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ABSTRACT

Much valuable exploration time and funds are often
wasted on exhaustive examination of noneconomic mineral de-
posits. 1If exploration teams were provided with some guide-
lines as to the required specifications for deposits to be
viable, those deposits which obviously cannot meet the spec-
ifications would be left after a minimum amount of examin-
ation.

In this paper a method is developed for estimating the
specifications of the sandstone-type uranium deposits which
will be the minimum that can meet a company's economic re-
quirements for investment. The method is based on Net Pre-
sent Value analysis. From available cost data and deposit
specifications for typical mines, the method involves calc-
ulatihg the uranium oxide selling price necessary for a
mining project based on the deposit to achieve the company's
required discounted cash flow rate of return on investment.
The deposit is assumed to have been drilled to only a minor
extent during exploration drilling. The range of deposits
achieving the company's required discounted cash flow rate
of return on investment at the selected selling price is
then graphed. The graphs provide the complete range of de-

posits with the minimum required specifications. A FORTRAN
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computer program capéble of accepting a wide variety of in-
puts was written by the author to perform the necessary cal-
culations.

A major portion of the paper is devoted to discussion
of the variations of costs with the depth and thickness of
uranium ore deposits. A large amount of unpublished data
was collected for this purpose. From this discussion is de-
veloped the use of an ore depth to thickness ratio for sim-
plifying the method.

In developing this method the author assumed that the
deposits would be mined by either standard open pit or room
and pillar underground techniques. In-situ leaching is
briefly discussed and some comparative data presented. How-
ever, a lack of comprehensive cost data for this latter
technique prevented the method from being expanded to in-
clude it.

The accuracy of the results derived from the method is
limited to a major extent by the accuracy of available cost
data. The author therefore believes that the best procedure
for application will be to calculate upper and lower limits
for the minimum range of economic deposits. Deposits fall-
below the lower limit would be left immediately, those above
the upper limit would be almost certain to prove viable,
while the marginal deposits between the limits would warrant

further prudent examination and evaluation.
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INTRODUCTION

For a mineral exploration program to have the best
chance of discovering an ore body, a high rate of turnover
of mineral prospects must be achieved, while maintaining
an adequate level of examination of each prospect. It has
been the author's personal experience that in reality such
efficiency is rarely if ever achieved.

Exploration programs often get bogged down in continu-
ing the examination of prospects which should have been left
long before. Rarely does the field team, or even the explor-
ation management in the head office, have much concept of
what specifications would be required for an economic deposit
of the mineral being explored for. Therefore, the explor-
ation team is left to analyse prospects while not knowing
what they are required to find.

The field geologist generally resolves this dilemma by
perceiving his duty as being to find and completely examine
any occurrences of the desired mineral. The end result is
that much valuable time and effort is wasted in almost every
facet of the exploration program. Drilling sometimes con-
tinues on a deposit until a head office analysis shows that
the deposit is more than an order of magnitude below the

minimum requirements.
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To aid in returning some initiative to the field geol-
ogist, the author chose to devote this paper to deriving a
method of estimating the required specifications of the min-
imum range of economically explorable deposits for one min-
eral commodity. The mineral commodity chosen was uranium
because of the recent boom in exploration for it. Sandstone-
type deposits were chosen because these are the most common
mode of occurrence of uranium within the United States.

John Klemenic (Director, Supply Analysis Division, De-
partment of Energy, Grand Junction Office, Colorado) has
already presented important work in this field. In February
1972 he presented a paper showing a relationship between
the mine primary development cost* and ore depth to thick-
ness ratio(l). In October of both 1972 and 1974 he presen-
ted papers analysing the economics of mining uranium from
deposits with ore depth to thickness ratios of 24 for the
open pit case and 76 for the underground case(2’3). The
author, in developing the method presented in this paper, has
expanded on Klemenic's work so that the method is suitable
for a wide range of ore depth to thickness ratios. However,
the method has only been developed for conventional mining
techniques.

An example set of calculations has been performed
by the author based on Klemenic's cost and mill recovery

*Throughout this paper 'cost' is often used in place of the
accounting term 'expenditure'.
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estimates. These estimates were the most comprehensive and
reliable available.

In the first section, the author describes the geology
of sandstone-type uranium deposits and the exploration pro-
cedures applied to find them. In the second section, each
of the stages involved in typical open pit and underground
mining projects are described, together with an analysis of
available cost data. The author found it necessary to col-
lect a large amount of unpublished cost data for this anal-
ysis. The use of the ore depth to thickness ratio as a
basis for cost variations is derived by comparing the varia-
tion of costs with both depth and thickness changes. 1In
the third section the in-situ leach process for mining uran-
ium is also discussed for comparative purposes only. The
necessary calculations are then explained in the fourth sec-
tion and illustrated by the application of the author's
estimates and assumptions. After an explanation of how the
author envisaged that the results would be best applied, a
set of conclusions is drawn. Some results of the author's
calculations are presented in graphical form in Appendix D
to illustrate the range of graphs which can be plotted.

A FORTRAN computer program was written by the author
to perform the necessary calculations. It therefore repre-

sents a major portion of the method developed in this paper.
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For input data on a given tonnage and grade of deposit, the
program will generate the uranium oxide selling price neces-
sary for specified deposit depth to thickness ratios in
order to yield various discounted cash flow rates of return
on investment. The program is capable of accepting a wide
variety of input variables. Within the program all important
steps have been described by the generous use of Comment
statements. A User's Guide is included in Appendix B, fol-

lowed by the program in Appendix C.
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GEOLOGY OF SANDSTONE-TYPE URANIUM DEPOSITS

The sandstone beds containing uranium deposits were
deposited among ancient stream channels, generally flood
plains, or along ancient sandy beaches and offshore bars.
Mudstones are usually interlayered with these sandstones.

In the United States, the geological age of these Beds can
range from the Devonian to Upper Tertiary. In these beds
uranium deposits chiefly occur as two types, either 'roll-
front" bodies or tabular bodies.

Roll-front deposits are elongate bodies, crescent shaped
in cross-section and typically ten to fifty feet in height
(Figures 1 and 2). They occur intermittently along the
often miles-long interface between altered (oxidized) and
unaltered (reduced) sandstone. Oxidizing ground waters mov-
ing downdip are thought to have carried uranium or remobil-
ized that already contained in the sandstones. The uranium
minerals then precipitated when the waters encountered reduc-
ing conditions. The concave edge of the deposit therefore
faces updip and occurs at the downdip edge of the oxidized
zone of the sandstone bed. Roll—frbnt deposits occur chiefly
in Tertiary and Cretaceous beds in Wyoming, South Dakota

and south Texas.
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The tabular bodies are discrete masses enveloped in
reduced sandstone which are in turn scattered through oxi-
dized sandstones (Figure 3). There are two commonly held
theories as to the origin of these deposits. The first is
that the uranium was originally deposited along with the
sandstone when reducing conditions prevailed, with later re-
mobilization being important only in detail. The second
theory is that oxidizing solutions containing dissolved ura-
nium are believed to have precipitated uranium minerals on
encountering pockets of sandstone rich in reducing organic
matter.

Tabular deposits occur mainly in Jurassic and Triassic
beds in Colorado, Utah, Arizona and New Mexico. In the
Uravan Mineral Belt of western Colorado, the tabular uranium
ore bodies contain vanadium concentrations of ecoﬁomic impor-
tance averaging in the order of 1 percent vanadium pentoxide
(V,05). These uranium deposits concentrate in the sands at
the downstream end of the point bars of ancient stream chan-

nels.
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COST ESTIMATES FOR CONVENTIONAL MINING PROJECT STAGES

This section briefly describes each stage in the life
cycle of the typical sandstone-type uranium mining project
and presents the cost data obtained by the author. The use
of the ore depth to thickness ratio is derived by comparing
the variation of costs for both depth and thickness changes.
Estimates and assumptions used in the author's example set

of calculations are developed for each stage.

