Input
(Premining, Facilities, and Administration)

PGA MIDEL ECONCMIC SUMMARY RUN DATE 12:13 0CT 29+°76 PAGE NO.. 741

CASE NO. 1019 TITLE ({PGALOL9) HYPCTHETICAL MINE STUDY -~ BASELINE SOLUTICN
AT. NOW. 507 TITLE FORT UNION

1975 DOLLARS

T 1496A t INCLUDE GENSRAL & ADMINISTRATIVE
I tmope 0 INCLUDE PREP PLANT

i 1pPT 1 PP ~ INDEX TO PLANT TYPE

1 LO3CF 1 WRITES CFA CCNTROL FILE IF 1
ToLnsov 1 PRINTS DEFAULT VARIABLES I[F 1

I LO0EC 1 WRITES CFA EQUIPMENT FILE IF 1

1 LasPa 1 PRINTS PARAMETERS IF 1

I LIGRD 1 PRINTS REGRESS. DATA FILE IF 1

1 LTBSD i WRITES SPECIFICATICN DATA IF 1

I LO63Y 1 WRITES ECONOMIC SUNMARY IF ONE
1Ny 3 NO. OF YEARS 70 STARTUP

1 CREPY 2935.00 DENSITY OF OVERAURDEN BANK LBS/YARD
1 5CAPY 2160.00 DENSITY COAL BANK LBS/YARD

1 OECR .5206CCC EXPECTEC COAL RECOVERY FACTOR

I GauR 5C.0CC GAA ~ MINERAL RIGHTS ($/ACRE)

1 GARA .2500¢C¢C GAA = ROYALTY AMOUNT {$/TUN)
foGasy 25¢.CCC GAA ~ SUKFACE RIGHTS ($/ACRE}

1 5AST .CC3000 GAD - SEVERANCE TAX {S$/TON)

i GATAD 15887.0 TOTAL ACRES DISTURBED IN COMPLEX
1 GATYSB 60.9C47 GAA - TONS/YEAR ~ BASELINE

I AP .110CC0 GAA — UNION PAYMENT {$/TON)

T SF3 <3500C¢C SWELL FACTIR FOR BURDEN

1 SEC $35CCCC SELL FACTIR FOR COAL

1 SRYT 3.8C4CC STRIPPING RATID YARDS/RUM TONS

1 Tay 30.00C0 TOTAL MINING YEARS
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B.15 Preparation/General Administrative (PGA) Default Values
(Premining, Facilities and Administration)

PGA AONDEL ECONOMIC SUMMARY RUN DATE 123213 0OCY 29,*76 PAGE NO. 7.6

CASF NDs 1019 TITLE {PGALOL9) HYPCTHETICAL MINE STUDY -~ BASELINE SOLUTION
ALT. NCo 507 TITLE FORT UNION

1975 DALLARS

GLCLF  SITE WORK, § +300000E 07
G2SQF BUILDINGSs SCe FT. 135000
G2CSQF RUILDING COST, $/SQFT 36,2500
G2MSFF ANNUAL FUEL COST, 8 65000.0
C2MSFW ANNUAL WATER CO3T,. $ 250.000
GRCCF  POWER SYSTEM COST, $ -433203E 07
G4AlCF #H20 SYS. CCST. C~S, 8 2009700,
G4BLLFE H20 SYS. COST, B-Je 8 453000,
GLLUOLE H2Z) 5YS. CUST, H-¥, § 550000.
GSCLFE COMMUNTICATION SYS.e $ 125000.
G6CCF  MUBIL EQUIPMENT, § »1223020E 07
G7CCF  SHOP ECUIPMENT, $ 1030008 07
Gareal LAND, OCWN PYMT FRACTION -1G00C0
$A3R LAND, SURFACE RIGHTS, S/ACRE 253300
GAM2 LAND, MINERAL RIGHTS, $/ACRE 50.0000

MY LIFF OF OPERATION. YEARS 30.0000
GILZF  EXPLLCRN. DRILLING, $/HOLE 1020.00
GOAHCL EXPLURN, ECRILLING, ACRES/HULE 40,0000
GiOCCD ENGINEERING, ¢ . 6303008 07
GLICCF ENVIRCAMENTAL INMPACT STATa. $ +100300E 07
GIA2REC STAFF PERS., PERCENT OF UNICN + 160000
G13¥Pw TOTAL UNICH MANPOWER ESTIMATE 582,000
GL135CT SUPPLIES, 3/YEAR/STAFF PER. 2000.00
G137CL WNRK (LASS ~ STAFF 24,3203
G13GSC wike SCHEDULE - STAFF 3.00000
GL3AWR AVERAGE STAFF WAGE, $/YEAR 17900.0
GARS RIYALTY ON CCAL, $/TCN 253002
GASY SEVERANCE TAXx, $/TIN -030000
Gaup UNICN PESNION FUND, $/TON «~110000
GLEXP  SITE CAP. CCST EXP. +35
GZEXPL 3LDG FURL EXP. «85
GRZEXPZ BLDC FUEL MES EXP. » 90
G25XP3 ALDG wATER EXP. =75
GIEXP  POWER SYS. EXP, -70
G4HEXP WATER SYSa. EXP. « 45
G5EX? COMM. SYS. EXP. <40
GGEEXP®  MUBILE SUP, EXP. -85
GT7EXP SHOP EXPa 45
S1C0EXP TONT. EAG. EXxP. 55
GLl1EXP E.laSa EXPa - 25
GL3EXP STAFF EXP. - 50
GACRLD LIFE GF QPERATICN 32. 32. 32. 32. 32. 32. 32 32a 32 32. 32. 32 32«
GACRNY NTG. YEARS STARTUP 1. 1. 1. le la la 1. la ie l. i. Fe te

GALROH OPERATING HCULRS/YEAR 2000. 2000. 2000. 2000. 2000. 2000. 2000. 2000. 2000. 2000, 200C. 2000. 2000.
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B.15 Continued

GACRPL PURCHASE LEAL. TIME 3. 3. 3a 3. ED 2e 2. 5.

Se bo 4o Qe Oe
GACRQT QUANTITY 1. le 1. le le 1. 1. 1. 1. le l. La 1
GACRSY STARTUP YEAR Te Ts 7. Te Te Ta T. T 7. 7. T le 7.
GAUZ3Y TASE YEAR Je Ow . 0. Je Ja Oa O 0. 0. Ow
GAN2CD COMSTRLCTICON CCDE 1o 1. 1 i. 1 Oa C. Q. Ce Ge Je
GACZOM GEPPECIATION METHDD la Lo le Le 1o i ls 1. 1. is 1.
GADZEF STARTYP EFF. FACTOR 20 .00 « G0 « Q0 - 00 - 00 -0 =00 =00 w30 .50
GAOZPC PURCHASE CGRE S e 5. 5 5 5. 5. 5. 1a 1. S5a ie
GADZRA REGICNAL ADJIUSTMENT FACTOR 1,00 1.00 1.00 100 1.00 1.00 1.00 1.00 1.00 1.00 1.00
GAD2SF SALVAGE FRACTICN -00 =00 -00 00 » 00 00 00 - 00 Q0 « G0 »00
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B.16 Preparation/General Administrative (PGA) Output
(Premining, Facilities and Administration)

PGA MODEL ECONOMIC SUMMARY RUN CATE 12:13 OCT 29,776 PAGE NGO« 7.5

CASE NO. 1019 TITLE (PGA1019) HYPCTHETICAL MINE STUDY - BASELINE SOLUTION
ALT. N3. 507 TITLE FORT UNION

1975 DOLLARS

GENERAL & ADMINISTRATIVE (0OSTS

UNTT CWNERSHIP OPERATING 080

INVESTMENT $/HOUR $/HOUR $/TON
ROADS & SITE ANCa FAC. «3023002€ 07 155.16 -00 2036
BUILDINGS ANCo FAC. +489375E 07 253.10 32.62 « 066
ELECT. SYS. ANC. FAC. «450C00E 07 232.73 00 «054
WATER SYS. ANCa FAC, 200003. 16.34 .00 - 002
Co%4UN. SYS. ANC. FAC, 125G03. 6446 00 » 001
MOBILE SUP. ANC. FAC. 2122032038 37 62.06 »09 014
EQUIP. SHOP ANC, FAC. .100002€ 07 51.72 .00 012
LAND RIGHTS PREMINE 467610, 24.18 70.14 «022
EXPL. DRILL. PREMINE 383674, 23.15 200 =035
CONTe ENGS PREMINE «6C0C00E Q7 310.31 - 00 =072
Fo Te Sa PREMINE +1C0CCOE 07 5172 .00 «012
SLPERV. PER, -G03000 - 00 916,20 « 211
ROY~SEV. TAX «03000C00 - 00 1561.39 « 360

~227760€ 08 1177.95 2580.36 = 867

TOTAL MM TONS/YEAR 60,9047
TOTAt ACRES DISTURBED 15587.0

C BPRYY -351G73F 38 CUMPLEX OVEXBUKRDEN PHUD. YARDS/YEAR
C CoRTYX «925271E C7 COMPLEX CUOAL DEMAND ROM TONS/YEAR

C v38yY «105562F 10 VCL. OVERBURDEN BANK YARDS

£ veay «2793¢SE C9 VCLe CCAL BANK YARDS

€ VCRT «277581E 09 V0OL. CLCAL ROM TONS




APPENDIX C

Cash Flow Analysis Input

C.l 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 Fort Union
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.l1 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)

3)

4)

5)

6)

7)

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.

EDI Card; Defines equipment type and size.

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.

ED3 Card: Defines the equipment operating costs for
oES =at - ; ,
maintenance labor, maintenance material, fuel, tires,
electric power, water, and other. :

EDO1l Card: Defines the personnel wage classification,
personnel work schedule basis, and quantity of
operating personnel required for the eguipment.

EPM1l 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 equipment.

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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| CASE IDENTIFICATION USER IDENTIFICATION NOTES |Page__ | _of _#0 ]
Project Namequgﬁ STRIP MDMGU”ES Name Philip Merey
i EoRT UNION ~ izati ' ’ HYPOTHETICAL MINE STUDY
Location OR { Organization___FELWKOR- UTAH i LT o N
Run No,_ CFAU -0507 Date /4 Ocleber 76 RBARSELIVE \
N ) ‘ ‘
EQUIPMENT AND FACILITIES WORKSHEET
MO ID QT FS$ OH cp - syl NY SE Py bpP Lo SH
Equip.Common Mining Equipment Equipment Fleet Operating |Steady State Annual Starf] No.Yrs,. Stertup Purchase Deferd Lifeof Scheduled
Row Guide Operation Identification Quantity Spares Hrs/Ye Production (10005} Year Startup Effliciency Lead Time Purch’'se Operat'n Hrs/ Ve
eEcrc] o1 | [oLi ] 3] ol 174e7) (35200511 71 ] 3| .80l | 4|1 o 2917
== i |
MO iD TEXT
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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 Fort Union 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 PSB -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 pPsB 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 lst 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 Car Loader

PWC 17 2 Tipple Attendant

PWC 18 2 Helper

PWC 19 1 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 10242 2269
PWC 2 5 1618 1618 1942 1618 1942 2269
PWC 3 5 1618 1618 1942 1618 1942 2269
PWC 4 4 1618 1618 1942 1618 1942 2269
PWC 5 4 1618 1618 1942 1618 1942 2269
PWC © 4 1618 1618 1942 1618 1942 2269
PWC 7 4 1618 1618 1942 1618 1942 2269
PWC 8 4 1618 1618 1942 1618 1942 2269
PWC 9 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
PUWC 14 3 1618 1618 1942 1618 1942 2269
PWC 15 3 1618 1618 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 16l8 1618 1942 1618 1942 2269
PWC 19 1 1618 1618 1942 1618 1942 2269
PWC 20 1 lol8 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 psp 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 11.42 112.37 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
PWwC 9 4 10.49 10.59 11.47 10.69 11.58 12.10
PWC 10 4 10.49 106.59 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 10.77
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,

Financial Assumptions, and Default 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
Fort Union test case are shown on the following 2 pages.
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CASE DESCRIPTION

MINING PARAMETERS

IPPTS
CORTYS
SRYTS
H3T$
HC $
POFTYS
PRNEDS
PONHVS
ROCS
yeae

1
2925271 Q7
3.80434
1.25000
12.00C0
«916018¢ 07
«130000E 15
7C7C.C0
600,000
7095.45

FINANCIAL ASSUMPTICNS

COR

GA MRS
GARAS
GASRS
GASTS
RCFD
REALT
RLTI

RSTI

veel

2.000C0
50.0000
«250000
250.0C0
-CCO000
+1000C0

" 2480000

+800000E~01
+1C00C0O
«0G0000

INDEX TG PLANT TYPE

COAL DEMAND ROM TONS/YEAR {COMPLEX)
STRIPPING RATIO YARDS/R(OM TONS
HEIGHT OF TOPSOIL -~ FEET

HEIGHT OF COAL IN.FEET

PREPARED COAL TONS/YEAR

ENERGY DEMAND FOR COMPLEX BYU/YEAR
ROM COAL HEAT VALUE BTU/LSB

RECLAMATION -~ OTHER COSTS - $/ACRE

VALUE - COAL BTU/POUND

CAPITAL/DEBT RATIC

GAA - MINERAL RIGHTS ($/ACRE}

GAA = ROYALTY AMOUNT ($/TON!

GAA - SURFACE RIGHTS {($/ACRE}

GAA — SEVERANCE TAX ($/TON}

RATE -« CASH FLOW DISCOUNT

RATE = FEDERAL INCOME TAX

RATE = LONG TERM INTEREST

RATE - SHORT TERM [NTEREST

VALUE - REQ. PRICE OF COAL -~ $/TON

FINANCIAL CCNTROL PARAMETERS

DMl
oMz
D"3
ERAET
EQEL
ERFY
FaML
R MM
ERQL
ERQT
ERSPC
ERTI
E” WA
ESPC
pCl
PC2
PL3
PL4
PCS
(49
L7

»CCO000
«00C000
-CC0000
«0CCCCO
+ 000000
- C000C0
- 000000
.CC00CO
. CCCOCO
«CC0000
2000000
- 0C00C0O
» 000000
000000
- 000000
«C000Q0
«C000CO
.000000
000000
«000000
- 000000

RESEYT DEP. METHOD 1 TO NONZERO VALUE
RESET DEP. METHOD 2 TO NONZERD VALUE
RESET DEP. METHOD 3 TO NONZERO VALUE
ESCAL. RATE ~ ALL EQUIP. INVEST.
ESCALs RATE - ELECTRICITY

ESCAL. RATE = FUELS

ESCAL. RATE — MAINTENANCE LABOR
ESCAL. RATE — MAINTENANCE MATERIALS
ESCAL. RATE - OPERATING LABOR

ESCAL. RATE - QTHER COSTS

ESCAL. RATE ~ SELUING PRICE OF COAL
ESCAL. RATE -~ TIRES

ESCAL. RATE ~ WATER

ESC. CCAL PRICE PER COST ESC. IF 1
RESETS PUR., CODE TO NONZERQ VALUE
RESETS PUR. COOE TO NONZERQ VALUE
RESETS PUR. CODE TO NONZERD VALUE
RESETS PUR. CODE TO NONZERC VALUE
RESETS PUR.. CODE TO NONZERO VALUE
RESETS PUR. CODE TO NONZERO VALUE
RESETS PUR. CODE TO NONZERO VALUE

~ OB N e

$ IN NAME INDICATES A MEMO ITEM FOR CFA
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PARAMETER LIST

LCFCD
LCFD8
LCFFP
LLCFFSR
LCFIL
LCFIR
LCFMPL
LCFOPL
LCFPCE
LCFPFS
LCFSML
LOFXY
NEDNT
CEDMA
CFDMG
CHDMG
DAPG
DAPN
BEC
DER
DERT
EYAEL
EYHT
EVML
EYOL
£YSPC
FALC
FCR
FHOC
FIPT
S
Fuil
RAAEL
RAEL
RAFU
RAM{
RAMM
RAQL
RAQT
RATI
RAWA
RCD
RC I
RITC
RLTDR
veDy
VDAP
VDAR
VDCI
VFCY
vaoyY
vsSe
VUPDH

£ I 46 puts o juh PeO ot ot bk ford O pd

10.0000
300.000
»5000CG0E~01
+100000
«5000C0
«0000C0
1.00000
«100000
-000000
Q000000
«CO0QCO
-+ 000000
000000
1.20000
250000
+2C0C000E~01
+500000€-01
+ 10000
+625000E~01
1.000C0
1.000C0
1.00000
1.00000
1.C00G0
1.00000
1.00000
1.00000
1.00000
«GC0000
120000
- 700000E~01
10.0000
365.000
20.0000
45.0000
10,0000
1976.00
250.000
- 000000
2000000

BUILDS CORRELATION DATA FILE [F 1
LCGS DEBUG ARRAYS [F

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

PRINTS INFRASTRUCTURE REPORT {F 1
PRINTS MAINTENANCE MANPOWER LIST IF 1
PRINTS OPERATING MANPOWER L{ST IF 1
PRINTS PRODN. & CASH EXP. REPORT [F 1
PRINTS PRO-FORMA STATEMENTS IF 1
PRINTS SERVICE & MATERIALS LIST {F 1
BUILDS X,Y PLOT FILE IF 1

NEW EQUIP. DATA FNR NEXT CASE IF 1}
COUST OF ELECTRICITY « $/MEGAWATT HOUR
COST OF FUEL =~ $/M GALS.

