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) ‘Abstract

A : ' " ' - :

Thg research presented in this study is primarily
concerned with the adéptation ‘dnd formu]at%on of a. coal
mining cbst.>mode1 for -application to western -Canadian coal
mine development. After study{ﬁg several -available models,
the Electric Power Research Institute (EPRI) mode 1 was
selected. This model was adapted to Cénadian cénditions
(metrié sysﬁemn ‘Canadian taxes, Canadian royalties, etc. ),
and the software to. perform the model was also written.

The end product is a model that represents a
_;omputerized process engineering approach to the analysis of
pfodhption cosfs aﬁd mining requirements.’ The model is.
abp]icab]e to both surface or underground mining situations.
The  model estimates all capital and Qperafing' costs
typica11y associafed with the preproduction and prbduction'
phases of a coal mining project. If also contains an
uncertainty analysis procedure which uses a Monte Carlo

simulation technique for estimating cost results in terms of

probability distributions.
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1. Introduction

Coal mining costs are Key informatioh for utilities
using coal and for planners forecasting the future price of
coaTl Coal mining is a complex process in whicb capital and
labor are applied to coal rgéérves ih_ihq_ground to producé,
a usefu]lproduct} coél, ready for shipment to the consumer.
In order to gain a better understanding of }tHe factors
influencing mining costs and to provide a systematic,
framework for esfimating mining costs, a model of the coal
mining process is required.

The main purpose«of this thesis is to provide, g ggal

\ X3
e

mining cost mode! suitable tc the requirements bf @%stérn
Canada. Many studies on coal cost models have been published
during the last iO years., but only some of them c;n be
applied to western Canadian coal in a relatively direct way.
For this reason and to satisfy the main purpose of this
thesis, fhé following objectives have been formulated:
evaluation of models currently available in order-to find
tHe best one from the. western Canédian_ point of view,
adaptation of such a model to be used under Canadian
conditions and development of interactive software to

manipulate the given model.



2. Characteristics of Western Canadian Coal Mining

2.1 Coal Ré ourcesband Reserves ,

Coal o aJ] ranks is widely distributed in ,main1and
Canada, whereas in - the Artic Archipelago énly lower rank
coal has bée identified. The main production\ centres are
.]ocated in western Canadé (See Figure 2.1). Most of western
Canadian coais have the adVantagé of havihg a ,Jow sulphur
cbnfentr i.e. less than 0.5 percent. A descr{ptﬁon of these
production_ceﬁtrés is bfesented'as fo]fows:

‘a. South East British Columbia:The one underground and

four bpen Ipit operations of the Crowsnest Pass are
located ardund the community of Fernie, B.C. This
district 1is the largest proncer of - coking coal in
Canada. Sedms are offen steeply inclined, shearéd
and faulted. ThevreéoVerab1e coal reserves in this
area are estimated at 5 300 million tonnes of proven
coal and 10 COO @11lion tonnes of 1nfefred coall27) .-

~b. Central and Eaé%érn Alberta: The central and eastern

coal mines produce the largest amounts of thermal
coal in Canaca. GSeams are generally tabular in
shape, with ho 21 dimensions of  several
Kilometres a ly uniform thickness for

The proven reserves of

0N

" considerable di_.*
recoverable coal stim=ted at 9 800 million

tonnes of coal 27..

~
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West-Central Alberta: The West-Central Alberta

deposits are principally metallurgical coal, this .
district is centred at the locality of Hihton. The
geological environment of this area is similar to
that of South-Eastern\B.C..Thé demostrated reserves
of recoverable coal have been estﬁmated at 2V33O
million tonnes(27). g |

Southern Saskatchewan:  Mining of lignite has been

~

taking place in southern Saskatchewan since 1887.

Six surface mines supply mine—moufh<.generating
stations, as well as some shipments to Ontaﬁio and
Manitoba -Hydro and 1ndustr1a1 users. These seams aré
similar to those in east-central Alberta in the fact
that they are re]ativedy uniform in thjckneséhwith
extensive horizontal dimensions. The reserQes of
recoverable coai‘ have been estimated at 3 300
million of proven.ﬂonnes,.2 700 millions of inferred
tonnes and 15 000 millions of future tonnes(27).

Northeast British Columbia: In this region, former1y

called the Peace River Coalfield, a world scale
projéct involvipg the construction of tWo new coal
mines s taking pface. An initial - production
capacity of up to A8.8 millibn-tbnnes‘per year 1s
* being p1énned. Studies estimate that 85 percent of
this deposit consists of high gfade coKing.éoa1'
while the remainiﬁg'15 percént is cdnsidered to be

high grade = thermal coal(28).ASeams are tybica] of



mountain ‘regions with changing thickaess ‘and
inclination. The reserves of recoverable coal Have
been estimated at. 5 300 million tonnes of proven
coal and 10 000 million tonnes of inferred qqa]
{277, THe~f1rst coal from this region was shipped in
Qeéember of 1983.4 “ :

OtHer productﬁoﬁ cent;es in Canada are in the
Maritimes. Cape Breton in ‘Nova Scotia produCes‘w_thh
meta]Turgica] and thermal coal; fuftherlplans for expahsion

are underway. The Minto mine in New .Brunswick produces a

smaT]'quantity of thermél coal.

2.2 Mining Technology

Where conditions permit, surface minjng has many
.adbantages over'underground 6ethods: Larée equipﬁent can be
\used, resulting in Tower unit costs. Produciion and”ﬁanpowér
prob]ehs are norma]ly fewer 1in surfacg than 1in undérground
operations, but there are some limitations and disavantages
to surface mining~operation5. The maximum depth of work
’depehds\ on the strip ratio that can be accepted. This ratio
is the volume of oVerburden that must be removed per‘ unit
volume (or weight) 'of,coal.that can'Be extracted. Another
limitation of surface methods are the possible environmentaﬁ
effects such as nojse, dust or the appearance 6f the
operation for the neafby res-dents. Also there are . concerns
about .the a]ienétfon of valuable agricultural, forestal or

recreationa] lands for mine use.



Plains - Areas(Central-East  Alberta and Southern

'Saskatchewan): The relatively shallow and flat-lying
coai seams of this area are ideal for applying strip
mining (or area mining!, as illustrated in Figure
272. Parallel adjoining trenches are excavated in
sequence through the oyerburden:' the coal = is
recovered from the botton of each trench as it is
exposed and overburden from the next- - cut s then
cast inté the pfevious]y excavated trench. The main
equipment used for this methbd are dragTjnes for
overburden removal and shovels and trucks for the
coal extraction. |

Foothills and Mountains (South-East B.C., North-East

B.C. and West-Central Albertal: Because of the
tectonic moveménts that have taken place in these
regions, the position, thickness and continuity of
coal seams differ substantially withih (shont
distances. The mining method emp]byed therefore.
must. be flexible enough to suit local conditions and
configurations. Both surface and underground me thods
are used. Due to the variability in éonditions there
are few exampleSAOf.what_ﬁight bevcélled "standard”
practices. However the.prihcipa1.mining methods used
in these regions - i]]ustrgte the - possible
requiremehtsfand limitations.

Open Pit Mining: Where the coal has been folded

and squeezed into huge masses near the surface,



Figure 2.2
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it can be'mined by open pit procedures 'similar
to those employed in hard rock mining pits (see
Figure 2.3). The pit is excavated downward from
the 'top in a sequence of steps like benches. In
this type of operation, waste rock produced by
- mining and any waste from process{ng operations. 
cannot be placed in the excavation until the pit
is 'mined out. The main extraction equipment for
open pit mining are shovels and trucks for both

overburden and coal.

Undehqr0und Mining: Only twé companies currently
operate uhderground.mines in western Canadian
md@ﬁtéin regipns andv there APe none 'inrthe
foothills. However , aproximately 70% of the coal
u]t1mate1y obt21ned from these reg1ons will come
from underground mines(36) .

Because most deposits have thick and/or
steeply dippdng seams, the app]iéation of
mechaniéation is - very. difficult. ‘ However
hydrau]ic-mini&g has been succesfu‘ly‘ deve loped
in the last decade by Westar Mining (formerly
 B.C. Coall. The seams to be mined afev'inclined
at angles ranging from. 25 to. 55 degrees.
" Hydraulic methods have good potential 'Lhere
conqjtions are right, but require fairly
spécific*ground_conditions.‘sﬁitable inclination -

of roof rock and thickness of seams. Unless



Figure 2.3
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new methods‘become availabie, many seams in the
mountains can be mined only by conventional
underground methos i.e. room and pillars.
The room ahd pi]]ér method is illustrated
in Figure 2.4. This method consists of mining a
grid of rooms separated by pillars of uniform
cross section. Many grid Jlayouts have been
employed; including systems with rib and square
pillars. A ivariation of this system is
continuous miging.. This method is essentially
the same as room and pillar but the mining
_process is carried out using a continuous mining
machine rather than hand methods, i.e. drilling,
blasting and loading.

Another underground me t hod that should be considered,
is the longwall method. This method was tried at the Smoky
River Mine (Alberta) but ft was unsuccessful due to
technical problems. However , this me thod has some
ag -« -ges, especially those concerning safety. There are

‘tuire  proposals  involving the longwall method in some new

coal mining projects in western Canada. .

2.3 Coa1 Preparation

Coal as mined invariably contains some mineral matter
which reduces its utility in several ways. The heat content
of the cda] is reduced in proportion to the amount of

impurities present. Moreover, after coal is burned, the



Figure 2.4

ROOM AND PILLARS METHOD
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A: .rectangular pillars regularly spaced
B: square pillars regularly spaced
C: staggered checkerboard

11
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remaining ash may create problems such as slag formationl in
the .boilers, dust in the stack gases, and disposal. Sulphur
in the mineral mattqr will produce su]bhur dioxide in the
‘stack gases giving r to acid rain. When coal is used for
metallurgical purposes .the mineral matter in the coalk
reduces the stability of the coke and may also introduce
contaminants in "the products. If the coal 1is to be*
transported a long distance, it is necessary to reduce the
mineral matter hggd moisture content, to lower the
transportation costs. For all fhese reasons it is necessary
to clean the raw coal.

Apart from the impurities, it is also necessary to
consider the physical chéracteristics of the coal. This
means separating the coal into certain size ranges after the
mining or crushing processes. These sizes are classified
normally . in three typesf coarse (200-18mm), medium
(18-0.6mm) and fine (less thaé O.6mmi.

According to the impurities and physical
characteristiés of the coal, it is possible to distinguish
three levels of preparatibn (238): breaking only, no fines
beneficiation and total beneficiation.

- Breaking On]yf This preparation js the idéa] case,

I 4

when the coal does not need to be cleaned. In this
case the coal 1is .only crushea. This  type of
preparation is commonly used for mine mouth thérmaT
plants i.e. Lake Wabamun mines 

- No Fines Beneficiation: When the coal impurities are
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more than the permissible standards and the
percentage of fines is not large, no cleaning of the
coarse size fraction (+0.6mm) is needed. In this
case the cleaning process is carried out through a
wet mechanical separation processes. The coal is
processed in three stages: breaking (crushing and
screening), cleaning, and cohditioning (dewatering
and drying). The most popular cleaning method is
jigs such as Byron Creek and Obed Marsh mines.

- Total Beneficiation: When the degree of impurities

and percentage of fines is high all size fractions
must be cleaned. For the coarse and medium sizes the
process is the same as in the No Fines Beneficiation
phocess just described. As fér the fines, they must
be cleaned throughla special wet mechanical process,

o
agglomerated. Some examples of this method are

and after being de-watered and dried, they méy be

Luscar-Sterco and SmoKy River mines, in which the
cleaning methods are heavy medium separation and

froth flotation. |
Unfortunately, except for the coals used in mine mouth
power plants, the western Canadian coal ‘usually must have
total cleaning of all sizes because the percentage of fines
produced by mining and crushing is excessive (about 30%).
The yield (mass recovery) in the coal preparafion plants in
western Canada varies widely (56-92%) with a median value of

about 70 percent.
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2.4 Coal Distribution

Because of the large distances between western Canadian
mines d&nd major coal markets, transportation is and-will
continue'to be one of the most significant factors in
determining whether western coal can be sold at competitive
prices. To reach the markets in eastern Canada, coal must be
hauled 2400 to 3200 kilometers, where it competes with coal
moved 800 kilometers from the United States: For eXport,
western coals are hauled an average of 1150 km fhrough
mountainous regions to reach west cdast terminals. The ,
situation is éven more .difficult for the North-East B.C.
coal where a railway 1iﬁe including 9 km tunnel had to be
built.

Most of the growth of western Canadian coal export in
recent yearshhas been due to the introduction of unii trains
by both CN Rail and CP Rail. They use efficient 1oéding and
,unloading facilities and speciaiized rolling stock to
maximize equipment productivity and achieve low operating
costs. In the case of North-East B.C. coal, industrial roads
or railway spur 1jnes will connect the mine with the
eXisting B.C. Raiiway and' subseqhent]y with the'CN main
line(28). Figuré 2.5 illustrates the schematic rail network

for export and domestic consumers.



Figure 2.5
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2.5.Coa1 Production and Demand

In spite of the deteriorating world economic conditions
that began in 1982: which forced Canada’'s coal exportingh
indUstry to make some adjustments, prefﬁminary figures sHow
thét'Canada produced and exported more coal in 1983 than . in
1982 (see Table 2.1). In fact, in 1983. Canédian clean coal
.ﬁrodugtion reached an all time record of 44.5 million
tonnes, a 5 percent increase over the 1982 production level.

The main increases were in therma] cQalwproduction. up
to 7 percent with respectvtol1982»production, but coKing
coal, aimost all of which is 'eXported, .also had a small
increase of 3 .percent. This represent an. important
achievement given the current world coking coal market. i

Even though the world recession 1is still on, coal
fo;ecésters are optimistic in régarding'the'future ~of  coal
demand, especially for ‘thermal coal. Some reasons given for
this optimism are (32): ' .

- The atfraétive economics in the long term as.
compared to uncertainties in availability and costs
of oil and gas.

- The avajjapi]ity and s%gnifﬁcant reserves.

- The existénce of a rail t;ansportation system.

- Other sourcés of energy 15Ke nuc]eaﬁ energy are
still under 'development and will not represent a

~serious competitor for coal in the short term.

With regards to domestic consumption, the Alberta Energy

Resources Conservation Board (ERCB) forecasts in



Table 2.1

CANADIAN COAL PRODUCTION (000t)

/

1981 ' 1982 ~ 1983 -
Bituminous

Nova Scotia 2 539 2 800 2 550
New Brunswick 524 _ 500 - 570
Alberta 685 , - 730 6 700
B.C. 11 781 11 600 12 500
L 21 739 22 200 22 320
' Sub-bituminous ‘ |
Alberta 11 551 - 13 000 14 400

Lignife‘ '
Saskatchewan ' 6 798 7 600 -7 650
TOTAL 40 088 — 37800 44 370

Source: (34) and. (35)
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1981 sub-bituminous coal requirements for electricity
generation to increase from 11.4 million tonnes in 1981 to
20.6 million tonnes in 1990. In addition, Saskatchewan Power
Corporation forecasts lignite requirements for the same
purpoée to .rise from 5.6 million tonnes to around 7.8
million tonnes over the same period (33). Probably today
this forecast is over optimistic, howéver, it is considered
that this marKef will continue to grow in the 1980's, but at
a slower rate than previously forecast (34).

The outlook for exports of metallurgical cgé1 s
clouded at present. Volume reductions averaged between 20
and 30% while price cuts were in the 15 to 20% range in
1983(34). The Japanese steel industry, CanaQa’s ma jor coal
market, has been in a recession since 1982, and had. reduced
coal requfrements in 1983. »Pfobably this reduction will
contfnue as the world recession remains.

The outlook Lfor expansfonslin the thermal coal export
market is more promising, despife a damping of the 'optimism
expressed a cbuple of years ago. Studies released within the
past two years suggést that.exborts of A]berta’s high grade
thermal coal could reach 5 million tonnes by 1985 .and
possibly 10 million tonnes by 1880 (33). Indicationé now are
that 11Q1he more than half of thesfolumes forecasted may be
realized (33). Even so, this represénts a strong growth over
the decade éf the 1980s.

Other future sources of demand fbr coal include fhe use

by in situ oil sands producers for steam production and the

- (S o>



19

establishment of an electricity export market. The
postponment of oil sand projects, h6weveE, Wi]] delay the
5ncreased coal -requirements projected. According to recent
ERCB estimates} 5 to 7 million tonnes per year of coal will

be needed for in-situ Qpeyations around the end of this

century(33).

2.6 Conclusion
It can be conc¢luded that coal, mining ‘will play an
important. rd]e’for the rest of'this.éenturylandrprobab]y in
the begihn{ng of the next, in the economy of western Canada.
Bch new coal mining projécts and expansion of existing éoa1
mining activities can be expected in western Canada in the
‘next féw years, espeéially for coal to be used Tn thermal
plants.
| "The capital involved in any of these eventual projects
is normally very large, and fori thﬁs> reés9n it is  wvery
important to minimize the risk téken by the investors.
Evaluation tools such as. modelling, simulétion ) of
geostatistics, can be useful in minimiZiné thé investment

risk.



S.FAnaIysis and Evaluation of Coal Economic Models

3.1 Introduction
Mining project evaluation is the procedure of measuring
whether ‘the profit from mining is sufficient to justify the
cost bf' developing the hine. building tHe planf and
developing mine services. This procedure requihes the
_estimates of capital cost, revenpe,'and opératihg,cost.
Accu?éte estimates of capital and operating costs are
possible only when there is a detailed Know ledge of physfca]
quantit{es such as iabor and productivify. This Knowledge is
normally achieveé onlyvafter a substantial. portion of the
Adesign engineering work has been performed. However,
preliminary cost estimates of moderaté accuracy can be
attained ih advance of design~engiheering by factoring Known
costs ffom similar mining projects.
" The American National Stahdard Instithfe has grouped
estimates {nto three classes (ANSI Standard 294.21:
- Class I, is an order-of-magnitude estimate with an
accuracy oF‘+50%,to_-30%. '
- Ciass II$ is avpreliminary (BUdget) estimate with ah
abcuracy of +30% to -15%.
- Class I1I, is a definite estimafé with an accuracy
of +15% to -5%. | | )
FigUre 3.1 jllustrates 'the classes defined above.

Information regarding the basic minihg ahd/or processing

Y 20
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method, capacity, equipment specifications, flowsheet, site
1ayout,.etc, will increase as accuracy increases.

The | class i I estimates(order-of-magnitude) can be
achieved using economic models. An economic model is
normally a set of mathehatical relations generally bui]t‘
from different operational experiences that depend on a few
variables whose values ‘are relatively easy to obtain. An
economic model‘is useful for determining the sensitivity of
project wviability to changes in assumptioﬁs regarding coal
prices, specific mine physical conditioné, mining method,
management. strategy, v_and ofher exogenous 1y deterhinéd
variab]esi Ideally, an economic mode1‘shou1d have a sbund
statistical basis, with all cost and operating data based on

averages of actual experience or detailed engineering

estimates adapted to specific site conditions.

3.2 Economic Models for Western Canadian Coal Mining

In considering the information outlined in Chapter 2,
it éan be concluded that substantial investments in coal
mining are expected in western Canada for the near future.
. In this sense this thesis attempts to provide an ecopomic
model for ' these projects 1in order to prbvide "Class 1
estimates of the economic parameters. Such a “model would
provide é usefu]? tool for mining company management to
assess the viability of‘these projects.

fhe development.of a particular economic dee].nofmally

requires a great expenditure of time and mopey. For this\
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i .rason it'was condfﬁded that it may be more . appropiate to
adapt an existing model to western Canadian conditions. With
this objectiVé the problem now is to select the. E?sF coal
mining economic model for this purpose.

Recently'manyAéoa] mfhing economic models have been
developed. However, only one of‘thém, the North East Coal
StUdy, is based on Canadian expebience.‘ The following
section deals with finding the most appropiate coal mining
economic model to be adapted to western Canadian conditions.
3.3 Coal Economic Model Evaluation

This section attempts to describe and evaluate the
models available on the market and/or of which literature is
accessible. They were divided into two groﬁps: those
considered having the same objective as tth%s thesis:
(bre]iminary cost eétimation). and those that in spite of
the;r different orientation could be of some use for‘other"
types)of stugies. The-first group will be ané]yzed ~in  some

depth, while the second will only be briefly described.

3.3.1 Preliminary Coal Cost Estimation Models

éonventional accounting tends to _consider costs as
either fixed (&onstant independeht on mine size); variable‘
(cost dependent on mine size); or semi-variable ( a mixture
of both). However reéent]y, specialists consider tQat no
cost is purely fixed, variable or sémi-‘variab1e. A11 costs,

to a greater or lesser extent, are semi-variable, butj; the
. . , [V

O

8]
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dependance on the mine size follows a power function rather

than a linear function. Thus, most of the models described

follow the following form:

% Or cost/ton=a*xP /x, where X is a

w

total cost=axx®

suitable parameter such ‘as annual tonnage of coal, "a"
normalTy .is a unit cost, and "b" is a constant which
reflects the sensitivity to economy of scale. Thus, if we
assume b= 0.6 on a production. increase of 100 percent, the
cost increase generated will be 2% _y.0= 51.6 percent.

Each model analyzes the parameters in different ways.
In general, the costs to be estimated by each model should
be: mining capital cost, process plant capital cost, plant
utilities and general services capital cost, and operating

costs. Revenues and profits are also analyzed by some

models.

3.3.1.1 0'Hara-Mular model .

- T.A. OQH&%a, in é’ paper presented to the 81th
Annual E%M Q?Q¢r31wMgeting in 1879 (1), described a very
simple and c%@ﬁ?ete gining cost model. Based on this
document, A;E. Mular through the Canéd%%h?lnstitute of
Mining and Metallurgy publ;shed a handbook (2) for
pre]iminary‘ mining and minefa] processing cost
estimation. Finally, in 1982 0'Hara also made a new
presentation, enlarging his model, in the Mining
industry Costs book (3) “

A crude guide to the average 1978 costs of mine

prqjects,raccording to this model, is shown in Fig. 3.2.
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Figure 3.2

.CRUDE GUIDE COSTS OF MINE PROJECTS

BY THE O'HARA MODEL
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A more accurate estimate of over-all project capital
cost can be made from the summation of cost items after
judging the effect of specific local conditions on each
item's capital and operating cost.

~In his model, 0’'Hara analyzes capital cost for open
pit mining, wunderground mining, processing plant,
utilities and general services, defiﬁing cost parameter
eduations for each item and  sub-item. Regarding
production costs, these are divided into two categories,
name]y' operating costs and supplies fellowed by
administration and general services, which are estimated
through procedares provided by the model. “inally, based
on the selling price and characterietics of the product
0’ Hara gives a procedure to estimate the revenue.

To Keep the 0’ Hara-CIM model‘updated; A.L. Mular(2)
developed a cost indices system, which uses the Marshall
and Swift Cost Index to provide coefficients that make
the model applicable to any year.

Advantages of the model:

* is based mainly on Canadian mintng experience.

* was built using the metric system.

* presents a detailed ana]ysis of each mining
itema

* structure is simple and easy to use.

* Eisk analysis is considered.

* both surface and ~underground mining ‘are

analyzed.
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Disavanfages of the model:

* not coal oriented.

* for those items useful in coal mining, in some
cases, it is necesary to adjust the unit cost
for example, preproduction stripping.

* does not consider tax, roya]fies,band ffnancia]
analysis.

* does not provide a complete cost analysis.

3.3.1.2 The B.C. Ministry of Mines and Petroleum Cost
model (MMPR)

This model is a pari 6f the Northeast Coal Study
prepared for the British Columbia Government in 1976
(4). This model has been developed in order to
facilitate estimation of_ various financial indicators
and to determine the- econom}c vjability of proposed
~developments.

The ﬁnput data of the model are catagoriied as
investment 'parameters, open pit hining parameters,
underground mining parameters, price and production cost -
parameters. The output variables are essentially the
return on capital invested and the payback period. In
addition, the model provides procedures and algorithms
for the estimation of each element of capital and
operating cost either in open pit or underground mining.
For the latter, it analyzes room and pillar,
shortwall/longwall, and hydraulic mining. Estimates for

preparation plant and other structures associated with
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mine site infrastructure are also considered. The
constants and coefficients used by the algorithms were
obtained from the analysis and -adaptation of existing
experience in éoél operations in BLC , from operational
characteristics of metal mines, and from preliminary
feasibility studies'submitfed by project deve]dpers.

The model ehab]es a sensitivity analysis of all
parameters to be Qndertaken. This provides a proxy for a
full risK(?analysis in which comparative impacts of
alternative assumptions on the values of all input
variables can be measu;ed.

Based on the MMPR model and to .assist in the
evaluation of the proposed coal projects in northeast
B.C., a computer system.. called COALMOD | (5) was
deve]obed. Model functions calculate annual total and
nét revenues and total operating and capital costs.
Other available functions ca]culafe annual tax payménts
to Federé],-PréQincia], and local Governmehts,_usingAthe
current tax rules to dérive eligiblie deductions. In
.simu1ation of fiscal policy effects, - the models’
available tax routines can be used to evaluate different
tax and royalty rates and/or structures (e.g. an Alberta -
coal taxation environment).

Advantages of the model:

* is the only coal oriented model based on

Cahadian experience.

*  provides a wide analysis of tax and royalties.
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* both surface and underground - methods are
considered.
* has a financial and sensivity analysis.

oo uses the metric system.

Disavantages of the model:

* the Canadian coal experience data is very
sparse, particularly for wunderground mining,
therefore the model might‘ not be adequately
tested. o | |

* does not‘ provide detailed :capita1 equipment
costs. |

* requires too much input.

3.3.1.3 STRAAM Estimeting-Procedures

Under a contract from the U.S. Bureau of. Mines,
Straam Engineers prepared a manual for estimatihg costs
for feasibility investigation (6). The main objective of
‘this study was to develop ‘a manual method for the
preparatfon of feasibility type estimates for capital
'and operating cests of mining and prihary beeeficiation
of various types of minerels.7The equatiphs, fectors and
curvee were defined using averages obtained from 66
different sources 15 the U.S.A. and Canada. The model
essentiaf]y infends to make a ere1iminary estimafe with
little hard data in order to ascertain if further ‘more
detailed estimates are justified. An example to show how

the model is constructed, is presented in Figure 3.3.
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Figure 3.3

MINE OPERATING COSTS ESTIMATION BY STRAAM PROCEDURE
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To‘ use this model, general mine information:
surface and/or underground parémeters, beneficiation
paramefers, ‘exploratfon information, and capital cést
data must bé provided. The model is not intended to
determine .}he cost of any single component of a mining
or beneficiation system. The combination of components
summarized through the use~of‘summary of item costs and
tabulation of item cost work sheets, wiljl prodpce a
pre]iminéry feasibility type estimate which shou1d fall
within 25% of ‘the eventual actual cost.

To adjust cost data for inflation, cost indices are
available; They are based on "Employment and Earning”
and "Who]esa]e Prices and Price.Indexes" systems, both
bub]ishedhby the U.S. Department of Labor.

Advantages of the model: ,

*  both Canadian  and u.S. expeﬁ$9nce are
considered.

* the samples are large enough to make the mode 1
.relﬁable.

*x a detailed cost ana]ysig of ‘each mine item is
presented. - |

¥ uses the metric syétem.

* both . surface and undergrouhd _ me thods are

 considered.

 Disavantages of the mode 1 :

% the model is applicable to all types of
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minerals, except fossil fuels, hence if ~is not
directly . applicab]e to coal, unless adaptations
are made.

* ‘taxes and royalties must be adapted to Western
Canadian rules.

* does not present a financial analysis.

3.3.1.4 Fluor Utah model

Fluor Utah inc., with Bonner & Moore associated
Inc. as subcontractor, was ‘employed by .the Energy
Research  and Developmeht. Administration (ERDA) to
determine and define models which are representative of
current U.S. coal surface mining (8. Techniques were
developed, documented and tested. Two types of models
were built: . detailed micro-models and _broad4
macro-models.

The detailed micro-models provide estimates for a
detailed part of a large eca1e surface mining complex.
Individual models allow the user to analyze separately
the following functions: overpurden removal, coal Jload
and haul,‘dri]]ing and b]ast%ﬁg, land reclamation, coal
preparation, and mine administration.

The broad Macro-model provides a first..order
evaluation of new ventures for an entire mining cohplex.
AThe functiens considered are basically the same as those

considered in the detailed micro-model, but require less

input as some values- are assumed by default.
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The input that establishes the mjnihg and financial
parameters must be~prev16us1y defined. As a_resq]t of a
run of the model, the user should be able to: estimate
cépita] investment and annual cost, select equipment and
estimate wunit cost for each ﬁining function, estfmate'

manpower and general requirements for the project, “and

analyze coal selling price and profit relationships.

The model was based on strippable coal resouréeyf:”

regions defined in terms of surface geology and physical
characteristics. Coﬁbinations of most app]icab]e' mining.
methods and regions in U.S. were sele;féd to test the
model. Hypothetical mining situations which where
representative of typicaT mining problems and conditions
encountered in thé région were defined to form the
'mode]s-aigebraic framework.
Advantages of the Fluor model:
¥ detai]edl micro-models and macro-mode 1s are
avai]ab1e5 |

* . is coal oriented.

* a flexible input is allowed.

* provides a very comp]efe and wide output,

incTUding a.financial analysis.

Disavantages of the model:
* wa;-built,usjng the Imperial system.
* supporting data Was taken from the 8 most

representative coal regions of U.5. Some of
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these di'ffer greatly from Canadian conditions.
* does not conéider underground mining.
* presents little ., flexibility towards .tax and

royalties.

3.3.1.5 Burzlaff-Lohrenz-Monash Model

A model of discounted cash flow has been developed
to simu]éte .financial production écenarios for coal
mines(31). The model includes development costs, fixed
operating costs, bonus“costs, and revenue. Investors are
assumed to project future costs and units reveﬁQes and
choose a production rateAand duration thch‘ maximiies
the» preéent value of future profits. This assumption
presumes that reasonable investors intend to maKe‘profit
and do not commit large amounts of capital without some
return. |

Three  geometries for the - coal éource were
considered: uniform horizontal bed: multiple horizontal,
parallel seams of coal; and a single uniform seam of
coal of unlimited extent that dips at a fixed angle.

The  model is based on classical and ell
established equations of mineral and energy resource .
mining, which can be uséd to display optimal réte of
production and ultimate recovery for various cost and
revenue values. The data used to establish these
equations were compi]ed from_informétion obtained from
15. surface and 4 underground mines, all of‘}hem located

in different parts of The United States.

“
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Advantages of the model:
* is coal oriented

* has financial analysis
* requires little input.