Exploration

Regional scale prospecting for uranium deposits is
normally begun by the use of an airborne gamma-survey. Anom-
alies detected are then located on the ground by the use of
either a portable geiger counter, scintillation counter or
gamma-ray spectrometer. A search for surrounding anomaiies
of lesser intensity is also carried out. However, this
method is only capable of detecting surface outcrops and
due to the thoroughness of previous exploration within the
United States, the finding of further outcropping sandstone-
type ore bodies will be rare. Buried deposits must be loca-
ted by the use of careful geological mapping and drilling.

Buried roll-front type deposits are located by the fol-

lowing method. After locating a favorable sandstone bed,

9
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drilling is carried out on wide spacings (half mile or grea-
ter) along widely spaced lines, until the interface between
reduced and oxidized sandstone is straddled. The interface
is delineated using moderately spaced drill holes (e.g.
1,500 ft. centers). If an anomalous concentration of uran-
ium is detected the deposit is outlined by the use of more
closely spaced holes (e.g. 400 ft. centers). If the results
prove favorable, the deposit is typically drilled on 200 ft.
centers, possibly closing down later to 100 ft. centers.

In order to locate buried tabuiar type deposits, geo-
logical mapping and wide-spaced drilling is first carried
out to find and outline favorable ancient channels, sandy
beaches or offshore bars. This is followed by moderately
spaced drilling to locate deposits which are then explored
by closely spaced drilling similar to that described above.

A compilation and analysis of nationwide uranium ex-
ploration and development drilling expenditures is published
annually by the Grand Junction Office of the Department of

(6’7). These figures are categorized into: 1. Land

Energy
Acquisition, 2. Surface Exploration Drilling, 3. Surface
Development Drilling and 4. Other Expenditures. However,
details of deposits found are not given.

For the author's calculations, Klemenic's exploration

cost estimates have been used. Klemenic states the following:
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'The assumed unit exploration costs are no more
than subjective ''guesses' as there is very little
actual data available. The figures are meant to
reflect industry-wide averages including failures.
There was no attempt to assign discovery rates,
unit drilling costs, or depth of ore.' (3).

For Klemenic's October, 1972 paper he assumed property
acquisition to be carried out over years 1 through 9 of the
project and exploration drilling over years 3 through 6
(Appendix A, Tables Al and A2)(2). For his 1974 analysis,
he reduced the period of property acquisition to years 1
through 5 and also for these years included the category of
Field Expense (Appendix A, Tables A3 - AlO)(3). When using
the 1972 figures, the author applied the reduced period to
property acquisition.

Other assumptions applied by the author are as follows:

1. The uranium deposit(s) in the prospect has (have)
already been drilled to a limited extent. This implies that
the user of the results of the calculations has some idea of
the potential of the prospect for comparison. Therefore,
the author set the year 0 for his calculations at the end
of Klemenic's first year of exploration drilling (Figures 4
and 5)

2. Property acquisition expenditures do not vary with
depth or thickness of deposit.

3. Field expenses are assumed to vary in direct pro-

portion to drilling costs during the drilling phases of a
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project. This assumption was supported by personal commun-
ication with the Exploration Manager of a uranium mining

(8)

company This source advised that field expenses are
generally 20 to 25 percent of drilling costs on a large
drilling program.

4. The drilling costs including development drilling
and field expenses in Klemenic's data are assumed valid for
an ore depth to thickness ratio of 56. This is the average
of the depth to thickness ratios weighted by ore tonnage
(1)

for the mines included in his study This adjustment
was only made to avoid the discrepancy of these costs for
an open pit case being the same for an underground case of
much larger depth to thickness ratio.

5. Total drilling costs vary in direct proportion to
depth to thickness ratio. Personal communication with in-
dustry sources found this to be correct for variation of
deposit thickness. Solid data is not available for vari-
ation of total expenditures with depth.

Estimated typical rotary drilling costs for a large
uranium exploration or development drilling program in a
sandstone environment are listed in Table 1(9). These fig-
ures indicate that rotary drilling costs for a typical pro-

ject increase by approximately 80 percent on an average

cost per foot basis as drill hole depth increases from 500
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TABLE 1

Estimated Rotary Drilling Costs(g)

Total Depth Average Cost

of Hole per Foot

(Feet) (Dollars)
500 2.50
1,000 3.00
1,500 3.70
2,000 4.50
2,500 5.30
3,000 6.10
3,500 6.90
4,000 7.60

to 2,000 ft. However, cost increases of 300 percent to

400 percent are common due to difficult drilling conditions,
such as gravel beds, being encountered. Personal commun-
ication with company representatives found that to offset
these cost increases, the number of holes drilled are gener-
ally reduced by 50 percent to 75 percent(s). Therefore, a
directly proportional relationship for drilling costs with

depth appears to be a reasonable approximation.
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It is general practice to gamma-log all holes and to
have a drift survey made if the depth exceeds 200 ft. The
previously referred to Exploration Manager estimated gamma-
logging costs average 25 cents per ft. over a large drilling
program and the drift survey costs average 15 cents per ft.
These costs are only minor when compared to the drilling
costs. It is also normal practice to core the zone(s) of
interest in approximately 10 percent of the holes. Coring
does not add significantly to total drilling costs, even
though on a per foot basis it is much more expensive than
open hole drilling.

6. The Wholesale Price Index for Industrial Commodi-
ties was assumed to be an appropriate index to apply to all
exploration phase costs when adjusting Klemenic's cost data
to September 1977; the date for which the author's calcula-
tions have been made. However, the industry wide explor-
ation costs published annually by the Department of Energy
show a much higher rate of increase than the index during
the 1973 through 1975 period(6’7).

Personal communication with Klemenic and the previously
referred to manager of a major drilling company indicated
that the high rate of increase in drilling costs during that

period was due to three factors:
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(a) A large increase in the proportion of uranium
exploration being carried out in hard rock envi-
ronments (e.g. metamorphic and granitic rocks)

(b) An increase in the average depth of holes drilled
in sandstone environments

(c) A shortage of drilling rigs(g’lo).

The drilling company manager stated that the company's

1977 prices, when compared with its 1973 prices, had only

kept abreast with inflation. Similarly, the Department of

Energy statistics show that average land acquisition costs

fell dramatically from $4.80 per acre in 1975 to $2.92 per

acre in 1976. The 1973 average was $2.67 per acre. The
dramatic fall in 1976 was not due to a slackening of demand

for land, but because of large acquisitions in new areas of

interest where land was relatively inexpensive.

The following summarizes the more important estimates
and assumptions presented during this discussion of the ex-
ploration stage:

1. The project life cycles are as shown in Figures 4

and 5.

2. Drilling costs and field expenses vary in direct

proportion to the ore depth to thickness ratio.

3. Property acquisition expenditures do not vary with

depth or thickness of deposit.
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4. Klemenic's drilling cost and field expense estimates
are valid for an ore depth to thickness ratio fo 56.

5. The Wholesale Price Index for Industrial Commodities
is the appropriate index to apply to all exploration
phase costs when adjusting Klemenic's cost data to Sep-

tember 1977.

Development

The development stage of a project consists principally
of development drilling, mine primary development and mill
construction.

During the development drilling phase it is usual prac-
tice to drill the deposit(s) on approximately 50 ft. centers.
However, approximately 100 ft. centers will be used for deep
deposits (e.g. below 1,500 ft.) or where difficult drilling
conditions are encountered. The variation of drilling costs
with depth to thickness ratio has been preViously discussed
under the heading Exploration.