COST OF WATER -~ $/M GALS

DEPLETION ALLOWANCE - PERCENT QOF GROSS
DEPLETION ALLOWANCE ~ PERCENT OF NET
DEBT/EQUITY RATIO CONTROL
DEBT/EQUITY RATYIO

DEBT/EQUITY RATIO TOLERANCE

ESCAL. YEAR ~ ALL EQUIP. INVEST.
ESCAL. YEAR - HOURLY COSTS

ESCAL. YEAR ~ MAINTENANCE LABOR
ESCAL. YEAR = QPERATING LABOR

ESCAL. YEAR =~ SELLING PRICE OF COAL
FACTOR -~ ANNUAL LEASE COSTS

FACTOR -~ CASH REQUIRMENTS

FACTOR - HOME OFFICE COSTS

FACTOR = INSURANCE & PROPERTY TAX
FACTOR - SUPPLIES INVENTORY

FACTOR ~ WAREHOUSE INVENTORY
REGIONAL ADJ. = ALL EQUIP. INVEST,
REGI{ONAL ADJ, = ELECTRICITY

REGIONAL ADJ, - FUELS

REGIONAL ADJ, ~ MAINTENANCE LABOR
REGIONAL ADJ. = MAINTENANCE MATERIALS
REGIDNAL ADJ. =~ OPERATING LABOR
REGIONAL ADJ. -~ OVHER COSTS

REGIONAL ADJ. — TIRES

REGICONAL ADJ. — WATER

RATE - CASH DIVIDENDS

RATE ~ CONSTRUCTION INTEREST

RATE ~ INVESTMENTY TAX CREDIT

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 - OPERATING DAYS/YEAR

VALUE ~ STARTING CASH

VALUE =~ UNION PENSION $/HOUR




APPENDIX D

Curve Fitting Analysis

Dragline Price

Quantity of Drills for Overburden

Cost of Blasting Materials for Overburden
Truck Cycle Time for Coal Hauling

Quantity of Scrapers for Land Reclamation
Quantity of Bulldozers for Land Reclamation
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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 egquation
forms were developed from the micromodel logic. The model
parameters were transformed as required to fit a linear
equation of the form:

a;Xq + a,%, + 2%, ..o tax =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 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
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 equation.
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D.l1 Dragline =~ Base Price of Synthetized Machine

Equation:
DLCA = A + B * DLX
Coefficients: A = 981.71 B = 410.60
Data File Curve Fit
Solution Solution
COUNT INPUT Y CALC Y
1 2039.60010 2039.62305
2 2784.60010 2784.57568
3 4182.10156 4182.05469
4 4742.10156 4742.11328
5 5440.89844 5440.83203
6 8189.80078 8189.80469
7 7366.39844 7366.55078
8 8481.19922 8481.33203
9 9793.30078 9793.20313
10 12140.00000 12139.78516
11 15475.00000 15474.68359
12 22139.00000 22138.73437
13 2424.60010 2424.60205
14 3572,.19995 3572.23120
15 4916.80078 4916.82422
16 6137.00000 6137.21094
17 7160.10156 7160.01953
18 7482.89844 7482.75000
19 8973.69922 8973.64062
20 9832.30078 9832.20703
21 13292.00000 13292.33984
22 18382.00000 18382.55859
23 2226.30005 2226.28198
24 2781.00000 2781.00366
25 3353.50000 3353.54517
26 4971.50000 4971.47656
27 7800.19922 7800.14453
28 4182.10156 4182.05469
AVER, 7509.35156 7509.34375
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Comparison between
Data File & Curve Fit

DEV

-.023
.024
.047

-.012
.066

-.004

-.152

-.133
.098
.215
.316
.266

-.002

-.031

-.023

-.211
.082
.148
.059
.094

-.340

-.559
.018

~-.004

-.045
.023
.055
. 047
172

% DEV

-.001
.001
.001
.000
.001
.000
.002
.002
.001
.002
.002
.001
.000
.001
.000
.003
.001
.002
.001
.001
-.003
-.003

.001
-.000
-.001

.000

.001

.001

.002



Appendix D.2

Quantity of Drills for Overburden

Quantity of Drills for Overburden:
RNDR = 5.609 * (CDRTY * HB)/(1lE6 * HC * DRSMFH)

where RNDR = Required 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.
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D.2  Quantity of Drills for Overburden

{Curve Fitting Results)

Equation:

RNDR = A * CDRTY/1E6/HC * HB/DRSMFH

Coefficients: A = 5.60855

Micromodel

Solution

COUNT INPUT Y
1 3.61600
2 2.41100
3 1.80800
4 .90400
5 .72300
6 .45200
7 1.13000
8 1.80800
9 2.71300
10 3.39000
11 .47200
12 1.25800
13 1.80800
14 2.17500
15 2.56800
16 3.61600
17 2.41100
18 1.80800
19 1.44600
20 1.20500

ANALYSIS OF VARIANCE

SOURCE DF
TOTAL (CORRECTED) 19
REGRESSION 0
RESIDUAL 19
R SQUARED

AVERAGE INPUT Y = 1.88610
STD. DEV., OF RESIDUAL =

S.D. AS PCT OF AV. Y = .57

Curve Fit

Comparison Between

Solution Micromodel & Curve Fit
CALC Y DEV % DEV
3.61771 -.002 -.047
2.41156 -.001 -.023
1.80886 ~.001 -.047

.904429 -.000 -.947
.723542 -,001 -.075
.451965 . 000 .008
1.13091 -.001 -.080
1.80886 -.001 -,047
2.71378 -.001 -.029
3.39178 -.002 -.051
.509537 -,038 -7.953
1.27384 -.016 -1.259
1.80886 -,001 -.047
2,16553 .009 .435
2.54768 .020 .791
3.61771 -.002 -.047
2.41121 -.000 -.009
1.80886 -.001 -,047
1.44708 -.001 -.075
1.20596 -.001 -.080
SS MS
18.0521
18.0499 .723701E 76
«217846E~02 .114656E~03
.999879

.107078E-01
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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-0L 3.6160
2 Vary .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-Q1 .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 Y .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~-Q1 2.5680
i6 .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 vear

HC = Height of cocal 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 equation 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 Y 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 .135482E 08
REGRESSION 1 .134862E 08 .134862E 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 foxr Overburden

(Variation of Parametérs 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 HB b .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 Vary .25000 1.8170 71.000 .20000 832.69
18 PRPY .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:

camp | 20° 434*TDSL*§I§-I§%
F= R = % o 3 % o
TCDT 7.41 + CHCT 0.26673 2580 TDEC

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).

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.
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DI

4 Truck Cycle Time

(Curve Fitting Results)

Equation:

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

Coefficients: A

Micromodel Curve Fit
Solution Soclution

= 10.410

B =

.26673

20.434

Comparison Between
Micromodel & Cuxrve Fit

COUNT INPUT Y CALC 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 ggaikRﬁad
4 53.10 25.95 7.15 13.46 e
5 42.91 37.67 7.25 16.14
6 36.80 29.38 7.42 20.16
7 7743 70.82 3 .54
8 69.26 62.53 6.73 9.72
9 61.09 54.24 6.85 11.21 ggﬁikRgad
10 52.92 45.95 6.97 13.16 Hau
11 44.75 37.67 7.08 15.83
12 36.65 29.38. 7.27 19.84
13 5.55 59,16 §.39 972
14 58.72 52.47 6.25 10.64
15 51.89 45.79 6.10 11.76 ruck © 4
16 45.06 39.10 5.96 13.23 Hau
17 38.23 32.41 5.82 15.23
18 31.45 25.72 5.74 18.24
15 7045 58.49 1.96 278
20 63.24 60.52 2.73 4.31
21 56.04 52.55 3.49 6.23 gggikRgad
22 48.84 44.58 1.26 8.72 Hau
23 41.64 36.61 5.02 12.06
24 34.50 28.65 5.85 16.96
75 1350 20,51 7.98 .86
26 38.84 36.38 2.16 6.33
27 34.19 32.25 1.93 5.66 g:ﬁikRgad
28 29.53 28.12 1.41 1.77 Jau
29 24.88 23.99 .89 3.56
30 20.25 19.86 .39 1.93
3T 1537 1762 175 3786
32 40.54 39.07 1.47 3.63
33 35.70 34.51 1.19 3.34 g;zikRgad
34 30.87 29.95 .91 2.96 Hau
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 ggﬁikRgad
40 30.01 28.81 1.20 4.01 Hay

41 25.11 24.52 .59 2.37

42 20.25 20.23 .02 .09

3 224.50 I1.58 583 5. 33

44 39.61 37.39 2.22 5.62

45 34.73 33.10 1.63 4.70 g;gikRgad
46 29.85 28.81 1.04 3.48 Hau

47 24.96 24.52 S44 1.78

48 20.11 20.23 -.12 -.58

79 I3.75 1518 V) 5. 92

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 ot

53 22.64 26.10 -3.45  -15.25

54 17.77 21.33 -3.55  -19.99

EE 1721 1518 =5-9¢ =702

56 37.36 40.41 -3.05 -8.17

57 32.50 35,64 -3.14 -9.66 gggfkRgad
58 27.64 30.87 ~3.23  -11.67 Jau

59 22.78 26.10 -3.31  -14.54

60 17.96 21.33 -3.37  -18.75

g1 15.9% 5170 TE75 =I2.51

62 40.69 146.04 -5.34  -13.13

63 35.44 40.37 -4.94 -13.93 g;ﬁfkRiad
64 30.18 34.71 -4.53  -15.00 hanl -

65 24.92 29.04 ~4.12  -16.53

66 19.70 23.38 -3.67  -18.65

7 1780 5170 =3.90 =816

68 42.40 46.04 -3.64 ~8.59

69 36.99 40.37 -3.38 —9.14 ggﬁfkRﬁad
70 31.58 34.71 -3.12 -9.89 has

71 26.18 29.04 -2.86  -10.93

72 20.81 23.38 -2.56  -12.32

73 13.55 1790 =133 =5.97

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

79 2088 13,14 =376 =5.53

80 36.38 38.65 -2.27 -6.24

81 31.88 34.16 -2.28 ~7.16 g;gfkRgad
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
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-10.33

85 42.79 47.22 ~4.42
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 Jas
89 24.39 27.02 -2.63  -10.77
90 19.82 21.97 -2.15  -10.84
5T 57.18 67.02  —4.84 =547
92 50.87 54.94 ~4.07 -8.00
93 44.57 47.86 -3.29 ~7.39 g;zikRgad
94 38.26 40.78 -2.52 -6.58 has
95 31.96 33.70 ~1.74 -5.44
36 25.70 26.62 ~.91 -3.56
57 16.87 39774 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 Hau
101 25.98 23.64 2.34 9.01
102 20.80 19.62 1.18 5.67
103 73,33 36.590 .73 15.53
104 38.50 33.00 5.50 14.29
105 33.67 29. 40 4.27 12.68 ggﬁikRiad
106 28.85 25.81 3.04 10.54 Hau
107 24.03 22.22 1.81 7.53
108 19.24 18.63 .61 3.18
109 2T 61 3824 738 §.I1
110 37.05 34.42 2.63 7.11
111 32.50 30.60 1.89 5.83 E;gikRgad
112 27.94 26.78 1.15 1.12 Had
113 23.38 22.97 .41 1.76
114 18.85 19.15 ~.30 ~1.60
115 43.98 35.24 .75 13.0¢
116 39.13 34.42 4.71 12.04
117 34.28 30.60 3.67 10.72 g:ﬁikRgad
118 29.42 26.78 2.64 8.96 i
119 24.57 22.97 1.60 6.51
120 19.74 19.15 .60 3.02
12T 1630 5100 =479 =10.35
122 40.92 45.51 -4.59  -11.21
123 35.54 39.93 -4.38  -12.34 g;zikRgad
124 30.16 34,34 ~4.18  -13.86 i
125 24.78 28.76 -3.98  -16.05
126 19. 44 23.18 ~3.74  -19.22
157 15.50 I7.51 =5.01 =143
128 40.25 42.42 -2.17 -5.39
129 35.00 37.33 -2.33 -6.66 g;ﬁikRgad
130 29.75 32.24 ~2.49 -8.38 Lo
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 i
137 24.50 27.15 -2.65  -10.83
138 19.28 22.06 -2.78  -14.40
139 £3.30 51,00 713 395
140 47.47 45.51 1.97 4.14
141 41.74 39.93 1.82 4.35 gigikagad
142 36.01 34.34 1.66 4.62 Jay
143 30.28 28.76 1.51 5.00
144 24.59 23.18 1.40 5.71
145 51,35 5517 —Y) =179
146 45.46 16.44 -.98 -2.15
147 39.68 40.71 ~1.04 -2.61 ggﬁikRgad
148 33.89 34.98 ~1.09 -3.23 e
149 28.10 29.25 -1.15 -4.10
150 22.36 23.52 ~1.17 -5.22
151 1848 47.23 1,37 5. 61
152 43.00 42.17 .83 1.94
153 37.52 37.12 .40 1.07 g;ﬁ;kRgad
154 32.04 32.07 -.03 -.09 g
155 26.55 27.02 —.46 -1.74 '
156 21.11 21.97 -.85 -4.05
157 1622 15,18 T.05 337
158 41.10 40.41 .70 1.70
159 35.98 35.64 .35 .96 ggzikRgad
160 30.86 30.87 -.00 -.01 Hat
161 25.74 26.10 -.35 -1.38
162 20.66 21.33 -.67 -3.25
163 52,97 53.94 T =1.53
164 56.45 56.59 -.14 Z.26
165 49.92 49.25 .68 1.35 Jruck 1
166 43.40 41.90 1.49 3.44 Hay
167 36.88 34.56 2.31 6.28
168 30. 40 27.22 3.19 10,48
169 §2.97 £3.94 T =153
170 56.45 56.59 ~.14 ~.26
171 49.92 49.25 .68 1.35 ruck 2 4
172 43.40 41.90 1.49 3.44 Hay
173 36.88 34.56 2.31 6.28
174 30.40 27.22 3.19 10.48
175 Z1. 04 £8. 49 =74l <I17.19
176 54.07 60.52 ~6.45  -11.94
177 47.09 52.55 -5.46  -11.60 ek
178 40.11 44.58 -4.47  -11.15 -
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
183 47.09 52.55  -5.46 ~11.60 g;ﬁfkRgad
184 40.11 44.58  -4.47 -11.15 Had
185 33.13 36.61  -3.48 -10.51
186 26.21 28.65  -2.44 ~9.29
187 73,15 73,73 =1.59 =730
188 64.33 65.04 -.72 “1.11
189 56.51 56.36 |15 .27 g;ﬁfkRgad
190 48.69 47.67 1.02 2.10 Ha
191 40.88 38.98 1.89 4.64
192 33.13 30.29 2.83 8.55
AVER . 3773 37.73 750 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.
o] 70. ’ 420.
R 70. 475.
S 100. 635.
T 100. 635.
) 150. 635.
v 150. 700.
w 150. 700.
X 150. 635.
Y 170. 700.
p/ 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 df 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 value.