* both surface and underground system are analyzed

Disavantages of the model:
* moﬁntain and foothill seams are not analyied
* does not provide detailed investment costs
* the metric system is not considered
* tax and royalties are Amefican
* does not consider Canédién data in compiling

equation coefficients

3.3.1.6 EPRI model

The EPRI coal mining cost model (9). represents an
engineering approach‘to the analysis of production costs
and mining Pequiremenfs of either éurface or underground
mining projects. The m5de1 estimates all capital and
operating costs typically associated with ‘preproduction
and production phases of a coal mihing‘project, and may
be applied eithér to existing or proposed mines;‘ The
mode 1 wés brigina]]y developed in 1876 by the NUS
corporation for Electric Power Research institufe
(EPRI), and an updated version.was made ﬁn 1980.

The model’s calculation procedures utilize an
engineering process approach fog' determining primary

mining requirements and costs, essentially ‘taken from
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calculations made by{fhe US Bureau of- Mines (7). The
' process First UtiTizes the input data to arrive at the
proper production sizing of the Qarious prbduction
, units. - Once this sizing has been determined, the
éppropi@fe unit: costs can be applied to subsequent
analyse;,‘ which determine all costs required. | Support
requirements are mainly computed as a fungtion of
.primary Pequirehenté. In this fashion, all capital and
‘operatiﬁg éosts associated with a new or existing coal
- mining project can be estimated. The results of these

analyses are entered into a financial analysis to obtain

either coal wvalue/ton (minimum réduired~$el]1ng price)

or the ratd of return of the project at a given coal
price.

The input of the model is composed of three types

of parameters: physical operational, and financial
(10} . The  output fof both undebground. and surface’
méthodé, - is  composed mafn]y of three Kihds of
information: - pr duction parémeters, capital and

Qberating costs, and “inancial analysis results.
Advantages of the mode 1 :

“* . is coal mihe oriented.

: *' as the model.is based on an engineering process
apprbach to deférmine system parameters, it
could be applicable eifhér in U.S. or Canada.

* all functfons of mining‘are.consideredt

*+ . both surface and undérground me thods are

-

)
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analyzed.

* has a financial analysis portion.

Disavantages of the model:

* considers only the Imperial system for

measurements.
* tax and royalties do not correspond to ' the
'~ Canadian system.

* mountain and foothill seams are not considered

3.3.2 Other Modeis Analysed

3.3.2.1 JPL model

An algebraic model describing the life—cycje gost
of an uhderground coal mine has been developed by the
Jet Propu]s{on- Laboratory (JPL) of the " California
Institute of Technology (11). In. this model the
annualized selling price of coal is based on the revenué
;required ‘to cover all operatihg costs wi;h-amortized
capital outlays, ahd yield a specified return on
aggregate investment. o

An aigebraié expression for the se]]iné price of
clean coal, which ,)6//;\¥unction of 1ébor and qébitéT
productivities, required return on invgstment, ‘aQefége

wage rate, equipment avai]abi]ity; initial develobment

cost, recovery factor, tonnage losses due to debhi§flandv

washing, and. a gross technology definition,. is

presented. The model not only accounts for the costs of
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physically extracting the coal, but also for :the
intangible costs resulting from health and safety
regulations, resource conservation measures, and
environmental improvements. at both the working face and

the surface.

3.2.2.2 The Pensylvania Coal model (PCM)
| The PCM is a set of coal oriented data bases and
computer p%ograms developed under the Appalachian
Regional Comiséion and the -Pennsylvania Science ' and
Engineering Foundation sponsorsﬁip, to simulate
alternative futures for the Pennsylvania {pqa1 economy
(12).~ The PCM uses linear p}ogramming‘\ko' evaluate
implications of various demand scenarios subject to a
variety . of reserve, production, fransportation' and
environmental constraints (13). The model is bui]f upon
1§74 ‘data bases on coa] production and utilization that
‘are manipu}ated by the user to present 4 variety of
realistic estimations of Pennsylvania’s coal economy and
its implications (14). The model has both numerical and
cartographic output. |
The basis of PCM is linear programming using the
simplex solution code. fhe model operates on thé data
base, in four - stages, pre-processing, Tinear

programming, reporting, and iteration.
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3.3.2.3 US Bureau of Mines Circulars

Bureau of Mines has issued a . number of

Information Circulars [(15) which outline capital and
operating costs for coal mines. These are primarily
listings of typical costs for: construction equipment
and working capital, manpower - requirements, operating
costs, federal and state taxes, expendable supplies, and
~other similar items. This material does not present any
type of modei, it only makes a detailed study of typical
costs for the above items. )
.ln the studies, the capital charges are discounted
by the present worth factor and then totaled to give the
.present. worth of the total mine ihvestment. If it is
assumed that mine production is constant over the life"
of the ~mine, and the sales are steady, the of cost run
of mine coal may- be cohputed. Since these documents

follow sixp]e procedures often used by small operators

in industry, they could be quite useful.

3.3.2.4 VPI model
The Office of Coal Research (OCR), US Department of
the Interior, has funded two céntracts at the Virginia

Polytechnic Institute and the State: University (VPI &

SUI‘Fw’th ‘re objective of deve]oping computer programs
for z7e  ~:-g indus*-v (15)..The first project started
in 196. and the , set of phogfams was released in
1875. This .set contie 5 proérams , one of which is

Cost-Sched, which quantifies the cost benefit effect of
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operating and engineering decisions and permits minihg
scheduling and development of a coal producing proberty[
' Cosf-Sched was designed to provide the-plannipg
engineer with a tool to aid him in an evaluation of a
"mine after basic decisions concefnfng the capita] costs
“and manpower requirements have-gbeeh estab]ished. The
program can: be used to schedule thé mine and determine
the time when each production unit_ can be put into
operation. It can be applied a]so to compute the total
cost of mining during each stage of -deve]obment until

the mine is fully developed.

3.3.3 Model Selection

A total of 10 models have been analyzed, but only 6 bf‘
them are useful for' the purposes of this - thesis:
0’ Hara-Mular, MMPP " STRAAM, Fluor’ Utah,
.Burzlaff-Lohrénz-Monash model, and. EPRI. Each of these
mode]s- has advantages and 'disavantages depending on the
conditions of where they are to be applied. Under. the
conditions of ‘western Canadian coal mining, the EPRI model
appears to be the best. The few disavantages of the model
are easily overcome: conversion to metric system from the
Imperial system and édjustment of taxes, royalties and
fringe benefits to western Canadian rules. On the other hand
EPRI has some advantages that make it be very reliable. In
fact, it 1is one of the few modefs in which each of its

equations and algorithms are built based on an ‘engineering
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process approach, and therefore, each parameter or variable
has a rational Jjustification. In addition, it is a coal
oriented model for both surface and underground mining.

The other 5 models were not considered because from the
western Canadian point of view they present some
disavantages that are very difficult to overcome, for
instance: O'Hara-CIM mode) is oriented toward metallic mines
rather than coal mines. The MMPR model has some weaKkneses
because of the sparse datavbase, the STRAAM model does nof
apply to fossil fuels mines, Fluor Utah does not consider
underground mining systems, and the Buri]aff—Lohrenz-Monash
(which in opinion of the author is the second in the
‘ ranKing) doés not provide detailed investment costs. For
thése} reasons, and considering the édvantages already

mentioned, the EPRI model was the model selected as the

basis for the modelling work for this thesis.



4. The EPRI Model

4.1 Introduction

A basic premise in designing the EPRI model wés to
provide an analytical tdol which would reflect a practical
ésgessment' of mining costs. This objective is accqmp]iéhed
_through the application of mining engineering aralyses, cost
analysis principles, and experienced mining judgement. In
other words, the model’s objective is achieved through the
application of a process engineering approach.

The process engineering approach simulates what would
be an engineering design of the projeCt; It first utilizes
the input data to define the physica} and operational
characteristics of the project and' also the proper
production sizing. Once the sizing is determined in terms of
either&} production sections for undergrouﬁd mines ~or
overburaen stripping capaéity requirements for surface.
mines, the appropiate primary equipment is assigned.‘After€
this, the corresponding unit costs from the mode]ldata base
can be app]ied. Analysés, in both underground and sur face
models then determine the support or -auxiliary equipment
Eequirements as a function of the'primary equipmeﬁt needs
.and operating parameters. Manpower‘ rqquirements and ‘costs
are dependent on equipment requirements. Other supplies and
operating costs are largely calculated as a function of

physical or operating characteristics such as production

42
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level, mining type, seam conditions or labour factors.

‘Total capital costs utilize the primary and support
equipment requirements along with equipment lives, to arrive
at geferred expenditures, other site construction costs and
indirect capital costs.

The input deta, from where the process engineering
approach starts is categorized: in three types:

* - Required input: Constitute the minimun amount of
information necessary to run the model.

* Default Qa]ues input: This contains‘a list of
default value inputs which are automatically
assigned and used by the model unless otherwise
specified by the user.

* Model calculated values with optional override:
-This category represents  those costs or
requirements which are calculated by the model
based on the above categories. The user may
override or delete the ‘necessity . for a
particular calculation designating a value for
any parameter listed in this category. |

An useful modification has beenvinclgded.in

 this input category. In the original model, the
user was able to enter his own value for a,given'
parameter before any estimation from “the 'model

. was made. In the thesis model an estimation of
¥a11 corresponding parameters are made before the

-user may imposer.his values. In this way, the



44

opérator can evaluate the effect at his
impbsition; ,

The general process approach developed for the modelsi.
is represented in both surface and underground models, ' by
submode 1s. The submodels are operative modules which
characterize thelmode]s. They are executed  in a sequence
describing the primary dependehcies, The submodels def ined
for both models are:

Undergrduﬁd Mode:
* Submode1.1: Production Sizing
* Submodel 2: Manpower Requineménts
. % Submodel 3: Equipmeﬁt ~ and’ Construction
Requirements and'Costs | |
*+  Submode] 4: Supplies, Materials and Power Costs
ok Submodel 5: Preproduction Development éqsts
Surface Model:
* Submodel 1: . Primaryv Equipment Requfrements and
Costs _ _
* - Submodel 2: Supporting Capital Item Cbstg
* Submodél 3: Manpower Requfrements and Costs
x Submodel 4: Power,Supplies and Material Costs

Once the correspohding submodels have been executed and
" in consequence the engineering ‘proéess aproach " has been
achieved, a financial analysis process is carried out. This.
finahcia] analysis serves two purposes. The first is to
structure the costs developed in the previous submodels into

a form amendable for ‘discounted .cash flow analysis
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procedures. The second purpose is to conduct thé discounted
cash flow analysis. solving éither for coal value/tonne or
rate of return on equity. A sensitivity analysis can also be '
performed if desired. This sensitivity ana]ysis-procédure
uses a Monte Carlo simulation technique for estimating the
distribution of the costs. |

The rest of this chapter will deséribe more in detail
-the EPRI - model and the corresponaing submode 1s 1ndjcat1ng,
when applicable, the modifications required to run(the mode 1
under Canadian conditions. One fhpbrtant modification which
was made to the whole ;modél was to | transform all
'measurémenté to the metric sysfémh for this reason some‘
input data, equation coefficientsnjoutput' déta; etc, . were

_adapted to this units system.

4.2 Underground Model

4.2.1 Introduct ion >

| The application of ‘an Underground coal m{ning cost
modé] to a proposed or existing COc mfne"pfojegt will
_result in. estimates of both mihing réquirements and mining
costs. The 'prjmary mining 'requinements computed .include
production section equipment, manpower requirements, hachine
productiyiiy, " manpower pﬁoductivity, - preproduction
deve lopment timé; and coal produCea.during development. Cost

calculations ' generate both capital and operating costs
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corresponding to mining requirements.

Each of the submedels which make up the process
engineering analysis (see Figure 4.1) will be discussed in
the following pages. THe input necessary to ruh those

submodels is presented also in Table 4.1.

4.2.2 Submode1\1: Production Sizing
Using a combination of physical characteristics
regarding the seam conditiens (depth, thickness, etc) and

openatihg conditions, regarding the. minihg system, annual

-3

A

production: and workKing schedule, a machine productivity is
se]é&ted from tHe data base of the model. This productivity
va]ue is then applied to catculations of shift productiohﬂ
section requirements for raw and c]ean coal production:

No costs are calculated in this submodel. The
‘production requirements which are ceTculatedzhowever,' serve
as the basis for many subsequent cost ca]cu]atlons ’

Some assumpt1ons are made in comput1ng the production
‘requirements: . |

* - A stngle mine deveilopment plan (room and pil]ér)

having ten entries in the mains and cross mains (two
parallel five entry systeme).ievassumed to apply for
all cohtinUoue and conventional mining systems

* A square coal deposit is assumed to.aceommodate the

T utilized mining plan. 4;- |
" Even though 1ongwa11 methods to date have net been

v~

succesfu]ly app11ed in western Canadwan coa] mining, this
‘ ~



Figure 4.1

STRUCTURE OF THE UNDERGROUND COAL MINING COST MCDEL

’

Mcdel_Input Parameters

e Category 1 - Required

e Category 2 - Default Assigned
e Category 3 ~ Calculation Override

Submodel 1

Production
Sizing

Submodel 2

Manpower

1

Submodel 3
Equipment &

Proces$ {(Cost)

Construction

Submode!l 4

Supplies, Materials,

Power

|

Submodel 5

Preproduction

Development

Financial

Analysis -

- Engineering

Calculations
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Table 4.1
INPUT PARAMETERS FOR UNDERGROUND MODEL

Cateqory 1-Required Input Parameters:

Physical
Depth of seam (m)
Thickness of seam (m) -
Proportion of fines in clean coa]
Seam gradient (0 , 6 }):
Roof conditions (good, poor') '
floor conditions hard rutted, rutted-wet)
Proport1on of fines clean coa] (%) " .
Gas emission level j2ikidds ;;rate high) /

. Operating ° ; P
" Mining system (Ebmtwn fventional, Tongwall)
Entry type tdrfits f K
Annual product1om.
Production life {:
F1nanc1a7 : ﬂh'-f
Portion of initial capital borrowed (%)
Debt servicing rate (%)
Length of loan payback period (years).
Dollar equivalence ($Ca= X*$US)
Project start year :
" Acquisition cost ($)
Type of analysis (point value or escalating dollar)
Escalation factors (for. escalating dollar analysis) or
cost update factors (for constant dollar ana1ysxs{

Labour « (%)

Supplies and Materials (%)

Power (%)

Production section egquipments (%)

Haulage system (%)

- Auxliary equipment (%)

Construction : ' : .
Esca;ation.(%) for coal value/t (for escalating dollar
case '

Coal value/t in first production year {when solving ROR)
Rate )of' return on equity desired (whén solving for coal
value .

Category 2-Optional Parameters (Default Assigned)

Physical -
Re ject percentage (10 %)
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Operatin

Shifts/day(2)

Days/year (223) _ ;

Type of coal preparation -thermal, metallurgical, no
cleaning- (thermal)

Seam recovery(60%) -

Operating Efficiengy (Mean=85%, S$=8)

Available face time(minutes)/shift{(Mean=340, S=30)

‘Financial :
Cost range applicable-high, low, total- (low)
Indirect capital cost (10 %)
Labour overhead (40 % of direct labour)
Fringe benefits(35 % of direct labour)
Royalty payments(Province of Alberta formula)
Income tax (47% of taxable income)
?epre?iation method -fast, straight, declining bal.-<
fast -
Amortization, -expensed, deferred- (deferred)
Investment tax credit (5 %)

Category 3-parameters Which Can Override Cé]cu]ated
Values ‘

Operat ing
Tonnes per machine shift

No. of production sections/shift ,
Hourly labour requirements ; -
Salaried Personnel requirements :
Development time(years) - : ‘

Coal produced during deve]bpment(tonnes) o o 4\\

Financial .

Depreciable life

Hour ly labour cost/year

Salaried personnel cost/year .
Supplies and materials cost/tonne -
Power cost/tonne

Annual operating cost (direct)
Initial production section cost
Initial haulage system cost

Initial auxiliary equipment cost =
Preparation plant & unit train loading cost
Exploration cost . o

Mine abandonment cost C l T

Mine entry contruction cost
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method will also be included in this model for possible
future projects. It is assumed that the mine plan
contemplates one or two unif longwall mines with a face
length of 152 m.

The output of this submodel includes the following
1nfqrmation items:

- Annual raw coal production . N

- Shift output per broduction section ‘

- Raw coal production per shift

- Number of pfoduCtion sections. required per shift

- Tonnes of clean coal produced per year

4.2.3 Submodel 2: Manpower requirements and costs

A factor relationship between produqtion éeciions and
personﬁel' requireméqts kwés developed for wuse in this”
submodel. This Ee]ationship‘is'basea on eméiricél data from
over 50 operating mines in U.S. Total:manpower -reqbiremen{i)
are predicted from this linear re]atianship and the number
of required production sections/day Qsee‘Figure 4.2).

Once both hourly .and salaried personne]_réquirements
hav® been computed, the direct }abour'costs‘assogiated with
each manpower level requirément is estimated. Additional
costs for fringe benefjts are also computed;

The assumptions made in the calculation procedures are
‘the following:

*  The . average daily 1982 1labour rate for hourly

¥
KR
RS

Qﬁeé?ern Canada is $128 and the average

emp loyees i



MINE PERSONNEL REQ

Figure 4.2

MINE PERSONNEL REQUIREMENTS
VS. ,. Y
NO. SHIFT PRODUCTION SECTIONS/DAY

r o= 947

. SALARIES PEASONNEL REQUIRED

r = 879

Y = 11.219 + 237300 —
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for»salaried'personoel;is $34 500 per year (16).

* The Union Welfare Fond ‘cogg considered in the
original project does not 4pplies to Canada. For
this reason it was replaced by the fringe benefits
cost - which is estimated as 35 percent of the direct
labour costst2). . T !

x Labour»prodobtivity ca]cutations are based on both
sa]aried and hour \y 'perSOnnel’.requirements and
annual product tonnage.

The output generated by this submode] is:'
- Hourly 1abour requirements per day
.—Jf'Hourly ‘labour reguirements per _hitc production,
" section
N - Direct labour cost per shift product »n section *i
- Diiect annua1vlabour:;ost

—‘.‘Frlnoe benef1t costs

- Salarled personnel annual requ1rements

- Sa1ar1ed personne] d1rect annual costs

- Total manpower‘dmrect aqnua} costs

S Productivity per manday. -

o . ‘
) - ‘ o

P ' i
A ",&.»:"J ke

EqU1pment and Construction Requ1rements

y
W0
A (

"/afwbaﬁgsed 3‘6qﬁ‘-thef resutts - of tHe producthon; s&iing,‘
"i part%tu]arly the number of product1on sect1ons reQU1red pen
sh1ft to' mannfaTn the desired annua] product1on 1eve1 the
Sejor1ty ofbthe 1n1t1a1 capital equtpment costs may be;?$

3
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a

estimated in this submodel. The equipment categories

L]

addressed are: production section equtpment, haulage system

eqoipment, and auxiliary equipment.

A fixed set of equipment items which constitute a
'pproductton section, is establlshed for each mining metic.
Thehéqu1pment maK1ng up a- proddct1on sect1on and their Costs

w

;#f are presented in tab]e 4 2 4:4, 4.5, an@a 4.6. The

' \

Jattendant costs assoojated wnth each of the equ1pment 1tems
- . <
‘1s then aggregated to arr1ve at a total cost per production
.1

h

~

sect1on for. each m1n1ng system The haulage system equ1pment
A

is calculated Mw1th ‘fespect to annual tonnage Initial
hautage costs‘ate computed on the baS1s of the total metres
/ﬁnvolved in open1ng the mine during Rthe product1on phase
Replacement costs for this equipment.will be scheduled in
the financial ana]ys1s - i

AN 'éxamp]e of how the mode] ‘deftnes the number of
p1eces of equ1pment for a QIVoﬂ prOJect is presented be]ow
Let us suppoSe that 6 product1on sect1on§’are ‘required (from
product1on s1z1ng) and conventional room and pillar method.
has been se]ected the fo]]ow1ng equ1pment accordlng to
table 4.2 wou]d be ass1gned L ‘

* .7'cutt1ng mach1nes (6 for productlon 1 backup)

* B c oal_dr1lls “kﬁ

* .7 loading machines (6. for production, 1?bac@upf

*

*13 sAuttle cars (12 for production,” 1 bacKup)

12 ratio'feeders

¥

X Gtroof bolters
o7 BQ I <IN
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i

* 6 scoop trams

x 6 section belts

Construction capital requirements address the costs for
ventilation shaft 'constfuction mir= entries construction,
p;eparati plant construct: and other sur face
qonstruction. Calculation of these. costs are baséd on al fiﬁ
mining systém, physical characteristics of the mine, and
type of coal cleaning desired. )

The assumptions éonsidered in'fﬁié suBﬁodel were:

* An all belt haulage system is assumed for main and
secondary coal conveyance. Supplies, personnel, and '
equipment transport are by track and Técomotiye.

* Continuous and c%bventiona1 mining systems utilize
sﬁutt]e cars and belt conveyoré to transpgrt'coa] to
secondary haulage or main line haulage systems.

:;i A backup cutting machine,‘lbadiﬁg. méchine,‘ shuttle
cars and continuous miner  (for cont%nuous mining

systcim) will be purchased for éach"‘s produCtionﬁ

N
a

'gections per shift. 3

O

_'For the coal cleaning, @an importéntA modification has
been introduced 'to the original model:ih‘order to adapt- it
to western Canadianucbal“conditions.‘¢Ih'~fact,' in -western:
Canada; there aré three» cétééofies 'of céaﬁ'preparation:.
'fhermaii export, thermal minefmoﬁth poweﬁ}‘ p]éht, and
meféTlQrgical. _A therma]‘ minefmouth opéfation normally
requirés only a bréaking,procéss, wh{le the heta]]ufgical

*

and thermal eXport.openations require a cleaning process to

%)



Table 4.2

Production Section Regquirements & Costs ($OOO):

. |2 //
. . . ‘3 : 7//
Equiphent Item No Req. . Mean Cost ':Standaqé Dgﬁqatidh )
Co » - . v U o
Continudus.Miner 1 _ From Table 4:3 . From Tab1e 4.3f =
Roof Bolter ‘ 1 From Table 4.4  From Table 4.4
Shuttile Car 2.~~~ -288.3 AR 45.5
Ratio Feeder 2 } 148.0 T 1205
Scoop Trams 1 56.0 - S 101
Section Haulage Belt 1 162.9 : . 15.3
*‘Support Item Costs ‘ - v .103.3 >' ,
\ T
"t', »
Table 4.3

Continuous Miner Data Base Costs ($000) ‘-

Seam Height ‘ .Mean Cost Standard Deviat.ion
meters feet’ S
' : : , ———
0.78 - 0.97 2.5 - 3.19 406.7 48.6
0.97 - 1.03 3.2 - 3.38 420.2 52.1
1.04 - 1.12 3.4 - 3.69 - 425.2 48.1
1.13 - 1.21 3.7 - 3.98 433.8 - 43.5. .
1.22 - 1.36 4.0 - 4.49 457.8 33.4
1.37 - 1.40 4.5 - 4.59 457.2 29.9
1.41 - 1,52 4.6 - 4.99 - 464.0 21.0
1.53 - 1.85 5.0 - 68.039  + 468.6 22.7
1.86 - 1.88 6.1 - 6.19 - 473.5 24 .4
1.89 - 1.84 6.2 - 6.39 476.0 23.8
1.95 - 2.00 6.4 - 6.59 a477.1., ’ 23.1
2.01 - 2.44 6.6 - 7.99 - 477.3. 24.2

Y
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'Double Boom Roof Bolters Data Base Costs’ ($OOO)

_Seam.Height(m)

1.

1-1.2
1.2

AVEE BV AN

124.3

R

Mean Cost (B

Standard Deviation

132.2
142.0

Tab]e 4.5

6.4
8.3
27.4

Convent1ona1 M1n1ng Product1on SeCtvon Costs ($000)

vKuipment Item *

~ Cutting Mach1ne

Coal Drili.. )
Loading Mach1ne
Shuttle Cars -
Radio Feeders
Roof Bolter.
Scoop Tram-

?’-W = '
.Mean Cost Standard Deviation
261.1 7.7
107.2 . K
191.5 8.7
144 .2 45.5
.75.0 12.5
From Table 4.4 .
56.0 10. 1
Section Haulage Belt 162.9 - - 21.0
Subpont Equipment Items *103.3
N ) 4 '
Table 4.6

Longwall System Section Costs" ($000)

Equipment Item

Longwall System

(152 mt) (shearer,

. face conveyorn,: self
. advancing support.,,
elect & control-eq,}

. N
Seam Heights:
- meters .Feet
0.91-.1.52° " 3- 4.9¢

1.53- 2.44 4A 8.00
Section Haulage Belt

0.88- 974~ . 2.5-3000
Continuous Miner -

Mean:Cost

S
N

. 163.0
From Fable 4.3

Standard Deviation

1033.4
1353.7

. 21.0
) From Table 4.3

” et
'
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| reduce the impuritfes. Unlike most U.S. coais{ many western
Canadian.coals contain a large proportqon of fines. These
fines_must be ¢leaned particularly if the'cdal‘is to be used
‘bfor cokfng; For this reason, the equations for preparation
plant costs  developed by MMPR cost model (4) was.deemed to
be‘app]iéablq for western Canadian coals rather than the
EPRI equations. Therefore the model has adopted two types of
Abeneficiation:»
- Thermal mine-mouth power plant coal preparation: In
. this éase, the EPRI equation for breaking-only was
applied (19). This equation considers a prdductibn
level of 700 t per hour, an average of 3000 hour per

year, and a unit cost of US$5540 per tonnes/hour .

7
Raw Coal/BOOO]

Capital Cost= [ *5540* (Raw Coal/3000)
700 ‘ _

Where
Raw Coal is the plant input (t/year)

- Meta]lurgic§1’ and f%xport’coaT Preparation: In th{s
casé the MMPR equation for pﬁeparatian' planf
investment is applied‘(4);'This equation-considérs a

unit cost of $15 per tonne of coal pchessed Vaqd a

\ unit cost of $44 per tonne of fine coal c]éaned{

Cap. Cost= 1. 4'\%5*1’0"»'.;(Ea_vz'_C_Oa;L
| ; 108

6 . RS
LA4*1OPHE (Clean Coal) j\
10°
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coal ¢

sﬁ]os, thickeners. and'Toad out facilities.

Production phase ventildt
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Where
f is the fraction of fines in clean coal (-0.6mm)
1.5 is the 1977-1982 update index

Ciean Coal is the plant ou.put

The equation above presented'inc1udé the wash plant,

er, breaker station, raw coal “silos, clean coal

i

The output geﬁerated by‘this submodel is:

Production section eguipment requirements and costs
Preproduction.hau1age SySteh‘cosfs

Production phase hau]agé system costs

gﬁxi]iary equipment costs |

PreprOdgction.venti]afion construction costs

",‘.‘%’“?:‘ C [P . u.;-.;
t'ion construction costs

~“mine entry construction costs RS

Entry haulagé or hoist system cost

@Preparaiion'plant construction cost

Exp]bration costs

Mine abandonment cost . ' \

4.2.5 Submodel 4: Supplies Materials and Power Costs

. The».methddOIng employed © in ~ this  submodel for

estimating supply and material costs involves the usél®f an
empir%ca]'re]ationship between costs and productivities. The

computation of power costs is based on a relationship with

supplies .and materials;ccst'per,tonne.'Power” supplies and

T

materials are computed for clean coal tonnage and translated

@X
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1nto~annua1 costs.

The only assumption made for this submodel is that the

" mathematical expressions for both power and supplies and

materials are the same for any mining system, mine type or
regional location. |
the output produced by this submodel is:
- SuMdlies and materials cost per tonne of clean éoal
- Supplies and Materials annual costs
- "ﬁower cost per tonne of clean coal
- Power annual -cost
- fotai“suppiies, materia]s'ahd power cbst per(fgonne
‘ of clean coal | T

- Total SUpp]ieé, materials and ?bweb annual cost

' 4.2.6 Submodel 5: Preproduction Development

The costs invb]vedyin'ppening the, mains and cross mains

of the mining plan are computed in = this submodel. Also

,pompufedA here are development time and ‘coal produétjon

| { : KO
resulting from the mine Opening activities. The <costs,

involved in these mine funct1ons are eésentia11y a
comb1nat1on of 1abouq, supp11es, materials, and power. These

direct operat1ng costs qualify as a capital investment

ddring the preproduction period. o

The  labour costs' and other direct expenses are

est1mated cons1der1ng the amount of time involved in the

- preproduct1on phase. This time is computed for both ca]endar

years as well as unit shifts. The schedu11ng of production



60

LR

sections is based in the vmine plans established by this
submode1 v Once the'development time-is ca]cu]ated, the time
assumed for construction activities is added to arrive at
the total time for project start to the full production
ohase. The timing for construction éctivitieS‘ is partly
baséd on the type of ‘mine entry construction requirod.

Based on the unit shift calculations, the coal produced
during déve]opment is also calculated in this submode 1 .

The assumpt1ons considered in this Submodel are:

- x Productivity during the deve1opment period is stored
and 'sold in equal increments during the two years
immediately preceding the first year of  full
production. | B .

.k Producti@ity ouring the preproduction period is 7¢
percent of the- projected productivity ooring the
full production phase.