Klemenic shdws the development drilling as being car-
ried out during years 5 through 7 for his examples. This
is concurrent with a large portion of the exploration drill-
ing. The concurrence is partially due to variations within
industry in the method of. defining the phase of drilling

being undertaken.
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The final feasibility study and the initial engineering
design are normally carried out during the development phase.
Due to a lack of adequate information, the author has not
separated the costs of these activities, nor the administra-
tive costs, from Klemenic's cost categories.

Also during this phase, the environmental impact state-
ment should be submitted and applications made for the many
permits necessary to establish and operate a uranium mine
and mill complex. Because of the long time base necessary
for collection of data for the environmental impact state-
ment, it is preferable that the company initiate this col-
lection process immediately after a potential ore body is
discovered.

Personal communication with cémpany and government
officials (October 1977) indicated that usually the start-up
for uranium mining projects is being delayed at least two
years. This results from the time required to prepare and
obtain approval of the environmental impact statement and
other permits. The most optimistic of these individuals
estimated that increasing familiarity with the regulations
will soon reduce delays to a total of one year for a typical
project.

For the purpose of calculations, the author has assumed

that this estimate of a one year delay will be correct. The
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author simplified these calculations by assuming that all
delays are incurred prior to mine primary development and
mill construction. Klemenic did not include such a delay.
At the time of his study, environmental regulations were
not as stringent as now.

Estimates of total cost for the environmental impact
statement process were obtained from John F. Facer, Jr.,

Chief of the Analysis Branch, Department of Energy, Grand
(11)

(12)

Junction, Colorado and the Corporate Attorney of a uran-

ium mining company These estimates indicated that the
cost would be about $150,000 for a 500 ton per day open pit
mine and mill complex, increasing on a logarithmic scale to
$500,000 for a 10,000 ton per day complex. The latter source
estimated that the cost for an equivalent underground case
would be about two-thirds that for the open pit case. For
the calculations the author has assumed that Ehe cost does
not vary significantly with ore depth to thickness ratio,

and that‘it is incurred during the one year delay.

Mine primary development for open pit mining is shown
in Klemenic's examples (Appendix A) as beginning about one
and one half years prior to start-up and continuing at a
uniform cost until about one and one half years before com-

pletion of mining. This mainly involves stripping the over-

burden to expose the ore. Stripping ratios of greater than
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40:1 are becoming common.

The overburden will usually consist of relatively un-
consolidated sandstone, mudstone and conglomerate beds.
Therefore most mines use bulldozers with rippers to break
up the overburden and scrapers to remove it. Where more
competent beds are encountered, a combination of shovels,
front-end loaders and haulage trucks is employed.

Often the overburden stripping is contracted out at a
fixed charge per unit volume. This effectively distributes
the equipment costs over the life of the stripping operation.
Klemenic has followed this practice by, including the equip-
ment costs and the direct costs of stripping together under
the category of mine primary development.

The variation of open pit primary development costs
with ore depth to thickness ratio has been shown by Klemenic
as approximating to a directly proportional relationship(l).
The author has applied this in the calculations.

For underground mines, the mine primary development is
shown in Klemenic's examples as taking place in the three
years prior to start-up. During this period shaft sinking
and development drifting are carried out and a number of pro-
duction faces are readied for mining. It is common practice

for this work to also be contracted out.
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As in the open pit case, Klemenic shows a directly
proportional relationship of underground mine primary devel-

e}

ment cost to ore depth to thickness ratio This rela-
tionship is supported by the capital cost estimates of Dr.
Douglas J. Lootens (Associate, Dames & Moore) for hypothet-

(13)

ical underground mines in New Mexico His examples are

shown in Table 2. Lootens advised the author that these
mines could all be assumed to have the same ore thickness(l4).

Klemenic's examples assume that the company must con-
struct a mill within about five miles of the mine, with its
capacity matched to that of the mine. Though, other poss-
ibilities are:

1. The company has the milling done at an already
established mill within the district. This requires that
there be spare milling capacity, equivalent to that of the
mine production available for the life of the mine. Such a
possibility is not very likely for production rates of great-
er than 500 ton per day.

2. The company becomes a partner in, or contracts capi
acity in large mill to be established at a central location
suitable to the two or more parties involved. This has the
obvious advantage of economies of scale, mainly for produc-
tion of below 2,000 ton per day. However, it also has the
obvious requirement that another company within the region

be bringing a mine into production at almost the ‘same time.
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TABLE 2

Capital Cost Estimates for Hypothetical
(13)

Underground Uranium Mines in New Mexico

Depth Tons per Day Capital Cost
(Feet) Milled (1975 Dollars)
(000)
2,000 500 11,200
1,000 12,397
2,000 14,602
4,000 500 25,048
1,000 26,353
2,000 28,010

In both of the above cases, the advantages are rapidly
offset by haulage costs for production rates of 1,000 ton
per day or higher. For these production rates the author
considers it unlikely that the ore would be hauled more than
twenty miles. Therefore, the construction of a new mill at
the mine appears appropriate for these cases, although it
may prove an inappropriate assumption for the 500 ton per
day case. For the purpose of the calculétions, the author
has followed Klemenic's assumption that a new mill must be

established specifically for the mine in all cases.
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Mill construction is shown in Klemenic's examples as
occurring during the two years immediately prior to the
start-up of operations.

To adjust Klemenic's development peridd costs to Sep-
tember 1977, the author applied the Marshall and Swift Min-
ing and Milling Equipment Cost Index. This is generally
considered the best index for mine primary development costs.
Klemenic considered the Chemical Engineering Plant Cost Index
a more appropriate index for the uranium mill construction

(lO)_ However, discussion with industry personnel ind-

cost
icated that new reulations pertaining to uranium mills have
brought on some significant construction cost increases in
recent years. Therefore, the author considered application

of the higher rate of escalation provided by the first index

to be more appropriate.

In summary, the important estimates and assumptions pre-
sented during this discussion of the project development
stage are:

1. Both open pit and underground mine primary devel-

.opment costs vary in direct proportion with ore depth

to thickness ratio.

2. The company must construct a new mill specifically

3

for the mine within about five miles of the mine.
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3. Obtaining approval of the environmental imapact
statement and other permits delay mine primary devel-
opment and mill construction by one year.

4. The total cost of researching and obtaining accep-
tance of the environmental impact statement is incurred
during this one year delay. The cost is $150,000 for

a 500 ton per day open pit mine and mill complex, in-
creasing on a logarithmic scale to $500,000 for a 10,000
ton per day complex. The cost for an equivalent under-
ground case is two-thirds that for the open pit case.
These costs do not vary with ore depth to thickness
ratio.

5. The Marshall and Swift Mining and Milling Equipment
Cost Index is the appropriate index to apply to the
mine primary development and mill construction costs

when adjusting them to September 1977.

Operation

Both open pit and underground mining usually are carried
out on a very selective basis. This is because the ore zone
can contain layers of ore and waste as little as one foot
thick. Even within the one layer of ore important variations

in grade can occur within a distance of a few feet laterally.



T-2035 26

Open Pit: 1In the open pit case, the production drill-
ing of the ore is typically on about 6 ft. centers with the
holes being gamma-logged or sampled, then lightly blasted in
order to loosen the ore. A combination of backhoes and
trucks are generally used for the actual mining of the ore.
For more consolidated ore bulldozers will be used for rip-
ping, followed by front-end loaders in place of the backhoes.
Often an assistant with a scintillometer or equivalent in-
strument, closely monitors the grade of rock being loaded.
The truck load may also be scanned on leaving the pit. This
is in order to maintain a relatively constant grade of mill
feed. Material below the mill feed cut-off grade, but still
containing a significant concentration of uranium, may be
sent to a specially prepared stockpile for leaching, or even
stockpiled for mill feed in later years when the grade re-
quirement is lowered. True waste will be sent to the over-
burden dump or used as backfill in mined out areas along
with the overburden currently being stripped. Large volumes
of waste will be stripped by a similar method to that being
employed for the overburden.