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.5 Quantity of Scrapers

Equation:

(Curve Fitting Ekesults)

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

Coefficients A=
Micromodel
Solution
COUNT INPUT Y
1 .720000
2 2.15000
3 4.00000
4 7.14000
5 9.99000
6 11.0300
7 6.01000
8 4.00000
9 1.64000
10 1.25000

ANALYSIS OF VARIANCE
SOURCE
TOTAL (CORRECTED)

REGRESSION
RESIDUAL

R SQUARED

AVERAGE INPUT Y =

.157046E-01

Curve Fit

B = 5.43198

C = 7.36661

Comparison Between
Micromodel & Curve Fit

Solution X

“CALC ¥ DEV
.727133 -.007
2.15255 -.003
4.00378 ~-.004
7.13896 .001
9,98671 .003
11.0325 -.003
6.00885 .001
4,00378 -.004
1.62965 .010
1.24605 .004
DF SS
9  120.225

2 120.225

7 .228335E~03

.999998

4.79300

STD. DEV. OF RESIDUALS = .571133E—02

S.D. AS PCT OF AV, ¥ =

.12

134

% DEV

-.991
-.119
-.094
.015
.033
-.023
.019
-.094
.631
.316

MS

60.1123
.326194E-04



D.5 Quantity of Scrapers

‘ (Variation of Parameters and Micromodel Results)

Micromodel
Equation Parameters Solution

COUNT CD/HC (CD/HC) 2 TSCR
1 .113500 .128822E~01 .720000
2 .284000 .806559E-01 2.15000
3 g:;zng°a1 .454295 .206384 4.00000
4 .681500 .464442 7.14000
5 .851750 .725478 9.99000
6 .908590 .825535 11.0300
7 . .605727 .366905 6.01000
8 X;rgogilght .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:

RN@CD = -.00384704 + CDRTY * tan ABSD * PWF

1E6 * HC
2
CDRTY * tan ABSD * PWF
*
+ .000618961 The
CDRTY * CGD
F | e m——
+ 00660554 TR

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 Quantity of Bulldozers

{Curve. Fittd ng Resul +-c:)

Equation:

TCDR = A * CDRTY/1E6/HC*TABSD*PWF
+ B * CDRTY/1lE6/HC*TABSD*PWF**2
+ C * CDRTY/1E6/HC*CGD

Coefficients: A =

COUNT

\O 00 ~J OV Ut > L B =

B bt b b ot et et b e et e
OWOOJAOAULTILH WO

N
[

ANALYSIS OF VARIANCE

Micromodel

Solution

INPUT ¥

.889000
2.22400
3.55700
5.33600
6.67000
2.20700
2.65700
5.35700
8.95700
3.06100
3.30600
3.71700
3.90800
7.11500
4.74300
1.77900
1.42300
2.22900
2.77600
4.58000
5.85300

SOURCE

TOTAL (CORRECTED)

REGRESSION
RESIDUAL

R SQUARED

AVERAGE

INPUT Y =
STD. DEV. OF
S.D. AS PCT OF AV. Y

-.384704E-02

RESIDUALS

3.92114

B = .618961E~-03 C = ,.660554E~02
Curve Fit Comparison Between
Solution Micromodel & Curve Fit
CAIC ¥ DEV % DEV
.889097 -.000 -,011
2.22470 -,001 -.032
3.55834 -,001 -.038
5.33849 -,002 -.047
6.67214 ~-.002 ~-.032
2.20809 -.001 -.049
2,.65817 -.001 -.044
5.35868 -.002 -,031
8.95936 -.002 -.026
3.06209 -,001 -,036
3.30679 -.001 -.024
3.71814 -.001 -,031
3.90984 -.002 -, 047
7.11669 -.002 ~.024
4,74399 -.001 -,021
1.77917 -.000 -,010
1.42334 -.000 -,024
2.21072 .018 .820
2.76737 .009 . 311
4.58363 -.004 -.079
5.84324 . 010 .167
58 MS
84.9297
84,9291 42.4646
.551891E-03 .306606E~04
.999993
.553720E-02

.1-4
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D.6  Quantity of Bulldozers

(Variation of Parameters and Micromodel Results) ‘
Micromodel
Equation Parameters Solution
COUNT CDRTY/1E6 CGD TAN A 1/6C PWE TCDR
1 454 600. 6667 2500 100. 889
2 1.136 600. .6667 .2500 100. 2.224
3 g:;zngoal 1.817 600. .6667 .2500 100, 3.557
4 2.726 600. L6667 .2500 100. 5.336
5 3.407 600. .6667 .2500 100. 6.670
6 1.817 150. 6667 2500 100.  2.207
7 Zgrgeggigl 1.817 300. .6667 .2500 100. 2.657
8 Dogin 1.817  1200. .6667 .2500  100. 5.357
9 g 1.817  2400. .6667 .2500 100. 8.957
10 1.817 600. 4785 .3500 1060. 3.061
11 . 1.817 600. .5713 .2500 100. 3.306
12 Xir{ Spoil 77817 600. .7273 .2500 100. 3.717
13 ~ngie 1.817 600. .8000 .2500 100. 3.908
12 1.817 600. 6667 .5000 100. 7.115
15 . 1.817 600. .6667 .3333 100. 4.743
16 Xgrgogilght 1.817 600. .6667 .1250 100. 1.779
17 1.817 600. .6667 .1000 100. 1.423
18 1,817 600. 6667 2500 0. 2.299
19 oo panel L1817 600. .6667 .2500 75. 2.776
20 W.d{h 1.817 600. .6667 .2500 125. 4.580
21 N 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 requirements.

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 Fort Union.

in Januvary 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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LFA MIDEL:

S07 (ADMUOSOT7) HYPOTHETICAL MINE STUDY = FORT UNION

1 BASELINE SOLUTION

FINANCTAL SUMMARY

SALES PRICE IN BASE DCLLARS

ae oo

RETURN ON INVESTHENY
RETURN N PAID-IN-CAPITAL

se @®

CUMMULATIVE INVESTHENT TO STEADY STATE 2
CUMMULATIVE INVESTMENY TOTAL PROJECY 3
ANNUAL OPERATING COST AT STEADY STATE @

348 YZAR IS 1975
P3JJECT BEGINS IN 1976
FIRST COAL PRODUCTION IN 1982
STEADY STATE BEGINS IN 1985
STEADY STATE ENDS IV 2011
LAST COAL PRODUCTION (N 2613
PIIJECT ENDS IN 2015

REPORT

$/PREPARED TON
$/MILLION 8TU

PERCENT
PERCENT

Lt ]
M$
M$

® OISCOUNTED CASH FLOW INTERNAL RATE OF RETURN ASSUMING
PYJIJTCT IS FINANZED COMPLETELY BY INTERNAL CAPITAL.

&6 J[SIOUNTED CASH FLOW INTERNAL RATE OF RETURN ASSUMING
PXIJECT IS FINANIED BY USER-SET COMBINATION OF

INTERMAL CAPITAL AND EXTERNAL DEBT.

5.93
b2

10.00
10.87

137395,
179628,
15630.

DATES 11343 DEC 065°76

PAGE NOa

loa.




vl

CFA MODEL:

07 (ADMUOS07) HYPOTHETICAL MINE STUDY = FORT UNION
1 BASELINE SCLUTION

CASE DESCRIPTION

MINING PARAMETERS

PPT S
COPTYS
SRYTS
HATS
HC$
PPFTYS
PONENS
PPNAHVS
ROCS
veae

[ R N e R

1
»925271E 07
3. 80424
1.25000
12.0C00
«916018F 07
«130000€ 15
7C7C. 00
600.CCO
7C95.45

FINANCTAL ASSUMPTIONS

COR
GAMRS
GAPAS
GASR $
GASTS
RCFD
RFIT
RLTE
RSTI
vSPC

s Gut BN pay et B4 ey B0 e

2.€CC0C0
56.CCCO
«25C000
25C.0C0
-000000
- 1600C0Q
«48C00C0
«8CO0CCOE~QL
-1000C0
»000000

INDEX TO PLANT TYPE

COAL DEMAND ROM TONS/YEAR (COMPLEX)
STRIPPING RATIO YARDS/ROM TONS
HEIGHT OFf TOPSOIL -~ FEET

HEIGHT OF COAL IN FEET

PREPARED COAL TONS/YEAR

ENERGY DEMAND FOR COMPLEX BTU/YEAR
ROM COAL HEAT VALUE BTU/LB
RECLAMATION ~ GTHER COSTS ~ $/ACRE
VALUE - COAL BTU/POUND -

CAPITAL/DEBT RATID

GAA — MINERAL RIGHTS ($/ACRE)

GAA —~ ROYALTY AMOUNT ($/TON)

GAA — SURFACE RIGHTS ($/ACRE}

GAA ~ SEVERANCE TAX ($/TON)

RATE = CASH. FLOW DISCOUNT

RATE -~ FEDERAL INCOME TAX

RATE = LONG TERM INTEREST

RATE ~ SHORT "TERM INTEREST

VALUE -~ REQ, PRICE OF COAL - $/TON

FINANCEIAL CONTROL PARAMETERS

oML
nu2
DM3
FRAET
EREL
ERFY
EPHL
ERYM
ERNL
£R07
ERSPC
ERTI
FR WA
13144
PC1
PC2
PC3
PCh
PCS
PCE
PCT

Bt s s mme Poo Smm pen e beg Hen DD e $md by G R4 G Per P e Bet

»

.0CCOG60
.00¢CC0
.600000
. 000000
.6CCOCO
.CCCO00
.GCECC0
.000000
.C0C0C0
.CLCELO
.€000CO
.CCCCo0
.000000
.€0C000
.£CCO00
.060000
. £CCCCO
.000600
L £60000
.$C0000
.000000

RESFT DEP. METHOD 1 TO NONZERD VALUE
RESET DEP. METHCD 2 TO NONZERO VALUE
RESET CEP. METHID 3 TO NONIERD VALUE
£SCAL, RATE - ALL EQUIP. INVEST,
ESCAL. RATE — ELECTRICITY

ESCAL. RATE - FUELS

ESCAL. RATE - MAINTENANCE LABOR
ESCAL. RATE — MAINTENANCE MATEREALS
ESCAL. RATE - OPFRATING LABOR

ESCAL. RATE = OTHER COSTS

ESCAL. RATE - SELLING PRICE OF COAL
ESCAL. RATE — TIRES

ESCAL. RATE — WATER

£SC. COAL PRICE PER COST ESC. IF 1
RESETS PUR. CODE 1| TO NONZERG VALUE
RESETS PUR. CODE 2 TO NONZERO VALUE
RESETS PUR. COOE 3 TG NONZERD VALUE
RESETS PUR, CODE 4 -TO NONZERD VALUE
RESETS PUR. CODE'5 TO NONZERO VALUE
RESETS PUR. CODE 6 TO NONZERO VALUE
RESETS PUR. CODE 7 TO NONZERO VALUE

O W

IN NAME INDICATES A MEMO [TEM FOR CFa

DATE:

11243 DEC 06,°7&

PAGE NDeo

102




Appendix E.2 Investment List

The investment list identifies all egquipment 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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Colunmn

L

Column Mz

Column N:

Column

Column

Column

Column

Salvage fraction is the portion of the pur-
chase prlce 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

OV U b G N
LU I O | O I

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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SPT

CFA MJIDEL:
507 (ADMUOSQTY HYPOTHETECAL MINE STUDY -~ FORY UNION
1 BASELINE SOLUTION

INVESTMENY LIST
A B C D E 3l G H
mMINTNG : ORIG SPR TOT  UNIT TOTAL PROD DEPREC
0P ERAT JON S QTY QTY QTY INVESY INVEST HRS HOURS
(M$) (M$)  (H/YR)
DVERPURDEN REMCYAL
{THOUSAND CU YDS} 35200
DLL  DRAGLINE 45 CY 182 FY 3 0 3 4201.0 12603, 7467 224010
D3 TR TRACTOR 300 HP 3 b] 3 » 135.3 406 . T467T 24000
LDl6 wWH LOADER 325 WP 3 0 3 123.0 - 369, 2374 12000
DLZ  DRAGLINE 11 CY 170 BT 3 0 3 1879.8 5639, 7467 224010
TOTAL {LESS CEFERRED} 18017,
COoalL DRILL & BLAST
(THOUSANE CU YOS} 10057
0D23  4UGER DRILL 3.000 IN 3 0 3 37.3 112. 1632 20000
TG, PRILL TRUCK 3 0 ‘3 3640 108, 1632 20000
TOTAL (LESS DEFERREC) ' 220.
CIAL LOAD & HAUL
(THOUSAND RCM TONS) 9252
SD3& SHDVEL 16 CU. YDo 3 a 3 1043.0 3129, 3262 60000
TOIR  TOPUCK 180 TCON 9 o 9 399,3 3594, 3262 30000
L16 WM LOADER 225 HP 30 3 123.0 369, 3262 12000
605 GRADER 180 WP 3 4] 3 806. 1 240, 3262 15000
PUMP PuMP SET 125000 GPH 3 4] 3 10.0 30. 1440 21600
TOX2 H20 TRUCK SCCO GAL 3 ¢ 3 1246 374, 1631 20000
TDl8 TRUCK 180 TCHN 3 ] 3 399,3 1198.% 3262 30000
‘TOL8  TRUCK 180 TON 3 [+ 3 339,3 1i98.% 3262 30000
Y018 TRUCK 180 TON 3 4] 3 399, 3 1198.% 3262 30000
TOTAL {LESS DEFERRED} 71736
TOTAL (DEFERRED} 3594, %
CJAL HANDLE & PREP
(THOUSAND CLFAN TONS) 9160
. CONSTRUCTION INTEREST 18370.
PRR8 REC & BREAK PRFP. PLANT i [e] 1 10059, 8 10060, 3625 108750
PRBS SBLEND=-STOCK PREP., PLANT i [s] 1 38306.6 38307, 5438 163140
PRCL COAL LOACOUTY PREP. PLANT i o] 1 17765 1777 8712 261360
PRLS CPRPUSH-SCREEN PREP. PLANT i ] 1 5393.3 5399, 5438 163140
PRSL LS SUPPORY PREP., PLANT i ] 1 5690.1 5690, 2000 60000
TOTAL (LESS DEFERRED!} 79602 .
LAND RECLAMAT 10N
{ACRES) 519
12000

DATE:

I J K
REPL REPL - REPL
YRS QTY CAPITAL

30.0
3.2
5‘1

3060

12.3
12.3

18.4
9.2
307
hob

15.0

12.3
G2
B2
9.2

30.0
30.0
30.0
30.0
30.0

6.7

(M%)

1] 0o
27 3653.
15 1845,
0 Gs
54980
] 224«
6 F2 Y-
440,
3 3129.-
27 10781,
24 2952,
18 14424
3 30.
& 7484
9 359%.
3 1198,
0 Oa
23873,
0 0.
o O,
0 [\
] [+ 28
0 0.
0.

20  3850.

11:43 DEC

06,%76 PAGE NO. 2.01
LM N O P

SAL P PUR 6AS INEL R
FRC MD YR PL YR RATE ADJ
001 3 5 0 <00 1.00
001 6 2 0 .00 1.00
001 6 2 0 .00 3.00
0031 3 5 0 .00 1.00
001 6 2 0 .00 1.00
001 & 2 0 .00 1.00
001 5 5 0 .00 1.00
001 6 2 0 .00 1400
001 6 2 € 0G0 l.00
001 6 2 0 .00 1.00
001 6 2 0 .00 1,00
001 6 2 C .00 1.00
2001 7 2 0 .00 1.00
.60 1 18 2 0 .00 1.00
001 30 2 0 .00 1.00
001 & 5 0 .00 1.00
001 4 5 0 .00 1.00
001 4 5 0 .00 1.00
001 4 5 0 .00 1.00
001 & 5 0 .00 100
B0 1L 6 2 0 .00 1.00

L 19-38%

Y

R
OPR VRS
1ST-L AST

7-38
7-38
=38
~38

7-38
7-38

7-38
7-38
7-38
7-38
7-38
7-38
8-38%

31-38%

38
7-38
738
7-38
7-38

7=38

CO % TR TRACTOR 410 HP 5 ] 5 192.8% © 963, 1800




971

A

B C D E B -G H L3 K LM N QP R
SC -6 SCRAPER 32 LY 415 HP 8 1 9 201.1 | l{_«lu. THOU - jiudll et 32 86435, 00 1 . 4. U UG 100 4=38
TOTAL {LESS DEFERRED} 21724 10285,
GENERAL & ADMINISTRATION
CONSTRUCTION INTERESY 3816, ‘