. The output generated by this submode is:

%h

= Labour costs

- Supplies and materials costs

- Power costo

- Overhead costs

- Fringe benefits costs

- Total d1rect development costs

- Deve]opment time (years)

- Deve]opment time (unjt sh1fts) oy
- vCoal produced during deve lopment

- Total construction and development time: (years)

%
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5.3 Surface Mode]l

4.3.1 Introdubtion

The application of the surface coal mining cost model
to a proposed or existing coal mining project will result
estimates of mining requirements ,and m1n1ng costs. Thé
primary mining requirements computed 1nc1ude fhose for
overburden removal, overburden drilling, cba] drilling, coal
loading, coa] hauling, and rec]amation. Once the primary
equipment has been defined, the unit costs of the model data
base (Tables 4. 7\ 4.8, 4.9, 4.10, 4.11, 4.12 énd' 4.13) are.
applied. | | | '

One of three major mining system »obt%ons may be
specified by the model user: area'mining (or strip mining),
open pit m1n1ng, or contour m1n1ng .wﬁ

In the open pit mining case, an 1mportant mod1f1cat1on
has been introduced with respect to.the.original model. What
the orﬁginal model called open pit mining is'basisally the
same as. strip ‘mining, withjﬁthé difference  that the‘
overburden thickness considered {s not_'th{cK enough‘fo
jusfify'the use of draglines, anc the coal seam is ‘thick

enough to require the use of two or more benches. for the

coal extraction. In this sense, shovels and‘trﬁcks are the

Lo



Table 4.7

Dragline Data Base Costs (1982)

Drag Bucket Capacity Mean
cu.yds. : (US$10 )
6.12 8 1.90
6.88 9 3.30
7.74 10 3.46
8.41 11 3.80
9.17 12 3.89
9.94 13 4.28
10.70 14 4.28
11.47 15 4.28
12.25 16 4,28
13.00 17 4.40
13.76 18 5.25
14.53 19 6.10
15.29 5 20 5.91
16.05 W21 6.15
16.82 22 6.61 .
17.58 23 7.34
18.35 24 8.02
19. 11 25 g 8.19
19.8 2% & 8.19
20.6 27 . 8.19
21.41 28 8.31
22.18 29 1 9.08
22.94 30 9.25.
23.70 31 9.59
24 .46 32 g.59
25.23 33 -10.09 -
25.99 34 -10.09 i
26.76 35 10.61 '
27.52 36 -10.33
28.29 37 . 11.03
29.05 38 11.03
29.82 39 11.03
30.58 40 11.03
31.35 41 12.24
32.11 | 42 12.24
32.87 43 ° 12.57
33.64 44 12.57
- 34.40 45 12.57
35.17 46 14.48
35.93 47 14.48
36.70 48 - 14.48

wnwm

WWWWWWWWNINNN = et aaaallNaaa e 4 C a2 aaac00000 = 2 - =
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Dragline Data Base Costs (1982)

(Cont inued)

\ /
Drag. Bucket Capacity
m a cu.yds. -
32.46 49
38.23 50
.99 . 5t
6 ¥, D2
40.52 '53
41.28 54
42.05 55
42.81 56
43.58 57
44 .34 58
45.11 58
45.87 60
46 .64 61
47.40 62
48.17 63
48.93 64
49.69 65
50.46 66
51.22 67
51.99 68
52.75 69
53.52 70
54.28 71
55.04 72
- 55.81 73.
56 .58 74

57.34-61.16 75-80
61.93-68.81 = 81-90
69.57-71.87 91-94
72.63 85

- 73.40-87.92
88.69-81.95 116-120
92.51-137.62 121-180

Mean

(US$10 )

NRONDPOROONON AR aaaw00

N WUWWWWLW — — -
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° Table 4.8

Power Shovel Cost (ﬁ982)

Bucket Capacity o - Mean ) S.D.
m cu.yds. ‘ (US$000) ’ (USS00N)
7.64-9.17 10-12 2075.1 202.7
- 9.94 13 o ) 2499.8 ¢ 543.4
10.70-11.47 14-15 . 2633:1 898.2 -
12.26 16 _ 2430.9 513.4
13.00 17 ' ' -+ 2483.1 ° 665.4
13.76 .18 e -+ 2347.5 671.5 "
'14.53 - 19 - 27821 618.2
15.29 , 20 oo 3457.1 . 1247.3
16.05 ., 21 o 3502.8 . 1022.6
16.82. - 22 - 3456.3 o - 1247.3
17.58-24.46 23-32. T 4013.0 - 1121.4
S W . Table 4.9
g | |
" . Rubber Tired Loaders Costs
Bucket Capacity ‘ Mean | - S.D.
m cu.yds. ' (Uussooo) . (US$000)
0.76 1 58.5 8.2
1.53 2 71.7 9.3
2.29 3 ~ 99.2 8.0
3.06 , 4 - 135.1 . 11.9
3.82 - 5 | 189.3 27.0 .
4.59 6 o 206.4 14.0
5.35-6.11 7-8 - - 7 264.8 32.1
. B 4 36.4

.88 : o 433.



Table 4.10

'Haul Truck Costs (1982)

\

/
-
.Capacjty (tonnes) Mean (US$000) S.D.(Uss000) -
.20 ' ' © 69.4 .
30 | 217.8 . R
35 o 2216 19.5
40 254.5
45 . ‘ ' 26+.6 .- -
50 | 288.5 70.9
55 T -+ 388.4
60 | . 364.4 -
65-70 : 3 404.0°
75 . : 405.3 73.7
80 : . . 479.7 '
85 - S 504.7 - 35.4
100-120 : . 424 .1
150 -~ B673.3
9

170 . - 887. 121.6



Table 4.11
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“ \pozeﬁ Costsﬂ(1982)'

o -
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e rm,
»
Lara)
poiA

" Capacity
‘cu.yds
.
.06 . 4
.88 9
.94 A3
.53 - 19
.58 23

- —L—§ - '- N
NhOOW 3

:ﬂjft‘:;' .

«

éf

Capa01ty Struck ”

m- . - cu. yds

10.7 .. 14
16.0 21

&

2 Mean . S.D.
- (uS$000)

72.2 T22.6

122.3+ - 15.2.

177.5 .. 20.4
3
7

2381 25.
- 334.9 44,
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23.7° 31
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aadi Qo {ds o , .
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~ Table 4.13
RN S SR O S

Loading Shovél Costs (1982) -
o ® > OSES IEAT L

of

ity (LBC} R

&

Buckét'Cabac

sl

m - . " cu.yds.

“1.5-8:00 =2-4
-
4.6 . . B,
- 5:3 7
.6.1-6;,9  °8-9 )
L _ : v
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-

equipment def1ned to” remove both the overburden and coal.

3

‘Thei mode] does not cons1der ‘the open p1t method-used in the
Cahed1an toothtlls bor sountains reg1on§,‘ descr1bed in
Chap@er 2. The procedure used by the origina1 model to
est1mate the equ1pment requ1red to remove the overburden?
starts by est1mat1ng the VO1ume of . overbuPden to be rem0ved

.This_ calcu]at1on is based gn hpe oVerburden depth and the

m1ne area requ1red to Sattsfy the p#oduct1on redu1rements

Due to the unpred1ctab1e shapes of the coa] seams in fthe,

f o g e
‘footh111 and mounta1o reg1ons %f'f,f, &%fedure cannot be

RS

app11ed For - th1s reason ‘the' str1p) ratio (volume Rf

o o

'overburden xreqﬁﬁred to éxtracthmpemtonne of coal) has been s
»J L4 / - W ’

‘1nc1uded ad%an Vnput datumffromt wh1ch /Ai1s wposs1b1e ‘to
‘ ~ o (g“ .

est1mate the volume of,%verburden to be removed ascord1ng to
\J ¥ g_/

the produ@baon requ1ﬁem%pts ,;he rema1n1ng parameters are‘

f/

-ca]culated us1ng the s%me’ procedure as'that used“1n theﬁ
& ' . :

or1g1na] mode]

'. u’sg‘. ,"_“ . ) .3 I

AA]though cn'tour mmn1ng has nobdbeen USed to date 1n

western uanad1a “a]; ﬂi is 1noﬂuded 1n‘th1s mode1 in onder‘

to> ‘make some compar1sons W1th the trad1t10na1 strip or" open

Al ] 3 kS e

p‘ltmethods T B
The‘ major cost categories developed by the 'model -

-include primery equipment costs, support ‘equipment . costs,
preparation"p]ant- costs and construct10n costs Other cost
. L s ‘ -
* categories 'addressed by vthe‘)nodel 1nc1ude thosg . fon

' preproductjon development, exploration and indirect capital.
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piu{/l‘ﬁach of the submodels which make up the process

<N

"7

englneer1ng analysis are presented in sequence descr1b1ng

the pr1mary depenr- ancies in Figure 4.3. Edch submodel w111

t to run 'these;

A,

be discussed in * - following pages. T efxﬁe'

~ submodels is pr - ted in table 4.1%4.
4, 3.2 Submode] 1: Primary:Equipment Sé1e¢ticn and Costs
. The purpose of tﬁis submodel is -to aba]yze each unif
-‘wopefat1on 1nvo]ved in surface coal‘-mining to arrive at
]equipment sizing, quant1t1es requ1red and associated costsl
The input parameters descr1b1ng the, charactep1st1cs of the

AY

coal-seam (th1cKness, depth, strip ratio; etc)4§1ong w1th Key»
E ;\; . N L} .0 . QL .

operat1ng requibements' (annua1 vaOdUCt10n, }eVel. %reJect

__orsq' preparat1on requ1rements, etc) prdvideathe-gnimary

W

. l,l. ! , ’ .. » . " . . “ N
-ﬁes1gn -parametens necessary to s1ze each of ' the wunit
Co BRI . ' .

operat1ons
’

~An examp]e of hbw the submodel esfimate&, tﬁé‘ Qrimary

L

equ1pment in area .(str1p) mining ;s 'presenﬁed in  the
S~

Fb]low1ng,{e]at1onsr1ps "

¢

= Drag11ne Cyc]es/Month (CPM)= (MOHD*3600)/CYCQ
} * ’ ..\\ . '

Where - = e
?

‘MoK8-= Scheduled monthiy'operating_hours

CYCO= Dragliné cycle time.in seconds (input).

Theoretical Bucket Capacity Requirements (TBC)=

COB/CPM



‘Ly' "\

Figure 4.3

STRUCTURE OF THE SURFACE COAL MINING COST MODEL

i

Mode : 1rput Parameters

e Category 1 - Required

e Category -2 - Default Asslqned

e Category 3 - Calculation Override

v

e o g
¢ F | y
L Submodel ,1 -
i ; : - Primary Equipment
Ak . Selection and Costs
¥} I
@me‘ wo.
Submodel 2 ' ’ ‘
Supporting Caﬁltai Item : » )
e o &, N
& = QStS W K . . 'u. ’
; Ce R < g | . Process (Cost)
N 1 4y A R §
= i B o : " Englneering
e .Submodel 3 : ' : Calculations
Manpower- Requirements : . -
and -Costs e
Sl
T N ) \k
' . Submodel 4.~ . 1. N
e ‘Opecaging Supplies and .
i SR . : Materlals Analysts o
- g Y
-_ —_— _—— —— — — —— )_. —— —— ——— — T ——
. . i .
' ‘ ¢y . .
‘ \ B — — " L
‘ Finapncjal Analysis | R :
;)
. - \1'-::‘“(;? \v‘i’:«{ B " S ) I v"}k)
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Table 4.14
~ INPUT PARAMETERS FOR SURFACE MODEL ‘ ;, .
Required Input Parameters . '

Physical: -t
Seam thickness (m)
Overburden thickness(m) C-
Topsoil thickness(m) o 7 ,
Single or multiple seam (yes/no) - -
Operat1ng %%. , o
Mining system (strip, open pit, contour) r

Annual production (tonnes)
Mine life (years) .

, Financial: o Aﬁ@
Length of loan payback per iod (years) ‘ E
Portion of initial capital borrowed (%)
Debt ‘servicing rate’ (%) . - « ‘ "
Acquisition cost (US$/Km )~ N " s
Dollar eguivalence (Ca$ to US$) * {msT e
Project start year%y I ' e
Type of anaglysis: (COnstant ér escalat1ng doT]ar) g

R Escalat1on factors or. cost upda%e factor@ S .
- Base year " .
- Labour -
- . Primary equ1pment ) ) L
. *s "“Supporting: equ1pmenr@§..- L
.- - Operating p#&u;ﬁ@fﬂf ' ,
‘- Construction. " . dn oo
Escalation (%) for. coal va]ue/tdﬁﬁg under esca?at1ng
cost option) A
Coal value/t in’1st product1on year when so]v1ng for ROR .
ROR- when solv1ng for coa] coal \a]ue/t .

: u’.

Optional Parameters. ' S A
Physical:
Reject percentage. (10%)
Recovery % (default Mean= 390, S= 0) : -
‘Dilution (default 10%) . : /

Coal density S >

- .Bituminous=;1.459 tonnes/m (IDC=2) T '

- Lignites= 418 tonnes/m (IDCa%Y. Bitdmifous  is
, - default.

 Exploration requ1red (161874 m /hole)

‘Operating: , - o o
Type of‘coal- preparation -thenma] metal]urgica]- (thermal)- -
Drilling overburden _

- Assumgs #1. dr111/work1ng p]acggy$except f or -lignite

e where nod , dr1]11ng is requ1red T

-
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g
5

:;:“‘gScheduled month]y operat1om houhs (3?6 k ;;ﬁ _ﬁ¢ ';

" - Operating efficiency (Mean=80%,5=81

] {
.-+ Swell factor (Mean= 25, S=0) . @ .
-" Average haul distance (Mean- 183 m, S=18)
“e- Operator. efficiency (Mean= 75%, $=7)

- Bucket fill factor (Mean= 75%, $=7)

72

e Degree of oveﬁbuhden conso1idétion (low, moderate,

~high; moderate is default)

. Dverburden excavation (strip mine)

- number of-working p]aces (default 1)
- .Operator efficiency " (Mean= 75%, $= 7)
- Bucket fill factor -(Mean= 80%, Sz 8)

7

.- .Scheduled monthly operating. hours (720 hours)
~~ : @ycle time .(Mean= 60 sec., $= 6) -

’ 'Overbunden excavdtion (open p1t) ‘

=" Scheduling monthly. operat1ng hours (720 hours)
- - Cycle time (Mean= 35.sec:,.S5= 3| o
- Operator eff1c1ency (Mean=_75% $=7)

- Bucket fill facgtoéor (Means, 80%; v S= 8)

- Number of work1ng p]aces SRER v

- M&®. ‘bucket size (15529 %_or 20 cu yds f
- Number of loading passes to fill truck (79

- Truck travel time loaded (Mean-135 sec¢., SO=13)

- . TruekK -trayel time ety (375 of time 1qaded)

- Turn, Spof dumpt ime (Mean= 200 sec,, S— 20)

Overburden excavat1on(Contouri ” o B .
- Dozer: ' S Do @" o

factor (Mean=36.6.", S&3)
~%ge haul d1stanoe (Mean“'36 5 m, S— "3) as
ax‘;blade capac11x 1n loose mater1a1 (14. 53 m or 19
- CU. yds e e
" Operator eFf1c1ency (Mean 75 A,NS-07) e B

- Material fagtor (Mean= 80%, S=8)

- Weather factgr (Mean 804» S= 8)
Scraper : :

- Scheduled month]y operatlon hour's 336

- Load time in overburden . (Mean- 60, S=6 .

- Maneuver and sbreadft1me (Mean= 40, S=

- . Maxwwscraper capacity”(16.0 m:)

- - Operating efficiency (Mean= %O% S$=8)
- Material factor (Mean= 80%,
- Weather factor (Mean=80 %, S=8)

. Coal drilling:
- - Required?(yes, 1 dr1]l/work1ng place 146. 4mmdr1]1 bit)
Coal loading
- Scheduled monthly operating hours= 336 hours)
- Coal. load cycle time {(Mean= 75 , S=7)

Coal Hauling - -
- Number of Joading passes (Mean=7,5=0)

- Truck travel time loaded (Mean= 800 seé, $=80)

1 —

- Truck travel time empty (3/5 of time loaded) -
- Turn, spot, dump time (Mean= 200, $=20) -
Reclamation

- Spoil handling (strip mine): |
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'ek¥§ ‘Width of p1t (Mean=30.5 miﬁrB) X .
-." 'Angle of spoil (36) ”

- . Scheduled monthly operating hours (168)
- Swell of overburq§n (Mean=25, S=2)
- Max. blade capacily of dozers (14.53 m )

- Operator efficien®y (Mean=75%, S$=7)

&
- Blade capacity (14.53 mo)

» Exploration, developmeff

Parémetere wWhich OQernide Calcu]ated Values

. - Max. scraper capacity (16)

- Scheduled monthly operating hours (3

- Coal haul trucks.(10)

- Material factor (Mean=80%, S$=8)

. Topso1] handling (strip mining, open p1t mine) :

-:  Loading time in topsoil (Mean=50 , Sé@)

- Maneuver and spread time (Meanz42, S#&)

- Travel time loaded (Mean=410, S= 41)

- Travel time empty (3/5 of loaded t1me))
35

- ,Operator efficiency (Mean= 75%, $=7)

. Spoil handling (open pit):

- Width of windrow: (Mean=§.1 m, 5= O)
Angle of spoil {38) ..
- Swell factor (Mean=2%; S= 2)

- Operator efficiency (Mean=75%, 5=7)
- Material factor (Mean= 804, S=8)

Financial Parameters
Fringe benefits (35 %)

'Labour overhead (40% ofdyigect labour) o

Royalty (Prov. of Albelildetystem)
LE: J?11ng cost/m (US$60/m

Income tax (47%) F

Depreciation method (Stra1ght 11ne)

Investment tax credit (5 %)

Deprec1a§Je 1ife of equ1pment (years)

- . Dragline (mine life).

- Dragline bucket (10).

- Shovel (mine 1ife)

- Shovel bucket (10) =

- Overburden haul trucks (10)

- Dozers and scrapers (5)

= Dverburden drills and coal drilds (10

- Coal loading shovel (mine;. 11fe¥@

- Frdnt end loaders for coa} (5) i

A»n_‘ !

- Doz~rs and scrapers for rec]amat]bn (5)

Capitalizatigns deferred or expensed- (deferred)

Indirect capital. (15% of pr1mary eq.+ ‘support
coritruction cost) ° -

-Salvage va]ue % of or1g1na1 equ1pment cost K3
Dragline 4 10%) ( :
Shovels (10%) f
. 10 years life equ1ment (5%) T,
5 .years life eguipment (10%) ” :

s S

eq.
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Physical:
(5and area requirements (m )

Operational:
Total Hourly Personnel
Total salaried Personnel » ' . ,

Financial L

Exploration and deveiopment drilling costs (total)
Total-annual supplies and materials costs (US$/year)
Support capital % ‘ :
Total annual operating cost ,.,ﬁ§
Preproduction development cost (tb¥al)f
Preparation Plant Cost \



Where

C0B= Cubic metnes of--@verburden to bgg removed each

"
ale
- )'\

Jminonth
ﬁgkequ1red Bucket Capacity(RBC)= TBcfm%%FO*BFFo>
“ Whire |
- OEFO= Operator eff1c1encx o | Y,
BFFO= Bucket fill factor '
o Number of Draglines(ND)= RBC/BCMX

-, . Where
BCMX= Max. bucket capacity (input) ~
" Dragline Bucket Capacity (DBC)= RBC/ND

Dragline Costs=ND*(Cd?IPerDrag]ine)

. . N . , }& . r‘w' ’
° Where N by T & R
C :,‘“:.‘?f‘f’ Fal RPN '
s Cost per Dragline is taRT' P@om Tab]e 4.7, -~

Y

In add1t1on to primary equ1pment analys1s explorat1on =

and deve]opment dr1]11ng costs are also est1mated however

the procedure for th1s est1mat1on has been modi f ied w1th
reSpect to the original model. The or1g1na1 model estimates

this cost as a funct1on of the area requ1rgg to b& exp]ored-
“However th1s procedure cannot be appléed to footh1]1 and

x

mountain reg1ons for the reasons a]ready expla1ned For this

reason the MMPR (4) procedure of est1mat1on will be applied'

\

“this mode] con51deres $§$ er tonne of c]ean coal produced in

ﬁ;
. one year as the exp]oratnon cost ’ .

§ ‘ . . y . A.: 'I

Vv .
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The assumptions made . for . this submodel ‘include the -
fo]lqw1ng ST ‘ - A

"" & 'H ¥ ‘Mi\ " » .

* T Argh mining systems wuse dragline for overburden
. - . . 3 o :

removal e ‘ o

* Open pit systems use’vtrucK and | shovels . for
overburden removal | |

*  Contour mining systems use dogers end‘scrapers for.

o : ) ' ' o '
overburden remdval o _ o - o

* Mining analysis of nultﬁple seaml,depoeits can"be.

'/ approximated bylsummind all coa) seam tnicknesées fo”4

'érrive at a single. Jveﬁue; the eamef”‘for_'fthe,

interburden. Th1s is on]y va]1d for‘area and contourw

~mining

?m,» , - “ :f,ng, dozers fo# %g%n p1t
; A y ',:’_\”(-&r-g v
the product1on equ1pment for contour m*ﬁfﬁgg:‘ g

* In contour m1nes,the coal 15 transported by contrac(
hauling, L N
The output generated by ‘this - Submodeltﬁ‘

be]ow

Qverburden removakijrea mining sysfem

O

- Number of dragliness -
. Dragiine.pudket‘capacity

- Dragline cost

Overbucden removaF“Dpen p1t system

i

- Number of shove]s or 1oaders

TTTe———

= §hove1 or ‘loader bucket cgpae}ty
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y

- Shovel or loader costs

S

- Number of haul trucks

- Truck capacity

- Haul truck ébst 2
Overburden removal Contour system
- _Number~of dozers ﬁ\\\\
- ~ Blade caeacity | | -
o Dozere cost
- -:Number of scrapers' .
e Scraper capac1ty _
. - Scraper costs. g
Overburden drilling ‘ -
- | Numbef ef drills ' ‘“Q‘?
- Drill size R ‘
- Drill cost Co :Mi'”fé;ﬂ} : ) C
' Coal dr111:ng | - ‘-:_"¥. '“ai‘?': f, \
5)4 Number of dr1lls ' ?f>. , P ;?f | “:J‘\i
- Dr111 size . \ o , | ﬁ'
- Driﬁ cost. Tl gt
Coal loading . ; U e
- Number of 1oad1ng shove]s | ‘
- Bucket capacity ' «
o ShoveT costs. che
Coal hau]1ng 1 \ » 'fij

- Number of trucKs

- Truck capac1tyv -\"}}.'

- Truck costs. - EE R
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R Reclamation - ‘ ;///f
- Number of dozers - , \j T
- Blade capacity ;
- Dozer costs "lﬁi'
- Number of serapere'
.~ Scraper capacity' | . a : »\
- Scraperfoosts. '
7 ~ Total Primary Equipment Cost

» o Cw,

4.3: 3 Submode] 2: Support1ng'6'31ta1 Item. Costs |
a 'gp this ?Egmodel equ1pment d1rect]y assoc1ated W1th

o &L- .
the maJor str1pp1ng equ1pment aUX111ary equ1pment and other
ﬂl‘, F3 .
capgga] 1tems 1nc1ud1ng s;te cmnstnuct1on' and fac111t1es
n+g

'ar%? computed -on.-a percentage basis of total prOJeﬁt cap1tal
costs. Th1s percentage ]S ‘obtained from ‘,'rE1at1onsh1p ﬁqf‘,.

T Lsupport qu1pment percentage of 1n1t1a1 capital as;ga )

function.of .tr1p rat1o (see F1gure 4.4). 7 ¢ 4

o

Preparat16b plant - constﬁuct1on costs -are .computed’
,separatety in. this su?modeln using the same procedure

utljned'1n the prior,Seetion,for,the underground‘modeT;'

: The—mafn assumption“made in this subﬁode] is that area
open pit m1n1ng s%stems exh1b1t s1m11ar support cap1ta1 .
‘ S < , o : "t :

‘ percentage factors . ,_‘ ,; S - -

. 3 . R

The output produced by th1s submodel is presented below

¢
~

Support cap1ta1 cost . . - "
"?/. Preparat1on plant cap1ta1 cost

Construct}on costj’ o '-,IAEA“-'~,

Lo “ .
' g . v . J;.{
Vs - \ N . A

. o SE I T
* P 22

- . . B S MR A
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- Support équipment cost

o

\‘. o
4.3.4 Submodel 3:¥anpower requirements and Costs .

In strip mining both. hourly 'and sa]éried personnel
requirements are Somputed‘aska function of strip r&tio and |
annual production. -In both opén p{t ané“contour mining
systems, the manpower assignments are made to primary
equipment itemg. Support personnel is ca]culéted as a factor
of primary manpower requiréments. Sa{aried | personne |
requirements are _estimated as d function of total hour 1y
peréonnel. Average daily wages and annual salaries are then
applied to these rquirement' data to arrive at total
manpower cost per year. | q"
The assumptions considered for this submodel are the

same as those made in Submodel 2 of the underground model.

' The results generéted by this submodel are:

- Hour}y labour requirements

- Hourly labour direct annual costs

- Fringe benefit‘costs

- Salaried personnel requireménts

- Salaried personnel costs

- Total manpéwer requiremehts

- Salaried personnel direct annual costs

- Productivity
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4.3.5 §ubmode] 4: Operating Supplies and Material Analysis
The operating costs considered in this submodel include

all direct costs other “than labour costs, for example

\

explosives, oil, tires, power, etc. .
in area and open pit mining the supplies and materials
cpgt is calculated based on a relationship with'strip ratio
and annual production:~In/ggn¢our-migipg,vthe‘estimation of
this cost is on a relationship wirﬁ/ annual production and-
labour requirements. o
_ Operating. costs for the prébaration' p]ant are
calculated lseparateh‘/‘since they are often. not required for
surface operations. Witﬁ regard to this cost, as ‘in the
preparafion plant capital fnvestment cost, two procedures
are considered. One is for thermal mine-mouth. power plant
coal which uses ' the EPRI equétion for breéking only while
the other procedﬁre is fér Mmetallurgical and export coal
which takes the MMPR(4) equation for preparation plant
operating cost. . ‘\

In .this submode] the preproddc%ion costs are also
estimated. The calculation procedure assumes that 50 percent
of total 1abouh and non labour costs -are used - for
preproduction strip and open pit mining and 25 percent for
-contour mining. |

The output benerated by this submodel is: -

- Annual supplies and ma€%rials cost )

- Annual Preparation plant operating cost

- Total direct non labour costs
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I}

- Preproduction costs.

4.4 Financial Analysis

4.4.1 Introduction

The submodels compute the initial equipment,
constructidn and operating cost required as input for the
“conduct of the financial analysis portion of the model. This
section provides the process for. organizihg, strucﬁuring,'
and analyzing all costs previously developed in the
submode 1s.

The financial ana]ysisf process is composed of two
phases. The firét phase deals.with the structuring of the
;osts deve loped %n previous submode1$ into a form and format
suitable for cash flow ahalysis procedures; The second phase
is the actual cash f]ow anafysis process. Before explaining
the fimancial analysis process, the major options of the

P
model will be discussed.

4.4.2 Major Financial Analysis Options

'4.4.2.1 Solving For Coal Value/t or Rate of Return on
Equity
Solving for  coal value/tonne (i.e. minimum
acéeptable selling price) assumes that the target rate
return on equity is kKnown. On the other hand, solving

for rate of return on equity requireé that a coal
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value/t be an input.

4.4.2.2 Solve For Either Point’VéIué‘Resu]ts or a Range

The data base for most major equipment and
construction items, as well as some operating expenses,
is presented in terms of means and standard deviation
values. Under the point value option, a,simp1e cost
answer will be gquratéd utilizing the mean value df
each cost range. In the uncertainty analysis, a minimun
of 10 model iterations will be conducted selecting
va]ues‘ for each cost item, at random,‘ for each
iteration. This procedure is often'called a Monte Carlo
Approach:

An 1mp6rtant contribution to thé mode 1 "was included
in this part. In.fact, while the original model uses the
normal distribution only for the randomization proce;s.
the thesis model allows a choice of the following
distributions:

Physical parameters: Normal (default), Lognormal ana
Uniform. , ) N |
Operational parameters: Normai, Lognormal (defaglt)
and Uniform. |
Financial parameters: Normal, Triangular (default).

The values that result from the model iterations will
be used to calculate means and standard deviations for each
cost; a final financial analysis is run using thesz meén
costs, the " rates of return lor coal prices) for each

iteration are also calculated. In addition, confidence
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limits with a probability of 85% are estimated.

A sub-option in the methodd was developed. This
procedure involves running the uncertainty process with all
low or all high ranges for equipment, construction and
operatihg costs random values. Thus if the user has chosen a
low range for any of these items, only values less or equal
thén the mean w%]l be taken from the randomfzation process.
On the other hand, if the usér has seiected high range, only
values greater or equal than the mean will be taken (see
Appendix F or G)./Inythis way a best and worst case scenario

for a given investment can be estimated.

v
_4.4.2.3 Analysis using Constant Dollar or Eécé]ating
Vélués |

Constant do]lah‘ assumes that all capital and
dperating unit costs remain static relative tto a
benchmark year. All cash flows are also 'expressed in
terms of the selected base vyear with no inflation
factors applied.

The escalating dollar option assumes that both
capital and Iopefating costs are increased. annually
according to an assumed percentage value of inflation
‘for each categéryf The inflation factors are -specified

by the model user.

4.4.2.4 Optional Capitalization Structure
The portion of the total initial capital

requirements (those incurred prior to the production
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phase) which is funded by equity or loan funds may be
specified by the wuser. The debt/equity ratiO"fs é
required input along with the annual debt servicing
percentage and loan payback period. It is then assumed
that all capital requirehents incurred in each
preproduct ion - year will be funded according to the
debt/equity ratio specified. InterestAis accumulated and .
the outstanding .loan amounts‘ Up to the last
preproduction year. The total loan amount cormmi tments up
to that point along with the accummuTated interegt form
the total principal amount to be repaid by annuities

;tarting in the first year of full production.

4.4.2.5 Capital Costs. Treatment

There are ‘two methods for the recovery of the
capital costs. The first mathod is to depreciate the
_costs .using the deprecijkion types available in the
‘model. This 1is the method typically emp loyed Hn
‘feasibi1ity studies. The second method involves writing
off all the costs in the same year they are{projected to

occur.

4.4,2.6 Optional Depreciation Methods

Three depreciatioﬁ methods can be selected from the
model: fast (or acée]erated), declining balance, and
straight line. It should be noted that only the fast or
declining balance methods are applicable to mines in

Canada.
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4 .2.] Optional Royalty"Payments Qalcu]ation Me thods
f%ere are two‘methods to assign the percentage of
revenue which makes up the royalty payments. The first
method is a straight. percentage Specified by the user
(e.g. B.C.). The second method is ' that used in the

Province of Alberta which will bé explained later on.

4.4.2.8 Optional Project Start Year
The beéinning of the project in terms Of a calendar
year start date is a user input. The start date refers
to the beginnfng of site related activities such as sfte
preparation and construction.
The updating of the data base from 1882 to any

project start year, is made.through updating factors per

item entered by the user.

4.4.2.9 Assumptions
The assumptions considefed in the financial
analysis are listed below:
- .The model only applied to'.new projects,
. therefore, it is assumed that all
expenditures will take place jq the future.
- The pivot year for discountgd cash flow
anaiyses is the first project year.
- It 1is assumed  that all transactions of cash
disbursements and receipts take place at the
end Qf eacﬁ.year.

- Rate of return calculation is applied only
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to the equity portion of capital investment.

- Debt financing is assumed only for capital
requirements during the preproduction phase
of the project. ihe remaining expenditures
are assumed to be funded from projéct‘
operations.

- Equipment repurchaseé to replace original
equipment are assumed to be at the same
price (plus éscaﬁation if app]icable).

- A]] data base costs in the model reflect
those in effect for the year 1382 (Marshal &
Swift Index)f-

- The <coal price eifher as input or output of
the moael, is at the mine sitg. No

transportation costs are considered.