Klemenic assumed for his examples that the ore will be
mined out over 10 years. This may not prove typical for
the larger deposit sizes considered. Instead of applying

fractions of years of mining as Klemenic has in years 9 and
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19, the author simplified the calculations by assuming the
start-up does not begin until the following full year. The
author also delayed the start of mine primary development by
the same amount.

Klemenic's examplesgshow the mine plant and equipment
being purchased in the year in which overburden stripping
begins. This indicates that most of this equipment is used
to assist on pre-production stripping. The equipment is
replaced after 6 years. For adjusting mine plant and equip-
ment costs to September 1977, in both the open pit and under-
ground cases the author has applied the Marshall and Swift
Mining and Milling Equipment Cost Index.

Personal communication with Klemenic, Gurmendi and three
mining industry personnel found that the depth of the depogit
will have an insignificant effect on the mining costs(lo’ls).
Haulage costs will increase by up to 10 cents per ton for
an increase in deposit depth of 300 ft. This is also too
minor to warrant taking into account for deposit depths with-
in the limits which industry presently considers for open
pit mining of sandstone-type uranium deposits (i.e., a max-
imum of about 1,000 ft.).

The author had little success in obtaining information
as to how the mining costs will vary with deposit thickness.

This was probably because the variation is insignificant
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except in the case of very thin ore. 1In partial support of
this contention, the General Manager of a uranium mining
company suggested that due to the highly selective nature

of the mining methods employed, there will probably be no
noticable difference in the cost with variation of thickness
unless the layer to be mined is less than 3 ft. thick(l6).
The author therefore chose not to vary the mining costs with
ore depth to thickness ratio.

Underground: Room and pillar mining is almost invar-

iably used for the underground mining of sandstone-type uran-
ium deposits. It has the disadvantage that 20 to 30 percent
of the geological ore reserves must be left in the pillars.
However, methods which recover up to 100 percent of the geo-
logical reserves, such as the longwall or panel retreat
methods, are much more expensive and tend to require a rather
particular set of conditions(l3).

The underground mining is also carried out on a very
selective basis. Blast holes and muck piles in production
areas are probed every shift for the gamma-ray readings.
The mining is typically not highly mechanized, with air-leg
drills and slushers being in general use. Even when the
ore is less than 5 ft. thick, it is common practice to use

separate blasts for the ore and the waste so that each can

be mucked separately.
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Dare showed the relationship of direct mining costs to
ore thickness at ten of Union Carbide Nuclear Company's lease
opefations in the Uravan mineral belt of Western Colorado

(17). This relationship indicates that the direct

(Figure 6)
mining costs increase rapidly with decreasing ore thickness
for thicknesses below 6 ft.

A comprehensive private industry study of room and pil-
lar uranium mining indicated an average increase of 14 per-
cent in mining costs upon halving the thickness of the de-

(18). This study was made for deposits 6 to 30 ft.

posit
thick with depths from 500 to 2,000 ft. and production rates
of from 150,000 ton per year to 1 million ton per year. The
total range given for the increase in mining costs upon
halving deposit thickness was from 6 to 25 percent.

The same study also indicated that as the deposit depth
increases from 500 ft. to 1,000 ft., the mining costs in-
crease by from 2 to 5 percent, with the average increase
being 3 percent. Over the 1,000 ft. to 2,000 ft. interval,
the range of increase was from 18 to 32 percent with an av-
erage of 26 percent.

A study completed by the Department of Energy during
1977 indicated that the unit mining costs will increase by

11 percent as the deposit depth increases from 1,000 ft. to

2,000 ft. \An increase of 20 percent was indicated over the
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2,000 ft. to 4,000 ft. interval. This latter result was
composed of an increase of 10 percent over the 2,000 to
3,000 ft. interval and 9 percent over the 3,000 to 4,000 ft.
interval. This study was for deposits of from approximately
6 to 30 ft. thick and production rates of from 500 to 1,000
ton per day per shaft. The results were from an in depth
study of data obtained during 1976 from uranium mines in New
Mexico(ls).

The figures given by Lootens for hypothetical New Mex-
ico mines show an approximate 30 percent increase in mine
operating costs when deposit depth increases from 2,000 to
4,000 £t.¢13) . This is for mines of 500, 1,000 and 2,000
ton per day milled. Personal communication with Lootens
found that he expects there to be only a small increase in
mine operating costs over the depth interval of 500 to 2,000
fr. (14

After analysing the above results, the author chose to
vary the underground mining costs by 12 percent of the change
in depth to thickness ratio. This figure will not be wvalid

for thicknesses of less than 6 ft.

Operating Cost Indexation: The author has applied the

Wholesale Price Index for Industrial Commodities to all op-
erating costs to index them to September 1977.
KLemenic is of the opinion that in recent years the

operating costs for underground uranium mines have generally
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increased by a much larger amount than given by applying
the above index. This due to both a shortage of skilled
labor and the implementation of recent strict Mine Enforce-

(10).

and Safety Administration (MESA) regulations However,

after further discussion with Klemenic and with a previously
referred to General Manager(16), the author decided that the
only permanent cost increase above that obtained from the
index would be due to the MESA regulations. Based on the
experience of the General Manager, the author estimated this
permanent amount to be 5 percent of operating costs.
Klemenic advised the author that he considers mill op-
erating costs have kept in line with inflation. Although
there have been some recent operating cost increases due to
strict regulations, his opinion is that these have been off-
set by increases in efficiency in other areas of the plant.
The Mill Manager for a recently completéd mill in Wyoming
confirmed this opinion by stating that he did not consider
there was any significant over all cost increase at his mill
due to operating regulations imposed in recent years(lg).

Mill Recovery: The mill recoveries given by Klemenic

in his 1972 and 1974 papers (Table 3) have been applied by
the author. Personal communication with both Klemenic and

Facer found that they considered these estimates to be valid

d(lO,ll).

for mills presently being constructe The author



T-2035

TABLE 3

Mill Recoveries

Ore Grade
(% U304)

.25
.20
.10
.05
.025

o O O O o o

.01

Source: Klemenic (1974, p. 4)(3);
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Mill Recovery

(%)

95.
. 0*
92.
87.

94

77.
47.

*Klemenic, telephone conversation,

o*

(S B ) B O B ¥

November 1977(10).

received conflicting advice from members of industry as to

whether Klemenic's recoveries were too high or too low,

particularly for the lower range of ore grades. Klemenic

suggested that this conflict would be due to variations in

ore composition. The author also notes that there has been

little experience in the milling of low grade ores (i.e.,

0.05 percent U;0g and below) either by industry or govern-

ment.
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Summary: The main estimates and assumptions presented
during the above discussion of the project operating stage
are the following:

1. The direct mining costs for underground mining in-

crease by 12 percent on doubling of the ore depth to

thickness ratio provided the thickness is not less
than 6 ft.

2. No other operating period costs vary significantly

with ore depth to thickness ratio. This includes the

direct mining costs for open pit mining for deposits
not less than 3 ft. thick.

3. The appropriate indexes for adjusting Klemenic's

operating period costs to September 1977 are:

(a) The Marshall and Swift Mining and Milling
Equipment Cost Index. This is applied to the mine
plant and equipment cost.