SITE RJIADS & SITE ANC. FAC. ] o 1 3000.0 3000, 2000 64000 32,0 [+ 0o 00 1 4 5 0 .00.1.00 7-38
BLDG ' BUILDINGS'. - ANC. FAC. 10 1 4893.7 - 4894, 2000 64000 32,0 0 0. 4001 & 5 0 .00 1.00 7-38
PHR ELECTY, SYS. ANC. FAC, i 0 1 -4500.0 4500, 20600 640003240 )] 0. »00 7} 4 %5 0 400.1.,00 7-38
H2T WATER SYS. ANC. " FACS 1 ¢ 1 200, 0 200, 2000 64000:32,0 [} 0. 2001 4 5 0 .00 1.00 738
com COMMUNL SYSs ANC. FACS § [ 1 12%.0 125, 2000 64000 32,0 ] 06 .00 L 4 % 0 .00 1,00 7-38 .
MBEQ  MIBILE SUP, ANCs FAC, 1 0 11200.0 1200, 2000 64000 32.0 = 0 De <001 5 5 0 000 1,00  7=38
SHEQ EQUIP, SHOP  ANC. FAC. 1 0 1 1000.0 1000, = 2000 64000 32,0 O De 400 1 6 & 0 1,00 1.00  7=38
LAND  LAND RIGHTS . PREMINE 1 a i %6705 4674 2000 64000 32,0 0 Qo 001 2 1 0 .00 1.00 7-38
XORL EXPLo DRILLe PREMINE 1 4] 1 389, & 390. 2000 64000 32.0 [} 0, <00 1 2 1 0 =00 1.00 7~38
ENG  CONT. ENG. - PREMINE I 0 1 6000.0 6000, - 2000 64000 32.0 .0 0. 0001 1 5 0 005,00  7-38
EIS Ee lo Se PREMINE 10 1 1000.0 1000, 2080 64000 32,0 O O o001 3.1 0 200 100 7-38
TOTAL {LESS DEFERRED) 26591, o’

e 40 it c s TR A D T el TG D
TOTALS ‘ 135939, 40096
TOTAL (DEFERRED) 3504.%




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 operat-
ing 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 df 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 yvear (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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CFA MODEL:
A
H1NTHNG
OPERAT IO

OL1 DRAGLINE STRIP MACH OPERATOR
CILER
€03 TR TRACTOR STRIP MACH OPERATOR
LD16 wHd LOADER STREIP MACH OPERATOR
DLZ ORAGLINE STRIP MACH OPERATOR
CILER
COAL DRILL & BLAST
Q023 AUGER DRILL CRILLER & SHOOTER
QLST BLASTING DRILLER & SHOOTER
TOQL PRILL TRUCK MOBILE EQUIP DPERAT
CNAL LOAD & HALL
SD34 SHOVEL COAL LOADING OPERAT
CILER
7018 TRUCK MNBILE ECUIP OPERAT
L16 WH LOADER STRIP MACH OPERATOR
GDS GRANER MCBILE EQULIP OPERAT
PUMP Pywp. SET UTILITY MAN
TOX2 H20 TRUCK SYC VERICLE DRIVER:
TD18 TRUCK MOBILE ECUIP OPERAT
7018 TRUCK MOBILE EQUIP OPFRAT
TD13 TRUCK MOBILE ECUIP OPERAT
COAL HANDLE € PREP
PRRB REC £ BREAK - STAT EQUIP OPERATOR
HELPER
LABCRER
PRBS BLEND-STOCK .~ STAT EQUiP OPERATOR
L ARDRER ‘
PRCL COAL LOADOUT STAT EQUIP OPERATOR
: HELPER ‘
L ABCRER A
PRCS CRUSH-SCREEN STAT ECULP CPERATOR
HELPER
UTILITY MAN
LABORER
PRSI CS SUPPORT  MOBILE EQUIP OPERAT
UTILITY MAN )
LAND RECLAMAT ICN
€D 5 TR TRACTOR MORILE ECUIP OPERAT
SC & SCRAPER STRIP MACH OPERATOR
GENERAL & ADMINISTRATION
STF SUPERV. PER. GEN £ ADM STAFF
NTALS

5CT

o

N

OVERBURDEN REMOVAL

B
G0

SN\ a S

W

[T e adh " L Y

P La) peo bk P W) Bee TN Lod pes W B 0y L)

Wy

OPERATING
C

PERSUNNEL
SCHEDULE

3-8.00-¢6
3-8,00-6
3-8.00~6
3-8.00~6
3-8.00~-6
3-8,.00-6

2+-7.25-5
2-7,25-5
2-7.25~5
2-7.25-5
2-7.25~5
2-T7.25~5
1-7.25~5
2-7.25~5
2~1.,25=5
2-T1425=5

2-7.25-5
2-7.25-5
2-725-5
3-7.25-5
3-7.25-5
3-8.00-6
3-8.00-8
3-8.00-6
3-7.25=5
3~T.25~5
3-7,25~5
3~7.25-5
2-7.25~5
2-T7.25-5

2-7.,25=6
2-7.25-6

1-8.00~5

PERSONNEL
D E

EQP
Qry

.

QvyY

1.00
2,00
1.00
1.00
1.00
1.00

100
1.00
1.00

1.00
1.00
1.00
1.00
1.00
1.00
1,00
1.00
1.00
1,00

1.56
1.56
2.34
6 .64
L. 56
1.56
1.56
-+ 78
1.56
1.56
2434
<78
7.50
3.75

1.00
1,00

92.00

O W W

W L

WWW LW WowWWw

a3 o ot gt fd e B s pus 0 Do b v

LIST
I

SCHED
HR/YR

8297
8297

8297

2638
8297
82917

1813
1813
1813

3625
3625
3625
3625
3625
1440
1812

3625
3625
3625
5438
5438
8712
8712
8712
5438
5438
5438
5438
2000
2000

2000
2000

2000

{ADMUOS0T) HYPOTHETICAL . MINE STUDY - FORT UNION
1 BASELINE SGLUTION

G -
FOTAL
SCHED HR

24891
24891
24891

7914
24891
24891

5439
5439
5439

10875
10875
32625
10875
10875

4320

5436

3625
3625
3625

5438

5438
8712
8712
8712
5438
5438
5438
5438
2000
2000

10000
16000

2000

DATE: 11343 DEC 06,.°76

H I
EFF  MANPOWER
HR/YR-  NEEDS

2269 110
2269 21.9%
2269 11.0
2269 3.5
2269 11.0
2269 11.0
1618 3.4
1618 3.4
1618 3.4
i618 67
1618 647
1618 2002
1618 67
1616 6.7
i6i8 ReT
i6l8 304
1618 3.5
1618 3.5
1618 5.2
1618 2243
1618 562
2269 6.0
2269 6.0
2269 3.0
1618 50 2
1618 Sed
1618 7.9
1618 2060
1618 P63
1618 4o 6
1942 501
1942 8.2
2000 92,0

327.5

J
PAYRL

CRATE

12.90
12.10
12.90
12.90
12.90
12.10

1003
10.03
10.03

1l1.42
10.59
10.13
1l.42
10413

9.66

9656

10.13
9.77
Feb66

10.23
9.78

il.46

11.07

10.77

10.223
9.87
976
976

10.13
%66

10.97
12.37

10.28

"PAGE NU.

K L
INITLAL  DEFR
PAYROLL - NANP.
EMS/YR} - (MAX)

321.1
6020 %
321.1
102.1
321.1
301.2

5446
54.6
54.6

12442

115.2

330.5

12442

11042

417

52.0
6o T®
6s78
6eT®

5T.3
5502
81.9
369. 4
82.8
155.7
150.4
T3.2
8608
83.7
12462
4la b
151.9
724

109. 7
197.9

1891.5

3.01

M
OEFR
PAYROLL
{M$/YR)

110.2
110.2
110.2

681l6.2 20.2%

330.5




6%1

INFLATION ESCALATION RATE =
REGLONAL ADSUSTHENT 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 year dollars per hour per man based on
wage table plus regional adjustment and addi-
tional union pension.

Column J: Required 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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CFA MODEL:

5C7 (ADMUDS50TS HYPOTHETICAL MINE STUDY ~ FORT UNIUN

1 BASELINE SOLUTION

A
MIN-FNG
CPERATION

OVFRBURDEN REMOVAL

DLl DRAGLINE MECHANIC
€03 TR TRALTOR PECHANIC
LD16 wH LOADER MECHANIC
OLZ ORAGLINE MECHANIEC

COAL ORILL & BLAST

0023 AUGER DRILL MECHANIC
TOCL PRILL TRUCK MECLHANIC
CNAL LOAD & HAUL
$D34 SHIVEL MECHANIC
TN18 TRUCK PECHANIC
16 w4 LOADER HECHANIC
GD5 GRADER MECHANIC
PUMP PHMP SET MECHANIC
TDX2 H20 TRUCK MECHANIC
TDi18 TRUCK MECHANIC
TD18 TRUCK WECHANIC
TD18 TRUCK MECHANIC

COAL HANDLE & PREP

PRRB REC £ BREAK ELECTRICIAN

MACHINIST

MECHANIC

WELDER

REPAIRMAN

HELPER

LEBCRER

FLECTRICEAN

MACHINIST

MECHANEG

WELDER

REFAIPMAN

HELPFR

L ABURER

PRCL COAL LOADOUT ELECTRICIAN
MACHINIST
MECHANIC
WELDER
REPAIRMAN
HELPER
LABQOPER

PRCS CRUSH~SCREEN ELECTRICIAN
PACHINIST
MECHAN IC
WELDEP
REPAIRMAN
HELPER
LABORER

PRBS BLEND~STOCLK

B
60

LI ]

& &

SELESEDE e

MAINTENANCE

C D

" PERSINNEL -
SCHEDULE FRAC
3-7.25-6 1.00
3-7.25-6 1,00
3-7.25-6 100
3~7.25~6 1.00
3-7,25-6 1.00
3-7.25-6 1.00
3~7,25-6 1.00
3-7.25~6 1.00
3-7.25-86 1.00
3»7.25-6 1.00
3-T7.29-6 1.00
3-7.25-6 1.00
3-7.25~6 1.00
3-7,25-6 1.00
3~7.25~6 1.00
2-7.25-5 - 07
2-T,25-5 «07
2~7.25-5 «30
2-7.25-5 07
2-7.25-5 221
2~7,25-5 «20
2~7.25-5 .07
2-7.25-3 209
2-71.25-8§ - 0%
2-7.25~5 «26
2-7,25~5 « 04
2-7,25-5% .12
2~7.25-5 40
2=7.25~5 + 04
2-7.25-5 »C7
2-7.25=% « 07
2-1.,255 .28
2-7.25~5 <07
2-7.25-5 .20
2-7.25~% + 26
2-7.25~5 - 06
2-7,25=5 «13
2-7.25-5 06
2=-1,25~-% «26

L R IR R VR VU I e IS VE R B SR P R 3

2-7.25~5 06
2~7,25~5 «19
27,255 «24
2~7.25~5 06

PERSONNEL LIST
E F

HOURLY

COsY

27.91
2.00
3.81

13.92

1.02
95

676
752
3.81
161
3.65
6.35

55.86
55.86
55.86
55.86
55,86
55.86
55.86
63.33
63.33
63.33
63.33
63,33
63.33
63.33
23.87
23.87
23.87
23.87
23.87
23.87
23.87
42.42
42.42
42.42
42.42
42.42
42.%42
42.42

TOTAL

PROD HRS

22401
22401

7122
22401

%896
4896

9786
29358
9786
9786
4320
4893

3625
3625
3625
3625
3625
3625
3625
5438
5438
5438
5438
5438
5438
5438
8712
8712
8712
8712
8712
8712
8712
5438
5438
5438
5438
5438
5438
5438

DATE:

EFF  MARPOWER

HR/YR

‘1962
1942
1942
1942

1942
1942

1942
1942
1942
1942
1942
1942

1618
1618
1618
is18
1618
1618
i618
i618
1618
1618
1618
1618
1618
1618
1618
1618
1618
1618
1618
1618
1618
1618
1618
1618
1618
1618
1618
1618

11343 DEC 06.°76
H T J
PEYR  REQD
NEEDS RATE HOURS
27.8 11.58 53990
2.0 11.58 ' 3868
1e2 11.58 2343
13.9 11.58 26927
«2 11.58 431
+2 ll.58 401
2.9 11.58 5712
9.8 11.58 19064
1.7 11.58 3219
«7  11.58 1360
.7  11.58  i3sl
leh 11le58 2683
9. 10.59 1414
«9 10.59 1414
3.5  10.59 5659
.9  10.13 1419
2:%6 10. 13 4237
2.6 9.77 4268
-9 9.66 1425
1.7 10.59 2829
«9  10.59 1430
5.2 10.59 8487
«9  10.13 1427
2.6 10.13 4249
8.7 9.77 14135
-9 9.66 1426
.8 10.59 1354
+8  10.%59 1354
3.4 10.59 5459
.8 10.13 1354
2.5 1013 4085
3.4 9. 77 5448
-8 9.66 1356
1.8 10.59 2853
«9  10.59 1394
3.5 10.59 5641
.9 10,13 1389
2.6 10,13 4258
3.5 9.77 5643
-9 9. 66

PAGE NO.

K
INTTIAL
PAYROLL
{M$/YR)

625.2
4448
27.1

311.8

6642
220.8
37.3
15.8
15.8
3l.1

15.0
15.0
59.9
14.4%
429
41.5
i3.8
30.0
15.2
89.9
14.5
43.0
138.1
13.8
14.3
14.3
57.8
13.7
414
53.2
131
30.2
14.8
5907
14.1
4301
55014
13.6

4.01

- M
DEPR  UEFR
MANP: PAYROLL
{MAX} (MS/YR}

3.3% 73.6
3.3% 73.6
303% 7306

1408




ZsT

A

. .

, B c D E F ‘G H J K L M
PRSL CS SUPPORT _ ELFCTRICIAN © 2-7.25-5 .10 135.91 7000 1618 1.5 10.59 2489 FT30
MACHINIST & 2-7,25-5 .19 135.91 2000 - 1618 3.1 10.59 5005 53.0
MECHANIC 4 2-7.25-5 .29 135.91 2000 1618 46 10.59 7494 79.4
REPAIRMAN 3 2-7.25-5 «e23:135.9% 2000 1618 3.9 1013 6252 63:.3
STAT ECUIP OPERATOR ~ 3 2-7.25-5 .09 135.91 2000 1618 1.5  10.13 2495 25.3
UTILITY MAN 1 2-7.25-5 .09 135.91 2000 1618 1.6 9.66 2532 26.5
LAND RECLAMATICN .
€0 5 TR TRACTOR  MECHANIC 4 3-7.25-6 1.00 5.64 9000 . 1942 2.3 11.58 4383 50.8
SC & SCRAPER MECHANIC 4 3-7.25-6 1.00 9.19 14400 1942 5.9  11.58 11427 132.3
GENERAL & ADMINISTRATION
TOTALS 1667 9.8 2208

CINFLATION ESCALATION RATE = «00
REGIONAL ADJUSTMENT FACTOR = 1.00

2845.8




Appendix E.5 Services and Materials List

The services and materials list identifies all services and
materials; shows annual cost; shows annual quantity 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 requirements.

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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Appendix E.5 Services and Materials List

The services and materials list identifies all services and
materials; shows annual cost; shows annual quantity 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 requirements.