4.4.3 Capital and Operating Costs Analysis

4.4.3.1 Capital Costs Schedule

The total capital cost category is divided into the
initial capital (incurred prior to the first year of
full production) and deferred capital (capital incurred
after full productfon begins) . . ' |
The capital structure defined for undergfound mode |

is presented below:

* Initial Capital(Prior to full production year)

Acquisition cost

Production section equipment



Haulage system (preproduction)
Auxiliary'eqﬁipment 4

Exploration costs

Site preparation and construction

Indirect capital (enginéering, fees, etc.)
Preproduction development cost

Entry haulage system

Accruea interest

* Deferred Capital Expenditurés(during full

production phase)
Working Capital (first year of production)
Equipment Replacements (production,’had]age,
auxiliary, entry haulage)
Equipment additions{haulage system)
Additional-construction (ventilation, mine

abandonment)

The capital structure defined for the surface model

is listed below:

* Initial Capital
Acquisitién cost
Exploration cost
Primary equipment costsistripping, drilling,
loading, hauling, reclamation)
Supbort equipment
Construction costs
Indirect capital (engineering, fees, etc)

Preproduction deveiopment costs



Accrued interest.

3 Deferred Capital Expend{tures(during full prpduction

phase)
Working capital (first year of full production)

Primary equipment .replacements (strippgqg,
' e

drilling, loading, hauling, reclamation) ’ ;.

The .wodel provides procedures (based upQﬁ prinind;“‘.
expaeriencel regarding the calculation and a]locatioqugring ‘}%
the mine life of the various. costs. Tables 4.15“?and g
represent exémples, for underground and surface model
respectively, of how each of these capital items are

a]loéated.

4.4 3.2 Operating Cost Analysis
The structuring of operating costs involves
aﬁa]ysis of the results of submodels 2, 3 and 4 for
underground model and submodels 3. and 4 for surface
model. Other costs which must be included are the
'aTlowance for labour overhead -{general administrative
costs) and insurance fees. The estimation of the labour
overhead is a percentage (40% default) of direct labour
costs. The calculation of insurance fees is also a

-percentage (2%) of the cumulative investment in those

items for construction and equipment‘in the year prior
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‘Table 4.15

!

CAPITAL EXPENDITURE ALLOCATION SCHEDULE

Construction An(
Developmeﬂf Phase
N g

PreProductic:&' Full

. Devel#pment Production
"Phase Phase
-4 -3 -2 -1 +1 +2
INITIAL CAP ﬁ
Acquisition Cost 100% k
Production Section Eq. 50% |50%
Haulage System 50% |50%
Auxillary Eq. 50% 1 50%
Exploration . - [100% :
Indirect Cap.® ' '/ Jl 4
Preproduction Dev, 50% |50%
Entry Haulage Syst. ' 100% .
Accrued Int.0 . ’ 100%
Site Prep. and Const,
- Vent Shafts - 25%) 25% | 25% [ 25%
- Mine Entries Const. N 100%
- Prep. Plant 50%|50% | .~
- Other Surface Const. 25%| 25% | 25% 4 5%

DEFERRED CAP

Working Cap. ’
Equip. Repc. (Based on Eq. Life) ,
Eq. Additions ) ’ h 8
- Haulage (Evenly allocated ' - _
over 1st half of mine life) : v v/

100%

Additional Const, .
- Ventilation Const.:
(Evenly every second year
of production phase beginning

yr. + 2) 1 \/

- Mine Abandonment
(Last year af Production)
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Table 4.16

INITIAL CAPITAL ALLOCATION SC'QEDULE
FOR AREA AND OPEN PIT MINES

% Allocated/Year
Construction and Developm/ent
. ‘\ -

- )
Preproduction

\ . ' ' ' " Development
e

, : Y'ear Year Year Year
Capital Cost -4 -3 . a2 -1

Acquisition Cost . - 100%

Ekploratton Cost 100%

Primary Equipment Cost

Overburden Stripping ‘ 30% 40% 30%
Overburden Drilling o _ 20%  30% 50%
Coal Drilling 20% 30% 50%
Coal Load!ng ‘ 20%  30% 509
Coal Hauling : 20% 30%  50%
Reclamation Equipment , 20% | 30% 50%
Support Equipment 20%  30% . 50%-
Construction Costs (including prep. plant) 25% - 25% 25%, 25%
Indfrect Capital (15% of primary eq. +
support eq. + construction costs each year) X X X X
Preproduction Development Costs - : 100%

Accrued Interest (listed in first full o
production year) X X X~
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L : : 5
_to ¥ull production. Therefore the final expression for

‘the annual operating cost is: ~
OC=MACO+(LACO*FRBE);MACO*OVHE+NLOC+INS

Where

MACO= Manpower cost

LACO= Labour cost :

FRBE= Fringe benefits percentage (35%)

OVHE= Overhead cost percentage (40%i'

NLOC= Non 1abour operating costs

INS = Inéqrancé fees %2%)

,4.4.4'App1iéation‘of DCF- Analysis

~ The costs that are requibed as input to the cashf]ow.
summary table have been strucfgred forbdirect entry to many
of the Tline item.éccounts (Table 4:17). This table has been
adjusted from the dfiginal model to Canadian conditions. The
rema{ning items in the table then uti]fze-the$e Vaers to:
calculate cbsts for such ‘items as grosé -phofits: royalty,
loan interest, income taxes, 'depletfén .allowances,4 net:
profit, working capital, net cash flow, and others. The
calculation of coal yalue/tonne or ratq of return 6n,equity'
is the ultimate solution'generated by the DCF. Thé nemainder
of the analysis will provide alline By liné'description'of
the cdsfs and calculations involved in‘develdping each line
item on the cashflow sUmmary Table . The méin referénces
- used to adapt the EPRI DCF to Canadian scheme were (17),.
(18), (20), (21), (22) and (43).



“r

Table 4.17

CASH FLOW SUMMARY TABLE

K 3 2 3 K 3K oK e K 3k 3k 3K 3 e koK K K K K K K

Calendar Year of the Projgct:
Relative Year Of Ful) Prod. [
. LINE| CASHFLOW ITEMS'

1984
-2

1985
-1

1986
1

1987
2

93

. 12000

14

J07] Coal Value/Tonne
102| Annual Production Clean Coal
103 AnnUa] Sales Revenue

104 -Annual Operating Cost

105 =Gross Profit)

106 -Interest Payment

107 | -Resource Allowance (25%)
108 -Capital Cost Allowance

110| -Explor. ,Preprod., and Const.,

7

=Net Income for Earned Deple.
-Depletion Allowance (25%)

1
2
113[=Taxable income
114|-Income Tax (47%)
115| -Royalty

116|+Investment Tax Credit

117|=Net Profit

'118|+Additional Income (S. Value)
119 ] +Addback of Noncash

120} -Loan Principal Payment

121|=Net Cash Inflow

CAPITAL EXPENDITURES

122| Acguisition Cost
123| Exploration
124| Preproduction Development
1251 Construction '
126 Equipment
127 | Accrued Interest
128 Indirect Capital

129| Working Capital

_130| Total Annual Capital Exp:
2131 -Amount Funded From Equity
.132] Amount Funded From Loans

“133[ Annual-Net Cashflow
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4.4.4.1 Line 101-Coal Value/Tonne

This. is the ultimate solution to the DCF analysis
when Rate of Return (ROR) is known. This value 1is the
dollars amount. per tonne of run-of-mine coal which will
generate an annual revenue sufficient to 'offsét all
diréct- @perating costs, tax and rbya]ty requirements,
capital recovery expenses, and all other indirect
expenses to provide the return to equity as specified by
the input. An iterafive solution method is used for this
calculation. The line item must be solved by: éssigning'
values to it, working through the'remaiﬁing line items
for each year, computing for the annual net cashflow
results in line item 133 -, and -then computing the
present "va1ue of these cash flow streams at the return
to equity spécjfied by the input. |

A éohp]ete< description of the ga]culation of coal

value/tonne_and ROR will be developed further on.

“4,4.4.2 Line Item 102-Annual Production of Clean Coal
This item represents the amount of coal/year wh%ch
is =shipped from the mine, and is the result of applying
reject -factors to the raw coal production. ’The annual
amoun{ of clean coal for each full production year ié

constant in this model.

4.4.4.3 Line Item 103-Annua1 Sales ReVenue
This is the total dollar amount received each year

from which all operating costs and other expenses are
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deducted. To calculate the annual sales revenue,vit is
necessary to multiply line items 101 and 102, the §

value/tonne of coal. times the amount produced.

4.4.4.4 Line Item 104-Annual Operatiné Costs

The costs included in this category are direct
labour costs, labour overheéd charges, fringe benefit
expenses, supplies and materials costs, power costs, and
insurance fees. These expenses aré incurred after the
first year of full production. Prior to that time, all
similar costs are categorized as preproduct ion

development expenses and are capitalized.

4.4.4.5 Line Item 105-Gross Profit.

It is the —ghoss amount of income realized taking
into account only direct operating costs. This line item
‘is calculated by subtracting 1line item 104 from line

item 103, sales minus operating costs.

4.4.4.6 Line Item 106-Loan Interest

This line item represents the interest port{on of
the annuity payments made to repay the loans réquired
dur?ng each year of the preproduction beriod. The
por?ion of the total capital expenditures (line 13A)
which is to be financed by debt capital each Year of the
preproduction phase is determined by the debt ratio
value .

It 1is assumed that .he annuity payments will begin

with the first full producfion year. Debit amounts prior
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the firét production year. The amount compounded by th{ﬁ
mean becomes the accrued interest amount for line item
128. The total accrued interest 1is added to the
cumulative loan amounts in year 1 of production to form
the total principal amount for repayment. |

| The method of computing the interest payment
portion of the annuity therefore, fiést requires a
calculation of accrued i¥nterest.

Accrued {2t.= oz

|
{Loan Amtn)*(1+if‘n+ - :E: Loan Amt.

n= year“6¥ project life !
i= debt servicing percentagé
p= 1st year of production paﬁse
Total Debt Principal(D)= ZZ: (Loan Amt) +Accrued Int.
Annuity Payment Req (A)=
(Total Debt Principall=* (ie(1+i) /(141" -1))

i= debt servicing rate
in= loan repayment duration (years)

The Interest ‘and Principal portion of énnuity
payment for any year m is given by:’ |
In= (D-P1-P2-,....Pp,) *(1+i) -1
Phz A-1, | ‘ |

The va]ués of I are to be entéred on line 108 in
thev appropiate year. The value of P is the cost to be
used‘in line 120, Loan Principal Payment. The value of

accrued interest should be entered on line 127 during .

. the first production year.
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the first production year.

4.4.4.7 Line Item 107-Resource Allowance

The Resource Allowance is a flat 25 percent income
tax deduction from gross profit. This ailowance was
introduced in 1874 to offset the fact that provincial
m?ning taxes and royalties were no longer deductable in

the calculation of taxable income.

4.4.4.8 Line Item 108,110- Capital Cost Allowance

This charge is for recovery of‘ the capital coéts
for the preproduction deve lopment , construction,
indirect capital exploration and eqguipment. There are
three depreciatidn methods available for application of
this charge: fast (defau]t), straight line, and
_declining balance. However, only the fast and declining
balance.methods are applicable for new mines in Canada.

Replacement or addition of equip@ent will be
assumed to continue to uti{%2é fHé”origina11y specified

depreciation method. The t&tal of all. depreciation

charges are summed and entered on line 108 of the ‘cash

flow summary table.
The procedures uysed for computing the depreciation

charges are listed below. \

Fast (or Accelerated) Method::
This method allows the operator to recover the
initial 1investment during the; fifst years of

production, this. mesns that during this time all
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- profits will be used for this purpose, and therefore

there are no taxes. This period 1is known as the

"payback period”.

Straﬁght Line Method
This method provides a fixed annual charge for
each expenditure classification. ‘
Annual Chérge= OI/EL
0I= amount - of original investment
equipment

EL= equipment 1life

Declining Balance Method o
In this méthod, a depreciation rate is applied

each year to the remainding book value (BV) of the
asset. The current maximun .rate allowed i% 30
percent. The annual charge (AC) is computed as:

AC= 0.3%BVi “

BVi= BVi-AC

BV 1=01 |

If the wuser has selected expensé for the
treatment of the capitalization, then the
depreciation of this cost will start in the years
during which they occur (line item 110). This option
wouid be used by a company which had income from
other operations from which the development expenses

»cou]d be deducted.
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4.4.4.13 Line Item 111- Net Incgme for Depletion
Allowance | |

This 1is .the income to which can be applied the
depletion allowance deduction. It‘ js calculated by
subtracting line items 106, 107 and 108 or 110 from line

item 105, gross profit.

4,4.4,14 Line Item 112- Depletion Allowance

Depletion allowance is a mean of (recovering the
value of a dep1etiﬁg resource. The mefhod used by the
model is the Canadian earned depletion which is a fixed
percent of Net Income (default 25%). This tax deduction
is limited to one third of the exploration and

‘development costs, and applies only after the payback

period.

4.4.4.15 Line Item 113-Taxable Income

"his is the‘ inéome subject to  federal and
provincial income taxes, and is the result of
subtracting line item 112, depletion allowance, from

Jine item 111.

4.4 4,16 Line I}em 114-p~mme Tax

Income. tak‘ is comgo - of  federal tax, 36% of

. A%
taxable income, and provincic . 11% in Alberta and
15% in B.C. of taxable income s gives a flat tax of

47% and 51% in Alberta anc B.C “rertively,
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4.4.4.17 Line Item 115-Royalty

Royalty payments paid to the provincia] government
for mineral rights are included in this category. The
calculation process required for western Canada differs
greatly from that used in the original mode 1.

Two processes for calculating the percentage of
revenue that represent the royalty payments are included:
in this model. The first is the method used in British
Codlumbia whioh assign a Straight percentage (3.5%) on
the gross fevenue less the transportation costs. The
second is the method used in the Province df Alberta
which involves a sliding scale depending upon the

profitability of the project (see Appendix A).

4.4.4.18 Line Item 116-Investment Tax.Credit
The Investment Tax Credit 1is an income tax
"deduction equal to a percentage depending upon region
and on the cost of qualified assets (mining and
prbcessing equipment). An amount may be deducted from
tax otherwise payable equal to the lesser of:
| The investmenf tax credit

$1500+(Tax Otherwise Payable-$15000)/2

4.4.4.19 Line Item 117-Net Profit

/ This value is the book income amount after téxes.
Tﬁe net profit can be calculated by subtrﬁcting all the
cash expenses i.e. interest, royalty, income tax, etc,

from the gross profit.
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4.4.4.20 Line, Item 118-Additional Income (Salvage Value)
This item is the result of the sale of equipment at
the end of their lives. The sale of this equipment is
considered recaptured capital cost. The method of
computing salvage value (SV) is based on a percentage of'
original investment (0I). The capital cost «categories

for which SV applies is as follows: *

Category Default SV{%)
Prod. Section Eqg. 10
Haulage System ‘ 5
Auxiliary Equip. 5
Entry Haulage Sytem 5
Trucks and Drills | 10
Dozers and Scrap. 10
Dragl. and Shovels 0

4.4.4.21 Line Item 119-Addback of Non Cash Costs

This item totals all previously deducted non-cash
costs which were 'charged strictly for reducing tax
liability. These <charges include resourée allowance,

depletion allowance, and capital cost allowance.

4.4.4.22 Line Item 120- Loan Principal Payment

This payment is on the increasing amount paid each
year to satisfy‘initial loan payback requirements. From
a constant annuity payment, the interest charges (108)

.are declining annually while‘ the principal amount

- <
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increases.

4.4.4.23 Line Item 121- Net Cash Inflow

This value éxp;esées the actual cash flow realized,
after all operating expenses, as a result of the project
operation. Its calculation is the sum of Net Profit
(117) plus Additional Income (118) plus Addback of Non

Cash (119) and minus Loan Principal Payment (120).

4.4,4.24 Line Item 122-Acquisition Cost
This is the initial investment required for
- purchase of property or mineral rights. The wvalue for

this Eapita] cost is a user specified input.

4.4.4.25 Line Item 123-Exploration
The exploration occurs in the first year of the
project 1ife and is either expended in the first project

year or capitalized.

0 4.4.4.26 Line Item 124-Prepr6ductioh Deve topment

The expenses involved 1in opening and preparing a
mine for extraction are considered development expenses.
Construction costs of mine opening and other surface
éctivities involved in preparing the mine surface are

considered in line i28.

4.4.4.27 Line Item 126-Equipment
The  equipment costs involve capital required for
prbducfion section equipment, auxiliary equipment and
b

haulage equipment for underground 'systém and primary
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production equipment, reclamation equipment and support

equipment for surface system.

4.4.4.28 Line Item 127-Accrued Inferest

This is the amount accumulated by compounding the
individual loan amounts in eéch year prior to the last
year of the preproduction phase. At that point the
accrued interest is added to the cumulative loan amount
to form the total principal to be repaid at the stated

debt service rate. .

4.4,4.29 Line Item 128-Indirect Capital

This charge s forl various  technical support
services which are required' for the project. It is
calculated as a function of primary production equipment
‘and construction cosfs. The cost of indirect capital is

charged over the production phase of the project.'

4.4.4.30 Line Item 129-Working Capital

This capital charge 1is for startup operating
expenses incurred prior to receiving any revenue from
operations. Two estimation methods for fhié jitem were
considered in this model. fhe first is the original one
which calculates the workinélcapital as 25 percent on
the sum of operating costs and royalty payments. fhe
second is that used in the Province of Alberta which
estimates this cost as 5 perceht of operating-.costs plus

15 percent of amortization cha;ges,
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4.4.4.31 Line Item 130-Total Capital Expenditures
It is the sum of items 122 through 129.

4.4.4.32 Line Item 131 and 132-Amount Funded from Equity
and Loans Respectively

~ These capital expenditures are assumed to be funded
from equity and debt(loan) funds éccording to the
capitalization structure described by the user input.

The inpui for debt and equity is expressed' as a

percentage of total capital. It is therefore, necessaﬁy
to use the respective percentage factor and the value of

jtem 130 to arrive at the correct values for }{;e 131

and 132.

4.4.4.33 Line Item 133-Annual Net Cashflow
This is” the balance between nef ,cash inflow and
obYﬁlow. It is the value which isvdiscouﬁted to arrive 
o at ihe overall present value of the pboject. Annual net
cashflow is computed by subtracting fhe'equity portion‘7
of capital expenditures (131) from net cash inflow from
operétions (121). i

4.4.5 Coal Value/Tonne Calculation Procedure

The estimate of the coal value/tonne for each set of
cost values computed by previous submode]s, requires an
iterative solution of the completed Cash Flow Summary Table.
In other words, this line item must be solved by assigning

values to it, WOrKﬁng through the remaining line items fOr
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each year, compufing the annual net cash‘f]ow‘résults in
1ine_item 133 and thén, computing the present value of these
cash flow streams at the return to equity specified by the
inpyt.

The average value/tonne result which will satisfy the
DFC procedure is the do]Tar'pef tonne figure which yields' a
zero presénﬁ value (PV) of the cash flow stream. For any
given year, the PV calculation ié repfeser‘ed by

PVn= (Cash FlowIn/(1+i) "
- Where |
néerar of the project
iz Rate of return - o

The ‘?;lation présenfed " above yields a Hon]inear
relationship between the present value and the coal price
(see Figure 4.5). At thfs point, there is an important
difference as the EPRI model assumed the present va]ue. coal
bricé re]ationship to be linear. In the opinion of the
author this assumption was a Serﬁdus defect in that model.

The methodj“emp1oyed in this modeT for arriving at the
correct solution involves an iteratiqn'procegs which starts
by assigning initial va]Qes " of $15 per tonne and $50 per
tonne to line 1fém 101 of the »cashf]ow tab]e: Th;ﬁ, by
calculating all subsequent line items a?d arriving at the

annual net cash flow (line item 134), the bresent values of

the cashflow stream for the coal prices‘of $15 and $50 are
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computed. The objective of this procedure assumes-a linear
relationship between the pair of points ($15,PVyand $50,PVg,)
to estimate the answer. Using the estimate as one point the
process is repeated. The procedure for arriving at the PV= 0
for this situation involves the following steps:

. Examine the resulté of the last trial and use the
$/tonne value of.that trial and the $/tonne value
from the preVﬁous trials which meet the following
criteria: . |

- first, the $/tonne value having the PV nearest
to zero of the opposite sign, or if they both
have the same sign,

- then, choose the $/}onne value having the PV of
the same sign which”is ctosest to zero value.

2. Apply a linear fit to the last two points selected

=%

using a form of the equations previously presentéd
and sblve once again for PV=0 using the following

equation:

$/tonne= (Larger $/t)-[%ggger s/t—Smaller $/tjl*Pvlarqer

larger-vamaller
In the equation above the terms larger and
smaller are used simply tgfdistinguish between the
] .

", values selected by the preﬁious]y presented selected

/

@ criteria. . !

The iteration process descrfbed above is repeated until

the present value reachs the value of zero. However, a
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tolerance is permited; if the result falls within +- 10000,
. - !
the coal price 17//assumed to be acceptable. A graphic

display of this'approach for a nonlinear case is presented

on ﬁigure 4.6.

~4.4.6 Rate of Return on Equity Calculation Method

The solution of rate of return (ROR) is similar to the
procedure (useql in solving for coal value/tonne when ROR is
known. The mecﬁéhics are less-involved since the annual net
cashfiow does not have to be computed for each ROR trial.

The ROR selected will be that which generates a PV=0 in
the nonlinear relation PV= (Cashflow)n/(1+i)". See Figure
4.7.

fhe prdcedure to arrive at the propér ROR involves an
iteration process which starts by applying t&o fixed ROR
values (10% and 30%) and then discounts the cashflow stream
at these rates to arrive at the present values. A linear
re]ationshfp between the two point (10%,PV_ and 30%,PV,) is
developed from where thé iterative lfnear approximation6
starts. Similar to  the proceduré outlined for the coal
value/tonne non linear solution, an iterative 1inear
approximation ‘to the correct ROR solhtion is employed. The
following gteps are again used to approach the correct ROR.
1. Examine the results of the last trial; use the ROR value

from thé previous trials which meets = the %o]]oWing

criteria.

- First, the ROR having the PV closest to zero of the
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opposite sign or, if non existant,
- choose the ROR having a PV of the same sign which is
closest to zero in value. ‘
2. Apply a linear fit to the t@o points selected and again

solve for ROR at PV=0 using the equation:

ROR= '
’ Larger ROR+[Smaller ROR/(PVlarger-PVsmaller)]*PViarger

The terms larger and smaller are used to
distinguish between the two points .selected by the
criteria. |
The iteration process described above is repeated until
the present value reachs the value of of zero. However, a
tolerance is permited, if the resulting ROR yields a PV
within +-10000, that ROR is considered to be acceptable. The

approach is graphically illustrated in Figure 4.8.
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5. Model Computational System Description

5.1 Introduction

The purpose of the computing system described in this
seqtion is to perform the calculational procedures required
in analyzing the costs and requirements of proposed coal
mining projects. The main output of this computing system 15‘
a value or range of values*f&r eitheE the coal price per
tonne, or rate of return on equity that yields a zero
presenf valQe of the cashflow .stream. The program
specifications are derived ma{nly fro% the oriéfna] EPRI
model‘and from the model modifications described in Chaélér
4.

The sysfe% was deSigned for an interactive - operational
mode, which provides a convérsational interface between the
user and the model. The results are dfsp]ayed on the wuser'’'s
terminal. However, a copy is also written into a temporary
file which can be printed later if desired.

The general system diagram is shown in Fig. 5.1. It can
be appreciatéd; that there are two main subsystems:
underground and surface. Both subsystemé have the same
structure which is composed of 5 main processes: Input, cost
determination, financial-analysis, unceftainty analysis and
output. Each system_process, together with a statistical

analysis, 1is described in more detail in the foliowing

pages.
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The terminology defined in naming the variables and
files is as follows:

- Program File Names: These are composed of three parts.
The first part is a prefix indicating an underground
program (EU), surface program (ES), or a common progfam
(E). The second part is the program name, and the third
part is a suffix which indicates source (S) or object
program (0).

- Variable Names: These are composed of two parts. The
first one is a prefix of which the first Jletter
indicates an underground variable (U), or a surface
variable (S), the second letter of this prefix indicates
a required variable (R), an optional,variable:(O) or a
calculated variable (C), and the last fouriletters
represent'the néme of the variable.

- Data File Names:These are also composed of two parts.
The first As a prefix Which indicates an underground
file (EU) or a surface file (ES). The other 4 letters
express the file name itself.

The programs which make up the system, the data files,
input variables names and ca]cuiated variable are listed in
Appendjx B.

?hé model’s options, to be established during the input
phase were detailed in Chapter 4, and are enumerated below:

~*  Underground or Surface systems.
*  Rate of Return or Coa] Price output.

* Constant or Escalating Dollar.
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+  Point Value or Uncertainty Analysis.

* Low, Total or High range for equipment, construction
and operating costs.

* Province of Alberta or Percentage Royalty.

* Fast, Straight or Declining Balance Depreciation.

* Deferred or Expensed Capitalization.
System Description

1 Input Process

5.2.1.1 Input via Terminal

As mentioned in the previous sections, there are
three types of input: required, optional, and parameters
which override calculated values. Each inﬁut has three
types of data: physical, operafiona] and financial. Dafa
should also be entered in terms of mean and standard
deviation to be used. for the uncertainty ana]ysis

option.

" The beq ired input must be entered in order to run
the-model. T defines the coal deposit which s
to be analyzed. Tables 5.1'énd 5.2 show an example of
the required data for underground and surface systems.

The optional fnput has défaﬁlt.va]ues which the
uséf can,either_accept or alter . Tables 5.3 and 5.4

show an eXample of the default values for underground

and surface systems.



Table 5.1

REQUIRED INPUT FOR SURFACE MINING WITH TYPICAL VALUES

Seam Thicks. (Mean)(cm) 200
Overbdn Thicks.(Mean)(m) 15
Topsoil Thicks.(Mean){cm) 100
Single or Mult. Seam sin

Annual Production (000t) 1500
% Capital Borrowed 30

Loan Paybk Period{Yrs) 10 Acquisition Cost/sq.km{Mean) 137600
Accuisition Cost({SD) 1000 Dollar Equivalence ‘ 0.80
Project Start Year 1982 Type of Analysis unc
Dollar Type Analysis con Base Year 1982
Labor Upd/Esc Factor 0 Prim. Eq. Upd/Esc Factor 0
Supp. Eq. Upd/Esc Factor 0 Operating Upd/Esc Factor 0
Construc. Upd/Esc Factor 0 Coal value Esc. Factor 0
Coal Value/tonne 14 Rate of Return ]
Table 5.2
REQUIRED INPUT FOR UNDERGROUMD MINING WITH TYPICAL VALURS

Seam Depth (m) (Mean) 122 Seam Depth(m) (SD) 10
Seam Thickn. (cm) (Mean) 300 Seam Thickn.(cm) (SD) 30
Seam Gradient 0 Roof Conditions good
Floor Conditions ha Gas Level Tow
Mining System cont Entry Type shaft
Annual Production (1000t) 210 Production Life 18
Analysis Type unc Eq. Cost Range tot
Contruc. Cost Range tot First Calendar Year 1982
Dollar Analysis Type con Base Year 1882
Labor Upd-Esc Factor 0 Power Upd/Esc Factor -0
Equip. Upd/Esc Factor 0 Haulage Upd/Esc Factor 0
Aux.Eq. Upd/Esc Factor 0 Supp.Mat. Upd/Esc Factor 0
Constr. Upd/Esc Factor 0 Capital Borrowed(%) 20
Debt Servicing Rate(%) © 10 Loan Payback (years) 20

Dollar Eq.(CA$=X USS) 0.85 Coal Value/Tonne 25
Rate of Return 0 Acqu. Cost (Mean)(3000) 0

Acqu. Cost (SD){$000) .0

Seam Thicks. (S0)(cm)
Overbdn Thicks. (SD)(m)
Topsoil Thicks.(SD) (cm)
Mining System

Mine Lifel(Years)

Debt Serv. Rate (%)
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Table 5.3

OPTIONAL INPUT VALUES . (UNDERGROUND)

Mean Reject Percentage 0 SD Reject Percentage 0
Shifts per Day 2 Days per Year 138
Coal Preparation none Seam Recovery 65
Mean Operator Eff. 85 SD Operator Eff. 4
Mean Available Face Time 340 SD Available Face Time 15
Indirect Capital (%) 10 Capital Overhead (%) . 2
Fringe Benefits {%) 30 Royalty Payments (%). 1
Income Tax (%) 47 Depreciation Method ~ fast
Preprod. Treatment def Investment Tax Credit 5
Table 5.4

OPTIONAL PARAMETERS DEFAULT VALUES (SURFACE)
Reject (%) ' 0 Mean Recovery (%) [0
SD Recovery (%) . 8 Dilution(%) 8 .
Coal Type ) bitu Exploration- Required (sq. m) 161874
Coal Density (k/cu.m) 1504 Coal Preparation none -
Drilling Ovbdn (Work.P1) 0 Overbdn Consolidation Tow
Coal Loading Op. hrs/Mo 336 Mean Coal Load Cy. Time(s) 75
SD Coal Load Cy. Time(s) 7 Mean Bucket Fill Factor 75
SD Bucket Fill Factor 7 # of Loadf Passes 10
Mean Truck Travel Time Ld 1200 SO Trck Tru] Time Ld(s)™ 120
Mean Trk Trvl Time Emp(s) 700 SO Trk Travel Time Emp(s), . 70
Mean Other Times(s) 300 SD Other Times(s) . 30

\

‘

s
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The parameters which override calculated values are
variables calculated by the system. The user may impose
his own va]ués‘prior to further calgulation. The system 1
estimdtes those variables first and then shows them to
the operator, who efther accepts or modifies them.

Tables 5.5 and 5.6 show an example of this process for

underground and surface systems. s *

5.2.1.2 Input Via Files

The data files contain mainly wunit costs for
equipment, manpower and preparation plant. These costs
are used for tﬁé submodeléf costing process. Except for o
manpower- cpsts, ai] other costs'are expgessed in U.S.u

dollars which are converted to .Canadian dollars using
: . N . . 18 -
.o

the "dollar equivalence" parameters required during
input. , ‘ .