(b) The Wholesale Price Index for Industrial Com-
modities.. This is applied to mining, haulage and
milling costs.

4. There has been a permanent 5 percent increase in

the direct mining cost for underground mines because

of MESA regulations.

5. The mill recovery estimates provided by Klemenic

(Table 3) shall remain valid for future mills.
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Backfilling, Reclamation and Salvage

The regulations governing the backfilling and reclam-
ation of mining areas are still undergoing rapid development.
Furthermore, the interpretation of such regulations can take
many years to settle. Therefore, any estimates made in
these areas must be subject to a high degree of uncertainty.
However, it is fortunate that the accuracy of these esti-
mates will only have a small effect on the results of cale-
ulations. This is because the cost of reclamation is small
compared to other costs, and also the major backfilling cost
occurs at the end of the project so that its present value
at year 0 is small at currently used industry discount rates.

For the open pit case, the author has assumed that the
overburden from the first three years of stripping will be
stockpiled. Further stripping will be used to backfill the
mined out portions of the pit.

The Manager of Environmental Services for a uranium
mining company advised the author that it is appropriate to
assume that half of the final pit volume will need to be
backfilled at a cost of 50 cents per cubic yard of backfill.
He estimated that the cost of reclamation of the mined out
portions after backfilling (e.g. contouring and revegetation)
would be about $6,000 per acre. Surrounding land of twice

this area would also require reclamation at a cost of about



T-2035 36

(20)

$3,000 per acre These estimates concurred with those
obtained from other sources. However, Frederick C. J. Lu
(Chief of the Supply Branch, Department of Energy, Grand
Junction Office, Colorado) advised the author that reclam-
ation costs could have a very wide range depending on fac-
tors such as climate and topography (e.g. $2,000 to $12,000
per acre)(zl).
In applying the above estimates, the author assumed
the following:
1. The backfilling of the final pit takes place in the
year after mining ceases.
2. A 500 ton per day operation with a depth to thick-
ness ratio of 24 will require 4,500,000 cubic yards of
backfill. This estimate was based on an average pit
floor width of 100 yards and the average ore thickness
of 8.3 ft. for Klemenic's open pit data(l).
3. The cost of backfilling the final pit varies di-
rectly with both ore tonnage and depth to thickness
ratio. There is no cost incurred for the backfilling
which takes place during the operating years.
4. Reclamation of the backfilled portion of the mine
and the surrounding area begins in the fourth year of

mining and continues at a constant cost per year until

three years after mining ceases.
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5. The total mined area over the ten year life of a 500
ton per day operation will be 100 acres. This is assum-

ed to vary on a one to one basis with tonnage.

The surface area of the pit will vary inversely with
ore thickness. However, calculations made by the author
show that this variation does not have a significant effect
on the results of this study.

The salvage value of the mill and mining equipment was
taken to equal the reclamation cost of the mill site and
tailings pond. 1In the case of an underground mine, this

also includes any other site reclamtion costs.



T-2035

IN-SITU LEACHING

Due to a lack of necessary cost data, the author has
not carried out comparative calculations for in-situ leach-
ing (also called solution mining). However, this mining
method has been forecast to rapidly grow in importance for
the mining of shallow uranium deposits which are uneconom-
ical to mine by conventional methods. Projections of the
U.S. Energy Research and Development Administration made in
1976 show that by 1982 uranium oxide produced from in-situ
leaching could compose more than 7 percent of the total

(22). Therefore, for completeness

United States production
it is necessary to briefly describe this alternative mining
method, the situations in which it can be applied, and its
major advantages and disadvantages. Sources of currently
available cost data and two examples of marginally economic
deposits are also presented.

The method requires that a pattern of injection wells
and recovery wells be drilled into the uranium bearing sand-
stone formation (Figures 7,8). The method also requires
that the formation be an aquifer below the water table. An
acid or alkaline leach solution, together with an oxidizing

agent is then introduced into the formation either by grav-

ity or under pressure, depending on the permeability of the

38
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FIGURE 7 - SCHEMATIC OF THE IN-SITU LEACHING TECHNIQUE
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sandstone. Pumping at the recovery wells produces a zone
of low pressure towards which the leach solution migrates.
The pregnant solution, after being pumped to the surface,
then goes to a conventional uranium recovery system.

Frank states that for a uranium deposit to be suitable
for in-situ leaching it should exhibit the following charac-
teristics:

1. Be amenable to chemical leaching

2 Have adequate permeability

3 Be located below the natural water table

4. Be confined by impervious layers

5. Be within economical limits of drilling(?%).

Presently in-situ leaching is considered as an alter-
native mining method for uranium deposits which are marginal
or uneconomical to mine by conventional methods. Further
refinement of the techniques involved could also make it an
attractive alternative for the mining of richer deposits in
future years.

The maximum depth for which this method can currently
be applied occurs between 500 and 1,000 ft., depending on

<25’26), All casing and most other pip-

formation conditions
ing used in the system is PVC in order to minimize corrosion
and to keep corrosion products out of the solutions. Below

the depth limitations mentioned, the formation pressures
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are such that the PVC casing will be crushed. Alternatives
are presently too expensive to be viable.

Both the exploration phase and development drilling
phase can be considered the same as for a conventional pro;

(26). There will also be a considerable delay before

ject
construction can begin while approval of the necessary per-
mits is obtained. Because the mining method requires inject-
ing foreign substances into an aquifer, many more permits

are required than for a conventional uranium mining operation.
A detailed economic evaluation of the regulations involved
has been carried out by Tittes(27).

Before construction of a full scale operation, a pilot
operation will be established. This will be operated for
at least one year in order to test the properties of the
uranium bearing formation. During this period, a method
must also be developed for restoring the formation to the
required condition after the leaching has ceased.

Because of the relative simplicity involved in the con-
struction of a commercial scale operation, there will be a
saving of about two years in the overall lead time from dis-
covery to start-up when compared to that for a conventional
operation. The operating life of the project will obviously

depend on the extent of the ore deposit, the size of the

well pattern used, and how often the pattern is shifted.
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Factors which determine the size and rate of movement of the
well pattern are the grade and thickness of the ore deposit,
the rate of injection and the effectiveness of the leach
solution and the level of uranium recovery considered most
economical.

Frank has presented a detailed cost model for a typical

(24). This model indicates that large savings will

project
be obtained in the mill construction and primary development
costs when compared with an equivalent open pit project.
However, the direct operating costs shown are very similar

in both cases.

Surface reclamation on the site of a well pattern after
it has ceased operation involves negligible costs. Similarly,
the mill and associated structures and pondages damage only
a relatively small area and therefore incur only a minor re-
clamation cost. However, restoring the aquifer to the re-
quired standard is proving to be an important cost.

The aquifer restoration is presently an area of great
uncertainty. The problem is that large quantities of foreign
minerals can precipitate in the aquifer during the leaching
process. Present regulations require these to be removed.
Tittes estimated the cost of restoration to be about 50 cents

per pound of U;3;0s. Although this estimate is much higher

than Frank's 5.3 cents per pound, it could easily prove to
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be much too low. The extent of the problem can be gained
from the following statement of Facer:

"Although some companies chose in-situ leach-
ing because it seemed to involve fewer environment-
al problems than conventional mining, this may prove
to have been an illusion. Restoration of an in-situ
leach well field to something approaching its orig-
inal condition has not been demonstrated on a large
scale." (28).

Some additional disadvantages cited by Frank are:
1. Potential toxic spills
Loss of leach solutions
Possibility of the contamination of ground water

2
3
4. Disposal of waste solutions
5

Presence of radium and selenium.