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 MJIDEL:

A
M I NING

QPERAT I OGN

507 (ADMUOSOT) HYPOTRHETYICAL MINE STUOY

1 BASFLINE SCLUTION

OVERBUPDEN REMOVAL

pLi DRAGLINE
MATERIAL
ELECTRIC

Cp3 TR TRACTOR
MATFRIAL
FUFRLS

LD16 WH LOADER

MATERIAL

FURLS
TIRES
BOX CUTS
OTHER
oLz DRAGUINE
MATERTAL
ELECTRIC

BXCT

TOTALS {LESS DZFERRED)

COAL DRILL & BLA&ST

0D23 AUGER Do ILL
MATERTAL
ELECTRIC
GTHER

BLASTING
DTHER

PREILL TRUCK
MATER]AL
FUELS
TIRES

QLST

Tool

TOTALS {(LESS DEFERRED)

CDAL LOAD & HAUL
5034 SHOVEL
MATERTAL
ELECTRIC
TRYCK
MATERIAL
FUELS
TIRES
Li6 W LOADER
MATERIAL
FUELS
TIRES
GDS GRADER
MATERIAL
FUELS
TIRES
PyMpP SET

Toi8

pPUMP

B
s TOTAL  WOURLY
: PROD cast
{HR/YR}
45 CY 182 FY
22401  41.86
22401  13.28
3C0 HP
22401 3.50
22401 1.90
325 HP
7122 20.49
7122 3.93
7122 2.75
1587 wCY
6000 954,00
11 €Y 170 FY
22401 20.88
22401 6.65
32,000 IN
4896 «68
“4B96 +90
4896 3.60
4896  96.49
4896 1.31
4896 66
4896 «57
16 CU. YD,
9786  20.27
9786 3.44
120 TON
29358  11.28
29358  11.23
29358 17.86
325 we
9786  20.49
9786 3.93
5786 2.75
180 HP
9786  12.93
5786 2.14
9786 1.26
125C00 GPH

gse
FACTR
(ADJ}

1.000
1,000

1.000
1.000

1,000
1.000
1.000

1.000

1.000
1.000

1.000
1.000
1.000

1.000

1.000
1.000
1.000

1. 000
1.000

1.000
1.000
1.000

L.000
1,000
1.000

1.000
1.000
1,000

ANRUAL
cosT
{M$)

937.7
297.5

78.4
42,6

145.9
28.0
19.6

5964, 0#

%677
149,0

2166.4

i98.4
33.7

33t.2
329.7
524.3

200.5
38.5
26.9

12645
20.9
12.3

b Ui

ARRU
10.00
E=MWH

[
29748
0
0
0
0
[
0
0
6

1489

oO0O0D O COoL

3366

[~ RN~

[~ N~=N<] oo0

wivi Uiy

SERVICES AND MATERIALS LIST
D E F

DATE:

H
AL QUENTITY ™

« 05
W-MGAL

oo

o0

OO0 © oS0

o0 © OO0

DOO SO0 QOO ©0

300,00
F~MGAL

[
OCo0C © Qoo

11343 DEC 06.°T6

PAGE NOo

300.00
F-HGAL

[~ ¥~ o oo o0 [~Ne)

oo o© co®

I J X
DEFRS ANNURL QUANTITY
10.00 =05
E~MHH W-MGAL
0 0
0 [+]
[ 0
0 [
0 0
o 0
0 0
[+] 0
Q [
[} 4]
4] [}]
0 [}
[} [}
o 0
0 0
1] o
] ]
4] 0
)] [}
o o
] [}
[+] [+
0 0
4] 0
0 [+]
[+] o]
0 [}
[} [}

Cod0 oGO 0o oo

5201




961

A B C D E F G H I J K
MATERTAL %320  1.50  1.000 6o 0 0 0 ° 0 )
FUELS 4320 1.09 - 1.000 4.7 0 o 15 0 o 0
TOXZ H20 TRUCK  5CO0 GAL
: MATERIAL 4893 5.70  1.000  27.9 o o o 0 o o
FUELS 4893 5.65 1.000 = 27.% 0 o 92 o o o
TIRES 4893 .50 1.000 2.4 0 0 0 0 0. 6
WATER 4893 .50 1.000 2.4 0 48929 o 0 0 0
TOI8  TRUCK 180 TON
MATERIAL © 9786  11.28  1.000 - 110.4% o 0 0 a o 0
FUELS $786 11.23  1.000  109.9% o o o 0 o 366
TIRES 9786 17.86 1.000 174.8% 0 o 0 o 0 0
T018  TRUCK 180 TOA
MATERIAL 9786 11428 1.000 110.4% o 0 0 0 0 o
FUELS 9786  11.23  1.000 109.9% o 0 o ° 0 366
TIRES S786 17.86 1.000 174.8% o o ] 0 ) o
TDi8 TRUCK 180 TON 4
MATEREAL 9786 11,28  1.000 110.4% 0 0 ° o 0 .0
FUELS 9786 11.23 1.000  109.9% 0 0 o 0 0 366
TIRES 9786 17.86 1.000 174.8% 0 0 o o o 0
TOTALS {LESS DEFERRED} 1914.5
COAL HANDLE & PREP
PRRB REC & BREAK PREP. PLANT :
MATERIAL 3625 69.38  1.000  251.5 0 0 0 o 0 o
ELECTOIC 3625 22,23 1.000 80.6 8058 0 0 o o o
PRBS BLEND~STOCK PREP. PLANT
MATERTAL 5438 176,11  1.000 957.7 o o 0 o 0 o
ELECTRIC 5438 49,28 1.000 268.0 26798 o 0 o 0 -
PRCL COAL LCADGUT PREP. PLANT
MATERTAL 8712 5.87  1.000 51.1 0 o 0 0 0 o
ELECTRIC 8742  16.92 1.000  95.1 9513 0 o o 0 o
PRCS CRUSH-SCREEN PREP. PLANT
MATER] AL 5438 24,82 1.000 135.0 o o o o 0 o
FUELS 5438 7.€5 1.000  38.3 0 o 127 0 0 0
ELECTRIC 5438 9.42  1.000 51.2 5122 0 o o o 0
PRS1 CS SUPPORT PREP. PLANT
MATERLAL 2000 71.13  1.000 142.3 0 o 0 0 0 s
ELECTRIC 2000 63,22 1.000 126.4 12643 o 0 o o 0
TOTALS (LFSS DEFERREC) 2197.3
LAND RECLAMATION
€O S TR TRACTOR 410 HP
MATERTAL 9C00  10.32  1.000 92,9 0 o o 0 0 0
FUELS 9000 5.35 1.000  48.1 o 0 160 o o 0
SC 6 SCRAPER 32 CY 415 WP
MATER 1AL 164400  9.19  1.000 132.3 0 0 0 ° 0 o
FUFLS 14400 5.13  1.000  73.9 0 o 246 o o 0
TIRES 14400  3.55  1.000 51, 0 o o ] 0 o
RVGT REVEGETATION
OTHER 1800  3B.48  1.000 69.3 6 o o ] 0 0
LMGT LAND MGT
DTHER 1800  19.24 1.000  34.6 0 ° 0 0 0 0
TOTALS (LESS DEFERRED) 502.3
GENERAL & AOMINISTRATION(STEADY-STATE YEAR)
SITE ROADS & SITE ANC. FAC,
BLDG BUILTINGS AKC. FAC. S
FUELS 2000  32.50 1.000 65,0 o 0 216 o [ o




LST

A

B C D E F G H X
WAT ER 2000 =12 1.000 ol [} % 15%% ] L}
PWR ELECTY, SYS. ANC. FaC,
H20 WATER SYS, ANC, FAC
CoM COMMUN. SYS. ANC. FAC,
MIEQ MOBILE SUP. ANC. FAC.
SHEQ EQUIP., SHOP ANC. FAC.
LAND LAND RIGHTS FREMINE
OTHER 2000 7C.13 1.000 140.3 [ 0 [ 0
XORL  EXPL. CRILL., PPEVINE
ENG CONT. ENG. PREMINE
ELS €s 1o S PREMINE
STF SUPERV. PER.
MATERTAL 2000 92.80 1.000 185.6 0 o 4} [¢]
RLTX ROY-SEV. TAX
OTHER 2000 1561.39 1.000 3122.8 0 0 o ]
INSURANCE & PROP. TAX 5992.9
HOME OFFICE CCSTS 5516
TOTALS {LESS DEFERRED} 10058.3
TOTALS (LESS DEFERREL) 17339%.1 110588 53729 2401 1098

TOTAL DEFERRED
# MEMO ITEM 3 NOT IACLUDED IN TOTALS

L2322 2 22 222 2222 22222 R d 222222222 R 222 2]

MATERITAL
FUELS
TIRES
ELECTRIC
WATER
OTHER

ca 26 so 90

oo

REGIONAL

ACJUSTHENT
FACTOR
1.00
1.00
1.00
1.00
1.00
1. 00

INFLATION
ESCALATION

RATE
-00
«00
- 00
00
=00
- 00

1185.2%




Appendix E.6 Infrastructure Report

The infrastructure report summarizes the physical effects,
economic impact, utility requirements, and manpower reguire-
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: Cives 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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CFa MDDEL: DATE: 11343 DEC 06,°76 PAGE NO.o 6.0}
507  (ADMUOSOTY HYPOTHETICAL MINE STUDY =~ FORT UNION
1 BASELINE SOLUTION
INFRASTRUCTURE REPORT

ALL FIGURES IN BASE COLLARS

PHYSICAL EFFECTS : PROJECT

UNITS ANNUAL TOTAL
ACREAGE DISTURBED ACRES 518 15466
PREP PLANT REJECT MTONS 91 2737
COAL PRODUCTICA MTONS 9160 272912
OVERBURDEN HANDLED MCYDS 35200 1048973

ECONOMIC IMPACT @

UNITS ANNUAL + DEF
PAYRCLL [l 3 9662, 10213,
FUEL PURCHASES M$ 721a .1050.
TIRE PURCHASES Mg 640, 1164,
MATL & OTHER SERVICES WM$ 5203, 5534,
INS. & PROP. TAXES M3 5993, 59934
ROYALTY & SEVR. TAXES M$ 3123, 3123,
TOTAL 25341, 27077,
UTILETY REQUIREMENTS ¢
UNITS ANNUAL
WATER ACRE-FEFT 165.
ELECTRICITY MEGA WH 110589,
MANPOUWER REQUIREMEATS 2
OPERATING MA INTENANCE
GRADE ANNU AL + DEF ANNUAL + DEF
S 92.0 92.0 0 .0
2 14.7 14.7 18.2 18.2
1 3406 3406 5.0 5.0
3 88.% 108.6 19.3 19.3
& 3%.6 39.6 104.2 114.0
s 58.1 58.1 -0 0

et s cam m [EVPUNE Y

TOTAL 327.5 3477 146.7 15645




Appendix E.7 Production and Cash Expenditure Table

The production and cash expenditure table shows for each
year 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 MODEL:

507 {ADMUOSOT) HYPOTHETICAL MINE STUDY -~ FORYT UNION

1 BASELINE

OVERBJPDEN REMOVAL
(MILLICN  CU YDS)

EQUIPMENT
MANPOWER
SERVICES & MATERIALS

COAL DRILLING & BLASTIAG
(MELLION CU YDS)

EQUIPMENT
MANPOWER
SERVICES & MATERIALS

COAL LOADING € HAULING

(THOUS AND RCPM TCNSS

EQUIPMENT
MANPOWE R
SERVICES & MATERIALS

COAL HANDLING & PREP,
{THOUSAND CLEAN TONS)

EQUIPMENT
MANPOWER
SERVICES & MATERIALS

LAND RECLAMATION
{ACRES)

EQUIPMENT
MANPUWER
SERVICES & MATERIALS

GENERAL €& ADMINISTRATIVE
FQUIPMENT
HANPUWER
SERVICES & MATERI]IALS
MISCELLANEOUS

TOTAL EXPENDITURE

BILLION BTU PRODULED

1976

0

oo

[~ R~N~] o

oL ©O [= X=X

o

o0o

857
210
21
5

1093

o

SCLUTION

DATE:

PROGUCT ION AND CASH EXPENDITURE TABLE ($Mm)

1977

D200 © Soo o000 © oo ©

Coo

1714
420
41

9

VWRSEZTRE

2184

1]

1678

BEEZXIRRD

0

1216

D00 © [~RoX-] (-] [~ R =N~ [~

OO0 o©

1857
631
62
i4

BXIEXRRE

3780

1]

1979

EERBEBBIX

[}

2432

o0 © O00 © ocoCo ©

[~ NN~ o

857
841
82
19

BERBIZTET

4231

1980

]

3649

(=N <N -] o

348

oo ©

OO0

1590
1051
103
24

6765
0

11343 DEC 06,°76

PAGE ND. 7,01

1981 1982 1983
k- + 3 -3 13 =

] 9 21
3649 3907 2691
[+] 993 1985
5964 6686 7408
0 3 [

0 73 73

0 58 116

[ 167 334

o 2467 5551
595 2579 2630

0 428 918

o 638 1408

] 24463 5496

[+] 26534 26534

4] 948 1896

0 732 1465

[+ 138 311

[+] 924 924

Q 164 327

0 133 300
1590 18125 0
1261} 1471 1681
124 350 370
150 6542 8331
REBETRR BT EEEETRTRX REZVWIDTWT
13433 T1452 59391
[\ 34664 77995
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CFA MODEL: DATE:
507 {ADMUOGS07) HYPOTHETICAL MINE STUDY ~ FORT UNION
1 BASELINE SOLUTION

PRODUCTION AND CASH EXPENDITURE TABLE ¢sM)

1584 1985 1986 1987 1988
T EI=ST BETTBDET BVEZERZES BEE =
DVERBUSNEN REMOVAL

(MILLION CU YDS) 33 35 35 35 35
EQUIPMENT 1474 135 135 258 258
MANPIWER 2578 2978 2978 2978 2978
SERVICES & MATERIALS 2166 2166 2166 2166 2166

COAL DRILLING & BLASTING
(MILLICN CU YOS} 9 10 10 10 10
EQUIPYENT 73 o o 0 0
MANPOWEP 173 173 173 173 173
SERVICES & MATERIALS 500 500 500 500 500
COAL LOADING & HAULING

{THOUSAND RCM TONS) 8635 9252 9252 9252 9252
EQUIPMENT 2283 522 203 203 80
MANPIWER 1407 1468 1468 1468 1468
SERVICES & MATERIALS 2178 2310 2310 2310 2310

COAL HANDLING £ PREP.

(THOUSANC CLEAN TONS) 8549 9160 9160 9160 9160
EQUIPMENT 26534 o 0 o 0
MANPOWER 2864 2844 2844 2844 2844
SERVICES & MATERIALS 2197 2197 2197 2197 2197

LAND RECLAMATICN

{ACRES) 484 518 518 518 518
EQUI PMENT 924 o o 0 857
MANPOAER 491 491 491 491 491
SERVICES & MATERIALS 468 502 502 502 502

GENERAL £ ADMINISTRATIVE ~
EQUIPMENT 0 0 0 0 0
MANPOWER 1892 1892 1892 1892 1892
SERVICES & MATERIALS 391 391 391 291 191
MISCELLANEQUS 9916 9667 9397 9132 8903
EERDETRET BEXTIEER BERBRAZ TR BRESRERE BRERBEER
TOTAL EXPENDITURE 58889 28236 27647 27505 26010
BILLION BYU PRODUCEC 121325 129991 129991 129991 129991

11343 DEC 06:°76

1989

P
35
258

2978
2166

10

173
500

9252
123

1468
2310

9160

2844
2197

518

857
491
502

0
1892
391
8676

27826
129991

PAGE NO.

1990

BEEBRRREE
35
135

2978
2566

10

173
560

9252

123
1468
2310

9160

2844
2197

518

857
%91
502

]
1892
391
8645

RTTERITER

27472
129991

T.02

1981

BREBBEEE
35
135

2978
2166

10

173
500
9282
1401

1468
2310

9160

2844
2197

518

491
502

]
1892
391
8237

BRBERBBEDE

27685
129991
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507 (ADMUDSOT) HYPOTHETICAL MINE STUDY - FORT UNION
1 BASELINE SCLUTION

PRODULCT ION AND CASH EXPENDITURE TABLE {($M)

1592 1993 1994 1995 1996
RERVPTREL BEEETRRE BVEEERED BEVBIRIN HUBBRRDR
OVERBURDEN REMOVAL

(MILLICA CU YDS} 35 35 35 35 35
EQUIPMENT 258 258 258 135 135
MANDAWE R 2978 2978 2978 2978 2978
SERVICES & MATERIALS 2166 2166 2166 2166 2166

COAL DRILLING & BLASTING :

{MILLION -CU YOS? 10 10 10 10 10
EQUIPMENT. o 0 73 13 73
MANPOWER 173 173 173 173 173
SERVICES & MATERIALS 500 500 500 500 500

COAL LOADING & RAULING

{THOUSAND RCM TCNS} 9252 9252 9252 9252 9252.
EQUIPMENT 1677 1800 1046 727 727
MANPOWE B 1468 1468 1530 1591 1652
SERVICES & MATERIALS 2310 2310 2461 2573 2705

COAL HANDLING & PREP.