The data files rggyired' by theb system are the
fol]o@ing: equation 0;oefficients for underground
conventional system (EUCVCO), equation coefficients for -
underground continuous system (EUCNCO), production,
equipment costs vfor underground. system 4(EUCOST),
overburden shovel and front loader costs -TEESHfH)a
"dragline . costs(ESDRCO), and'truck, drill, éqal shovel,
dbzer, scrapérs, and preparafion plant cost (ESSHTH).
The formatted contents of each file mentioned above are
in Appéndix C. » | -

The key to seiecting the appropiate céét js;the

estimated size of the corresponding equ.pment. If this



Table 5.5

f

PARAMETERS WHICH OVERRIDE CALCULATED VALUES

Tonnes/Machine Shift
Hour ly Labor Requirements
Development Time(Yrs)
Production Equipment Life
Aux. Equipment Life
Salaried Pers. Cost/Yr
Power Cost/t

Initial Prod. Section Cos
Initial Hlage System Cost
Exploration Cost

Mine Entry Cost

* User assigned value

(UNDERGROUND)

764 Production Sections/Shift
40 Salaried Personnel Req.
1.00 Coal Rrod. During Dvipment

12 Haulage System Life
12 Hourly Labor Cost/Yr
397 Supp.& Material Cost/t
0.59 Annual Operating Cost
2294 Initial Aux. Equipment Cost
' 0= Plant & Unit Train Loading
0= Mine Abandonment Cost
O=

Table 5.6

’ PARAMETERS WHICH OVERRIDE CALCULATED VALUES

Land Requirements (SQ. M.)

Total Hourly Personnel
Total Salaried Personnel

Explor. and Develop. Drilling Cost
Supplies and Materials Cost

Support Capital (%)

Total Annual Operating Cost
Total Preprod. Develop. Cost

Preparation Plant Cost

t

(SURFACE)

18 |
79
38

.0
6170149
24
13630819

4697383
0

1
10
158148
12
S19
6.00
2541
O=
-0
O=

120
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size does  not éoincide exactly with the standard file

'sizes, the next largest is chosen from the file.

5.2.2 Submodels Costing Process

k]

A1l costs on which tHe financial analysis is developed

[

are , calculated here. This includes: equipment costs,
manpower costs, supplies and materia]l costs, construction
costs, bower costs, and preproduction development cpsts.
These costs are estimated through different submodels which
weré explained in sections 2 and 3 for the underground and
surface systems. Each submodel is a separate subroutine of
the system.
The underground system is formed byc five submodels.
they are:
- Submodel 1, Production Sizing
- Submodel 2, Manpower Requirements andncosts
- Submode 1 32 Equipment and Construction
Requiremehts an co;ts
- SQbmode]f%ﬁ Supplies, Matéria]s, and Power costs
- Submodel 5, Prepro&LéTion Development costs -
Fo; the surface systé% ‘there are 4 sumedels: Gy
- Sugmodel 1, Equipmgnt Requiré%ents and Cost§
- Submodel 2, Constructiom and Support Equipment
Requirements and Costs
- Submodel 3, Manpower Requirements,and Costs

- Submodel 4, Supplies, Materials and Power Costs
’ e EERS

~.

S e
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The manpower and equipment costs are calculated by
first estimating the wunits required and then apblying the
cost’per unit taken from data files. Th~ preparation plént
cQst depends on the type of prepaﬁ*ﬁion selected dUring the
input process (export or mine-mouth power \plant) and the
output production required. The other costs (supplies,
materials, power and' preproduction deve lopment ) are

calculated as a function of the manpower cost and production

required,

5.2.3 Financial Analysis

Tﬁe financial analysis 1is carried out by three
subroutines «(see Fig 5.2): Capital Analysis, Cashflow, and
Rate of Return (or Coal Price) calculations. The Capital
Analysis estimates all capital and operating costs during
the mine’s .Jife. In other words, all those cashflow itemé
corresponding to fixed and direct cost, such as acquisitfon,
é*ploration, preproduction  development, construction, 
equipment, indirect capital, annual operating cost, salvage
fVa]ue,‘and capité]ization, are estimatéd here. The original
moce]l provides procedures to aésign“the proporfiohal amounts
of costs throughout the mine’s life. Other cashflow items
such as* capital amdunt %unded from equity, capital amount
funded from loans, interest payments, accrued interest, and"
loan principal payments, are also calculated here.

'THe cash?ﬁow program builds the annual cashflow through

out the mine’s life. The process begins with the calculation
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of the remainingicashflow items not yet calculated. The
value 6f these  items depends on the annual sale revenue.
This way, gross profit,& depreciation, resource allowance,
depletion allowance, income tax, royalties, investment tax
credit, and working capital are estimated. With all these
elements defiﬁed, the program ca]cﬁ]ates the annual net
cashflow.

A  third subroutiné calculates the rate ofvreturn (or
coal price) accordfng to the procedure explained in Chapter
4, which wuses an iteration process to find the raté of
return (or coal price) that makes the annual nét cashflow
present value zero. Therefore it can béAconc1uded that this
subroutine calls ‘the cashflow subroutine with as many
different rates of retprﬁ (or coal value) as required for

the iteration process.

5.2.4 Reports Generation

The Report Generation Proéess i's formed by two programs
which produce four outputs. The first of tHem (OUT)'maKés
the Input Summary’Report and the Costing Submodels OQOutput.
The other program kCFPR) prihts'the Main Resu]fs Report and
"the Annual Cash Flow Summary . *

The Input Summary Report shows  the user all the
parameters:defined during the input process. These reﬁor}s
are printed in both the terminal and'the output file.

The Costing Submodels Report presénts the results of

each submode]‘in terms of quantity and costs. These reports
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are written for both the terminal and the output file.

The Main Results Report contains the main. output
variables from the financial analysis. When uncertainty
analysis has beéh chosen, this report also presents the rate
of return (or coal price) obtained from each iteration. For
the uncertainty analysis, there are two rates of return (or
coal pricel: one is calculated from the final financial

analysis carried out on the mean costs obtained from the
o

iterations, ‘and the seccnd is the mean rate of return (or
coal value) estimated .from the fates of return generated
from each iteration. For this last case a standard deviation
is also estimated. The Main Result Report is printed in both
the terminal and the output.file.

The Annual Cashflow Summary is the cashflow through out
the mine’'s 1life. This report is only written in the output
file. Appendix F presents examples Qf each of the output

" reports mentioned above .

5.2.5 Uncertainty Ana]yéis

Figure 5.3 show§ the details of the uncertainty
analysis process. The randomizer routines use different
distribution functions according  to the type of data. The
default functions assigned are: Normal, for physical
parameters; Lognormal, for operationa]l parameters and
Triangular for financial parameters._The> randomizat{on can
be carried out through three Kinds of ranges : low, total or

high. This means that if the low range is selected, only
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Figure 5.3
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random values less or equal tﬁan the mean will be

éonsidered. If high range 1is chosen, only random values

greater than the mean will be considered. Total range
considers any random value. These options allow the uger to
estimate the worst and best case for a giVen input.

Four main subroutines were developed for this purpose.

A1l of them use the statistical functions Normal, Lognormal

and Triangular provided by the computing 1ibrary'*SLAM (25).

" The routines developed were:

- Input Parameters for Uncertainty: This phogram provides
the option to assign values to parameters defining the
uncertainty process. .

- Terminal input Parameters Rahdomizer:fhis program
assigns a random value to each input parameter which was
defined-in terms of mean and standard deviation.

- File Input Data Randomizer: This program assigns a
fandom value to ‘data coming' from files which were
expressed in terms of mean and standard deviation.

< Mean and Standard Deviation Cost éa]cu]ation: This -
program stores‘thé output of each iteration and after
fhe last one, it céicuiates the mean and standard
.deviatioh for each output cost.

As seen in Fig. 5.3, submodels and financial analysis
processes are repeated the humber of times defined by the
user. After the iteration process{ "a mean_and'standérd
deviation for each output cost is ca]culatéd and, based on

these mean values, the financial analysis is executed once
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more tb obtain the mean rate of return (or mean coal price)
and cashflow values produced by fhe uncertainty analysis.
The odtput for this process is presented in the submode 1
results in terms of méan and standard deviation for each
cost. The main results summary contains the mean rate of
return (or coal value) for each iteration as ~well the

corresponding standard deviation.

5.3 Statistical Analysis

When the uncertainty option is chdsen. the system
pfoduces:a numbér of rate of return (or coal price) outputs.
After the last iteration, a mean and a standard deviation is
calculated based on this sample. In order to | better .
understand the results and to confirm their reljability , a
‘statistiCa1.ana]ysis éf the output was made. |

In order to . minimize fhev error 'éaused by"Qhe
randomization, a veby important factor as the definition of
the samble‘size should be considered. In fact, seed numbers
are used in. generating random numbers  through  the
distribution functions mentioned 1n_ the prior section.
Differentvrandom numbers are ‘generated ‘depending. on .the
values of these seedv numbers and, fn consequence, runs
having the same input wj]l ‘produce different output if
different seed numbers have been used. Uncertainties
associated with these errors can be reduced by increasing
the amount of data; this is confirmed by the Law of Largé

Numbers. This Law states that the brobabi]ity that the
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difference between X -(mean) and E[X] (expected value)
approaches zero if the sample size approaches infinity (25).
On the other hand, the Central Limit Theorem, states that
the distribution of the sum of n independent samples of X
approaches the normal distribution as n approaches infinity,
(25). It is difficult to say what sample size is sufficient
for assuming the compliment of both theorems, however,
relatively small .sample size, like 15 to 20 are of&en
sufficient (25). In order to confirm this suggested 'sémpie
size, a test was made. In this test two serieslof runs, each
with different initial seed numbers was carried out. The
resuits of the test are presented as follows: N

Iteration  Mean Coal Price Mean Coal Price % Relative

(Seed #1) (Seed #2) Difference
6 51.32 49.14 4.4
8 50.63 48.29 +3.5
10 51.30 4867 +5.4
12 49.72 ' 48. 32 +2.9
14 50.82 4G .45 .. +2.7
16 50.52 L4950 . +2.0
18 51.72 51.21 1.2
20 51.22 50.98 +0.4

The 1gput data used for this test is shown in Appendix D

As can be observed above, the differences between the
means become insignificant (appfox. 1% or less) with 18 or
more itérations. For this reason it was decided that a

sample size of 20 iterations would be appropiate.
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With the 20 iteratioqs,'QO rates of return (or coal
prices) were obtained. The sample freguency distribution was
tested using normal.probability paper. Figures 5.4, 5.5,
5.6, and 5.7 show examples of. results’ behavior for
underground - rate of return, surface rate of return,
underground coal price, and surface coal price. As seen'in
these figures, the plots are relatively linear, thusAﬁé

S
straight line could be drawn through these points indicating

that the output’s behavior is normal. To - reinforce this
conclusion, the Kolmogorov-Smirnov test(24) . with a
confidence of 95% (o = 5%) was applied. This test cohbares

the cumulative probability of the normal function generated
with the mean and standard deviation obtéined from the
experimentai " data against the experimental cumulative
probability obtained from the sample. As shown in Figures
5.8, 5.9, 5.10 and 5. 11 eaéh example easily passed the test
at the 95% confidence level. After this test and éssuming
that eéch point of the sémp]e (Paté,of return or coal price)
is dn independent event, if is concluded that the»;imulation
'output has a normal orf Gaussian behavior. It was found that
tests carried out using combinations of distributions other
than normal also produced a Gaussian distribution. This
occurs as a consequence 6f the Central Limit Theorem because

all the variables tend to be independent and additive.
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PROBABILITY PLOT FOR SURFACE RATE OF RETURN
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Figure 5.7 ' ‘

PROBABILITY PLOT FOR SURFACE COAL VALUE
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When there 1is no prior knowledge of the population
variance, an exact confidence interval for the mean can be
determined if the wunderlying 'bobﬁlation has a normal
distribut{on. f the sample size n is small and the

populat{on standard deviation s not  Kann} the
t-distribution can be used to determine the corresponding
upper and lower  1limit of confidence. On this basis, the
appropiate confidence limits are estiméted as follows:
(1- « )% Lower Confidence Limit= R-toe*S/VA
(e a )Y Upper Confidence Limits= X+tg e S/VA
Where (1- « ) is the confidence level, n the
sample size (for this case the numbgquf iterations
' defined); X fhe sample mean, S sample standard -
deviation, and tq; the correéponding value given
by t-distribution for the confidence level « and f=
n -1 degree of freedom. Tﬁe values of t are obtained
" from the/;Subroutine MDSTI of the computing library
*IMSL. For this case .a ‘95% of confidence was
assumed, this means that a=5%. If the confidence
jfmits are not satisfactory, it can be concluded
fhat the sample 1is small and more iterations are

required.
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CUMULATIVE PROBABILITY
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Figure 5.9

K-S Test for Surface Rate of F%e’rum
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Figure 5.10

K=S Test foyr'Under'jg_rjound Coal Price
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Figure 5.11
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6. Computational System Validation

6.1 introduction

The model’'s software described iﬁ the previous chaptéh
was tésted with actual data in order to ensure its degree of
accuracy. Two types of‘tests were carried out. The first one
used the data with which the original model was tested. This
te - was used to debug the.code. The second test was used to
‘check ‘the accuracy for Canadian projects.AThe Canadian data
was provided by the Coal Mining Research Centre (CMRC) for
the underground model and by .Luscar Ltd for the surfaée

mode 1.

6.2 Test Using Original Model Input

The model was tested for- surface and underground
systems and the results were compared.with those obtained
from the EPRI. Due to the modificétibns and 1mprovement$
made to the mode1. and also becauée‘the unit costs wefé
updated from 1980 to 1882, a perfect match 'of the results
could not be expected.vHowever, a]]oWing“for these expected
differences in the results, it is possible to validate the

thesis model software system against the EPRI model.
6.2.1 Underground Model Test
Both the impyt and output for this test are présented

in Appendix D. The inbut coincides exactly with Test Case 2

140
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carried out in the EPRI model (8). A comparison betweeh the
main costs generated by both models is presehted be low.. To
make this compar ison consistent, the costs of the originé}
model are divided by 0.8 (for Canadian dollar conversion)

and multiplied by 1.12 (1380-1982 update index).

Original Thesis
Modeif$000) Mode1($000) Deviation(%)
Manpower 7475 7793 v 3.2
Prod. Equipment 20095 18466 - 5.4
Site Preparation |
and.Constﬁuctien 60867 55909 - 8.1
Supplies, Mat. 8840 8869 £ 0.3

-

The coal price generated by the original model was
'$50.4 per tonne with a standard deviafion of $4.04. The coal
price obtained by the thesis model was $51.2'per fonne witH
‘a standard de?iation of $2.7. The diffeﬁence» between the
resuffe from the thes{s medel and those from the oﬁigina]
'modeT eiem'from the modifications and 5nprevments mede to

. the thesis model.

- 6.2.2 Surface Model Test.

Both ‘the iﬁpet and the oetput for = this test are
~presented in Appendix‘E. The input_was takee from Test Case
3 .of' fhe original model (9). A cbmparison between the mainb
costs generated‘by both models is presented belew. Again,
the costs of tHe originai model were divided‘tby 0.8

(Canadian dollar conversien) and . multiplied by . 1.12

-
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' (1980- 1982 updated index).
Original Thesis

“Model($000) 'Model($000) Deviation(%)

Prod. Equip. 21107 20127 -4.6
Support Equip. 6442 6101 -5.5
Supplies, Mat. = 7529 8033 +6.6
Manpower 4990 . 5651 +11.6

' The ratevof return‘generated in the original model was
:AEQ.7 percent while the rate of return generated in the
thesis model was 31.6 perCent, which represents a difference
of 0.9 ROR units. fhe rates of return do'not match exactly
because of the reasons outlined in tHe intro@uctiah fé thi}

- section. -

6.3 Test Using Canadian Input Data
This test representa the most important ‘va}idation
since ‘the\ purpose bf this project was fo create a model.
applicable to the western Canada’'s coal 'ﬁndustry.‘ However,
because of the difficaities 'in obtaining Canadian coal
mining cost information, the oatput validation could not bé
expécted to be as precise as it was in the . ior test. The
input for the underground mode] was taken from the Atlas
"Mine Project (west Alberta) cafried out in 1978 (44). The'
input‘for the surface model was taken from an unnamed strip

" mine under étudy in central Alberta (45).
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6.3.1 Underground Model Test
.Although the information provided to make the test was
complete, it was not very appropiate for carrying out a wide
test due to the fact that the given project takes place in
an existing mfne rather than in a new one as assumed in the
.modelraﬁd therefore several costs were assumed to be zero.
Another problem was that the broductioh required was very
Tow (210 000 t ber year) and no preparation plant was
required.' The project occurred in 1978, therefore the data
base had to scaled for inf]ationbwhich tends to introduce
errors.vbln spite of these problems, it was felt that the
data~on1d be adeguate to make an order of magnitude cheék
of the model. The input parameters and the oytpuf generated
by the model with the uncertainty analysis is presented in
Appendix F. Through the examination of the results of this
test, the following conclusions can be made:
Production Equfpment: The number of continuous
miners, roof bolters, shﬁttle can. section haulage
be]ts and ratioAfeedeﬁs, are the samé in nthe mode 1
as in the real project. The number of cutting
machines was also the same but in the projéct‘ they
were not;puﬁchased because they Weré already in the
old mine. The primary hauling equipment was totally
different because the model assumes4iéoop trams for
the .continuous method “while . the project assigns
conveyor chains for this purpose.

-

Manpoweh Re&dfrements: The project assigns 53 hourly
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and 10 salaried workers, whereas the model estimates
40 hourly paid workers aﬁd 11 monthly paid Qorkers.
Annua1‘0perating Cost: The project arrives at $2 750
000 per month for this item, while the mode 1
estimatés it as $2 540 000 per month.

Even though not many’items can be compared because of
the problems already mentioned, the above comparison is good
enough to affirm that the underground: modél performs
reasonably well when tested with actual western Canadian
" coal data within Class I estimates.

In addition to the run which was carried dut{ listed in
Appendi x ﬁ, other optiéﬁs were executed: conventional rather
than confinuous method, avflat 3.5 percent royalty rather
than the province of Alberta -formula and deé]jning balance

depréciation rathef than fast. The corresponding summary

" output for each option is shown in Tables 6.1, 6.2, 6.3 and

6.4,

6.3:2 Surface Model Test
Apart from the omission of preparation bWant data, the
data used for the surface model was complete and
appropriate. Thelinpul parameteré and the output génerated\
by the model using uncertainty ana]ysié»is presented in
Appendix G. In studying the results obtained with this test,
the following bbseryﬁtions can be made:
| Production Equipment: The number of draglines,

overburden drills, coal drills and dozers'assigned
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Table 6.1

UNDERGROUND SYSTEM - DEFAULT VALUE INPUT
SUMMARY OUTPUT '

CONSTANT DOLLAR-POINT VALUE OPTION

Coal Value/Tonne | 25.00
Project Start Year 1982 '
Full Production Years . ' 1986- 1999
Rate of Return . 17.17
Capitalization . ey //_
-Debt (%) 20
- =Equity . . 80
Debt Servictng . 10
Payback\Per1 * 12
-l E‘ e

Tahle 6.2

UNDERGROUND SYSTEM - CONVENTIONAL METHOD -
’ SUMMARY OUTPUT

CONSTANT DOLLAR-POINT: VALUE OPTION

" Coal Value/Tonne | 25.00

PPGJeCt Start Year o 1982
Full Production Years ' 1986-1999
Rate of Return , L 19.21
Capitalization E
-Debt (%) 20
-Equity C ;- 80
Debt Servicing Percentage 10

Payback Period (yrs) 12
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Table 6.3
UNDERGROUND'SYSTEM - ROYALTY RATE 3.5%

SUMMARY OUTPUT
»$

CONSTANT DOLLAR-POINT'VALUE OPTION

Coal Vaiue/Tonne | 25.00

Project Start Year 1982
Full Production Years 1986- 1999
Rate of Return . 18.64
Capitadization :
-Debt (%) ‘ 20
-Equity 80
Debt Servicing Percentage 10
., Payback Period (yrs) ' 12
3
Table 6.4 -~

UNDERGROUND SYSTEM - DECLINING BAL. DEPREC.

SUMMARY OUTPUT

CONSTANT DOLLAR-POINT VALUE OPTION

Coal Value/Tonne 25.00

Project Start Year 1982
Fu Production Years . 1986-1999
. Rate of Return 24 .82
‘Capitalization '
-Debt (%) | & 20
.. -Equity . 80
- Debt Servicing Percentage 10

Payback Period (yrs) \ : 12
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\
by the project and the model was identical. The

project considered 3 trucks while the model assigned
2. The project used 6 topsoil "scrapers while the
mode 1 assigned 13. The project also wused an
additional coal loader as a backup for the shovel.
Manpoﬁér Requirements: The project considers a few
more hourly people and less salaried p&rsonnel, but
the total manpower is very similar.

Both the  supporting capital, and supp]fes aﬁd
material ‘costé fall in the same range for both the
project and the modeﬁ.. |

The operating cost also‘fa11 in the same rdnge for
both the project and fhe model .

The total éosts and the rate of return obtained from
the model was considered acceptable bin comgarison_
with the project;

The poor agreement between the number of sérapers
assigned by the prbject and the model is because the mode 1
pfbcedure for defining théAscrapers nreduired is based on
1830m haul 3pd 16km/h speed, this results in a meén'travgl
time of 411 sééonds when loaded. However the time considered
for the project was 900 seconds which probably {s out of
range. The number of scrabérs assigned if 411 seconds travel
time time is used 1is 7, which is totally acceptable wﬁeh
working.with Class I‘estimates. The other results were close
enough to be confident fha;%5ggs surface model will make
reasonab]é predictions when usiﬁgﬁugstern Canadian data.
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In addition to the run p;esented in Appendix-’G,' other
options were executed: open pit rather than area mining, a
flat 3.5 percent royalty rather than the province of Alberta
formula, and declining balance deereciation V%S?her than
fast. The corresponding summary output for each of these

‘options are shown in Tab]es‘6.5, 6.6, 8.7 ande6.8.‘

6.3.3 Preparation Plant Cost validation:

Because none of the previous validations included . a

coal cleaning process, a separate validation was necessary

[ .

fer the preparation planf cost estimating ,procedure.
The  test for the iﬁetallurgical coal equation,f:ie
pFesented below. This test was carried out with data

provided by S.G. Butcher (42) ?

\ ) ‘,‘ :‘: J‘\.Q N '\;-/‘.I )
'Raw_coal: 5.83 miliion” tonnes/year

Clean coal: 3.5 million tonnes/year
Fines: 20% ° . |
Model capital cost. $88 45 m11]1ons.

'Study capital’ cost~w$84 83 m1111ons - v
deviation: +4.1% et

Foe’ thermal coal (breaking—only) an inpUt of 1 5

2

m1111on tohnes was cons1dered Accord1ng to the model ﬂ;hé
correspondjng Ereparat1on \ p]ant | costs;_-$8.1' m1llﬁon. A
Unfortunately, in this case,.no existing aafa‘waed obfained"‘

v -

However, according\ to the op1n1on of spec1a11sts of CMRC

(the authors of (42)), that value appeaﬁed reasonable ; : fg
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Table 6.5
o . ) . .
SURFACE MODEL - DEFAULT VALUE INPUT

SUMMARY OUTPUT

CONSTANT DOLLAR: POINT VALUE OPTION

i

Coal Value/Tonne 14.00 X

Project. Start Year 1982
Full Production Years ‘ 1986-2011
Rate of Return. PANE - 19.51

Capitalization

~ -Debt (%) ' 30
~Equity : 70

- Debt Servicing Percentage 10
Payback Period (yrs) - 8

Table 6.6

,SUR:APE MODEL -~ OPEN PIT METHOD

SUMMARY OUTPUT .. »

CONSTANT DOLLAR-PQINT,VALUE OPTION

Coal Vvalue/Tonne - ° ' 14.00

. Project Start Year ' . 1982
~Full Production Years 1986-2011 .
.“Rate of Return . - 3.66. e
<C§pgta11zatlon- : & ' Lo
T8y “Debt (%)m ' . 30 -
N CEquity - '“ , 70 e
L //ADebt SerVicing: Percentage 2 .10 T
R ‘Rayback Per1od (yrs) ] . - 16
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Table 6.7

SURFACE SYSTEM —~ ROYALTY 3.5%
" SUMMARY OUTPUT

CONSTANT DOLLAR-POINTfVALUE‘OPTION _

' Coal Value/Tonne . -. . } 14.00

Project Start Year . . . . 1982
Full Production Years e 1986-2011
Rate of Return ' 4 = . . . 21 62 ﬁb
Capitalization.- ~ - o ;. L ‘
-Debt (%) SR ETL . - 30
~Equity | ' . 70
Debt Servicing Pepcentage 10
Payback Per1od jyrs) _ 8
. ‘&%
R !
Table 6.8

SURFACE SYSTEM - DECLINING BAL. DEPREC.

SUMMARY OUTPU.

* CONSTANT ‘DOLLAR-POINT VALUE .OPTION _

U

__Coal  Value/Tonne | ©13.00

Project. Start Year ' _ -.1982 -
Full Production Years - 1986-2011
 Rate of Return . %4873
Capitalization L K : 2
-Debt - (%) . . R 30
: -Equity 70
Debt Servic1ng Percentage d 10 |

vPayback Period (yrs) R 8
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7. Conclusion and Recommendations
The conclusion of this thesis should compliment the main
purpose described 1in Chapter 1. In the Introduction it was
stated thaf the main objecfive of this “nesi: was to provide
a coal ;mining >nomic model which w > applicable -to
western Canadian conditions. To achieve this objective, the

following steps were defined: find the most appropiate

“available modei, adapt and improve such a model, develop the

interactive software to manfpu]ate the giVen mode 1 and

- validate the systém.

The model selected was designed under U;S.‘conditions;
For this reason many of its features were incompatible with'
western Canadian coal mining. %& was therefore necessarY‘to-‘

make 'many adaptations . to the original  model. The

'?modifications made to the origindl model are summar ized

below:

Conversion” ~f all units and factors frome the
_ : . B Y
lmperia] syscem to .the metric system.

Replacement “of Union Welfare Fund cost for the
' ' ‘ ' . S~

'Frjhge“Benefits ﬁsed in Canada.
Replacement of.thé American salaries and.Wages rate
for Canadian rates. | l“
Modificaﬁion- of the "parameters which oQérride
'ea1cu1§ted values" -input process. .The neW~ mode 1
-makeslﬁén estimation of those paramefebs before any
change’can be doneiby the’user. ‘
Redefinitidn,of théi“tyée of coal pféparation ih
R | s :

K
PEAL )

»G “/ ’rﬁAr‘_ ‘ oy
| -+ 151



Apart from mentioned"adaptations,?ﬁsbme ‘additional

152

‘terms of thermal mine-mouth power plant, thermal

export, and metallurgical processing. For the first
type, the model wuses the original equation for
"breaking-only" preparation. For thermal export and
metallurgical coals, _the MMPR(4) equation .for
preparat1on plants was used in the model.

Replacement of the so ca]]ed open pit used in the

original dee1 by the open pit method used” ih the

Canadian foothill and mountain regions (similar to
hard rock mining).

Redesigning of the cashflow table according' to
Canadian téxation prbcedures: This inc luded
modif{cation of the depreciation hethods and
elimination of the amortizatfgn, redefinition of the
income tax in. provincial and federal taxes,
redefinition of thé investment tax credit, etc.

Change . of the rate of return and coal price

calculating procedure (The present value equation is

cons1dered non-linear and is solved by iterative

linear approx1mat1ons)

features were incorporated to increase the efficiency and

reliability. These are summarized below:

The software was désignedf in an interactive -and
tonversational mode which provides a userdfriéﬁdly

system.

N

The procedure used in the  Province of Alberta for

-t

Cia

g

4
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: catculating the royalty payments waa\jnﬁﬁuded in the
mode].A '

"In the wuncertainty anaiysis, a choice among four
different distributions functions - is possible
(normal, uniform, lognormal and triangular) instead.
of only normal as in the dfiginal mode].

A novel procedure for estimating the best and worst
case for a project was also 1nc1uded
A more detailed output was prov1d)d 5?x1ng number
and types of equipment required. .

The  new model obtained after the aone modifications
and improvments was tested against the data with which the
original model, was tested, and also w1th western Canadian
coal mining data. After the validation, it can be .conc]uded'
that the main purpose of this study has been'achievedi This
model is able to pertor%%whatvﬁas‘defined in Chapter 3 as

Class 1 Estimates (order-of~magn1tude)‘with an accuracy: of

+50% . to -30%, under western Canadian coal miningtcondittons.

Even though ‘the study that was .made achjeved the
’ defined‘geal, mohe‘shduld be done to furtherﬁ,imbrove the
' model and the“ comput1ng system to 'maKe"them even more

“~

useful. To carryxout these 1mprovments some recOmmendationsv

are listed below. f“‘nﬁ. v o _
'1. The Data Baseeg The mod@T deve]oped in the thesis used
. the data base 6un1t$costst frgm tbe or1g1nal mode] which
s.was‘_taken from U.S. mines: The mode] could be more

precise if this datafbase were oBta1ned from western

Y
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Canadian mines and suppliers. .

2. Input: A more flexible input could be useful, especially
for the item "parameters which .override ca]cu]ated
values". After the model has estimated all requirements
and costs for the project, the user should be able to
adjust all the parameters that have been calcu]ated to
his site cond1t1ons

3. Output: A more detailed output could be given presenting
unit costs, dollars per tonne and further itemized break

~ downs. | |

4, Reports; Thé model should be ab]e'to‘print“two more

,reports which could be useful for the‘ user. They .are
“Total Cap1t31 Analysis" and Dperat1on Cost" reports.

- These should be broken down to the main 1tems of which

they are-composedu

5. Testing: In order to'fully test the‘model’s r'“:ébﬁlity,
it would be worthwhile to carry out an amp]e te%t of it
with all its options and using existing Canadian data as.
1nput | "_' " {

6. The transportation costs 'should be 1ncorporated 1nto the .
model (now the mode 1 g1ves-th¢ m1negate price of the
codl). This cost item represents at times up to 40.
percent' of theﬁ total cost of the'de]ivery of coal to
market. VThe _transpottation cost is particularly
importaht for coal”’ sold‘offshoﬁe because this.coal is

* Ynormally pr1ced FDB harbor rather than the mine. L

f,--

7. Some. other items like access roads, Ea11roads, townsite
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assistance, etc. could also be incorporated to the
mode 1 . h

'Theﬁﬂcoal preparation cost estimating procedure‘could be
changed using an engineering process approach rather )
than empirical equations. The same épp]ies\to some of '
the other items that use mathematical ,ré]at}onst i.e.
obfained from the  e§perience to define some required

items and its costs.:
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7

Appendix A: Royalty Formula for Coal Produced -in Alberta Crown
Leases y | .
- ' .

The royalty formula for coal produced in Alberta was developed in

R . .
1976 (20), but its application was defimed later through several

Y

regulations pubkighed by The Department.‘of Energy and Natural"”

Resources (21 .and 22).' : ..