A further problem is that of the level of uranium recov-
ery. The level that will be achieved is often very uncertain
and present results are significantly below those obtained
from open pit mining. The property of leach solutions to
follow the path of least resistance, such as through frac-
tures or loose sands, is often a major cause of low recov-
eries. Because the intensity of such geological features
as jointing can vary greatly from block to block within the
one ore deposit, recoveries can fluctuate widely from one
well pattern to the next. Therfore, one must be generous
in estimating the size and grade of deposit required for a

profitable operation.
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Little data has been released to date upon which to
base calculations of the minimum economical range of deposits
for in-situ leaching. However, the author considers that
such calculations will be easily made once access to enough
cost data is obtained with which to derive trends of cost
catagories with deposit size, grade, depth and thickness
variation. The most detailed cost studies which the author
found available are by the previously referred to Frank and

(24,29,30,31)

by Bhappu et al Also, a computerized cost

model is presently under development for the Electric Power
Research Institute, Palo Alto, California(32).

. For comparison with conventional mining, the author
obtained from industry personnel the following two examples
of deposits currently considered as marginally economic for
in-situ leaching:

(a) 7+ million ton of 0.02 - 0.03 percent U304, thick-
ness 50 ft., depth 500 ft., with a recovery level of
40 - 50 percent.

(b) 1+ million ton of 0.12 percent U3;0y, thickness

6 in., depth 200 ft., with a recovery level of 70 per-

cent.

These figures, although based on real deposits, contain
some subjective adjustments. The tonnage requirements are

for a production rate of 250,000 pounds of U;0s per year.
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The above description and data for in-situ leaching
have been included as a brief introduction to this relatively
new mining method. Further investigation of this topic is

beyond the scope of this thesis.
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DERIVATION OF THE MINIMUM ECONOMICAL RANGE

In this section the method used by the author for de-
riving the minimum economical range of explorable deposits
is described. The method is based on calculating the price
per pound of uranium oxide necessary for a large set of ex-
ampfé deposits to be economical. The obtainable selling
price for the uranium oxide is then estimated and the range
of deposits requiring that exact price is plotted.

A FORTRAN computer program was written by the author
to calculate the minimum price necessary for a given tonnage
and grade of deposit to be economically explorable at each
specified ore depth to thickness ratio. This program is
based on the Net Present Value (NPV) method of financial

(33). It calculates the price necessary for the

analysis
project NPV to be zero at the minimum required Discounted
Cash Flow Rate of Return (DCFROR) on investment. Copies of
both the program and User's Guide have been included in Ap-
pendices B and C.

The format of the input data files for the program was
designed for use with Klemenic's data and the previously

described results of the author's research. However, pro-

vided the same format is followed, the program has been

47
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written flexibly enough so that other assumptions can be
used in most cases in place of the author's. Furthermore,
within the program all important steps have been described
by the generous use of Comment statements. This has been
done so that the user can easily modify the program if he
wishes, or apply sections of it to other purposes.

The following are previously mentioned or implied as-
aumptions.and estimates which the author has applied in
producing tﬁe example set of results:

1. Klemenic's 1972 and 1974 cost data are the most

accurate and comprehensive available. Therefore, all

of the calculations have been based on these.

2. The deposit has only recently been discovered.

Therefore, the author's year 0 is the beginning of

Klemenic's year 4.

3. To adjust the cost data to September 1977 the ap-

propriate indexes are the following:

a) The Marshall and Swift Mining and Milling Equip-
ment Cost Index. This is applied to mine primary
development, plant and equipment, and mill construc-
tion expenditures.

b) The Wholesale Price Index for Industrial Com-
modities. This is applied to all other cost categ-

ories.
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4., There has been a permanent 5 percent increase in
the direct mining cost for underground mines because
of MESA regulations.
5. The cost of researching and obtaining acceptance
of the environmental impact statement is $150,000 for
a 500 ton per day open pit operation, increasing on a
logarithmic scale to. $500,000 for 10,000 ton per day.
For equivalent underground operations the costs will
be two-thirds of these.
6. Obtaining acceptance of the environmental impact
statement and other permits will delay the start of
the mine primary development and mill construction by
one year.
7. On doubling of the ore depth to thickness ratio
the following costs increase by the given amounts:

a) Field expense, drilling, mine priméry develop-

ment, and open pit backfilling: double.

b) Underground mining: 12 percent.

c) No other costs vary significantly with ore

depth to thickness ratio.
8. The drilling costs and field expenses used by Klem-
enic are assumed valid for an ore depth to thickness

ratio of 56.
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9. A mill will be constructed within a distance of
about 5 miles of the deposit. This mill will be used
only for processing ore from this deposit.

10. The mill recoveries given by Klemenic (Table 3)
will remain applicable to future projects.

11. The mined out portions of an open pit will be
backfilled at no cost using overburden stripped from
the developing portion of the mine. In the year fol-
lowing completion of mining, half the volume of the
remaining pit will be backfilled. For a 500 ton per
day operation with an ore depth to thickness ratio

of 24, this will require 4,500,000 cubic yards be back-
filled at 50 cents per cubic yard. The cost of back-
filling varies directly with tonnage.

12. The surface reclamation for an open pit begins 3
years after the start of mining and continues for 3
years after mining ceases. The cost of this is $6,000
per acre for the backfilled pit surface and $3,000 per
acre for surrounding land or twice this area. The total
mined area over the 10 year life of a 500 ton per day
operation was assumed to be 100 acres. This was varied
in direct proportion to tonnage.

13. The net salvage value for all operations was as-
sumed to be zero after reclaiming the tailings pond,

mill site, etec.
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14, For underground mines, 25 percent of geological

ore reserves will be left as pillars.

The following are assumptions not previbusly mentioned
which the author has used in his calculations:

1. The company carrying out the project does not have

income external to the project against which to take

tax deductions. This is typical of a small exploration

company.

2. The effective tax rate for coﬁbined federal, state

and local taxes will be 50 percent.

3. All present tax regulations will remain unchanged.

This includes the 10 percent investment tax credit for

plant and equipment, and the 22 percent depletion allow-

for uranium mining.

4. The depreciation method applied was double declin-

ing balance - switching to straight line when benefic-

ial to do so.

5. The mill depreciation life is 20 years. This was

applied on the advice of the previously mentioned Gen-

(16). The de-

eral Manager of a uranium mining company
preciation life of the mine plant and equipment is the
number of years for which they are in operation.

6. The total purchase price of the mine plant and

equipment is eligible for investment tax credit, while
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only 70 percent of the mill construction cost is elig-
ible. This latter figure was derived from a study of
Looten's breakdown of mill construction costs(lB).

7. The working capitai is added in the year before the
start-up of operations. It is 20 percent of the annual
operating cost, including the continuing open pit mine
primary development cost.

8. The applicable royalty rate is 12 percent of the
mine mouth ore value. Klemenic suggested that this
would be more representative than the more commonly

(10). The mine

used 6 to 8 percent of gross revenue
mouth ore value is gross revenue minus the costs of
milling and haulage.

9. An escalation rate of 5 percent per annum was
applied to all costs and the uranium oxide selling
price. A confidential private industry study showed
that both capital and operating costs within the uran-
ium industry increased by an average of 4 percent over
the 20 years to 1970. Although the inflation rate has
been falling since the bout of high inflation in the
mid-1970's, the author considered that such a low esc-
alation rate for mining industry costs cannot be main-
tained again in the future. The author also assumed

that a constant relationship will be maintained between

the selling price and the costs.
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The uranium oxide selling price generated by the pro-
gram is that required at the date to which the input costs
have been indexed. For the author's calculations the date
was September 1977.

The price generated is for the uranium oxide contained
within the final yellowcake product. It is common for the
yellowcake to assay 85 to 90 percent U;0q.