{THOUSAND CLEAN TONS) 9160 9160 9160 9160 9160
EQUIPMERT 0 o 0 o 0
HAYPIWER 2864 2844 2844 2844 2844
SERVICES & MATERIALS 2197 2197 2197 2197 2197

LAND RECLAMATION

{ACRES) 518 518 518 518 518
EQUIPMENT 0 0 0 857 857
MANPOWER 491 491 491 491 491
SERVICES & MATERIALS 502 502 502 502 502

GENERAL & ADMINISTRATIVE
EQUIPMENT 0 0 0 0 o
MANPCAER 1892 1892 1892 1892 1892
SERVICES & MATERIALS 391 391 391 391 391
¥ ISCELLANEQUS 8050 7870 7659 1467 7271
2 =5 1+ 23 F.4 EREEXEIIN BERTEZEBER ERREREDTR BREVBREIDD
TOTAL EXPENDITURE 21897 27840 27141 27557 27554

BILLION BTU PRODUCED 129991 129991 129991 129991 129991

1997

BEBETR R
35

123
2978
2166

10

173
500

9252

213
1652
2705

9160

2844
2187

857
491
502

[}
1892
391
7041

26725

129991

1998

mussszse
335
258

2978
2166

10

173
500

9252
481

1652
2705

9160

2844
2197

518

491
502

0
1892
3391
6770

26000

129991

7.03

" 1999

BRBIRRER

35

258 -

2978
2166

10

173
500
9252
705

1652
2705

9160

2844
2197

518

491
502

0
1892
391
6496

IR B WA

25950

129991
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CFA MODEL:

507 (ADMUOSO7) HYPOTHETICAL MINE STUDY ~ FORY UNION

1 BASELINE SOLUTION

DVERBURDEN REMOVAL
(MILLION Cu YDS)

EQUIPHENT
HANPOIWER
SERVICES & MATERIALS

COAL DRILUING & BLASTING
S AMILLICN  CU YDSY

EQUIPMENT
MANPOWER
SERVICES & MATERIALS

COAL LDADING & HAULING
{ THIUSAND RCM TONS)

EQUIPHMENT
MANPOWER
SERVICES £ MATERIALS

COAL HANDLEING & PREP.
{THOUSANC CLEAN TONS)

FUUIPHENT
MANPOWER
SERVICES & MATERIALS

LAND RECLAMATICHN
{ACRES)

EQUIPMENT
MANPIWER
SERVICES & MATERIALS

GFNERAL & ADMINISTRATIVE
EQUIPHMENT
MANPOWE R
SEIYICES € MATERIALS
MISCELLANECUS

TOTAL EXPENDITURE

8ILLION BTU PRODUCED

2000

ERBREERR
35

135
2978
2166

10

0
173
500

9252

2444
1652
2705

9160
0

2844
21917

518

0
491
502

o]
1892
391
6335

BRESTSTS

27405

129991

DATE:

PRODUCTIDN AND CASH'EX?ENDITURE TABLE ($M)

2001

ERBEEZTES
35
13%

2978
2166

10

0
173
500

9252

2496
1652
2705

9160

2844
2197

518

857
491
502

0
1892
391
6233

wEZTZTBE

28212
129991

2002

BRIBE RS R
35
258

2978
21686

10

173
500

9252

2148
1652
2705

9160

2844
2197

518

857
491
502

1]
1892
391
6136

BEIJE AL

271890

129991

2003

BRVIRIIR
35
258

2978
2166

10

0
173
500

9252

799
1652
2708

9160

2844
2197

518

857
491
502

]
1892
39
5938

EEmgaE=yg

26343
129991

11543 DEC 06+%76 PAGE NOo

2004 2005 2006
= =% 2% 3

35 35 35
258 135 135
2978 2978 2978
2166 2566 2166
134 10 10

0 0 73

173 173 173
500 500 500
9252 9252 92852
602 602 727
1652 1652 1713
2705 2705 2836
9160 2160 9160
0 0 0
2844 2844 284%
2197 2187 2197
518 518 518

[ o] 1]

491 491 491
502 502 502

0 [ 0
1892 1892 1892
391 391 391

- 5690 5435 5193
BEETRBTE RNELEREDR REVITRBE
25041 24663 24811
129991 129991 129991

T 06

2007

BREBREE R
35
258

2978
2166

i0
73
173
500
9252
647

1775
2968

9160

2844
2197

518

491"
502

G
1892
391
4982

BEZBHEERR

24807
129991
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CFA MODEL:

567 {ADMUYOSOT)

HYPOTHETICAL MINE Stuud

1 BASELINE SCLUTION

OVERBJURDEN REMOVAL
(MILLICN CU YCS}

EQUIPMENT
MANPOWER
SERVICES & MATERIALS

COAL DRILLING & BLASTING
iMILLION CL YDS)

EQUIPMENT
WANPIWER
SEKVICES & MATERIALS

COAL LOADING & FAULING
(THOUSAND RCM TCONS)

EQUIPHMENT
MANPOWER
SERVICES & MATERIALS

COAL HANDLING & PREP.
{THOUSAND CLEAN TONS)

EQUIPMENT
MANPIWER
. SERVICES ‘& MATERIALS

LAND RECLAMATION
LACRES)

EQUIPMENT
MANPOWER
SERVICES & MATERIALS

GENERAL & ADMINISTRATIVE
EQUIPMENT
MANPOWER
SERVICES & MATER{ALS
MISCELLANEDUS

TOTAL EXPENDITURE

BILLION B8TU PRODUCED

2008

Exzxzegs

35

258
2978
2166

i0

73
173
500

9252

Y%
1836
3100

9160

2844
2197

518

£E57
491
502

[
1681
370
4748

BERSETERD

25421

129991

- Funl uUNBUN

T

DATE: 11343 DEC 06,°76

PRODUCT ION AND CASH EXPENDITURE TABLE (M}

2009

BEEXTRBER

35

258
2978
2166

10
o

173
500
9252
.1401
1836
3100
9160
0
2844
2197
518
857

491
502

0.
1471

350
%573

BEITTRER

25697

4129991

2010

mERRTERT

35
135

2978
2166

10

173
500

9252
1677

1836
3100

9160

2844
2197

518

857
491
502

0
1261
329
4406

BR=SZ XX

25452
129991

2011

ERIBITETS

35
135

2978
2166

i0

173
500
9252
1800

1836
3100

9160

2844
2197

1054
309
4201

EESERETRT

24283

129991

2012

23
135

1985
1444

1lé
334
6168
522

1224
2066

6107

1896
1465

345

327
369

0
841
288

3877

16889

86661

2013

BRVREE TR
i2
0

993
722

58
167

3084
123

612
1033

3053

948
732

172

164
202

0
631
267

3586

LY EEL S L 2

10238

43330

PAGE NO.

2014

BEESRTER

o000 © oo © oo o coo ©

o

oo

o]
420
41
269

TTRER=RE

765
0

T.05

2015

PEES LY

o © oo © o0 o oo ©

odo o

]
210
21
264

495

0
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CFA MODEL s DATE: 11343 DEC 06,°76 PAGE NO.
SC7 (ADMUOSO7) HYPOTHETECAL MINE Stirv [ETRE TR R
1 BASELINE SOLUTION

PRODUCTION AND CASH EXPENDITURE TABLE {SM)

TOTALS
"EZTZIES
QVFRBUPDEN REMOVAL
(MItLICN CU YCS) 149
EQUIPMENT 245195
MANPOWER 89336
SERVICES £ MATERIALS 82883
156734
COAL DRILLING & BLASTING
{MILLICN CU YDS) 300
EQUIPMENT 660
MANPOWER 5199
SERVICES & MATERIALS 15013
. 20871
COAL LNADING & FAULING
{ THOUSAND RCM TONS) 275709
EQUIPMENT 35202
MANPOWER 48280
SERVICES & MATERIALS 78373
161856
COAL HANDLING & PREP,

(THOUSAKD CLEAMN TCNS) 272913
EQUEPHENT 79602
MANPOAER 85316
SERVICES & HMATERIALS 65918

230836
LAND PECLAMATION

(ACRES) - 154566
EQUIPMENT 13058
MANPOWER 14721
SERVICES & MATERIALS 15668
42847

GENERAL & ADMINISTRATIVE
EQUIPMENT 26591
MANPOAER 60528
SERVICES & MATERIALS 12515
MISCELLANEOUS 217922
317557
BETEBETRE
TOTAL EXPENDITURE $70700
BILLION BTU FRODUCEOD 3873731

T.086




Appendix E.8 Financial Statements

Pro-forma financial statements are prepared for each year of
the project as follows:

1) Income Statement: Shows selling price and resulting
revenue, costs, net income, federal (accounts for
depletion and investment tax credit), and net earnings.

2) Sources and Uses of Funds: Shows from where funds are
derived balanced against how they are utilized.

3) Balance Sheet: Shows year end financial status balanc-
ing assets against liabilities and net worth.
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CFA MODEL:

BASEL INE SOLUTION

INCOME STATEMENT

SALES PRICE $/TON
REVENUES (NET])

cosTS
HANPOWER
SERYJCES & MATERIALS
LEASING COSTS
G & A
ENTEREST
DEPIECIATION

IOTAL COSTS
NET INCOME
TAXES

NET EARNINGS

MEMO ¢ FOR THIS PROBLEM,
PERCENTAGE DEPLETION IS

SQURCE AND USE OF FUADS

i wbm Dm o e

SOURCE
NET EARNINGS
"DEPRECIATION
SALE OF ASSETS
INCREASE IN DEBT
INCREASE IN CAPITAL

TOTAL SOURCE

USE
SURPLUS (ASF
SHORT TERM BORRCWLREP
AFR o INVoA/PyCASH CHAN

INC OR DECE-} IN WNRK €
FIXED ASSEY PURCHASE
REDUCTION IN DEBT
PAYMENT .OF DIVIDEND

DATE: 11:43 DEC 06,76 PAGE ND. . 8401
SC7 (ADMUOS0T) HYPOTHETICAL MINE STUDY -~ FORT UNION
1
ALL FIGURES IN THOUSANDS OF DOLLARS

1576 1977 1978 1979 1980 1981 1982 1983 1964 1985
<00 +00 .00 .00 +00 .00 5.93 5.93 5.93 5,93

0 o 0 0 0 0 14481 32582 50662 54303

) o o o o 0 2590 5242 7893 7954

0 0 0 0 0 59864 8356 10915 7510 7676

0 0 0 0 0 o 0 ] 0 0

236 471 707 942 1178 1535 8363 10383 12199 11950
58 174 374 623 1011 217% 5180 6388 5904 3554

0 0 0 0 0 0 2378 3968 5558 5633

293 645 1081 1565 2189 9673 26867 36895 39064 36768
-292 - 644 ~1080 ~-1564 ~2188 -9672 -12385 -4312 11619 17535
0 o 0 0 o o 0 0 0 0
-292 ~bbk -1080 -1564 -2188 ~9672 ~-12385 -4312 - 11619 17535
232=¢= VIR MERDEN EERERR ES-2-f-% 3 E-2 F-2-2-2 9 BEnZDRER REZEZRR EREE PR BERED E
] 0 0 0 0 0 0 0 5068 5430
-292 ~644 -1080 ~1564 ~2188 -9672 -12385 -4312 11619 17535
] 0 o 0 0 o 2378 3968 5558 5633

Q [¢] 4] Q [¢] g o Q o 0

286 571 1024 1096 1862 1978 17380 10951 10429 219
sT1 1143 12049 2193 3724 3956 34761 21901 20859 438
564 1069 1993 1726 3398 -3738 42133 32507 48465 23826
0 0 0 0 ¢ ) o 0 0 0
348 728 1252 1768 2631 10450 16769 5294 ~10293  =19910
26 -2 -16 -~ -1 94 4280 1434 232% -1321
-321 ~730 -1268 -1862 -2672 - 10354 -12427 -3859 12619 18589
857 1714 30673 3289 5587 5934 52142 32852 31288 658
29 86 188 298 484 682 2420 3515 4558 4580

0 0 0 0 [+ o 0 0 [ 0
564 1069 1993 1724 3398 -3738 42133 32507 48465 23826

TOTAL USE
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CFA MDDEL:
5C7 LADMUOS07) HYPOTHETICAL MINE STUDY -~ FORT UNION
1  BASELINE SCLUTION )

ALL FIGURES IN THOUSANDS OF DOLLARS

DATE: 11243 DEC 06,°76 PAGE NOo 8,02

1576 1977 1978 1979 1980 1981 1982 1983 1984 1985
BALANCE SHEET
CURRENT ASSETS
CASH 0 o 0 0 0 o 648 1310 1973 1989
SURPLUS CASH 0 o 0 0 0 o 0 0 [+} 0
. ACCCUNTS RECEIVABLE [} 0 0 0 0 o 1785 4017 62459 6695
INVENTORY 56 11l 198 214 3159 980 4709 4485 4773 31020
TOTAL CURRENT ASSETS 56 111 198 214 359 $80 7142 . 9812 12995 11703
FIXED ASSETS ,
DEPRECIABLE ASSETS o ] ] [} 0 0 63040 99889 - 136737 137395
LESS DEPRECIATICN 0 0 0 o 0 0 2378 6346 11904 17538
NET DEPRECIARLE ASSEY 5} 0 0 ¢} [} 0 60663 93543 124833 119857
NON-DEPREC TABLE ASSET 0 0 0 0 o 0 [} 0 <] (4]
FIXED ASSET PRCG. PAY 857 2571 5645 8934 14521 20455 9556 5560 [+} o
TOTAL FIXEC ASSETS 857 2571 5645 8934 16521 20455 70219 99103 124833 119857
TOTAL ASSETS 513 2683 5843 9148 14880 21435 77360 108915 137828 131561
mETREX BITRE E S+ % 214 ZZE==ER ERETES 2 TEER K EE *-X-+ 33 EERTBW MR BRE ERTIEE
CURRENT LIABILITIES
ACCUUNTS PAYABLE 1 2 3 5 6 334 %77 618 433 442
SH4ORT TFRM BORROW 348 1076 2328 4096 6727 17176 33885 39179 28885 8974
CURRENT PORTION OF DEBT 29 86 188 298 484 682 2420 3515 4558 4580
TOTAL CURRENT LiAB. 377 1163 2519 4398 7216 18192 36782 43313 33876 13996
LONG TERM DEBY ) 257 743 1579 2378 3756 5052 20013 27449 33320 28960
TOTAL LIABILITIES 634 1906 4058 6776 10972 2324% 56795 70761 67196 42955
NET WORTH
PAID-IN CAPITAL 571 1714 3763 5956 9681 13637 48398 70299 91158 91597
RETAINED EARNINGS -292 -937 . =2018 ~3583 ~5771 ~15445 -27831 ~32144 ~20525 ~2990
YOTAL NET WORTH 218 776 1745 2372 3908 -1808 20566 38154 70632 88605
TOTAL L1AB + NET 913 2683 5843 9148 14880 21435 77360 108915 137828 131561
WRER B BERSRS BREBERER EXRBRE BRERBE BRBWM BN BWR BB BRRTER ERRBEE ¥ - %
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CFA MODEL:

507 (ADMUOS0T) HYPOTHETICAL MINE STUDY ~ FORY UNION
I BASELINE SOLUTION

ENCOME STATEMENT

SALES PRICE $/TON
REVENUES (NET)

€NsTS
MANPOWER
SERVICES & MATERIALS
LEASING COSTS
G & A
INTEREST
DEPRECIATION

TOTAL COSTS
NET TNCOME
TAXES

NET EARNINGS

MEMO : FOR THIS PRUBLEK,
PERCENTAGE DEPLETION IS

SOURCE AND USE OF FLNDS

SOURCE
NET EARNINGS
DEPRECTATION

" SALE OF ASSETS
INCREASE IN DEBY
ENCREASE IN CAPITAL

TOTAL SOURCE

USE
SURPLUS CASH
SHORY TERM BORRCWELREP
AZR ¢ INVyA/P,CASH CHAN

INC 3R DEC{-} IN WORK C
FIXED ASSET PURCHASE
REJUCTION IN DEBT
PAYMENT OF DIVIDEND

TOTAL USE

4LL FIGURES IN THOUSANDS OF DOLLARS

DATE: '11:43 DEC 06,°76

PAGE NG 8.03

1986 1987 1988 1989 1990 1991 1992 1993 1994 1995
5.93 5.93 5,53 593 5.93 5.93 5.93 5.93 5.93 . %5.93
54303 54303 54303 54303 54303 54303 54303 54303 54303 54303
7954 1954 1954 7954 7954 7954 7954 T954 8016 8077
1676 7676 T676 7676 7676 7676 1675 1676 7808 7939
0o 0 ] o} 0 0 0 ] 0 [+]
11679 11415 11185 10959 10727 10520 10333 10152 9941} 9749
2326 1973 1643 1320 998 700 424 285 210 227
5644 5645 5694 5674 3655 5599 5538 5605 5584 5639
35279 34663 34153 33582 33014 324649 31986 31673 31559 31631
19024 19640 20150 20720 21292 21853 22317 22630 22743 22672
[ 5850 6976 7250 1562 7871 8056 8091 8077 8037
19024 13789 13174 136471 13729 13983 14221 14539 14666 14634
2ETRTEE BERETRR 232 3 £+ mBEEIE BERTTRE BEBSERR BREEXIRR BREDSE WMBEERE BRERES
5430 5430 5430 5430 5430 5430 5430 5430 5430 5430
19C24 13789 13174 13471 13729 13983 14221 14539 14666 14634
5644 ‘5645 5694 5674 5655 5599 5598 5605 5584 5639
0 Y 0 0 4] 0 Q 0 [ [

113 154 398 413 372 512 645 686 459 598
226 3c8 797 826 Tét 1024 1290 1372 919 1195
25C06 19896 20064 20383 20500 21118 21755 22203 21628 22066
11134 14864 14302 14684 15003 15315 15700 17716 18877 19829
-8573 o} 0 0 0 [} o Q 0 0
-2 49 108 71 141 173 1698 1034 976 9
20105 14914 14410 14755 15144 15488 17399 18750 19853 19839
338 461 1195 1238 11135 1536 1936 2059 1378 1793
4563 4521 4458 4390 4241 4094 2421 1394 397 435
Q 1] 0 Y o [+ 0 0 ] 1+
25006 19896 20064 20383 20500 21118 21785 22202 121628 22066
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CFA MODEL:

5C7 (ADMUOS07) HYPOTHETICAL MINE STUDY ~ FORT UNION
1 BASELINE SCLUTION

BALANCE SHEET

CURRENT ASSETS
CASH
SURPLUS CASH
ACCOUNTS RECEIVABLE
INVENT ORY

TITAL CURRENT ASSETS
FIXED ASSETS
DEPACCEIABLE ASSETS
LESS DEPRECIATICN
NET DEPRECIABLE ASSET
NON-DEPREC IABLE ASSET
FIXED ASSET PRCG. PAY
TOVAL FIXED ASSETS
TOTAL ASSETS
CURRENT LIABILITIES
ACCOUNTS PAYABLE
SHORY TERM BORRCH
CURRENY PORTION OF DEBT
TOTAL CURRENY LIAB.
LONG TERM QEBT
TOTAL LIABILITIES
NET WORTH
PAID-IN CAPITAL
RETAENED EARNINGS
TOTAL NET WORTH

TOTAL L1AB ¢+ NET

ALL FIGURES IN THOUSANDS OF DOLLARS

DATE:s 11343 DEC 06.°75

PAGE NOo 8- 0%

1686 1987 1988 1989 1990 1991 1992 1993 1994 1995
1589 1989 1989 1989 1989 1989 1989 1989 2004 2019
11134 25998 40300 54963 69986 85300 101001 118716 137593 157422
6695 6695 6695 6695 6695 6695 6695 64695 6695 6695
3000 3008 3054 3056 3049 3075 3100 3107 3078 3117
22817 37689 52036 66723 81718 97059 112784 130507 149376 169254
137733 138195 139390 140629 141744 143280 145216 147274 148652 150445
23181 28827 34521 40194 45849 51449 57047 62652 68237 73876
114552 109368 104870 100434 95895 91832 -88169 84622 80416 76569
o 0 0 0 0 0 0 0 ] [}

o 0 0 i} [¢] 0 0 0 0 o]
114552 109368 104870 100434 95895 91832 88169 84622 80416 T6569
137369 147057 156906 167157 177612 18889¢C 200953 215129 225786 245823
EZEmEsx BZIBMRES EF-t 222 mEEDNES EERRED EBEEIT®R EBR=ZER BETERER BERZERR BRIBRER
442 442 442 442 462 442 442 442 449 456

0 Q 0 0 0 0 [+ 0 4] g

4563 4521 4458 4390 4241 4094 2421 1394 397 435
5005 4963 4900 4832 4683 4536 2863 1836 846 891
24510 20143 16C83 12106 8237 4655 2880 2172 2234 2396
29514 25106 20983 16938 12920 9191 5742 4008 39080 3288
91822 92130 92927 93752 %496 95520 96810 98183 99101 100296
16032 29822 42996 56467 70196 84179 98400 112939 127604 142239
107854 121952 135923 150219 164692 179699 195210 211121 226706 242535
137369 147057 156906 167157 177612 188890 200953 215129 225786 245823

BEBBEE

BARRE B

EZBEXER

BERE BB

aRBRBR
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CFA 4JDELS DATE: 11243 DEC 06+%76 PAGE NOe 8.05
507 (ADMUOS0T) HYPOTHET ICAL MINE STUDY ~ FORT UNION
1 BASELINE SOLUTION
ALL FIGURES IN THODUSANDS OF DOLLARS

1996 1997 1998 ° 1999 2000 2001 2002 2003 2004 2005

ENCOME ST ATEMENT
SALES PRICE $/TON 5.93 5,93 5.93 5.93 5.93 5.93 5.93 5.93 5.93 5.93
REVENUES (NET}) 54303 54303 . 54303 54303 54303 54303 54303 . 54302 54303 54303
€asTs , ,
MANP IWER 8138 8138 8138 8138 8138 8138 8138 8138 8138 8138
SERVICES £ MATERIALS 8671 8071 8071 8071 8071 8071 8071 8071 8071 8071
LEASING COSTS 0 0 0 r 0 ¢ 0 0 o 0
6 & A §553 9323 3053 8778 8617 8515 6419 8220 1972 7718
INTEREST 240 233 212 198 228 279 318 317 289 260
DEPOEC EATECN 5705 5703 5693 5652 5732 5835 5854 5804 5720 5719
TOTAL COSTS 31707 31468 31166 30837 30786 30838 30800 30551 30191 29906
NET INCOME 22595 22834 23136 23465 23516 23465 23503 23752 24112 24397
TAXES 8134 8312 8463 8621 8642 8597 8613 8745 8937 $10%
NET EARNINGS 16461 14522 14673 14844 14875 14868 14690 15007 15174 15293
S::"’l BEZERE EERLSER b X3¢ 2 34 ’leSE' BREFTER BETERR BEERRD BEREER BERERD
HEMD : FOR THIS PRCBLEM,
PERCENTAGE DEPLETION IS 5430 5430 5430 5430 5430 5430 $430 5430 5430 5430
SOUPCE AND USE OF FUANDS
SOURCE v
NET FARNIAGS 14461 14522 14673 14844 14875 14868 14890 15007 15174 15293
DEPREC TAT LON 5705 5703 5693 5652 5732 5835 5854 5804 5720 5719
SALE OF ASSETS 0 0 o ' o o o o 0 o o
INCREASE IN DEBY 598 398 246 321 860 1163 1088 638 287 246
INCREASE IN CAPITAL 1195 795 493 642 1720 2325 2176 1276 574 492
TOTAL SOURCE 21959 21418 21105 21460 23186 24191 24007 22725 21755 20750
usE
SURPLYS CASH 19710 19779 19887 19990 20022 20114 20161 20254 20324 20400
SHART TERM BORRCWEREP 0 o 0 o o o o e o o
A/RINV,A/P ,CASH CHAN -26 ~61 -12 23 52° -7 -57 -79 ~48 27
INC OR DEC(~=} IA WORK € 19683 19717 19873 20013 20074 20105 20102 20174 20275 20428
FEXED ASSET PURCHASE 1793 1193 739 964 2579 3488 3263 1914 861 738
REDUCTION IN DEET 483 508 493 483 532 597 642 637 620 586
PAYMENT OF OIVICEND ¢ 0 o o ° o 0 o ¢ 6

TOTAL USE 21939 21418 21105 21460 23186 264191 24007 2272% 21755 21750
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CFA WIDEL:

507 {ADMUOCS07I HYPOTHETICAL MINE STUDY ~ FORT UNION

1 BASELENE SOLUTION

BALANCE SHEET

CURRENT ASSETS
CASH
SURPLUS CASH
ACCOUNTS RECEIVABLE
INVENTORY

TOTAL CURRENT ASSETS
FIXED ASSETS
DEPRECIABLE ASSETS
LESS DEPRECIATION
NET DEPRECIABLE ASSET
NON-DEPRECIABLE ASSET
FIXED ASSET PROG. PAY
TOYAL FIXED ASSETS
TOTAL ASSETS
CURRENT LIABILITIES
ACCOUNTS PAYABLE
SHIRT TERM BOPPIW
CURRENT PORTION OF DEBY
TOTAL CURRENT LIAB.
LONG TERM CEEBT
TOTAL LIABILITIES
NET WORTH
PalD-IN CAPITAL
RETAINED EARNINGS
TOTAL NET WORTH

TOTAL LIAB ¢ NET

ALL FIGURES IN THOUSANDS OF DOLLARS

DATE: 11343 DEC 06+°76

PAGE NO. 8.06

1996 1997 1698 1999 2000 2001 2002 2003 2004 2005
2035 2035 2035 2035 2035 2035 2035 2935 2035 . .2035
177132 196911 216798 236788 256810 276924 297084 317338 337662 358062
6695 6695 6695 6695 6695 6695 6695 6695 6695 66935
3130 3093 306% 3079 3180 3236 3222 3138 3072 3064
188992 208734 228%92 248596 268719 288889 309036 329205 349463 369855
152238 153431 153822 154090 156670 160505 164464 166378 167239 167976
79581 85284 90977 96629 102361 108196 114051 119855 125515 131294
72657 68147 62845 57461 54308 52309 50443 46523 41663 T 36682
0 o 0 0 0 [+ 0 0 g 0

0 o 348 1043 1043 695 0 0 4] 0
12657 68147 63193 58504 55351 33004 50413 46523 41663 36682
261648 276880 291784 307099 324070 341893 359449 375728 391126 406537
EZ==nx =EZE=I® =TT == RERTTX EBRTZLD RTT=LE -ZSSS'S BRXDRR BREEZZBR BWREERR
464 46% 464 464 46% 464 464 %64 464 464

(¢} 0 0 o} 0 0 ] 0 0 ]

483 508 493 483 532 597 6542 637 620 584
947 972 956 947 996 1061 1105 1100 1083 1048
2510 2400 2154 1992 2319 2884 3331 3332 2999 2661
3458 3372 3110 2939 3315 3945 4436 %432 4082 3709
101492 102287 102780 103422 105142 107467 109643 110919 111492 111984
156700 171222 185895 200739 215614 230481 245371 260378 275553 290845
258191 273509 288675 304161 320755 337948 355013 371297 387045 402830
261¢€49 276880 291785 307100 324070 341893 359449 315729 391127 406538
RETRBE EREEER EETTBR ERRERD RESBER BEZRBED ERESBRR E-2 2 1 %3 BEBBIBIE BERWBBE




VLT

CFA MIDEL:

507 (ADMUOS07} HYPOTHETICAL MINE STUOY - FORT UNION

1 RBASELINE SCLUTION

INCOME STATEMENTY

SALES PRICE $/TON
REVENUES {NET)

cnsTsS

- MANPOWER
SERVICES & MATERIALS
LEASING COSTS
G &L a
INTERESTY
DEPRECIATION

TOTAL COSTS
NCT INCOME
TAXES

NET EARNINGS

MEMD : FOR THIS PROBLEM,
PERCENTAGE DEPLETION IS

SOURCE AND USE OF FUNCS

SOURCE
NET EATNINGS
DEPRECIATION
SALE DF ASSETS
INCREASE IN DEBY
INCREASE IN CAPITAL

TOTAL SCURCE

USE
SURPLUS CASH
SHORT TERM BORROWEREP
A/RINVoA/PCASH CHAh

INC OR DECI~) IM WORK C
FIXED ASSET PURCHASE
REDUCTY ION IN OEBY
PAYMRENT OF DIVICERD

TOTAL USE

DATE: 11343 DEC 06,°76

PAGE NDe 8,07

ALL FIGURES IN THOUSANDS OF DOLLARS
2006 2007 2608 2009 2010 2011 2012 2013 2014 2015
5.93 5093 5.93 5.93 5.93 5.93 5.93 5.93 -00 « Q0
54303 54303 54303 54303 54303 54303 36202 18101 0 D]
8199 8261 8322 8322 8322 8322 5548 2774 0 0
8203 8334 8466 8466 B466 8466 5679 2857 35 0
g 0 0 [ 4] [+ (¢} [} 4 [
7475 1234 6799 6394 5996 5560 5005 4484 731 495
238 219 224 245 265 265 236 199 164 131
5769 5783 5819 5861 5857 5864 4693 3491 138 ]
29884 29831 29631 29268 28906 28478 21161 13804 1067 625
24419 246471 24672 25035 25396 25825 15041 4297 ~1066 -624
9114 9140 9236 9410 9584 9789 5482 1194 o 0
15304 15332 15436 15625 15813 16035 9559 3103 -1066 ~ 624
BTEEBR BERRI R BETRRRE BEZRER WEBEXBR ZumRER BEERRE MEXTRE BREEBEEE BESEHBR
5430 5430 5430 5430 5430 5430 3620 1810 4] [+
15304 15332 15436 15625 15813 16035 9559 3103 -1066 =624
5769 5783 5819 5841 5857 5864 4693 3491 138 0
0o (4] 0 0 0 0 0 5078 [} [}
312 326 . 612 839 890 645 219 41 0 [}
624 652 1224 1678 1780 1290 %38 82 [ [}
22009 22093 23091 23982 24340 23835 14910 11795 -928 -624
20455 20535 20632 20838 21024 21307 17520 14981 2424 -1 035
0 0 0 0 [ 0 0 o 0 (o}
62 31 37 -9 6 5 ~3768 ~3750 -3765 22
20517 20566 20670 20828 21030 21312 13751 11230 =-1341 -1013
536 978 1836 2516 2670 1936 658 123 g o
556 549 585 637 640 568 501 442 413 3ge
o 0 0o 0 [+] 1] [} ] 0 1]
22009 22093 23090 23982 24340 23835 14910 11794 -928 -625
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CFA MODEL? DATES 11343 DEC 06,°T6 PAGE NO. 8.08
507 (ADMUOS0T) HYPOTHETICAL MINE StuLy funt withute
I BASELINE SCLUTION
ALL FIGURES IN THOUSANDS OF DOLLARS
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
BALANCE SHFET
CIRPENT ASSETS .
CASH 2050 2065 2080 2080 2080 2080 1387 693 0 ]
SURPLUS CASH 378517 399052 419684 440522 461546 482853 500373 515354  -S17778 516742
ACCOUNTS RECEIVABLE 6695 6695 €695 6695 6695 6695 4463 2232 0 0
INVENTORY : 3090 3106 3170 3211 3218 317 2086 1044 8 2
TOTAL CURRENT ASSETS 390351 410917 431630 452508 473540 496799 508309 519323 517765 516744
FIXED ASSETS
DEPSECIARLE ASSETS 168912 169890 171726 174242 176912 1788648 179505 174550 174550 174550
LESS DEPRECIATION 137063 142546 148666 154506 160364 166228 170922 174412 174550 174550
NET DEPRECIABLE ASSEY 31849 21044 23060 19736 16548 12619 8584 138 0 o
NON-DEPRECIABLE ASSET o o ¢ ] o 0 o o 0 o
FIXED ASSET PROGe. PAY 0 0 0 0 o 0 0 0 o o
TOTAL FIXED ASSETS 31849 27044 23060 19736 16548 12619 8584 138 0 o
TOTAL ASSETS 422200 437961 454690 472245 450088 507418 516893 519461 517785 S16744
WRERT R WEETRY N BERRTES Brzaxg BREREDS BESERR £ 2.3 2.2 BEERTE BRREBRE BEDSRBE
CURRENT LIABILITIES
ACCOUNTS PAYABLE 471 478 484 483 482 481 327 171 4 1
SHORT TERM BORROW 0 o 0 o o 0 0 o 0 e
CURPENT PCRTICN OF DEBT 556 549 585 837 640 588 501 442 413 388
TOTAL CURRENT t1AB. 1027 1027 1069 1120 1122 1069 828 613 417 390
LONG TERM DEBY 2417 2194 2221 2423 2673 2730 2647 2047 1634 1245
TOTAL LIABILITIES 3443 3221 3290 3543 3794 3799 3276 2659 2051 1635
NET WORTH A
PAID-IN CAPITAL 112608 113260 114484 116161 117941 119232 119670 119752 119752 119752
RETAINED EARNINGS 306150 321481 336516 352541 368353 384389 393947 397050 395983 395358
TOTAL NET BORTH 418757 434741 451400 468702 486295 503620 513617 516602 515735 515118
TOTAL LIAB & NEY 422201 437962 454690 572245 490089 507419 516893 519462 517786 516744
BB R 22 2 2 £ 3 ERTEETR BEERVRSE BRI/ RBEDRBR BREREBR L3 =
sSToP® 0




Appendix E.9 Default Values for Fort Union

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 Fort Union

ADM MODEL ECONOMIC SUMMARY RUN DATE 11243 DEC 06,°76 PAGE NOo. 1ol

CASE NO. SO7 TITLE (ADMUOSO7) HYPOTHETICAL MINE STUDY -~ FORT UNIUON
ALT. NO. 1 JITLE BASELINE SOLUTION

1975 DOLLARS; FINANCIAL PAPAMETERS AS PFER MICRO MODEL ASSUMPTIONS

1 “ncy 1 INCLUDE COAL LOAD AND HAUL

I 14108 0 INCLUDE ROCK ORILL AND BLAST

I 1400t i INCLUDE ORAGLINE

1 IM0GA 1 INCLUDE GENERAL & ADMINISTRATIVE

I IvOLR i INCLUDE RECLAMATION

i fuoep i INCLUDE PREP PLANT

i IM008 1 INCLUDE CNAL DRILL AND BLAST

1 1epyY 1 PP -~ IADEX TO PLANT TYPE

1 LOGCF 1 WRITES CFA CUNTROL FILE IF

I LOGDV 1 PRINTS DEFAULY VARIABLES IF 1

I LJIGEC 1 WRITES CFA EQUIPMENT FILE IF 1

I L0GPA 1 PRINTS PARAMETERS IF 1

I LGRD 1 PRINTS REGRESS. DATA FILE IF 1

I L73G6GSD 1 WRITES SPECIFICATION DATA [F }

I LOGSHM 1 WRITES ECONIMIC SUMMARY IF ONE

1 Gaup «110000 GAA ~ UNION PAYMENT ($/TON}

0 ABHD 63,4300 ANGLE BURDEN HIGHAALL (OEGREES)

0 A8SD 33.¢6C0 ANGLE BURDEN SPOILS (DEGREES)

D ACFD 76.0000 ANGLE COAL FACE (DEGREES)

D CDRTYD «3(84COE 07 CCAL DEMAND ROM TONS/YFAR

D CHHDF 968C.CC COAL HAUL DISTANCE IN FFET - YEAR 1
D nBApy 2935.00 DENSITY NF OVERBRURDEN RANK LBS/YARD
D 0C3pY 2CC0. CO DENSITY COAL BANK LBS/VARD

D DRSMFH 100.0€C0 DRILLING RATE IN SOFT MAT L. - FT/HR
0 ECP 920000 EXPECTED COAL RECOVERY FACTOR

D GATYB 60.5047 GAA — TONS/YEAR - BASELINE

D PPBED <409500€ 15 PP — BASE ENERGY BTU/YEAR

0 PPAT 1500C.0 PP - BASE TONS/DAY

D PPODY 25C.CCO PP — DPERATING DAYS/YEAR

D PRPY +300000 POWDER RATIN — POUNDS / CU. YD.