The rate of royalty for a month for al]_ﬂbreéﬁents granting

coal righ}s“shall be the greater of:
- 5% or | o |

- The rafe Ca]cu1ated in gcpondanCe“ with the following
equation: ; ’{‘ v i |

X= K(1-C/R)

'Where_lt

X 'fsv the rate of royalty bayablé expréésedﬂ as a
percentage‘of annual sales revépue'lat minégate)_

K is the projé¢t~factqr for a coal projéct as‘detegmined
in:accordancedyith the following equation:

K= 50/ 1+(C/R)*(.30%I/C-1)]

Where S e o , . Sy

I is an amortization of all capital costs (depéégjabhé:;V‘

o4 Lo
N e .
. o

-

and not depreciable) in a straight line fashion s
C represents the annual operatfng costs o

R is the ahnual sales revenue



- WheréiGTexceeds R, C/R is deemed to be_gj.g'Figure A1
presents a graphical | behav1or of -the eduation above

‘ exp1a1ned

1?~l. There::are some except1ons for the Alberta formula wh1ch are

explained. below

/’.

-,*” ;If the prOJect produces or -is capable of produc1ng clean

o

- coal at a rate of more than 100000 tonnes per - year the jh

r. * «) B

royatty payab]e on the coal- obtained fromp the ".coal

project ¥%:

- During theq-tirst ‘year after thejcommencement date,

i

15% o%-the percentage computed.

- &During the secondhyear after-the commemcementqﬁdatA
30% of the percentage computed A '; e

“ . ~ 1 ..

- ‘ Duriﬁgl ther th1rd year after the commencement date,

:U.

-

45%.of'the peroentage computed '{}" T )

e - During the fourth -year after the ’ comméﬁééméht{ date, -

.m.\r) ) . ._- . .«nh" .
] :“:‘? FT i

v 60% of the percentage computed
O - During the. . f1fth year after the commencement date

75% of the percentage computed d - K

- '~Dur1ng the sixth year after the, commencement-date and

Y
‘for the remaining. mine 1life, the total pércentage

1

. S computed. . -

’!b'ﬁ if the progect doey not produce and 1t is not capab]e .of ‘

v'produc1ng more “than 100000 tonnes of clean coal, the

<

: lpercentages over’” ghe; royaitY~ rate computed are the ‘
I ’. . L - .

~ following: " :

- first year, O 75%



'projgéi ‘prior -to

.Theerya]ty ‘p%yabie

164

- secoi. sear, #.5%. = /

- tfird year, 2.25%.

- fourth year, 3%. - . @§'4 |
- Fifth year, 5&75%1“ - - ‘

- ‘réméining:ﬁihéilf#eti;?g;ﬁ~9 R

+

N

on.

\J:3 obtained from the "coal .
-its«commeﬁcement date shall be a f]atyg;‘l
. °, . ' i L . ‘ . ' .,:g.' ‘

p.75%.ofvthe.annua1%§a‘}r,
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 ROYALTY RATES APPLICABLE TO- COAL PRODUCCTION FROM ALBERTA
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- Eu.SuB2.
-EU.SUB4.

EPRL.MAIN

: Main system monitor pogram

167

J .

ERRI.SURF.S : Main surface subsystem monitor progran
EPRI.UNDER.S: Main underground -ubsystem monitor progran

UNDER .0
SURF-. 0
EU.OCV.S’
EU.OPIN.
EU.REIN.
EU.SUB1.

EU. SUB3.

EU.SUBS.
EU.CAAN.
EU.CAFL.
" EU.RRCV.
"EU.OUT.S

"EU.CFPR.S -

EU.IUNC.S
EU.RAND.S..
EU.STAT.S

- ES.SET.S

- ES.OCV.S

«ES.OPIN.
ES REIN.
"ES.SuB1.
ES.SUB2.
ES.SUB3.
ES.SUB4.
ES.CAAN.
ES.CAFL.
ES.RRCV.

ES. STAT S
&.RANDOM. S
E.MEAN.S

E.ISTD.S ~

. E. RMEAN\S

E STD s

m'(nwwm nwumuunmunom

VLWL OL.

3

; Marn-auaput summary and cashf low pgthter

-

: Mdin output summary and"

' Underground system objects file

Surface system objects file

: Override underground calculated va]ues
Underground
Underground
: Underground

;. Underground

;- Underground
Unslerground
Uqberground
Underground
Underground
: Underground
Input data and submodels output printer

| Porbos

optional -input . S
réquired input ‘ o
éﬁbmode1 i ) :

: el 2

Submode1 3 e S

Submode1 4 ] =

Submodel 5 .

Capital Ana1ys1s

cashf low -

rate of return or coal value ca]cu]ator

wy o -

’1nput for uncertainty opt1on

¥ input randomizer - ¥
: Mean and ‘SD oytput. calcula@dr -

o

.Surface defautt data initialyzer

Surface
Surface
Surface
Surface
Surface
Surface
Surface
Surface

Terminal -
: Optional

' : Override surface calculated values -« jy=
opt1ona1 )

input

required input

Submode 1 1
Submode 1. 2

Submodel 3 -
‘Submode1 4

capital analysis -

cashf low:
Surfacgyrate of return or coal value ca]cu]ator
Input data and" submode]sg utput printer’

a

shflow printer ,

-input data randomizer
input for uncerta1nty30pt1on .-
. Mean and SD output calculator . : ,

: Cost data randomizer ¢ , L,
~":+Integer mean calcuYator '

‘Integer SD calculator

Real mean calculator
Rea] SD ca1cu1ator

Y

S »@ T e e -

ety
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R " DATA FILES
, 'iV
. EUCOST : Underground unit costs file
EUCVCO : Equation coefficients for underground continuous, system_
EUCNCO : Equation coefficients for under. conventional system
ESSHTH - Overburden shovel and front. loader costs :
ESDRCO : Dragline costs - ,
ESHDSS : Truck, drill, coal shovel, dOZQﬁ, scraper, preparation
p]ant, wages, and sa]ar1es costs. ’ : o
ITEM » . Cashflow items '
VARIABLES \ - - 4'¢
UNDERGROUND REQUIRED INPUT e A : -
. N { v A
"URSMDX . Mean seam depth e URSMDS L“SD seam depth,
. URSMTX - )Mean seam ,thickness - URSMTX,Q.‘SD seam thickness
URPROD Annual Production . URLIFE '::Production life
URCABO. : Capital borrowed URDERA : Debt servicing rate . ,
- URLOLE=. : Length:af Foan payback URDOEQ:«Z% Dollar equ1va1ence (Ca-US)
+URPRST- : Project .start 'year " VURACO{ﬁh<LMean ach1s1t1on cost =
'URACOS _ :  SD acquisition -cost . URCOVA»“:'Coal Value . : v
URLAFA ;" Labor upd/esc factor "‘URSMFA -Supp . &Ma [esc factoe
URPOFA ~ : Power upd/esc factor .L~URPEFA’ Prod. eq¥ipd/esc factor
URHGFA - : Haulage upd/esc factor < URAEFA" : Aux. eq. upd/esc factor
- URCOFA : Constr. upd/esc factor URCVFA : Coal vilue esc. factor
URRORE  : Rate of returp o - URBAYE : Base year
URSEGR : Seam gradient ~ _URSYST : Mining system
URENTR : Entry type: , URDOAN v Dollar analysis type
URANTY . : Type of analysis . URCREQ * Cost range for eq.
URCRCO : Cost. range for constr. URROCO : Roof conditions
URFLCO : Floor conditions v URGALE : Gas emision level
UNDERGROUND OPTIONAL INPUT . . R
UORPEX  : Mean reject % * UDORPES . : SD.reject % - & =
 UQSHPD : Shift per day - UODAPY : Days per“year: '
UOSERE . Seam relovery % .- . ~. UDOPEX : Operating efficiency :
.. UDOPES - : SD Operating eff. . . UOFATX : Mean available face time
UOFATS" : SD available face time UOINCA : Indirect Capital >
uoLaAov. : Labor overheadif .. 7 UOFRBE ':'Fr1nge benefits ' '
UOROPA .. : Royalty payment’™ ' .. _UOINTA - : Income' tax :
UODEME . : Depreciation. meghod, . - -UOCOPR : Coal Eggggration
B , N . . % “'\-351) '.-v

UOPRTR = : Preprod. treatmeﬂtm R



. UCDETI
. UGIPE = :

CUCEIAE Lt S
;" Salaried pers. post/yn

- SUBMODEL 1

-

UCDETS

UCTPMS
UCHOLA'

UCSACO
UCPOCT <&} :
UCPSCO  :
UCAECO
UCEXCO
UCWOCA
UCRCPS

UCRCPY
UCCCPY

UCLRPS

UCFBCY -~ "+

ucmacb = :
UCSACO

 ‘SUBMODEL 3

UCPRHC
UCBPVC
UCMECC

SUBMODEL 4

.fUCSMAC C

UCCTPT
SUBMODEL 5
UCBPLA

UCBPPO
UCBPFB

o

: Hour 1y labor req.
... Pevelopment time
: Prod. eq.

: Working capital

S

: Mine entry construction

: ' Labor

: Develop.

Tonnee/meéhine shift.

life
Aux. eq. life

Power cost/tonne .
Initial prod.sect. cost
Initial aux. eq. cost®
Exploration cost

Raw coal progs/shift

e
" R 4
. ‘ 4
o _34‘1 4

Annua] raw coaT produc

t.‘

xﬂ} 7
efits/yr: o %7
wer cost

: Salaried cost/yr .
B

g

T

Produc. haulage syst. costUCOSCC
construcUCPRVC. .- : |

Preprod. ventil.

- o R
i
5

)

Supp&mat annua1 cost
(Development Costs)

Power
Fringe benefits

: Prod.
: Salaried.Personnel Req.
: ‘Coal prod. during dvipment

- UCPSPS - -

UCSAPE
UCCPOD |
"UCLIHS. :
. UCALHC ‘:
SUCSMCT -
UCAOCO .
UCBPHC. :
UCPPCC- :
UcaABCO .
UCRCPY ¥
UCCCPY &

: UCRCPS
: C]ean;coa] produc/yr (t)’ ’“_i

- SUBMODEL "2

Raw)coéiyprdeShifﬁﬁtﬂ

reg/sh: p. e— UCLCPS

© .
R

- Ucpoac
Tota1 supp&mat ,power cost UCTACO

UCBPSM
UCBPOV
UCBPTC
time(unit shifts)UCCDTI

;- Suppl.

‘. Const+develop.

169

sections/shift

Haulage system life
Hour ly labor cost/yr
Supp.&mat. cost/tonne

{_Annual operating cost

Initial hau1age cost
Preparation plant cost.

:. Mine abandonment cost

Raw’ coa.lproduction/yr

: Clean coal prodﬁct1on/yr

. : Hyet -
. -8 ’ By

g

. 4 .
y . s . U et
Vi - T [ A (" i

5* Labor cost/sh1ft

" UCPPMD,,**Productuv1ty/manday

] o 5 - ’o_:’l
3

%

': Other SUPface const

Produc ventil construc _
Entry hau1 /hoist" system
oA R Tk

)

Power annaul cost
Suppémat, power cost/yr

and materials
Payroil overhead
Total costs ' ,
time '

-



¥X: Mean seam thickness

’%L i

AE” REQUIRED VARIABLES

S

%: Mean overbdn thickness

SRDOAN:

SURFACE

SOREJE:

. 4SORECS:
~ ‘SOEXRE:

. SOAWPL

 ° SDAOES:
SOAFFS:
SOACTX:
SOOMOH:
SOOCTS:

SOOPES: .

'SO0BFS:
SO0OBS1I:
SO0TLX:
SOOTEX:
'SOOVTX:
SOCODE :

\ Labor upd/e

. Construc. u
- Coal Value/tonne

: Mean topsoil thickness

- Annual product ion

sc factor
upport eq. ‘up/es factorsS
pd/esc factor

Loan payback lentgh

. Debt servicing rate
: SD acquisition cost .

Base year

: Single/mult. seam

Dolar aqgﬂysis type
OPTIONAL

Reject %
SP recovery )
Exploration required
Area excav. working pl.
SD ‘area @xcav.oper. eff.
SD area bucket fillfac.
Area excav. Cycle time
Open. excav. oper. hrs/mo
SD open excav.cycle time.
SD open exc: operat. eff
SD open exc. bucket f.f.
Open exc. bucket size
Open #rv1 time loaded
Open trvl time empty.
Open turn,spot,dump time
Coal density

{

. SRPRST:

SOQWPL :

RSTHS:*%D seam thickness

SROTHS ®SD overbdn -thickness
SRTTHS: SD topsoil thickness
SRLIFE: Mine life : 5
SRPEFA: Prod. eq. upd/esc factor
ROPFA: Operating upd/esc factor
SRCVFA: Coal value upd/esdfactor
SRRORE: Rate of return

SRCABO: Capital borrowed

SRACOX: Mean acquisition cost
Project start year
SRDOEQ: Dollar equivalence (CA-US)
SRSYST: Mining system

SRANTY:  Type- of anlysis

SORECX: Mean recovery

SODILU: Dijution _ . ,
SODROV :..p#4.11 ing ovbdn working places
SOAQEX =84 wé@reé'excav.<operator;eff1
SOAFFX:%;*_&ASFea bucket fill factor
SOAMOH: Ar&%¥operating hours/month
SOACTS: SD area excav.cycle time

open excav. cycle time
open excav. operator eff.
open exc. bucket fill fac.
Open excac. working places

# of loading passes

SDopen trvl time loaded

SD open trvl time empty .
SD open turn, spot,dump time
Contour operating bz?/month

Mean
Mean
Mean

SOOCTX:
SOOQEX:
SOOBFX:

SOOLPA:
SOOTLS:.
SOOTES: °
SOOTVS:
SOCDMH :

T



SOCDMH:
SOCDSS:
SOCDHS :
SOCDOX:
SOCDEX:
SOCDMX:
SOCDWX :
SOCSMH :

CONTOUR
SOCSMH:

SOCSLS:.

SOCSVS:
SOCSSX:
SOCSHX :
SOCSOX :
:SOCSEX :
SOCSMX :

SOCSWX :,
SOCWPL:’

“fl COAL - LbADING

SOLOOH:
SOCLTS:
SOLOPX:
SOTLTX:
SOTTEX:
~ SOVATX:

‘Mean
'Qcoa1

;,

(J
operat ing hour/month
SD swell factor
SD haul distance
Mean operator eff.
Mean operating eff.
Mean material factor

Mean weather factor
Operating hrs/month

SCRAPER
Operating hrs/month

SD load time in overbdn
SD maneuver-spread time

swell factor
haul distance
operator eff.
operating eff.
material factor
weather factor

Mean
Mean
Mean
Mean
Mean

AND HAULING -

Operat1ng hrs/month
eycie time .
Megi # of -passes .

'Trck trv] . time loaded’

Trck trv] time empty

Mean turn Spot dump time

k)

RECLAMATION

SPOIL HANDLING (Area M1ne)

SORAWKX :
SORAAS:
SORASX:
SORABC:
SORAOS‘

TOPSOIL

SORTSC:
SORLTS:

SORTMS .

SORTLS:
‘SORTES:
SORTOX:

Mean w1dth of p1t
Angle .of spoil

Mean swell of overbdn.
Dozer blade capacity
SD operator eff. -

HANDLING(APea open p1t)

Scraper capacity
SD loading time

SD Maneuver-spread time

SD trv] time loaced
SD trvl time ermc.y
Mean operator eff.

dr1lllg work. pl.
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. SOCDSX: Swell factor

SOCDHX: Mean haul distance
SOCDBC: Blade capacity
SOCDOS: SD operator eff.

SOCDES:

*SR

operating eff.

SOCDMS: SD material factor
SOCDWS: SD weather factor

SOCSLX:
SOCSVX:
SOCSMC:
SOCSSS:

SOCSHS :
.SOCSO0S::
8D

SOCSES

SOCSMS :
SOCSWS:

SOCLTX:
SOBFFX:
SOLOPS:
SOTLTS:
SOTTES:
SOVATS:

SORAWS :-

SORAOQH:
SORASS:

~ SORAOX:

SORAMF :

_SORLTX:

" SORTMX:
“SORTLX.

' SORTEX:

. SORTOH:

@

\-
AN

Load time in overbdn
Mean maneuver- spread time
-Capacity

SD
.SD
SD

SD

SD weather factor
'/'.:

swell factor
haul distance
operator eff.
operating eff.
material - factor

Mean cycle time o
Bucket fil factorl

SD.
SO,
SD

SD

# of passes -
trck trvl time 1oaded
trck trvl] time empty
turn, spot ,dump time

\

SD~w1dth of p1t
Operating hrs/month

SD

swell of overdbn

‘Mean operator eff,

~Material factor

kY

-

Mean loading time

Maneuver -spread time
Mean trvl time loaded
Mean trvl] time empty

Operating hrs/month
SORTOS: SD operator eff.



1"

SPOIL HANDLING(Open pit) .

[T

SOROWX:‘Mean width :
SOROSA: Angle of:s

N,

SQROSS: SD swellegm o X SOROBC:
SORGOX: Mean operétor eff. SOROOS =
SOROMX: Mean material factor SOROMS :-
~FINANCIAL PARAMETERS.
SOFRBE: Fr1nge benefits SOLAQOV:
- SOROPA: Royalty payment ‘ SOEXDE :
SOINTA: Income tax SODEME :
SOLIDR: Dragline 1lide .. SOLIDB:
SOLISH: Shovel life 4 ~ SOLISB:
SOLIOT: Overbdn truck life . SOLIDS:
SOLDRI: Drills life. _ . .S0LICS:
SOLIFE: Front end life = = SOLICT:

SOLDSR:*Reclam. dz-scrap. 1ife =~ SOINCA:
" SOSVDR::Dragline: sa]vage value  SOSVSH:
SO0sv10: 10 yrs life eq. sa. va. SOSVOS:

SODCPM: Drilling cost/m

al windrow  SOROWS:
oM SOROSKX :

172
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SD width of W1n6r¢w
Mean swell facg@r&
Blade capacity

SD. operator eff.

SD material factor

[+ ] .
Labor overhead
Exploration dev. cost
Depreciation method
Drag. bucket life
Shovel bucket 1life:
Dozers & scrap. life
Coal shovel life
Coal truck life
Indirect capital .
‘Shovel salvage value
5 yr3“1ife eq. sa. va.

'SUREACE PARAMETERS WHICH OVERRIDE CALCULATED, VALUES e

& ) N

SCARRE; Land area. requ1rements SCHOPE :
SCSAPE: Salaried personnel req. SCEDCO:

SCSMCO: Suppl.-mat. cost/yr SCSUCA:
SCAOCO: Annual operating cost SCPDCO:
SCWOCA: ‘Working Capi;a] v SCPPCO:
SUBMODEL 1

SCACCO: Acquisition cost SCNDRA
SCDRBC: Dragline bucket cap. SCDRCO:

SCNSHO: Number of overbdn shovelsSCSHBC:
SCSHCO: Overbdn showvel cost ° “SCNQHT :

SCOTCA: Truck capacity SCOTCO:
SCNDOZ: Number. of ‘dozers ’ SCDBCA -
SCDOCO: Dozers cost 4 SCNSCR
SCSCAP: Scraper capacity ) SCSCCO:
SCNDRI: Number of overbdn drills SCODSI:
SCODCO: Overbdn drills cost SCNCDR:
SCCDCI: Coal drill size - = %:SCCB

'SCNCSH: Number of coal shovels  .SCCSCA:
SCCSCO:. Coal shovels costs - - SCNETR:
SCCTCA: Coal truck capacity - CSCTCO:

SCNRDO: Number of dz for reclam. SCRDCA:

SCRDCO: Reclamation dz cost SCNRSC:

!@h R 2 A
;}-;,WA ; ke
A rsonne$mbeq g
\.Hpég drilling cost’
Suppaftt "capital .
Preproduc. develop. cost
‘Preparation plant cost

Number of drag]1nes
Dragline cost ‘
Shovel bucket, ¢p &ﬁ%
Number of haul. truc
“Trucks cos

Dozer Blade capacity
Number of scrapers.
Scrapers: cest

Drill size

Number Yof coal drilss

: Coal drills cost

Bucket capacity: .
Number of coal trucks
Coal trucks cost 4

-Réclamation dz capac1ty

NumbEr of .scrap. for rec]

s



/

) S ooV
G e
DA AR
R X
N
SUBMODEL
4 y 3
SCCOCO: ‘Construction cost SCSECO:

-

SUBMODEL 3

SCHLRE: Hourly labor required  SCHLCO:
SCHLFB: Fringe bémefits per year SCSARE:

SCSACO: Salaried arnual cost SCMARE :
SCM%CO: Manpower annual cost ~  SCMAPR:
SUBMODEY: 4

) SCPPOC: Prep.'p1aht operat. costSCNLOC:)NQn31abor operatﬁng ogst

e 173

Supporf equipmeht‘cost

Hour ly labor annuavaOSt
Salaried, personnel req.

Manpower requirements

Productivity/man day

< et
.
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-PRODOCTION'SIZING EQUATION FQR CONTINUOUS AND
CONVENTIONAL UNDERGROUND SYSTEMS

m\‘\'. -

& TPMS= (AxH +BxH+C)=*OEF*AFT/390 ,
Where S ' % - _ o
A="ax10.76 . - .. ] -
Bx b¥3.28 . | ST - " |
C= ¢%3.28 .. . o S
H= Seam fhackﬂé%s(m) B I = .l ,
- OEF= Operator-‘efficiency factor, & P
+ AFT= Available, face time per shift. | - , }
a, b, c are de ?1ned i .the fol]ow1ng’two tablegﬂg///»’)._ oy
10. 7§ and 3. are meters- feet conVert1oh facfdrs L g
Roof conditions T . o W

: Floor condition
: Gas emission
: Seam grade.

SO0 H



EQUATION COEFFICIENTS FOR CONTINUOUS Mg&HOD

v ke 2220
) o 2226"‘

2320
2326 .-
2130 -

rfgs
1110

1116

1210

. 1216

1310

- 1316.
1120

1126

Y1220
- 1226
1320

. 1326

1130

1136 -

1230
1236

1330 -

1336,
2110
2116
2210
2216

- 2310

2316
2120
2126 .

2136

2230
. 2236 -
. 2330

2336
110

Ar16
1210
1216 .

1310

13164~
1120

1126

- 1220

1226
1320

1326

1130
1136
1230

-0042
2 3137 45700 125662 .
26237-185300 610762 ©

14050

a “b . ©C
1325 81800 82275
2375 71300 104325
1325 81800 82275

4100 55100 133200.

3275 -57200 130125
-0025 90200 .- 60825

3137 45100 125662

26237-185300 610762
3137 45700 125662
4787 29200 160312
2837 52600 92062
4112 37300 136687
3375 32700 134825
1195 4 4800 113550
3378 * 3
0000
3525 _
4050 95200 135750
, 3575 61400 114825
' 3050 65600 106950

L

'"2375 71000 96825

-0025
0537

80200 60825
. 90700 .51337
- 84400 69712

3137 45700 125662

4412 , 33700 147187 -
2837 52600 92062
2837 52600 92035

3375 32700 1349

1926 44000 113737
3375 32700 134925
0000 . 65700 50700
3525 31500 117375. .
4050 25200 135750 . - -
80200 60825 Do
-80200 60825 .,
90200. 60825"
-3912 121300 2512 -
"-2112° 90700 67912
-~0837 75400 112537

-0025
-0025
-0025

4787 < 29200 160312

26237-185000 610762 -
4787 28200 160312
4787 28200 .160312

- 4187 31900 142012a. .

1187 61900 79012
4050 25200135750
4050/ 25200 135750

700 134925
700 50700
500 :117375"

2

25200 135750 .

176



rfgs
1236
1330
1336
2110
2116
2210
2216
2310
2316
2120

2126

2220
2226
2320

2326 |

2130
2136
2230

. 2236

2330
2336
1110
1116
1210
1216
1310
1316
1120

1126

1220
1226
1320
1326
1130
1136
1230
1236
1330
1336
2110
2116

2210

2216
2310
2216
2120
2126
2220
2226
2320
2326
2130
2136
2230

a

4050 25200 135750
3150 27600 131850
-0837 94300 40837
-0837 94300 40837

~ -1137 94600 53437
+ -1737 100300 33337

2162 99500 105637
0912 68700 102487
2837 52600 92062
24287-161900 542512
2837 52600 92062
2837 52600 920862
4187 31900 142012
1187 61900 79012
4050 25200 135700
4050 25200 135700
4050 25200 135700
- 4050 25200 135700
4250 17400 144450
3150 27600 131850
11637 183700-116362
* 9687 164200 -75412
11637 183700-116362
-7437 143200 -38662
6362 10300 215437
-0987 83800 61087
2837 52600 92062
22112-144500 509887
2837 52600 92062
-0076 81400 38062
-3600 100200 -4800
-1875 80400 51075
2250 37200 113250

1350~ 46800 95250 -

1425 46200 96375
-0450 63600 56250
2775 33600 102825
4350 17400 144450
16962 257500-372037
16962 257500-372037
-8412 154900 -72787
-4287 116800 -8212

-0812 86200 40612°

-2562 102700 2962
2837 52600 970862

22112-144500 503887

2837 52600 92062
-0762 81400 38062
-3600 100200 -4800
-1875 80400 51075

2250 37200 113250

1150 48800 891050

2550 37200 113250

b c ‘
4050 25200 135750

177



2236. -0450 63600, 36250

2330
2336

EQUATION COEFFICIENT FOR CONVENTIONAL METHOD

rfgs
1110
1116
1210
1216
1310
1316
1120
1126
1220
*1226
1320
1326
1130
1136
1230
1236
1330
1336
2110
2116
2210
2216
2310
2316
2120
2126
2220

2226

2320
2326
2130
2136
2230
2236
2330
2336
1110
1116
1210
1216
- 1310
1316
1120
1126
1220

'2275 33600

4350 17400

a b
7687 -12300
8012 -15550
5337 11200
8537 -20800
15075 -85150

11900 -53400
12350 -59050
9512 -30950
7800 -13600
9412 -30350
13525 -72750
10462 -81900
-2812 76400
-2812 76400
-2812 76400
0387 4440
-4050 88350
-3875 86950
17537-133600
17537-133600
18255-147100
18162- 146600
17612-132150

17725-133050
"18687- 142800

18437-140800
17875-135600
17875-135600
17025-127450
17025-127450
17537-133600
17537-133600
17537-133600

17537-133600

+7025-127450
17025-127450
9700 -31750

- 1700 -31750

/@700 -31750
12012 55000
12275 -61750
12325 -72150
3037 28850
4150 17350
2987 29250

102825
144450

C
426712
433537
377362

8444562

574675
508000
525000
466237

429600

465337
551425
486437
255112
255112
255112
322312
226300

228825 -

701962
701962
727275
726337
692837
694525
719215
715463
705712
705712
684025
684025
201962
201962
201962
201962
684025
684025
464250
464250
464250
513187
521575
522325
342412
366900
341662
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rfgs
1226
1320
1326

1130

1136
1230
1236
1330
1336
2110
2116
2210
221b
2310
2316
2126
2126
2220
2226
2320
2326
2130
2136

2230

2236
2330
2336
1110
1116
1210
1216
1310

1316-

1120
1126
1220
1226
1320

1326

1130
1136
1230
1236

1330 -

1336
2110
2116
2210
2216
12310
2316
2120
2126
2220

a - b
6437 -5650
11487 -55450
11650 -56750
-2825 75750
-1887 65650
-2875 76150
-1262 60700
4212 2750
4462 0750
15575-116550
15575-116550
16475-123750
15575-116550
13375 -94200
13537 -95500
15575-116550
15575~ 116550
15575-116550
15575-116550
12762 -89300

12762 -89300
- 15575-116550

15575-116550
15575-116550
15575-116550
14387-102300
14387-102300

- 4012 22550
3125 28850 .

3100 23450
7170 -11550
9125 -37900
6425 -10900
1037 46350
2725 29350
0987 46850
5162 45500
9125 -373900
6425 -10900

4812 83950
-3162 76450 %
-0512" 49950

-0987 53750
2625 ° 14100
-0075 41100

1125 -76200

1125 76200
11212 -76300
11125 -76200

10112 -64050°

10112 -64050
11125 -76200
11125 -76200
11125 -76200

C
415312
509762
512200
254475
276337
253725
276062
400637
404387
665775
665775
679275
665775
609025
611462
665775
665775
665775
665775
599837
599837

665775 -

665775 .

665775
665775
624212
624212
343037

331225

341350

416875

470275
413575
298412
334225
297362
386687
470275

575275
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UNDERGROUND EQUIPMENT UNIT COSTS (US$OOO)'

rfgs a

;TN

b

C
2226 11125 -76200 575275
2320 11287 -75800 564512
2326 9862 -61500 534587
2130 11125 -76200 575275
2136 11125 -76200 575275
2230 11125 -76200 575275

2236

11125 -76200 575275

2330 12462 -87550 589187

2336

Cont. Miner

-

Roof Bolter

Shutle Cars

Ratio Feeders
Scoop Trams
Section Belt
Support Items
Cutting Machi
Coal Drill -«
Loading Machi
Shutle Cars
Ratio Feeders
Scoop Trams
Section Belt
Support Items
Longwall Eq.

Section Belt
DMHF
DCHF

Develop. Others

Ventilation
Slope Entry
Slope Convey
Slope Hoist
Slope Track

11062 -73550 558787

&

08740700049000 -

10342000052000

11242520048600
12143380043500
13645780033400
14045720029300
1524640002 1000
18546860022700
18847350024400
19447600023800
20047710023100
24447730024200
100124300 6400
120132200 9300
14200027400
28830045500
14900012500
5600010100
16290015300
103300
26110017700
107200
191500 9700
28830045500
14900012500
5600010100
16280015300
103300
15268640010334

244743810013537 -

16300 210
428 40
328 22

271878 400

9428 89
8728 .
N 88 ‘\

828780
%24

180



181

Shaft Entry 20353
Shaft Hoist 718200 C*
Drift Entry 171000
Break. Prep.- - 5540 .700
Coarse Prep. 15834 834
Fine Prep. 31657 889
Other Surfac. 22374064410
Explor. Drill. 152 21 ’
" " 305 23
" " s 25
. -Mine Abandon. - 182400

Wage/day-Sa1/yPOOOOOOT2834500
DRAGLINE COSTS (US$000000,)

190 198
.. 330 142
346 142
380 107
389 110
428 57
428 57
328 57
428 57
440 57
525 156
610 143
591 122 .
615 118
661 103
734 32
802 140
819 140
819 126
819 126
831 142
908 213
925 179
959 171
959 171
1009 133
1009 133 | ,
1061 175 o .
1033 180
1103 258
1103 258
1103 258
1103 258
1224 314
1224 314



182

1257 330 o
1257 330 |
1257 330
1448 315
1448 315
1448 315
1594 91
1594 91
1650 135
1650 135
1650 135
1650 135
1650 135
1650 135
1740 228
1740 228
1740 228
1740 228
1740 228
1740 228
1718 270
1718 270
2016 0 -

2016 0 — \
1910 151 :
1910 151
1810 151
2090 330
72090 330
120904330
‘2233\@07
2233 307
2493 500
2493 500
2493 500
2493 500
2493 500
24393 500
2733 399
2733 399
2733 399
2733 399
2733 399
2733 399
2733 399 . . - |
2733 399 ¢
2733 399 .
2733 399 ,
3015 0 : ¢
3015 0 . _ »
3015 0
3015 0
. 3187 244
3187 244



3187
3187
3187
3187
3187
3187
3187
3187
3187
3187
3187
' 3187
3187
3187

- 3187

3187
3187
3187
3187
3360
3360
3360
3360
3360
4798

SURFACE EQUIPMENT UNIT COST (US$000)

244

trck 20

© 694
2178
2216 185
2545 -
2616

2885 708

3894
3644
4040
4040

4053 737‘

4797

5047 354

4241
4241
4241
6733
88791216
722 226
1223 152
1775 204
2381 253

183



184 .