Furthermore, the program makes no allowance for addit-
ional revenue generated from the possible by-products of
vanadium and molybdenum. Although, one could obtain an ap-
pfoximate adjustment by subtracting an expected weighted
price for these by-products from the uranium oxide price
generated by the program.

The analysis carried out by the program ignores the
fact that the project would most likely be financed by a
large percentage of borrowed funds. The author did not pro-
vide for loan finance because of the belief that before a
project is undertaken it should be proved viable without the
benefit of leveraging.

Example graphs plotted from the results of the author's
calculations are contained in Appendix D. Because there is
an infinite number of graphs which could be plotted from
these results, the author has only selected those which he

considered illustrative. TFor the case where the user wishes
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to plot a large number of graphs from the program output
with the aid of a computer plotting program, the author de-
signed the output format for use with such programs (Table 4).

Users of either the program or results should be care-
ful to understand that if a price or cost escalation rate
is applied, the DCFROR will not be in constant dollar terms.
To illustrate this most important fact, the same investment
environment will be used as was applied in generating the
example graphs. This environment contains escalation rates
of 5 percent per annum for both the gross revenue and costs.
In such a situation, a DCFROR of 15 percent per annum will
be approximated by a constant\dollar DCFROR of 9.5 percent.
Those wishing to pursue this matter further are referred to
the work of Stermole(33).

Prediction of future cost escalation rates within the
uranium mining industry will require forecasting inflation
rates for the economy as a whole, then combining this fore-
cast with any special developments forecast to occur within
the industry. The escalation rate for the uranium oxide
selling price will be dependent on both the escalation rate
of uranium mining industry costs, and the balance of uranium
oxide supply and demand. Factors influencing the United
States supply and demand are discussed in papers presented

at the Uranium Industry Seminar, which is held annually in
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TABLE 4

An Example of the Computer Program Output

100"'1.09‘100

OPEN PIT MINE AT SEPT 1977
MARSHALL & SWIFT INDEX (MINING & MILLING) 52646
WHOLESALE PRICE INDEX (INDUSTRIALS) 197.8

INPUT COSTS VALID AT JAN. 1974
MARSHALL & SWIFT INDEX C(MINING & MILLING) 348.0
WHOLESALE PRICE INDEX CINDUSTRIALS) 132.2

TOTAL 02¢ RESERVES (MILLION S.TON) 7.300

AVERASF DRF GRADE (URANIUM OX1DE %) <050

GRS PRODUCTION RATE (TON PER CALFNDAR DAY) 2006«

MINE OPERATING LIFE (YEARS) i0

YEAQRS LEAC TIME, YEAR O TO START-UP 7

FIAST PERIOD PRICE AND COST FSCALATICN (YEARS) Ts 7
PRICE ESCALATION RATES (PERCENT) 500y 5.020
COST ESCRALATION RATES (PERCENT) 5.MCy 5400

OTHER INCOMF IS AVAILABLFY FOR TAKING IMMEDTIATE TAX BRENSFITS AGAINST.

DOUSBLE DFCLINING BALANCE DEPRFCIATION WITH SWITCHING TO STRAIGHT LINE,

DéPTﬂ 10 RATS OF RFTURN REQUIRED PRICE
THICKNESS RATIO (PERCENT) $/L8 U. OX.
10.C 10.00 19.94
"10.0 12.00 2C.59
10.0 15.00 21.65
2C.C 10.0CC 264453
2%0.0 12.0¢C 25.27
2C.0 15.C0C 26,47
40.0 10.00 33,7R
40.0 17.00 34.6F
40.0 15.00C 36.15
6Ce0 10.C¢C 43,05
60.0 12.CC 44,12
6.0 15.00 45.87
gt.0 10.00 52.34
£o.0 12.00 53.58
RC.0 15.00 55.59
100.0 10.00 6l.64
10C.0 12.00 63.03
16C.0 15.00 65.31

‘1-0
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October by the Department of Energy's Grand Junction Office,
Colorado. International supply and demand factors are pre-

(34). It is beyond the

sented in the Mining Annual Review
scope of this paper to pursue the methods of forecasting
price and cost escalation rates any further.

Once a set of the graphs has been plotted, the author
envisages that the prices shown will be updated regularly
by applying the increase in the Wholesale Price Index for
Industrial Commodities to them. Although this will only
give an approximate update, it should be well within the
tolerances of the study for a period of at least 2 years,
unless some significant changes occur in the assumptions
used (e.g. the depletion allowance is reduced, or forecast
escalation rates are altered).

Large variations in costs within the more important
cost categories will obviously have a very significant effect
on the specifications of the minimum required deposits. Ex-
amples of the effect of cost variations are shown in Figures
6 and 11 of Appendix D.

Because cost variations can have such a significant
effect, the author envisaged that rather than just graphing
the minimum deposit requirements based on the best estimates,
the user will also graph the minimum deposit requirements

based on lower possible cost estimates. These latter estimates
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could for example be the estimated lower 75 percent confi-
dence limit for each major cost category. This latter set
of graphs would show the range of deposits which are the
absolute minimum requirements. In doing this, one would of
course need to examine the possibility of in-situ leaching
by another method of analysis.

A set of graphs derived similarly from a set of upper
cost estimates could also be plotted if one wished. In
this way, the user would have a zone of deposits defined by
upper and lower limits. Deposits which are sure to fall
above this zone could be allocated a large amount of addit-
ional funds with relative confidence that the project will
prove viable. Deposits which are thought to fall within
the zone should only be worked on prudently so as to assure
that valuable exploration time and funds are not wasted.

In estimating such limits it would also be possible to
include variations in mill recovery or other factors which
would give either beneficial or nonbeneficial effects. How-
ever, it should be kept in mind that one only needs to com-
bine a few important factors with a low probability of oc-
currence in order to get almost complete certainty of non-
occurrence. Setting the limits at unreasonable levels

could waste valuable exploration time and funds.
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Costs, mill recovery and the project lead time will
vary dependent on the region in which a project is located.
It would therefore be best to modify the estimates to suit
the region. The sources upon which Klemenic based his calc-
ulations were primarily underground mines in New Mexico

and open pits in Wyoming(lo).

Even if using Klemenic's
data as the basis of estimates for projects within these
two regions, one would be wise to update these data as more

modern information becomes available.
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CONCLUSIONS

1. The objective of this thesis was to develop a meth-
od for estimating the minimum range of economically explor-
able sandstone-type uranium deposits. The method was to
assume that the deposit had already been found, but further
exploration work was required to fully delineate it. Models
were to be developed for both the open pit and underground
case, but not for in-situ leaching. The objective has been
fulfilled by developing a flexible algorithm.

2. To illustrate the method an example set of results
was generated. However, a flexible FORTRAN computer program
and a user's guide have been included in Appendices B and C
so that the user can generate a set of results based on his
own cost data, forecasts, and company requirements. The
program and user's guide have been written in a style designed
for ease of understanding and usage. Therefore, a user with
a knowledge of FORTRAN should have little difficulty mod-
ifying the program if necessary.

3. ‘The author considers that the results will be best
presented graphically. Examples of various possible graph-
ical presentations are shown in Appendix D. For large

amounts of plotting, the use of computer graphics will be

59
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desirable. Therefore, the format of the program output was
designed for ease of reading by plotting programs.

4. The method was only designed to provide an 'order
of magnitude estimate' of the company's minimum requirements.
An attempt to accurately model the deposits was considered
pointless due to the large number of variables and unknown
factors. However, the accuracy of the results will be high-
ly dependent on the accuracy of the input data. It is poss-
ible therefore that if the user based the company's minimum
deposit requirements on the best available cost estimates
and forecasts, economically viable deposits could be rejec-
ted. As the solution to this problem, the author envisaged
that the user would generate a set of results for the ab-
solute minimum range of deposits acceptable by the company
for further investigation. This set of results would be
based on an estimated confidence limit for advantageous var-
iation of a few important input data. Similarly, an upper
range could be plotted by applying estimates for unfavorable
variations.