D PWF 100.0C0 PANEL WIDTH (FEET)

0 SFB «350000 SWELL FACTIR FOR RURDEN

D SFC »3500C0 SWELL FACTOR FOR COAL

D TMY 30.0CC0 TOTAL MINING YEARS

D 7er 2600000E-01 TOTAL RESISTANCE ON TOPSOIL HAUL RDAD




Appendix E.9 Default Values for Fort Union (continued)
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CFA MODEL: DATE: 11:43 DEC 06,°76 PAGE NO. =01
507 {ADMUOSOT) HYPOTHET ICAL MINE STUDY - FORT UNION
1 BASELINE SCLUTION

PARAMETER LIST

0 LCFCD 1 BUILDS CORRELATION DATA FILE EF 1

D LCFDR 0 1 0GS DERUG ARPAYS IF 1

D LCFEP 1 PRINTS THE FINANCIAL PARAMETERS IF 1
D LCFFSR 1 PRINTS FINANCIAL SUMMARY REPORT IF 1
D LCFIL 1 PRINTS INVESTMENT LIST IF 1

D LCFIR 1 PRINTS INFRASTRUCTURE REPORT fF 1

D LCEMPL i PRINTS MAINTENANCE MANPOWER LIST iF 1
0 LCFOPL 1 PRENTS OPERAT ING MANPOWER LIST IF 1
D LCFPCE 1 PRINTS PRODN. & CASH EXP. REPORY IF 1
D LGFPFS 1 PRINTS PRO-FORMA STATEMENTS F 1

D LCFSYL 1 PRINTS SERVICE & MATERIALS LIST IF 1
D LCFXY 1 BUILDS X,Y PLOT FILE IF 1

L NEDNC 0 NEW EQUIP, DATA ENR NEXT CASE fF 1

0 CEDYW 1€.0000 CCST OF ELECTRICITY - $/MEGAWATT HOUR
D CFOMG 300,000 COST OF FUEL - $/M GALS.

D CAIMG «5C00CCE-O0L  CTCST OF WATER — $/M GALS

n DAPG .10c0CO DEPLETION ALLOWANCE — PERCENT OF GROSS
D DAPN «500CC0 DEPLETION ALLOWANCE — PERCENT OF NEY
D DEC +CCCCED DEBT/EQUITY RATIO CONTROL

D DER 1.00000 DERT/EQUITY RATID ;

D DERT .1CC000 DEBT/EQUITY RATIO TOLERANCE

D EYAEI +CCO0CO ESCAL. YEAR - ALL EQUIP. INVEST.

D EYHC .CCCOCo ESCAL. YEAR - HOURLY COSTS

D EYML . CCO0CO ESCAL. YEAR ~ MAINTENANCE LABOR

D EYOL « 000000 ESCAL. YEAR ~ OPERATING LABODR

D EYSPC «CCCOC0 ESCAL. YEAR - SELLING PRICE OF COAL
D FALC 1.2C0C0 FACTOR - ANNUAL LEASE COSTS

D FLR 2250000 FACTOR ~ CASH REQUIRMENTS

D FHNC «2C000CF=0L  FACTOR —~ HOME NFFEICE COSTS

D FIPT «5C00C0E~01  FACTUR -~ [NSURANCE & PROPERTY TAX

D FS$1 «1 00000 FACTOR - SUPPLIES INVENTORY

D FWi .6250C0E=01 FACTOR — WAREHOUSF INVENTORY

D RAAEL 1.00000 REGIONAL ADJ, = ALL EQUIP. INVEST.

D RAEL 1.000C0 REGIONAL ADJ. =~ ELECTRICITY

D RAFU 1.,€00C0 REGIONAL ADJ. ~ FUELS

D rAML 1.,00000 REGINNAL ADJ. — MAINTENANCE LABOR

D RAMM 1.000C0 REGIONAL ADJ. - MAINTENANCE MATERIALS
D RAUL 1.00000 REGIONAL ADJ. - OPERATING LABOR

D RANT 1.6C000 REGIONAL ADJ. - CTHER CDSTS

D RATE 1.C0CCO REGIONAL ADJ. =~ TIRES

D RAWA 1.000C0 REGIONAL ADJ. =~ WATER

D RCD eccoo RATE - CASH DIVIDENDS

D RCI .120000 RATE = CONSTRUCTIONN INTERESY

n RITC s 7CCOCOE~04  RATE - INVESTMENT TAX CREDIT

D PLTDR 10.C0C0 RATE ~ L-~T DEBT REPAYMENT (YEARS]

D VCDY 365.000 VALUE -~ CALENDAR DAYS/YEAR

D VDAP 20.00C0 VALUE ~ DAYS ACCOUNTS PAYABLE

D VDAR 45.00C0 VALUE ~ DAYS ACCOUNTS RECEIVABLE

0 vDCI 1¢.CC00 VALUE - CAYS OF COAL INVENTORY

D VELY 1676.00 VALUE - FIRST CALENDAR YEAR

n vnoy 250,000 VALUE - NPERATING DAYS/YEAR

D vSC «0000C0 VALUE - STARTING CASH

D VUPDH . 6000C0 VALUE = UNION PENSION $/HOUR




APPENDIX F

. Macromodel Sensitivity Analysis

F.l1 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 Fort Union test case to indicate the
impact of each on the following:

Sales Price in Base Dollars: S/prepared ton
Sales Price in Base Dollars: $/million Btu
Return on Investment: percent

Return on Paid-in-Capital: percent
Cummulative Investment to

Steady State: MS

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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Seven mining parameters were varied at the following values:

NSO W N

Mining

Parameter

PPNED
PPNHY
HBA
HC
IPPT
HBT
ROC

where:

Mining Parameter Sensitivity Analysis

Appendix F.l

Sensitivity Range

Value 1 Value 2 Value 3 Value 4 Value 5
Baseline

Ext.High Exp.High Value Exp.Low Ext.Low

.2438E15 .195E15 .13E15 .0813E15 .0325E1l5

7700 7400 7070 6500 6000

100 70 42.00 20 -

22 17 12 8 4

3 2 1 - -

2.5 2 1.25 .5 0

200 750 600 450 300

PPNED = Energy Demand for Mine Complex (Btu/vyr)

PPNHV

i

Run-of-Mine Coal Heat Value (Btu/1lb)

HBA = Height of Burden Average (ft)

]

HC

Height of Coal (ft)
IPPT = Prep. Plant Type Based on Difficulty
(l1=crush & screen; 2=Baum Jig; 3=heavy media)

HBT = Topsoil Thickness Saved (ft)
ROC = Other Reclamation Costs ($/acre)
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Appendix F.1

Mining Parameter Sensitivity Analysis (Fort Union)

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 6.03 .43 9.99 10.66 231566. 308501, 27636.
.195000E 15 6.08 .43 10.00 10.73 192066. 257298, 22686.
.130000E 15 5.93 .42 10.00 10.87 137395, 179628, 15630,
.813000E 14 6.29 .44 10.00 10.94 94545, 122319, 10496,
.325000E 14 7.58 .53 10.00 10.98 47758. 60045, 5578.
Run-of-Mine Coal Heat Value (Btu/lb)
7700.00 6.10 .39 10.00 10.87 128464. 168695. 14562,
7400.00 6.02 .41 10.00 10.87 132655, 174483. 15132.
7070.00 5.93 .42 10.00 10.87 137395, 179628, 15630,
6500.00 6.31 .48 10.00 10.79 149598, 198207. 17861.
6000.00 6.12 .51 10.00 10.80 157848, 208858, 18379.
Height of Burden Average (ft)
100.0 9.09 .64 10.00 10.82 195847, 239278, 21550.
70.0 7.44 .52 10.00 10.85 163554. 210579. 18722.
42.0 5.93 .42 10.00 10.87 137395. 179628, 15630.
20.0 5.02 .35 10.00 10.89 121208. 163841. 14065.
Height of Coal (ft)
22.0000 5.25 .37 10.00 10.88 123542, 159021. 13977.
17.0000 5.51 .39 10.00 10.87 128716. 166568, 14858,
12.0000 5.93 .42 10.00 10.87 137395, 179628. 15630.
8.00000 6.66 .47 10.00 10.86 151618. 202973, 17232,
4,00000 8.81 .62 10.00 10.84 194051. 277270. 22155,
Prep. Plant Type Based on Difficulty*
3.00000 9.38 .63 10.00 10.82 214222, 266830. 22999,
2.00000 8.43 .57 10.00 10.81 193182, 243389, 20694.
1.00000 5.93 .42 10.00 10.87 137395, 179628, 15630.

* (l=crush & screen; 2=Baum Jig; 3=heavy media)

(Continued next page)
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Topsoil Thickness Saved (ft)
2.50000
2.00000
1.25000
. 500000
. 000000
Other Reclamation Costs ($/acre)
900.000
750.000
‘600,000
450,000
300.000

Appendix F.1

(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
6.03 .42 10.00 10.87 139004. 186868. lel44.
5.99 .42 10.00 10.87 138400. 183851, 15924.
5.93 .42 10.00 10.87 137395, 179628. 15630,
5.86 .41 10.00 10.87 136389, 174601, 15263,
5.82 .41 10.00 10.87 135585, 171383, 15043,
5.94 .42 10.00 10.87 137587. 180591, 15742.
5.94 .42 10.00 10.87 137587. 180591, 15716.
5.93 .42 10.00 10.87 137395, 179628, 15630.
5.93 .42 10.00 10.87 137395, 179628, 15604,
5.91 .42 10.00 10.87 137202, 178666. 15518.



Appendix F.2

‘ Financial Assumption Sensitivity Analysis
Twelve financial assumptions were varied at the following
values:

Sensitivity Range
Value 1 Value 2 Value 3 Value 4 Value 5
Financial Baseline
Assumption Ext.High Exp.High Value Exp.Low Ext.Low
1 RLTI 12.0 10.0 8.0 6.0 -
2 RCFD 20.0 15.0 10.0 5.0 0
3 RFIT 57.6 52.8 48.0 43.2 38.4
4 CDR 99 4 2 1 .00
5 EROL, ML .10 .05 .00 - -
6 ERMM, FU, TI, .10 .05 .00 - -
EL, WA, OT
7 ERAEL .10 .05 .00 - -
8pbMm1l1,2,3 3 2 1 - -
9 GASR 500 375 250 125 0]
10 GAMR 100 75 50 25 0
11 GARA 1.00 .50 .25 0 -
12 GAST 1.00 .50 0 - -
where: RLTI = Long Term Interest Rate (percent)

RCFD = Desired Return on Investment (percent)
(Cash Flow Discount Rate)
RFIT = Federal Income Tax Rate (percent)
CDR = Paid in Capital/Long Term Debt Ratio
EROL ,ML = Labor Escalation Rate
ERMM,FU,TI,
EL,WA,OT = Materials and Services Escalation Rate
ERAEI = Equipment Escalation Rate
DM 1,2,3 = Depreciation Method (l=St.Line,2=Decl.Bal,
3=Dbl.Decl)
GASR = Land Rights~Surface ($/acre)
GAMR = Land Rights~Mineral ($/acre)
GARA = Royalty ($/ton)
GAST = State and Local Severance Tax ($/ton)
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Appendix F.2

Financial Assumption Sensitivity Analysis (Fort Union)

78T

Dollars Dollars Return Return Invest. Invest. Annual
Prep'd Million on on Paid to steady Total Cperate
Ton BTU Invest. Capital State Project Cost
Long Term Interest Rate (percent)
.120 5.93 .42 10.00 10.74 137395, 179628, 15630,
.100 5.93 .42 10.00 10.80 137395, 179628, 15630,
. 080 5.93 .42 10.00 10.87 137395. 179628. 15630.
. 060 5.93 .42 10.00 10.93 137395, 179628, 15630.
Desired Return on Investment (percent)
.200 9.69 .68 20.00 21.05 137395, 179628, 15630.
.150 7.67 .54 15.00 15.98 137395, 179628. 15630.
.100 5.93 .42 10.00 10.87 137395, 179628. 15630.
.050 4,58 .32 5.02 5.41 137395, 179628. 15630
. 000 3.76 .26 .08 999.99 137395, 179628. 15630.
Federal Income Tax Rate (percent)
.576 6,20 .44 10.00 10.90 137395, 179628, 15630.
.528 6.06 .43 10.00 10.89 137395, 179628. 15630.
. 480 5.93 .42 10.00 10.87 137395, 179628. 15630.
432 5.83 .41 10.00 10.85 137395. 179628. 15630
.384 5.74 .40 10.00 10.84 137395, 179628, 15630.
Paid In Capital/Long Term Debt Ratio
99,000 5.93 .42 10.00 10.00 137395, 179628, 15630.
4,000 5.93 .42 10.00 10.47 137395, 179628. 15630.
2,000 5.93 .42 10.00 10.87 137395. 179628. 15630
1.000 5.93 .42 10.00 11.51 137395, 179628, 15630.
.000 5.93 .42 10.00 999.99 137395. 179628, 15630,
Labor Escalation Rate
.100 3.24 .93 10.01 10.84 137395, 179628, 28307.
. 050 7.39 .52 10.00 10.89 137395, 179628. 20632,
. 000 5.93 .42 10.00 10.87 137395, 179628, 15630.
Materials and Services Escalation Rate
.100 5.02 1.00 10.16 11.01 137395, 179628. 27863,
.050 7.80 .55 10.03 10.92 137395. 179628, 20457,
. 000 5.93 .42 10.00 10.87 137395, 179628. 15630.

.\tinued next page)
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Equipment Escalation Rate

.100
.050
.000
Depreciation Method*
3.000
2.000
1.000
Land Rights-Surface
500.000
375.000
250.000
125.000
. 000000
Land Rights-Mineral
100.000
75.0000
50.0000
25.0000
. 000000
Rovalty (R/ton)
1.00000
. 500000
. 250000
. 000000
State and Local Seve
1.00000
. 500000
. 000000

* (1=St. Line,

Appendix F.2 (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
0.25 .72 10.00 10.93 290427. 871266, 15630,
7.53 .53 10.00 10.90 201380. 354761. 15630.
5.93 .42 10.00 10.87 137395. 179628, 15630.
5.78 .41 10.00 10.85 137395, 179628, 15630.
5.91 .42 10.00 10.87 137395, 179628. 15630,
5.93 .42 10.00 10.87 137395, 179628, 15630,
($/acre)
5.96 .42 0.00 10.87 137785. 180018. 15630.
5.94 .42 0.00 10.87 137590. 179823. 15630,
5.93 .42 10.00 10.87 137395, 179628, 15630.
5.91 .42 10.00 10.87 137200. 179433, 15630
5.90 .42 10.00 10.87 137005. 179239, 15630.
($/acre)
5.93 .42 10.00 10.87 137473, 179706. 15630,
5.93 .42 10.00 10.87 137434. 1796067. 15630.
5.93 .42 10.00 10.87 137395, 179628. 15630.
5.93 .42 10.00 10.87 137356. 179589, 15630
5.92 .42 10.00 10.87 137317. 179550. 15630
6.76 .48 10.01 10.87 137395, 179628. 15630.
6.21 .44 10.00 10.87 137395, 179628. 15630.
5.93 .42 10.00 10.87 137395, 179628. 15630.
5.66 .40 10.00 10.87 137395. 179628. 15630.
rance Tax ($/ton)
7.03 .50 10.01 10.87 137395. 179628. 15630.
6.49 .46 10.01 10.88 137395, 179628. 15630.
5.93 .42 10.00 10.87 137395. 179628. 15630.

2=Decl. Bal, 3=Dbl. Decl)