" 23 3349 447 )
Scrp Cost 14 2615 ,
T 21 4351 - [(
" 32 5482
3680 442
3680 442
3680 442
4483 622
5230 428
57431083
54331938
‘ 54331938
Plant Cost 5443
" 15547
" 31102
Wage/day . 140.
Salary/yr 35500

Ld Shov Co

OCONOWUMDdWN

CE TRUCK UNIT COSTS (US$000)

595° 82 . |
717 93
992 90 /ff/ﬂ\
1351 119 / \
1893 * 270 / (
2064 140 /
2649 321 -
2649 321
4334 364 : ~
20751 2027
20751 2027 ,
20751 2027 ~
24998 5434 e
26331 8982 e
26331 8982 |
24909 5134 _—
24931 6654

_ 25475 6715
27821 6182 a
34571 12473 |
35028 10226 :
34563 12473 :
40130 11214 ‘



APPENDIX D

UNDERGROUND MODEL' VALIDATION USING

INPUT DATA
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ORIGINAL MODEL
v
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Ly

REQUIRED PARAMETER VALUES

Seam Depth (m)(Mean) . 187
Seam Thickn.(cm) (Mean) 198
Seam Gradient. 0
Floor Conditions: ha
cont

Mining System

Arcwial Production (100qt) 1000

Aralysis Type

unc

Contruc. Cost Range tot
Dollar Analysts Type con
Labor Upd-Esc Factor o
Equip. Upd/Esc Factor (]
Aux.Eq. Upd/Esc Factor o)
Constr. Upd/Esc Factor (o]
Debt Servicing Rate(X) 10
Dollar Eq. (CAS=*X USS) 0.80
Rate of Return 15
Acgu. Cost (5D)(3$000) ‘150
OPTIONAL INPUT
Mean Reject Percentage. 25
Shifts per Day 2
Coal Preparation mata
Mean Operator Eff. 85
Mean Avajlable Face Time 340
Indirect Capttal (%) 10
Fringe Beneffts (%) 33
‘Income Tax (%) 47
Capitalization Method def

Fines in Clean Coal(%)

Seam Depth(m) (SD)
Seam Thickn.(cm) (SD)
Roof Conditions
Gas Level
Entry Type .

- Production Life
£q. Cost Range
First Calendar Year
Base Yeaar
Power Upd/Esc Factor .
Haulage Upd/Esc Factor- -
Supp.Mat. Upd/Esc,EAc:or
Capital Bor (X -
Loan Payback (years)
Coal Value/Tonne <
Acqu. Cost (Haan)(!oob)

L L,

VALUES

SD Reject Percentage
Oays per Year

Seam Recovery

SO Operator Eff.

SO Available Face Time
Capital) Overhead (X)
Royalty Payments (X)
Depreciation Method’
Investment Tax Credit

DEFAULT PARAMETERS FOR UNCERTAINTY

Distribution for Physical Parameters
Distribution for Operational Parameters
Distribution for finantial Parameters
for Triag. Distrib.
for Triag. Distrib.
for Unifr.
for Unifr.
Number of Iterations -
Equip. Cost Range (low,high, tot)
Construc. Cost Range(low, high, tot)
Operating Cost Range(low, high, tot)
...~ Seed Number for NORMAL
~ Seed Number for LOGN

.77 Seed Number ‘for UNFRM

Seed Number for TRIAG

Max. Lim.
Min. Lim.
Max. Lim,

~Min. Lim,

(%) (0o=sD) 10
(%) (0=SD) 10
(%) (0=SD) 10
(%) (0=SD) 10
20
tot
tot
tot
939291
854321
321458
818283

Distrib.
Distrib.

PARAMETERS WHICH OVERRIDE CALCULATED VALUES

Tonnos/ﬂachin. Shift 504
Hourly Labor Requirements 187
Development Time(Yrs) 2.20

Production Equipment Litfe 12
Aux. Equipment Life 12
Salaried Pers. Cost/Yr 1491
Power Cost/t 0.82

Initial Prod. Section Cos 8812s
Initial Hlage System Cost 2277=
Exploration Cost 358
Mine Entry Cost 4483382

v

Production Sections/Shift
Salaried Personne! Req.
Coal Prod. During Dvipment
Haulage System Life

Hourly Labor Cost/Yr

Supp.& Material Cost/t
Annual Operating Cost
Inftial Aux. Equipment Cost
Plant & Unit Train Loading
Mine Abandonment Cost

7/‘ “r

7,/" 1952 {'»_‘\” ‘,

A
¥

39
537799
12
8242
8.40
23037
4388+
33533
497

186




SUBMODELS OUTPUT

SSESASERERENERER

I PRODUCTION SIZING |

!

MEAN
Annual Raw Coal Production . 1300280
Shift Output per Production Section . 473
Raw Coal- Production per Shift - 2809
No. Production Sections / Shift ]
Actual Tonnes of Clean Coal Produced . 1000%

A}

I1 MANPOWER REQUIREMENTS
( 198200llars)

- MEAN
HOURLY LABOR
Hourly Labor Reqs/Day ' 214
Hourly Labor Reqs/Shift : 18
Direct Labor Cost/Shift Prod. Sect. 2080
Direct Annual Cost ($000) 5242
Fringe Benefits ($000) 218%
SALARIED PERSONNEL
Annual Requirements 42
Direct Annual Costs ($000) 1491
TOTAL MANPOWER H
" Direct Costs ($000) 7733
Productivity per Manday 18.80
IXI-1 EQUIPMENT REQUIREMENTS
Continuos Miners ]
Roof Bolters 8
Shuttle cars : 13
Ratio Feeders 12
Scoop Trans s
Section Haulage Belts : 8
Cutting Machine 12
Loading Machine 1

11I-2 EQUIPMENT AND CONSTRUCTION COSTS
( 1982 Dollars) ‘

. MEAN
PRODUCTION EQUIPMENT ($000) :
Production Section Costs . 8812
" Preproduction Haulage System Costs 4388
Production Phase Haulage System Costs 2991
Auxiliary Equipment Costs 2277
SITE PREPARATION AND CONSTRUCTION ($000)
Preproduction Ventilation Construction 3414
. production Phase Vent. Construction . 11282
Mine Entry Construction 4484
ENTRY HAULAGE OR HOIST SYSTEM
Entry Haulage or Hoist System 921
; Preparation Plant Construction 33533
’ Other Surface Construction 227%
EXPLORATION ($000) : ’
Total Cost of Exploration 358

MINE ABANDONMENT ($000)
Total Cost of Abandonment . : ‘ 487

S

STD DEV

39624
33

88

o

STO DEV

14
o
70
187
13%

2
119 -

. S08,
0.98

STD OEV

238
68
313
26

344
1289
451
13
1285
54
43

134

187



IV SUPPLIES, MATERIALS & POWER COSTS

 ( 1982 Dollars)

MEAN
SUPPLIES AND MATERIALS

. Cost/Tonne of Clean Coal . 8.08

Annual Costs (3000). - 8080
POWER - .

Cost/Tonne of Clean Coal 0.79

Annual Costs (3000) - 789
- TOTAL : :

Supplies, Materials and Power Cost/t 8.87

Annual Costs(Supp. . Mat. APower)(3000) 8389

V PREPRODUCTION DEVELOPMENT
(1982 Dollars) '

CONSTANT DOLLAR-UNCERTAINTY OPTION

Coal Value/Tonne . 51.18
Mean and SD Coal Value/Tonne 51.23
Upper Confidence Limit (95%) 53.8
Project Start Year 1982
. -Full Production Years 1987-1998
Rate of Return 1%.00
Capitalization ’
-Debt (%) 50
-Equtty 50
Debt Servicirng Percentage - 10

Payback Period (yrs) 9

: . MEAN
DIRECT DEVELOPMENT COSTS ($000) i
LABOR 4441
Supplies and Materials . - 4688
. Powver ) : 458
Payroll Overhead . 1777
Fringe Benefits - X 1558
TOTAL COSTS ($000) ‘ 12917
OTHER DATA :
. Development Time (yrs) 2.38
Development Time(Unit Shifts) 2138
" Coal Produced During Develop. 580370
Total Construct. and Develop. Time(yrs) -]
SUMMARY OUTPUT .
EEEEXEXXEXELER
ITERATION COAL VALUE
1 52.858
2 55.32
3 51.37
4 52.14
3 "52.72
8 47.48
7 4g.89
8 48.82
. 9 50.03
‘ 10 50.39
g 11 49 . 11
< s 12 52.22
13 N 58.12
14 53.46
15 47.20
< 18 50.358
. 17 - 53.82
18 52.24
19 51.27
20 47.95

STD DEV

0.13
128

0.01
13

0.14
141

STD DEV

373
198

19
149
130
682

0.08
169
30684
o]

2.74

‘?_



APPENDIX E

SURFACE MODEL VALIDATION USING ORIGINAL MODEL

7

INPUT DATA . ~
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. INPUT REQUIRED VALUES

Seam Thicks. (Mean)(cm) 456
Overbdn Thicks.(Mean)(m) 30
Topsoil Thicks. (Mean)(cm) 81

Single o Mult. Seam sin

Annual Production (000t) 2000
% Capital Borrowed' ¢ 50
Loan Paybk Period(Yrs) 10
Acquisition Cost(SD) o
Project Start Year 1982
Dollar Type Anajysis con

Labor Upd/Esc Factor 0
Supp. Eq. Upd/Esc Factor 0
Construc. Upd/Esc Factor o
Coal Value/tonne 19

Seam Thicks. (SD)(cm)
Overbdn Thicks. (SD)(m)
Topsoil Thicks.(SD)(cm
Mining System :
Mine Life(Years)

Debt Serv. Rate (%)

Acquisition Cost($000)(Maan)

Dollar Equivalence
Type of Analysis
Base Year
Prim. Eq. Upd/Esc Factor
. Operating Upd/Esc Factor
Coal Value Esc. Factor
Rate of Return

OPTIONAL PARAMETERS DEFAULT VALUES

Reject (%) o
SO Recovery (%) 9
Coal Type none
Coal Density (k/cu.m) 1504
Orilling Ovbdn (Work.P1) 1

Coal Loading Op. hrs/Mo 338
SD Coal Load Cy. Time(s) 7
SD Bucket Fill Factor 7
Mean Truck Travel Time Ld 800
Mean Trk Trvl Time Emp(s) 480
Mean Other Times(s) , 200

Mean Recovery (%)
Dilution(%)

Exploration Required (sq.
Fines {n Clean Coal(%)
Overbdn Consolidation
Mean Coal Load Cy. Time(s)
Mean Bucket Fi11 Factor
f of Loading Passes

SD Trek Tryl Time Ld(s)
SO Trk Travel Time Emp(s)
SD Other Times(s)

OVERBURDEN EXCAVATION (Area Mine)

Shifts per day 2
SO Operator Eff, 7
SO Bucket Fill Factor 8
Mean Cycle Tima(s) 80

Mean Operator Eff.

Mean Bucket Fi{l11 Factor
Operating Hours/Month
SO Cycle Time(s)

OVERBURDEN RECLAMATION (Area Mine)

Mean Width of Pit(m) 31
Angle of Spoil 36
Mean Overbdn Swell Fac 25
Dozer Blade Cap.(Cu m) 15
SD Operator Eff. _ 7

)

SD wWidth of Pit(m)
Operating Hours/Manth
30 Overbdn Swell.Fac
iean Operator Eff.
Material Factor(¥X)

L]
TOPSOIL HANDLING (Area and Open Pit)

Scraper Capacity(cu m) 18
S0 Loading Time(s) s
SO Mnver-Spread Timea(s) 4
SO Trvl Time Loaded & .- 41
SD Trv! Time EMpty(s) 24

Mean Operator Eff. . 75

Mean Loading Time(s)

Mean Mnver-Spread Time(s)
Mean Trv] Time Loaged(s)
Mean Trvl Time Empty(s)
Operating Hours/Mo

SD Operator Eff.

190

1500
0.80
pv

1982

-X-X-X-)

w0\
8
m) 181874
20
mod
75
75
10
120
70
30

73

720

338

78
80

50

410
248
338



FINANCIAL PARAMETERS
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Fringe Benefits(X) kel Labor Overhead(X) 40
Royalty Payment(%) 12 Investment Tax Credit -
Income Tax(%) 47 Depreciation Method strg
Dragline Depreciable Life - 13 Drag. Bucket Deprec. Life 10
Ovbdn Shovel Deprec. Life 15 Shovel Bucket Deprec. Life 5
Ovbdn Trucks Deprec. Life 10 Dozers-scrap. Deprec. Life 5
Drills Depreciable Life 10 Coal Shovel Deprec. Life 15
Front End Deprec. Life -1 Coal Trucks Deprec. Life 10
Recl .Dz-Scr Deprec. Life L | Capitalization Method def
Indirect Capfital(X) 18 Dragline Silvage Value(X) o
Shovels Salvage Value(X) o 10 Yrs Eq. Sslvage Value(X% 10
3 Yrs Eq. Slvge Value(X) 10 Drilling Cost/m . 80

. .
« PARAMETERS WHICH OVERRIDE CALCULATED VALUES

Land Requirements (5Q. M.)

]
Total Hourly Personne!l 114 .
Total Salaried Personnel 50
Explor. and Develop. Drilling Cost 8000000
Supplies and Materials Cost 9533358
Support Capital (%) - 23
Total Annual Operating Cost 97816840
Total Preprod. Develop. Cost 2558432
Preparation Plant Cost (o]
SUBMODELS OUTPUT
I PRIMARY EQUIPMENT SELECTION
Land Area Req.(Sq km.) : 5
Number of Draglines 1 @
Dragline Buck®t Cap. (Cu. m.) 33 :
Number of Qverburden Drills 1
Overburden Drill Size(mm) 229
Number of Coal Drills 1
Coal DOrtll Size (rm) 148
. Number.of Coal Loaders/Shovels 1
Coal Loading Bucket Cap. (Cu.m.) 12
Number of Coal Trucks 1
Coal Truck Capacity(tonnes) 138
Number of Spoil Handling Dozers 3
Spoil Handling Dz Capacity(Cu. m.) 13
Number of Topsoil Handling Scraper 2
Topsoil Handling Scraper Capacity 18 -
I PRIMARY EQUIPMENT COSTS(3$000)
( 1982Dollars)
MEAN STO oV
Land Adquisition Cost 1 [+
Exploration Cost 8000 0
Dragline Cost 18498 ()
Overbdn Dri{l1] Cost . 783 o)
Coal Dril1l Cost N 311 o
Coal Loading Shovel Cost ) 713 o
Coal Hauling Cost 883 o]
Reclamation Dozer Cost 937 (]
Reclamation Scrap. Cost - 1142 (o]
TOTAL PRODUCTION EQUIR. COST 20127 (o]
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-

1T SUPPORTING CAPITAL ITEM COSTS

MEAN STD bV
Preparation Plant Cost($000) : 0 o
Construction Costs($000) 1883 (]
Support Equipment Cost(3000) 4208 o

,

111 MANPOWER REQUIREMENTS AND COSTS

i

( 1982Dollars)

MEAN STO ov
Hourly Labor Requirements 114 0
Hourly Lsbor Annual Cost ($000) 3787 (]
Fringe Benatfits(3$000) 1325 o
Salaried Personne! Reqiirements ‘50 0
Salarfed Pers. Annual Cost($000) 1883 (o]
Total Manpower Requirements 164 o]
Total Manpower Annual Cost($000) 5851 o
Productivity/Man Day(t/man day) 53 o

IV SUPPLIES AND MATERIAL QPERATING COSTS($000)

( 1982Dollars)

MEAN STO ov
Annual Supplies & Materials Cost 8033 o
Annual Prep. Plant Operating Cost (o] (o)
TOTAL DIRECT NON LABOR OP. COST o) (o]
Preproduction Development Cost 2558 o

SUMMARY OUTPUT

EXXXEXXXEXEXEE

CONSTANT DOLLAR-POINT VALL{E OPTION

Coal Value/Tonne 19.00
Project Start Year . 1982
Full Production Years 1886-19398
Rate of Return 31.83
Capitalization:
. -Debt (%) 50
- -Equity 50
Debt Servicing Percentage . 10

Payback Perfod (yrs) 8



APPENDIX F

UNDERGROUND MODEL VALIDATION USING CANADIAN

INPUT DATA
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REQUIRED PARAMETER VALUES

Seam Depth (m)(Mean) 122
Seam Thickn. (cm) (Mean) 300
Seam Gradient [s)
Floor Conditions ha
Mining System cont
Annual Productton (1000t) 210
Analysis Type unc
Contruc. Cost Range tot
Dollar Analysis Type con
Labor Upd-£sc Factor o
Equtp. Upd/Esc Factor [ B
Aux.Eq. Upd/Esc Factor 4]
Constr. Upd/Esc Factor o
Debt Servicing Rate(X%) 10
Oollar Eq.(CA$=X USS) 0.88
Rate of Return - [s)
Acqu. Cost (50)(3000) 4]
OPTIONAL INPUT
Mean Reject Percentage o
Shifts per Day 2
Coal Preparation none
Mean Operator Eff. .11
Mean Available Face Time 340
Indirect Capital (%) 10
Fringe Benefits (%) 30
- Income Tax (%) 47

Capitalization Method def
Fines in Clean Coal(%)

20

Seam Depth(m) (SD) 12
Seam Thickn. (cm) (SD) 30
Roof Conditions good
Gas Level low
Entry Type : shaft
Production Life 18
Eq. Cost Range tot
First Calendar Year 1982
Base Year 1982
Power Upd/Esc Factor o
Haulage Upd/Esc Factor o
Supp.Mat. Upd/Esc Factor o]
Capi tal Borrowed(%) 20
Loan Payback (years) 10
Coal Value/Tonne 23
Acqu. Cost (Mean)(3000) Y
VALUES
!
SO Reject Percentage o
Days per Year 194
Seam Recovery ' 65
SD Operator Eff. 4
SD Available Face Time 15
. Capital Qverhead (%) 2
" Royalty Payments (%) 1
Depreciation Method fast
Investment Tax Credit 5

DEFAULT PARAMETERS FOR UNCERTAINTY

Distribution for Physical Parameters norm

Distribution for Operational Parameters logn
Distribution for finantfal Parameters trta

Max. Lim. for Triag. Distrib. (%) (0xSD) 10
Min. Lim. for Triag. Distrib. (X) (0=SD) 10
Max. Lim. for Unifr. Oistrib. (%) (0=SD) 10

Min, Lim. for Unffr. Distrib. (X) (0=SD) 10

Number of [terations - 20

Equip. Cost Range (low, high,tot) - tot

Construc. Cost Range(low,high, tot) - tot

Operating Cost Range(low, high, tot) tot

Seed Number for NORMAL 939291

Seed Number for LOGN 65432t _wmy
Seed Number for UNFRM 321458 - s

Seed Number for TRIAG - 818283

PARAMETERS WHICH OVERRIDE CALCULATED VALUES

Tonnes/Machine Shift 764

Hourly Labor Requirements - 4Q
Davelopment Time(Yrs) 1.00
-Production Equipment Life 12
Aux. Equipment Life 12
Salaried Pers. Cost/Yr 347
Power Cost/t o 0.82
Inftial Prod., Section Cos 1768
Inftial Hlage System Cost Os
Exploration Cost Os

Os

Mine Entry Cost \\\

Productton Sections/Shift 1
Salarfed Personnel Req. 10
Coal Prod. Durirfg Dvipment 225781
Haulage System Life 12
Hourly Labor Cost/Yr 985
Supp.& Material Cost/t 8.30
Annual Operating Cost 3098
Inftial Aux. Equipment Cost Os
Plant & Unit Train Loading (o]

Mine Abandonment Cost Os



I PROOUCTION SIZING

MEAN
Annual Raw Coal Production 210000
Shift Qutput per Production Section , 170
Raw Coal Production per Shift 54?
n Sections / Shift
No. Production S | 21

Actual Tonnes of Clean Coal Produced

t

IT MANPOWER REQUIREMENTS
( 19820011ars)

MEAN

HOURLY LABOR

Hourly Labor Reqs/Day ' 40

Hourly Labor Reqs/Shift 20

Direct Labor Cost/Shift Prod. Sect. 2538

Direct Annual Cost (3000) 985

Fringe Benefits ($000) 295
SALARIED PERSONNEL. . [ .

Annual Requirements Loy T 10

Direct Annual Costs (3000) [ A- 7 ¥
TOTAL MANPOWER .

Direct Costs (3000) 1331

Productivity per Manday 21.00

IIX-1 EQUIPMENT REQUIREMENTS

Continuos Miners

Qoof Bolters

Shuttle cars

Ratio Feeders

Scoop Trans

Section Haulage Belts
. Cutting Machine
h Loading Machine

ON NN = s
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STD DEV

. 0
74
1
]

. STO DEY

(o]
o
88
33
10

]
13

38

III-2 EQUIPMENT AND CONSTRUCTION COSTS

( 1982 Dollars)

. MEAN
PRODUCTICON EQUIPMENT (3$000)
Production Section Costs 1768
Preproduction Haulage Systen Costs (o]
Production Phase Haulage System Costs - 828
Auxiliary Equipment Costs- (o]
SITE PREPARATION AND CONSTRICTION (3000)
Preproduction Ventilation Construction 2669
Production Phase Vent. Construction 2122
- Mine Entry Construction o
ENTRY HAULAGE OR HOIST SYSTEM
Entry Haulage or Hoist System o]
Preparation Plant Construction o
. Other Surface Construction 2243
EXPLORATION ($000)
: Total Cost of Exploration o
MINE ABANOONMENT ($000)
Total Cost of Abandonment o

STD DEV

8
o
66
o

102
194



IV SUPPLIES, MATERIALS 3 POWER COSTS
( 1982 Dollars)

196

. MEAN STD DEV
SUPPLIES AND MATERIALS
Cost/Tonne of Clean Coal 8.21 0.32
Annual Costs (3$000) 1305 (-1
POWER - )
' Cost/Tonne of Clean Coatl . 0.8¢% 0.03
Anrual Costs (3$000) : 128 7
TOTAL ' !
Supplies, Materials and Power Cost/t 8.82 0.33
Annual Costs(Supp., Mat. &?ou-r)(sooo) 1433 74
Y PREPRODUCTION DEVELQPMENT
) ( 1982 Dollars)
) MEAN STD DEV
DIRECT DEVELOPMENT COSTS (3$000) i :
LABOR 98s 33
Supplies and Materials 1391 133
Power 138 13
Payroll Overhead 20 1
Fringe Benefits { 295 10
TOTAL COSTS (3000) 2827 159
OTHER DATA ‘ : . .
Development Time (yrs) 1.00 0.0
Development Time(Unit Shifts) 388 o)
Coal Produced During Develop. 224258 215968
Total Construct. and Develop. Time(yrs) 4 o]
SUMMARY OUTPUT
TEXEEEITEEEREEE N
ITERATION " RATE QOF RETURN
1 14.04 - N
2 17.68
3 17.83
4 19.25
5 19.53
8 18. 16
7 15.57
8 22.44
9 17.30
10 22.43
11 18 .43
12 13.96
13 18. 26
14 16. 44
15 18.33
18 14.65
17 19.07
18 20.60
19 19.03
20 15.90
TTIMT DOLLAR-UNCERTAINTY OPTION
C- "ue/Tonne 25.00
Pro. tart Year 1982
Fui “iction Years 1986- 1999
Nate “urn 18.01
fean U Rate of Returnr ’ 17.75
Lowz~ ~ “i{derce Limit (953, 16.8
Capi el
p } 20
. TG 80
Dei . Scrv. . .. cui.z"tage 10

Payback Per _: (yrs) 9

.83
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APPENDIX G

3

SURFACE MODEL VALIDATION USING CANADIAN

INPUT DATA

200



INPUT REQUIRED VALUES

Seam Thicks. (Mean)(cm) 200
Overbdn Thicks. (Mean)(m) 15
Topsoil Thicks.{(Mean)(cm) 100
Single or Mult. Seam sin

Annual Production (000t) 1500
% Capital Borrowed 30
Loan Paybk Perfod(Yrs) 10
Acquisition Cost(SD) o]
Project Start Year 1982
"Dollar Type Analysis con

Labor Upd/Esc Factor )]
Supp. Eq. Upd/Esc Factor 0
Construc. Upd/Esc Factor o
Coal Value/tonne 14

Seam Thicks. (SD)(cm)
Overbdn Thicks.(5D)(m)
Topsoil Thicks.(50)(cm)
Mining System
Mine Life(Years)
‘Debt .Serv. Rate (%)
Acquisftion Cost($000) (Mean)
Dollar Equivalence
Type of Analysis
Base Year
Prim. Eq. Upd/Esc Factor
Operating Upd/Esc Factor
Coal Value Esc. Factor
Rate of Return

OPTIONAL PARAMETERS DEFAULT VALUES

Reject (%) (o]
SO Recovery (%) 9
Coal Type i none
Coal Density (k/cu.m) 1504
Drilling Ovbdn (Work.P1) o]
Coal Loading Op. hrs/Mo 338
SD Coal Load Cy. Time(s) 7
SD Bucket Fil1l Factor 7

Mean Truck Travel Time Ld 1200
Mean Trk Trvl Time Emp(s) 700
Mean Other Times(s) 300

v

Mean-Recovery (%)
Dilution(%)

Fines in Clean Coal(%)
Overbdn Consolidatfon
Mean Coal' Load Cy. Time(s)
Mean Bucket F{1! Factor

# of Loading Passes

SO Trck Trvl Time Ld(s)

SD Trk Travel Time Emp(s)
SD Other Times(s)

OVERBURDEN EXCAVATION (Area Mine)

Sh}(ts per day 2
SD Operator Eff. 7
So BH ket Fi11 Factor 8
Mean :-Cycle Time(s) 60

Mean Operator Eff. .
Mean Bucket Fill Factor
Operating Hours/Month
SD Cycle Time(s)

OVERBURDEN RECLAMATION (Area Mine)

Mean Width of Pit(m) 31
Angle of Spotl 36
Mean Overbdn Swell Fac . 25
Dozer Blade Cap,(Cu m) 15
SO Operator Eff. 7

.

o

TOPSOIL HANDLING (Area and Open Pit)

Scraper Capacity(cu m) 18
SD Loading Time(s) .-
SD Mnver-Spréad Time(s) 4
SO Trvl Time Loaded 41
SD Trvl Time EMpty(s) 24

Mean Operator Eff. 73

SD Width of Pit(m)
Operating Hours/Month
SO Overbdn Swell Fac
Mean Operator Eff.
Matertal Factor(%)

1

Mean Loading Time(s)

Mean Mnver-Spread Time(s)
Méan Trvl Time Loaded(s)
Mean Trvl Time Empty(s)
Operating Hours/Mo

SO Operator Eff.

201

1495

0.80
unc
1982

o
(o]
o

90

-8
Exploration Required (sq. m)161874

720

60

800
550
338
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FINANCIAL PARAMETERS

Fringe Benefits(X) 33
Royalty Pay.: Prvce of ALTA Formula
Income Tax(%) 47
Dragline Depreciable Life 30
Oovbdn Shovel Deprec. Life 30
Ovbdn Trucks Deprec. Life 10
Drills Depreciable Life 10
Front End Deprec. Life -
Recl.Dz-Scr Deprec. Life -]
Indirect Capital(X) 5
Shavels Salvage Value(X) 'g

5 Yrs Eq. Slvge Value(X)

Labor Overhead(%) ‘ 40

Investment Tax Credit ]
Depreciation Me thod fast

Orag. Bucket Deprec. Life 10
Shovel Bucket Deprec. Life S
Dozers-scrap. Deprec. Life L]
Coal Shovel Deprec. Life 30
Coal Trucks Deprec. Life 10
Capitalization Method def

Dragline Salvage Value(X) 0

10 Yrs EqQ. Salvage Value(X) 10
Drlvllng Cost/m 80

PARAMETERS FOR UNCERTAINTY

1 Distribution foy Physical Parameters
2 Distribution for Operational Parameters
3 Distribution for finantial Parameters
for Triag. Distrib.
for Triag. Distrib.
for Unifr. Distrib.

4 Max. Lim.
S Min., Lim.
8 Max. Lim,
7 Min. Lim.
8 Number of

norm
Togn
tria
(%) (0=SD) 10
(%) (0=SD) 10
(%) (0=SD) 10

for Unifr. Distrib. (%) (0=SD) 10
Iterations 20

9 Equip. Cost Range((lov,h!gh,tot) tot

10 Construc. Cost Range(low, high, tot) tot

11 Operating Cost Range(low, high, tot) tot

12 Seed Number for NORMAL 123458

13 Seed Number for LOGN 654321
) 14 Seed Number for UNFRM 321458

15 Seed Number for TRIAG 458321

PARAMETERS WHICH OVERRIDE CALCULATED VALUES

Land Requirements (SQ. M.)
Total Hourly Personnel
Total -Salarfied Personnel
Explor.
Supplies and Materials Cost
Support Capital (%)

Total Annual Operating Cost

Total Preprod. Develop. Cost

Preparation Plant Cost

and Develop. Drilling Cost

o

105

44
4500000
8127550
23
8239711
2258817
o]

202

“



SUBMOQDELS OQUTPUT

I PRIMARY EQUIPMENT SELECTION

Land Area Req.(Sq km. ¥ 18
Number of Draglines 1
Dragl ine Bucket Cap. (Cu. m.) { 29

r of Overburden Ortlls 0o
DOverburden Drill Size(mm) o
Number of Coal Orills ot
Coal Orill Stze (mm) . 148
Number of Coal Loaders/Shovels 1
Coal Loading Bucket Cap. (Cu.m.)” - 9
Number of Coal Trucks 2
Coal Truck Capacity(tonnes) 104

Number of Spoil Handling Dozers a

Spoi1 Handling-Dz Capacity(Cu. m.) 15

Number of Jopsoil Handling Scraper 14

Topsoil Handling Scraper Gapacity

I PRIMARY EQUIPMENT, COSTS($000)

(1982001 1ars) )

MEAN
Land Adquisition Cost 1495
Exploration Cost 4500
Dragline Cost 13731
Overbdn Orill Cost’ (o]
Coal Drill Cost 299
Coal Loading Shovel Cost - 873
Coal Hauling Cost ’ 1212
Reclamation Dozer Cost 1709
Reclamation Scrap. Cost 7582
TOTAL PRODUCTION EQUIP. COST 17627

II SUPPORTING CAPITAL ITEM COSTS

MEAN
Preparation Plant Cost($000) 0
Construction Costs($000) 1455
3387

Support Equipment Cost($000)

III MANPOWER REQUIREMENTS AND &Z!STS

( 1982001lars)

MEAN
Hourly Labor Requirements 108
Hourly. Labor Annual Cost (3000° 3348
Fringe Benaefits($000) 1171
Salaried Personnel Requirements 44
Salarfed Pers. Annual Cost($000) 1831
Total Manpower Requirements 149
Total Manpower Annual Cost($000) 4877
Productivity/Man Day(t/man day) 44

203

2547
12 ..
23

208

1585
2809

STD OV

166
380

STD PV

109
.38

83

119
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IV SUPPLIES AND MATERIAL QPERATING COSTS($000)

( 198200llars)

MEAN
Annual Supplies & Materials Cost 8127
Annual Prep. Plant Operating Cost 0
TOTAL DIRECT NON LABOR OP. COST o
Preproduction Davelopment Cost ‘ 2258

SUMMARY QUTPUT

EEEXXRXXEE XK XL

ITERATION RATE OF RETURN

1 20.81
2 18.81
3 23.68
4 20.70
5 22.60
8 20.84
7 18.03
8 20.77
9 14.80
10 25.80
L1 22.80
12 23.86
13 22.75
14 20.57
15 23.87
18 19.81
17 18.71
18 15.85
19 18.98
20 ‘ 22.59

CONSTANT DOLLAR-UNCERTAINTY OPTION

Coal Value/Tonne 14.00
Project Start Year 1982
Full Production Years 1986-2011
Rate of Return 20.85
Mean and SD Rate of Return 20.81
Lower Confidence Limit (95%) 19.8 -
Capitalization

-Debt (%) 30-

~Equity 70
Debt Servicing Percentage 10

Payback Period (yrs) 7

STD OV
254
o

(]
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1. Operating Environment

The model’s computing system has been deve loped and
implemented on the University of Alberta’s Aﬁdah] 5860 under the
MTS operating system. Tre storage allocation for both subsystems
is aproximately the following:

- Source program fi{es : 200 pages (1 page= 4096 characters)'
-  Object files 80 pages
- Data files: 12 pages

The source programs file, objeet‘ programs files and data
file are stored in the tape 072913 at-the computing services tape
library of The University of Alberta. Any file of that tape «can
be recovered from any terminal conected with the Amdah1 5860
using the following commands: : -

MOUNT 072913 Qtp *tx ‘

CRUN *FS Q=*t= | (Ref. 41)
RESTORE.tapefi]e1 diskfilel

,RESTORE tapefile2 diskfile2
RESTORE tapef1]en diskfilen
LIST
STOP DISMOUNT

The files in the Bape were recorded in the fo]low1ng order:

SOURCE Conta1ns the source programs for both underground
and surface systems |
SUROBJ: Contains the surface model object files.
UNDOBY: Contains the underground model object fjles;
UCVCO: Contains the equation coefficients required to run

the underground model when conventional method has been
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selected.

UCNCO: Contains the equation coefficients required to run
the underground mode] when the continuous method has been

selected.

UCOST: Contains all costs required to run the underground

N

nodel.
§SHT1,: Contains the shovel and front loader costs.
SDRCO: Contains the dragline costs
ESHDSS: Contalns the truck, drill, coal shovel, dozers,
scrapers, and preparat1on plant costs
It would also be nepessary to restore some operational files
like: ITEMS, MONITOQ and EPRI, they were recOrded'after the files
aone described. ” |
The CPU time to process a typical- uncerta{nty process 1s
aproximately- .85. sec, and tne virtual memory required for the
“ same conditions is 51 pages for surface subsystem and 45 for
undéhground subsystems.. | |
AT routines are written in Fortran: 77 using the MTS
compiler FORTRANVS (37). Each program was comp11ed separate]y and
- gathered in one object file per subsystem using the pub11c
program *0BJUTIL (38). "In each of the object files there is a -
master program which conducts the whole system. Other public
programs dsed by the system are *SLAM (39) to gegnerate random
values, and *IMSLLIB(40) to find the t value from t-distribution,
when uncer tainty ana]ys1s has been chosen.
It is noticeable that the pub11c programs used by the mode |

(starting with "*") be1ong to The Univens1ty of Alberta and they
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are not included in the modells software.

The system is completly interactive and can run from any MTS

~

terminal, ~however, when using a CRT conected directly to the

|

computer (not through modem) the-command ¥%f(fast) can be wused

making the system very much faster. The reports are stored in a

temporary file and the user can send it to the printer through a

procedure which will be explained below.

II.

Input Requirements

As mentioned before, _the input parameters have been

categorized into three types: Category 1 is the minimun amount of .

information necessary to run the model, tables 1 and 2 presents

the requirements for this type of imput. Category 2 parameters

‘are automatically assigned by the default values when the program

is initiated, Tables 3, 4 and 5 show the requirements for this

Kind of data. Category 3 parameters are calculated by the program

based on gthe previdus input and model formulation, unless

otherwise specified by the wuser (see Tables 6 and 7 for

requirements specifications.

During .the input process, the user should keep in mind the

following:

If the portion of capital borrowed 1is =zero, the debt

servicing rate and length of loan payback must be zero also.

The dollar equivalence parameter is a conversion factor for

“converting the US dollar to the Canadian dollar (e.g $0.8US =

-~

$1.0Can)

Base year is only required for the constant dollar analysis
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The escalation factor for coal value is only required for the
escalating dollar option. |

The factors Aefined for the constant dollar analysis update
the corresponding costs from the 1982 data base to the base
year specified by the wuser. For the escalating dollar
analysis, these va]ues‘represent escalation factors which are
applied to the appropiate cost for each year of the pFoject.b

Coal value/tonne and rate of return are mutually exclusive

parameters; only one parameter may be assigned by the user.

Those parameters entered "in term of mean and standard
deviation will be randomized if the uncertainty optioﬁ is
selected, otherwise only the mean used in calculations. If
any stand;rd deviation is given a =zero value, then this
parameter will not be varied during the uncertainty analysis.

The following conditions should be considered during the

optional input process:

Royalty payments are expressed by either assigning a straight
percentage over the annual revenue or by calculating this

percentage through a special formula which applies to the

province of Alberta In this latter case, the user should
enter a "1" in that/fiel
When running the surtace system option, the - program selects
the type of primary equipment to be used for 6verbuhden
excavation as follows: Area, drag]ines; Open Pit, shovels and
trucks; - Confour, dozers and scrapers. Reclamation of spoil

material assumes the usage of dozers and/or scrapers.

A1l parameters {n terms of mean and standard deviation will
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be randomized if the uncertainty option is chosen, otherwise
only the mean is considered

The paraméters which override calculated values, are

estimated first by the system and presented to the user whp may

alter them. If any of those parameters are Changed; a second run

of the 'system takes b]ace overriding the corresponding

calculations. .

111. Data File Descripfion

A1l files in the system coﬁtaih unit costs except for EUCNCO
and EUCVCO which contain equation factors to be wused in
underground submodel 1. The data base has been obtained from the
original American ‘EPRI model and updated to 1882. Therefore
except for manpower costs, all costs are in US do]iars which are
interna]ly converted to-. Canadian dollars using .the dollar
equivalence parameter? The access to all filgs is direct wusing
the Fortran direct access mode. |

‘The data fiies description for . each fi]é is detailed in
Tables 8, 9, 10 and 11. There_ is another spec{al Kind of file
a]go used by the system called ITEM. This is a file of characters
which contain$ the cashflow item names; it is used by the
cashflow printer routine and its length 1is 35 characters per

record.
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IV. Running Procedure

The system was designed to be self explanatory during the

running time, therefore except. for the input requirements

presented in the second part of this appendi x, the user only has
to execute the following instruction.

SOURCE EPRI

This command activates . the main program which prints a logo on
the screen and asks for the type of system to be run
(surface-surf or underground -under). After this the user only

has to reply to the questions asked by .the system. First the

program starts with the required input,yasking the value for each

as présented below.

REQUIRED INPUT

~

Depth of Seam (m) (mean, std dey)------==-r-------== 122,10
Thickness of Seam (cm} (Mean, std dev)---=--===-=----< 300,30

Seam Gradient (0,6)---=-=----==--=-----==-=----7mTmmTRTT 0o

Roof Conditions (good, poor)--=---- R e E btttk poor

Floor Conditions (Hard-ha,Rutted-ru, Rutted wet-rw)--- ha

Gas level (low,moderate-mod high)-------=--="""7777"" low A
Mining System (cont,conv,long)-----=--==-=-""""""" ---- cont ¢
Mine Entry (slope,shaft drift)-----~----=--=-=--=="7777" shaft

Annual Production (1000 tonnes)-------= ottt

When all 'fequired parameters have been entered, they are

@

shown to the user who has the chance to modify“gny of them by

entefing the corresponding item number and value:

REQUIRED PARAMETER VALUES ~.

1 Seam Depth (m)(Mean) 200 2 Seam Depth(m) (SD) 20
3 Seam Thickn.(cm) (Mean) 160 4 Seam Thickn.(cm) (SD) 10
5 Seam Gradient - (o} 6 Roof Conditions good
7 Floor Conditions ha 8 Gas Level low

9 Mining System cont 10 Entry Type slope
11 Annual Production (1000t) -1000 12 Production Life . 20
13 Analysis Type unc 14 First Calendar Year tot
15 Dollar Analysis Type con 16 Base Year 1982
17 Labor Upd-Esc Factor o] 18 Power Upd/Esc Factor ‘0
19 Equip. Upd/Esc Factor o] 20 Haullage Upd/Esc Factor 0
21 Aux.Eq. Upd/Esc Factor (o] 22 Supp.Mat. Upd/Esc Factor 0
23 Constr. Upd/Esc Factor 0. 24 Capital Borrowed(%) 20
25 Debt Servicing Rate(%) 10 26 Loan Payback (years) 20
27 Dollar Eq.(CA$=X USS$) 0.80 28 Coal Value/Tonne 50
28 Rate of Return . 17 30 Acqu. Cost (Mean)($000) 1000
31 Acqu. Cost (SD)($000) 100

\

IF YOU WISH TO ALTER ANY VALUE, ENTER

ITEM NUMBER, ELSE 99
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Aft » the required input vpfocess has been completed, the
optional input process starts by presenting each variable with

its corresponding defaL]t value which can be'modified if desired:

OPTIONAL INPUT VALUES

1 Mean Reject Percentage .. 28 . 2 SD Reject Percentage . 3
3 Shifts per Day 4 Days per Yeaf ™ 211
5 Coal Preparation crse 6 Seam Recovery 60
7 Mean Operator Eff. . 85 8 SD Operator Eff. _4
9 Mean Available Face Time 340 10 SD Available Face Time 15
11 Indirect Capital (%) 10 12 Capital Overhead (%) 40
12 Fringe Benefits (%) 35 13 Royalty Payments (%) 7 1
14 Income Tax (%) : 47 15 Depreciation Method fast

18 Preprod. Treatment def 17 Investment Tax Crgd1t 5

IF YOU WISH TDO ALTER ANY VALUE, ENTER ITEM NUMBER, ELSE 89

-

o

N

If the wuser has chosen the uncertainty analysis the
following optional input will be processed:
DEFAULT PARAMETERS FOR UNCERTAINTY
1 Distribution for Physfical Parameters norm
2 Distribution for Operational Paramsters Jogn
3 Distribution for finantial Parameters tria
4 Max. Lim. for Triag. Distrib. (%) (0=SD) 10 -
S Min. Lim. for Triag. Distrib. (%) (0=SD) 10O -
8 Max. Lim. for Unifr. Distrib. (%) (0=SD} 10
7 Min. Lim. for Unifr. Distrib. (%) (0=SD) 10
, 8 Number of Iterations o .5
X 9 Equip. Cost Range (low, high,tot) tot
: 10 Construc. Cost Range(low, high, tot) tot
11 Operating Cost Range(low, high, tot) tot
- 12 Seed Number for NORMAL 939294
) 13 Seed Number for LOGN 654321
/ 14 Seed Number for UNFRM 321456 ¢
15 Seed Number for TRIAG 818283
IF YOU WISH TOD ALTER ANY VALUE, ENTER ITEM NUMBER,

ELSE 98

-
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Thelehird input process step -is~ the parameters which
override éa]cu]ated.values, for which the system eXecutes a run
of each submodel and presents the corresponding values Ihat have
been just calculated based on the parameters defined fé{ the two

first steps; then the user can either accept or modify them:

" PARAMETERS WHICH OVERRIDE CALCULATED VALUES

1 Tonnes/Machine Shift 412 2 Production Sections/Shift 8
3 Hourly Labor Requirements - 255 4 Salaried Personnel Req. 49
5 Development Time(Yrs) 2.80 6 Coal Prod. During Dvipment 871611
7 Production Equipment Life 12 8 Haulage System Life 2
9 Aux. Equipment Life 12 10 Hourly Labor Cost/Yr 7376
11 Salaried Pers. Cost/Yr - 1690 12 Supp.& Material Cost/t 11.55
- 12 Power Cost/t 1.12 13 Annual Operating Cost ’ 28798
14 Initial Prod. Section Cos 10256 15 Initial Aux. Equipment Cost 4653
18 Initial Hlage System Cost 4438 17 Plant & Unit Train Loading 5424
18 Exploration Cost <711 19 Mine ‘Abandonment Cost ° 379

IF YOU WISH TO ALTER ANY VALUE, ENTER ITEM NUMBER ELSE 99

’

N L —

bé§;ns by presenting on the screen the input parameters which

When input processes are finished, the modelling process

define the process, each submodel output and the main summary
results. During the time of the process, the user makes no
1ntervent1on other than pressing the key.RETURN. When the run is

. 4
/ , ¢
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over, the user may'either restar} the process again or leave it.
The reports are refained in a temporary file called -OUT and to
print it the user has two options:

- Reassign the temporary file to a permanent file, and later if

he wishes, to lisw it in a teletype terminal. |

- Send it to the Xerox printer using the following commahds:
| CONTROL *PRINT* FORMAT=FMTL1 PRINTON=ONESIDE
COPY -0UT TO *PRINT=*
RELEASE *PRINT=*



219

as ‘uesy .

Je| (op Bujjejeosy :osa
Jejlop jue3suo) :uod

sisAjeue Ajujeiuassun :dun
anieA jujod :Ad

0oE-14
0 <

131dp 3 eys‘ados

LLem Buo :Buoj

1| eUO § JUDALOD :AUOD
SNONU U0 :3uod
8}eJdpoW :pouw

}9M P3Ny :Md
pajyIny :n4

pdey ey

as ‘ueay
GS ‘uesy

S33ON

J

Buo| ‘Auoo ‘juoo
ybiy ‘pow ‘mol

Md ‘na ey
J00d ‘poob
9 ‘0
0 <
0 <

abuey piiea

1y

1 3so) ‘nboy
1 uJan}ay 0 ayey
1 auuo} /aniea [eo)
¥ ($sn X=%v2) b3 Jeqiog
1 (sJ4eaj) >oeqgAed ueon
"1 (%)@rey Buiojauas 1gag
1 (%) pamouuog {e3jded
I Jo}oey as3/pdn ‘disuo)
.1 Jo033ey os3/pdn jen-ddng
1 Jo3oey 25s3/pdn ‘b3 xny
1 .Jojoel as3/pdn abeney
1 Jojoey os3/pdn -dinbz
1 Jojoey os3/pdn Jdamod
b Joyoeyd os3-pdn Joqe
I JeEB8 )\ Oseg
v adAj sisA{euy dey|oq
I Jeaj\ Jepuaie)d 3sdaid
v . adA ) s)sAjeuy
I 9417 uoianpoJd
1 (3) uojionpodd |enuuy
v adA) Aujuz
v wa3ysAs Bujuy
v ’ |9AB7 sep
i
v mbo.u_v:ou Jo0| 4
v SUO}} }pUO) j00Y
1 juajpedn wess
1 (wd) "wid Yy wess
I (w) yydag weas

adA} ejeg

¥313WVEvd 1NdNI Q3¥IND3IY



220

001 -0 1 uJanyay jo0 ayey

O< I |auuo}/antep (eo)

001 -0 1 J03}0B4 "DS3 SNleA |eo)

001 -0 4 Jo3oe4 a2s3/pdn onuysuo)

004 -0 1 Jojoe4 os3/pdn Buiiedadp

00} -0 1 Jojoe4 os3/pdn "b3y -ddns

001 -0 I soyoe4 os3/pdn ‘bl ‘wjad

. 00l -0 I Jo3}oe4 os3/pdn Joqen
Z861< 1 ’ JeaA\ aseg

Je||lop Bujje|eos3y :0sa

Je| 0P jue3}sSuo) :Uod 288 'uod v sisAjeuy adA) de||oqQ
sisA|eue Ajujejdaosun ;oun )
an{eAa jujod :ad oun ‘ad v sisAleuy jo adAl
T86I< 1 Jeap jaeys 3oafoud
0< b aouateainby ueiioq
as ‘ueaw 5-0 1 w 'bs/3s0) uotiisinboy
og-1} I (S4A)pPoiJdad Mghed ueot
001 -0 1 (%)83ey Bujoiauas 1qeg
001 -0 1 pamodaog Le3yjded %
oe-1 1 (sd4ealk) a3 sul
o< I (3) uojjonpoud |enuuy
4Nnojuo) :juod i
}1d_uadQ :uado

Bujujw dyua3ls ‘eade ju02 ‘uado‘eaue v ‘waysAs Bujupn
QS ‘UesW ‘SMOIUL ‘AQ-0 1 (wo) "so4yL (rosdoy
as ‘uesp o< I (W) S¥2}YL UPQUIBAQ0
- gas ‘uesy- 0< I (wd) "s>IIYL weas

S33}ON abuey py e adA] ekeg

. . SHILIWVEVd QIUINDIY LINdNI

. . Z'H 3alqel



221

{;

J8p }|negag
pasuadx3y :dxa
paJdJajaqg :iap
1se3 :3(nejag

auyj| 3ybBreuys :Buys
souejeq Bujue|osg :eqap
pa3jeJa|aooy :3sey

as ‘ueap
as ‘'ueey

4943} :3jinejaqg
tesbunyileray :ejauw
lewdyayyl :Jayz

Qs ‘uesy

S93ON

(S)001-0" I

dxa ‘jap v

Buays‘eqap‘isey
001-0 .
00t -0
(SE)O0L-0
(ov) o0L-0
(0}) 004-0
(O¥E) 0001-0
(58) 00L-0
(08) 00L-0
0<
!

Pt bt Pt Bt Pmd Dd b bt L

. auou
auou ‘ejaw’ Jayy v
(82T) sse-i I
(z) e-1 1
(sZ) 001-0 I

abBuey pj(ea

-

mm>h ejeq

(%)31PBJD XB1l JUBW}SBAUL

juawleady 3so)

poyiaW uo}jeoadadag

(%) xel awodur
(%)syuauled A3yieloy
(%) s3ytisuag abujay
(%)peaydaag |eyided
(%) teyjdeny 3oeujpur
awll aoey a|qge|jeay
*Aouay)oy} 333 dojedadg

A485A003Yy weas
sau} 4 jo abejuaouad

uojjededadd (eo)

Jeak uad skeq

Aeqg Jad s3jiys
abejuaodad 30afay ueay

SYILIWVYVd LNdINI TYNOILHO

E'H 8(qey

i

r



222

{08) 00L-0 1 (%) Jo3dey |ejuajen
as ‘uesy (5L) 00L-0 I (%) Aouaioj343 aojzedado
(S1) 8i-¢ I (u "n))-de) oape|g Jazog
(SZ) 001-0 1 Joloed | 19MS upqJdaag
(0SE) ¢$vL-0 1 YruopW/sanoy Buiyedado
(8€) 69E-0 1 ttods jo a|buy
Qs ‘ueap (L€) 00£-0 I (W)3id 40 YipIM uesy
(8UlW eaay) NOILVWVY1D3d N3IQuNEY3A0
(09) 0< I (s)awjl 81240 ueajy
(ozLItYL-0O 1 yiuow/unoy Buiyeaadg
GS ‘uean (08)00L-0 1 J03}0e4 |14 3adong
as ‘ueaW (SL)001-0 1 Asuaol 443 JoyeuadQ
(Z) e-4 1 Aep Jad s33ius
(SUIW e8uy) NOILVAVOX3 N3IQUN8Y3IA0
as ‘ueaw  (00Z) O< I (s)sawi| JayzQ ueay
as ‘uesy (osy) o< ) (S)dw3y swjl AL MJ4i ueay
as ‘ueay  (00B) 0O< 1 .- (S)p7 BW}L |BABJL %ONJL UeSH
(L) O< I sassed Bujpeoq jo ¢
(sL)o< I Jojoed |1i4 39xong
as ‘ueasy (§L) 0O< 1 (s)swi) "A> peoq eod
(BEEIVYL-O 1 oW/sJ4y ‘dg Bujpeon eo)
pow :3jinejag
QICUIPON :pou r_m—r_.UOE.BO— v uoiljep| |osSUod uUspJdnqQuaAQ
(1)o< I (1d " »d4oM) upqag Buyilidg
o< T sauj4 jo abejuansuad
Jayy jLnejsaq .
leoibuny|jejau :ejaw auou . :
{ewusyy :Jdayy UCOC_NH.OE.LUCu v CO—H&LQOLn Leod
(65¥1)0< 1 (W' na/%) Ayjsuaq |eod
(¥L8184) O< I (wu 'bs) paujnbay uojjeuo(dxy
nytqg :3|neyaq )
a3 juby :ubyy
snoujwnyig :n31q ubjp ‘nijq v . adA) jeod
. (8)001-0 1 (%) uoiyniia
Qs ‘ueay  (06)004-0 1 (%) AgaA003Yy
(0Z)001 -0 I ’ (%) 3oafay
Saj}oN abuey piLea odAi exjeq

SYILIWVYEVd TYNOILAO

t'H 8alqel



223

(89) 0O< 1 w/3yso) By 1i14a
(o1) ooL-0 1 (%)oniep abals b3 sur g
(o1) o0l1-0 1 anjep abeajes -dinbz sdaeap o1
(0) 001-0 I (%)aniep abeajes sisAoys
(0) ool-0 1 anjep abeaes auybeuq
(S1) 004t-0 I (%)l1eyides 3osdipur
39p :3}lnejeg - .
pasuadx3y :dxa
paJuajag :jop dxa’ $ap v juswlead) 3so)
) (s) oe-0 1 3317 ‘oaudag 4os-zQg' |09y
(0i) 0€-0 1 8417 @lqedsudag s»oNJL {e0)
(s) oe-0 1 83} -"oeuadag -puj juouy
" (0Z) 0£-0 1 2317 olqeiosadag (aAoys |eon
(o)) og-0 I 83} atqgejdaudag siLida
(§) 0E-0 I 8317 9tqejoaddag Jadedos-sdazoQ
(04) o€-0 1 "84} "oaadag s»INJIL UPYAD
(s) og-0 I 8317 3iqe}oaddag 31adong 19A0YS
(0Z) 0e-0 1 8417 "oaudag |aAoYS upqAQ
(01) 0€-0 b 3317 atqejoasuadaqg 3axong aug bBeug
(0Z) 0€-0 1 @417 @Lqe}oauadag au} Beug
1ses :ylnejaqg :
aouejeg Bujue|oag :egsp
1ybBjeuys:bays
pajeJa|aody :3}sej eqeap ‘bBujys‘isey v poy3ian uoljeloaddag
(Ly) 001-0 1 (%)xel swooul
() 001-0 1. 3 1PBJYD XB| JUSWISDAUL
(+) o01-0 I sjuawleq A3} |eAoy
(ot) O0}-0 1 (%)peaydaap Joger
(sg) 00L-0 1 (%)sy 4auag abujay
Saj}oN abuey piiea adAi ejeg

SY3ILIWVAVA TVIONVNIL

as ‘ueay (SL)004-0 I Aouaio} 443 Jojedaad) uesy

(SEE)IPYL-O I YIuoW/sdanoH Buyjeusadg
as ‘uesy (9pZ) O< I (s)Ayduz swiy |BARGJL
as ‘uesay (okv) 0O< I (S)popeoT 8wl [8ABJL
as ‘uesy (Zy) O< I (s)aw} i peauds-aarnsuen
as ‘ueaw (0S) o< I (s)suy]l Bujpeoq

(81) szZ-0l} I (w na)A3joeden dadeusns
S33}0N abuey piLeA adA] ejeq

{31d uado pue eady) DNINGNVH 110Sd40L

(3uod) v°'H aLqel



224

303} :jLneyag
303} :3jlnejaq
Lejol :303

ejd} }{nejaq
Jejnbuejd) :eyuy
ubBo| :31nesaq
[eWwJON :3}INne3agq
wJaoiun :Jiun
|ewdoN Boq :uboj
{BWJON :wuou

S83}0N

(£8Z818) 0 <
(9SS1ZE) O <
(1Zeps8) 0 <
(1626€6) O <
_ 303'uBiy‘moy
103 ‘ybiy‘mo|
303 'ybiy‘moy
(o4) 1+ <
(0ot) o0t-0
(0t) 001-0

wdou‘ejay
Jiun‘uboj ‘waou

Jiun‘ubo ‘waoN

ebuey p}lea

= L <L <L =

< g

v
adA}t

ViYLl J0O3 pPI3S JagqunN
WYINN 403 pP33s JaqQunN
NDO7 J03j pasas JaqunN
IVWYON Jo3 paas JaqunN
abuey 3son Bujpjyeuadp
abuey 31507 ‘onJd3}suo)

abuey 3so) ‘dynb3
Suojjedalr 3o Jaquny

‘JISIQ CJ3lun 203 TWETT T XeR
*J43sig "Bejul g0 cwy Cxew

ejeq |ejjueutl s Jo3 "qiJysia
ejeq. {euoijeaadp Joj ‘J3sig

‘wded [ea3sAyd Joi "giJisia

eyeq

AINIVLIY3IONN ¥0d4 SHILIWVHVL 1nvd43a

S'H elqel



225

s8310N

@]

1

v AAAAAAAAANAAAA

NNOODOODODOOOOOQOO

(=] [oR e}
(=B of o~
1O
A~ A
Pt bt bt bt (X Pt e bt et bl bt et O 0 b bt et et e

o~
ovl'o
A ™A

3S0D UO}3IONUISUO) AJIUT BUINW
- 350D juswuopueqy 3ujll

N 1S0) uojjeuo|dxy
35S0 jueid -"daud

3500 waysAs abeiH teiyiul
3509 juaudinb3y Adey|xny

50D U0}3108S "pPodd iejtul
s3}so) bBujjeuadg (enuuy

, 3/3S00 damod -
JEe3A/3}S0) Sieldajen-sa} ddns
dA/350D °"Suad pajdeles
JB3A/3500 A{Junoy

3417 Juawdinby ‘xny

3417 waysAs abejney

8317 jusudinb3 uoi3onpoud;

‘dol@aaq Bujung paosnpoud (eo)d’

(SJA)suwy ]  Juswdojaraq
‘bay |auuosiaad patJdeles
sjuawadinbay Joqe] AjJnoyH
331YS/Suo}31085 0}319Npodd
3314S sutyoen/sauucy

abuey pylepn . adAy ejyeq

G31vINOIVI JAIYYIA0 HOIHM SYILIWVAUVA

8'H 8alqgey



226

o<

- o<
o<
001 -0

0<

-0«

0<

0<

o<

3}so)

Pt >t Pl g b Dl P4 =d Pt

sajoN  8buey pjlep .maxh ejeq

© NOILVINDIVO 30I¥AIAD HOI

L'H alqel

3}S0) jue|d uojjreuedauad

3so) 'do|aaag ‘poudauad teyol
3s0) Bujjeuadp .|enuuy tejol
(%) leyided juoddng

1507 s|ejJajeny pue saj}jddns
Buy|{iaa "doisaag pue -do|dx3
|auugssBd pajJeles [ejof
l8uuosJad ALJNoH (ejol

("W "DS) sjuawauinbay pueq

HM SYILIWVYHVd



227

A

Table H.8
EOUATION‘COEFFICIENTS FILES (EUCNCO and EUCVCO) DATA DESCRIPTION

Unit Number . : 2 (EUCNCO) and 3{EUCVCO)
User Program : EU.SUB1
PRy

Field Data Type ~ Length Field Description
1 1 - 1 Roof Conditions
2 I 1 Floor Conditions
3 I 1 Gas Level.
4 I 1 Seam Gradient
5 R 7.3 ~.. A Coefficient ,
6 R 7.3 B Coefficient
7 R 7.3 C Coefficient

Table H.9
: a

UNDE?GROUND UNIT COSTS FILE (EUCOST) DATA DESCRIPTION

Unit Number : 7 ' ' )
User Program : EU.SUB2 and EU.SUB

Field ~ Data Type ‘Length  Field Description
1 A 15 Cost Description
"2 I 3 Equipment Cap.

3 I 6 Mean . Cost

4 1 5 SD  Cost
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Table H.S

SHOVEL AND FRONT LOADER COST FILE (ESSHTL) DATA DESCRIPTION

Unit Number : 8
User Program : ES.SUBH1

Field Data Type ‘Length Description

1 R 6.1 Mean Cost ($000)
2 ' R : 5.1 SD Cost(%$000)

Table H.10
DRAGLINE COSTS FILE(ESDRCO) DATA DESCRIPTION

Unit Number 1 7
User Program : ES.SUBT

Field Data Type Lehgth Descr iption
1 R 5.2 °  Mean Cost($000000)
1 R ' 3.2 SD Cost ($000000)
Table H.11

OTHER UNIT COSTS FILE (ESHDSS) DATA DESCRIPTION

Unit Number : 8
.ser program : ES.SUB1 and ES.SUB3

Field Data Type Lengfh Description
B A 10 _Cost description
2 I 4 Equipment Cap.
3 R 6.1 Mean Cost($000)
4 R 4.1 SD Cost ($000)