5. Costs, mill recovery and lead time could vary sig-
nificantly between districts. Consequently, the input data
should be modified to suit the characteristics of the dis-

trict to which the results will be applied.
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6. The results obtained will be useful in providing
both the exploration geologist and management with an idea
of what deposit specifications must be found for a deposit
to be viable. Once a deposit has been located, these re-
sults could be used on a continuing basis during the early
drilling phase as a guide to the potential of the deposit
and to show how much further tonnage or higher grade ore
needs to be found for the deﬁosit to fall above the minimum
requirements. The geologist in charge of the drilling,
knowing the minimum deposit requirements, could plan the
drilling pattern so that after a minimum amount of work a
decision would easily be made as to whether the deposit war-
ranted any further consideration. If the deposit fell above
the upper range of deposits, a large amount of additional
funds could be allocated with relative confidence of the
deposit proving viable. However, if the deposit fell in
the zone between these upper and lower ranges, further work
would need to be prudently carried out to assure valuable
exploration time and funds were not wasted.

7. The main advantage of the method presented in this
thesis will be the increase in property turnover allowed by
less time being spent examining nonviable deposits.

8. If a set of calculations were desired for the case

where a marginal deposit could be mined in series or in
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conjunction with a nearby deposit or deposits, the method
need only be repeated with slight modification. In this
case, little or no mill construction cost would be included,
together with reduced primary development cost if it is
thought that a shaft or some other portion of the primary
development cost may be shared. This example indicates that
if computer facilities were readily available, a sensitiv-
ity analysis could be carried out for special circumstances.
9. To avoid a set of graphs plotted from the results
becoming rapidly outdated, the uranium oxide selling price
could be simply adjusted by a cost index relatively approp-
riate to uranium mining and milling costs. An example of
such an index would be the Wholesale Price Index for Indus-
rial Commodities. Such adjustments would only be appropriate
for a few years, particularly if economic factors change.
10. One must be cautioned against using this method
indiscriminately. The author suggests some limitations on
its usage:
a) The method is designed primarily for eval-
-uation of prospects during the exploratory phase.
b) It may prove an inappropriate method for
depths greater than 500 ft. for deposits being
considered for open pit mining, or 4,000 ft. for

underground mining. This is because for depths
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greater than those stated, the author could not
test the assumptions upon which the method is
based.
c) It should not be applied to deposits of aver-
age thickness less than 3 ft. for open pit mining,
nor less than 6 ft. for underground mining. This
is because the mining cost will probably increase
rapidly for thicknesses less than these (Figure 6).
11. The author did not attempt to develop an equivalent
model for in-situ leaching. Once sufficient cost data is
acquired, the author believes it will prove a relatively
simple matter to derive the required model. Until this is
achieved, deposits which are geologically unsuitable for in-
situ leaching will in most cases be easily recognized, there-
by negating much of this limitation.
12. The author believes that models for other mineral
commodities could be developed if a sufficient amount of
cost data were acquired. The author's method would be most
easily adapted for flatly dipping, stratiform or stratabound

deposits.
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APPENDIX A

Example Cost Data for the Life Cycle

of Typical Uranium Mining Projects

by John Klemenic
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PRICE.FOR USER'S GUIDE

The following is the User's Guide for the program
PRICE.FOR written in January 1978 by Trevor R. Ellis, De-

partment of Mineral Economics, Colorado School of Mines.

Introduction

The program generates the minimum dollar per pound
price of uranium oxide contained in yellowcake concentrate,
necessary for economical continuation of exploration and
development work towards conventional mining of a sandstone-
type uranium deposit.

For input data on a given tonnage and grade of deposit,
the program will generate the uranium oxide selling price
necessary for specified deposit depth to thickness ratios
(D/T) in order to yield various Discounted Cash Flow Rates
or Return on project investment.

The major purpose for this program is to generate the
required yellowcake selling price for a wide range of de-
posits. It is envisaged that the output data will later be
graphed. The graphs will then provide the minimum range of
economically explorable sandstone-type uranium deposits at
a given uranium oxide selling price and minimum required
.project Discounted Cash Flow Rate of Return (DCFROR) on
investment.
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The following are the more important options:

1. Either open pit or underground conventional mining,

but not in-situ leaching (solution mining).

2. Either immediate expensing of costs against income

from outside the project or accumulation for expensing

when income from the mine becomes available.

3. Either straight line depreciation or double declin-

ing balance depreciation =~ switching‘to straight line

when beneficial.

4. Up to two periods of both price escalation and cost

escalation. These do not have to be matching in any

way .

If an escalation rate is applied, it is necessary to
understand that the DCFROR will not be in constant dollar
terms. For example, if both the price and cost escalation
rates are 5 percent per annum, a DCFROR of 15 percent will
be approximated by a constant dollar DCFROR of 9.5 percent
(reference: Stermole, Franklin J., Economic Evaluation and
Investment Decision Methods, 2nd Ed., Investment Evaluations
Corp., Golden, Colo., 1977, pp. 164-177).

5. A much quicker, but slightly less accurate method

of price calculation is used (primarily in the subroutine

"INCOME') for the underground case if all of the foll-

owing apply:
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a) No escalation.

b) No investment tax credit.

c) Straight line depreciation.

d) No mine development after the mine start-up.

Expensed exploration costs are not recaptured from
the depletion allowance in this case. Also, mine plant
and equipment purchases are assumed equally spaced, and
mill depreciation life is assumed to be at least as

long as the mine life.

General points to note are:

1. No mill depreciation is taken after the end of the
last year of mining.

2. No salvage is taken. Mill salvage is considered
to offset mill site reclamation.

3. Year O costs are assumed to be zero.

Major Steps in the Program

The Main Program: This requests the name of the file

containing the file names to be typed in. Over two steps
it reads in the names of the files required for the first
run. Also, data contained in two of the input files is
read in.

The first of these two files contains general data ap-

plicable to most operations and therefore rarely requires
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changing (e.g. taxation specifications and cost indexes).
The second one contains the cost data specific to the ton-
nage and grade of deposit being analyzed on the first run.
The main program then adjusts the input data into forms
appropriate for use in the subroutines. ‘It then selects
either the subroutine 'UNDER' for underground mining or
'"OPEN' for open pit mining.
The main program is returned to at the end of the run
to write out the results and for automatic rerunning if
more data files are listed in the file of file names. The
file containing the general data is not reread if automatic
rerunning takes place.

Subroutine UNDER and Subroutine OPEN: One of these

two subroutines is chosen dependent on whether the mine is
underground or open pit.

Two file names are transferred from the main program
in the variables 'PUGGEN' and 'PUGYRS'. The data are read
in from these two files. These data are specific to either
the open pit or underground style of operation.

The first of these files contains parameters for the
type of operation (e.g. percentage variation of cost with
D/T and reclamation cost rates). The second specifies the
time cycles for individual activities within the project.
Average annual costs for the respective time periods are

calculated from these data.
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The subroutine 'DEDUCT' is called and returned from.
Then the do-loop which varies the D/T of the deposit is in-
itiated and the cost data adjusted to the applicable ratio.
Finally, the subroutine ;INVEST' is called.

Subroutine DEDUCT: The revenue and cost escalation

factors are calculated for each year. Then the depreciation
and investment tax credit are determined.
Either the subroutine 'OPEN' or 'UNDER' is returned to.

Subroutine INVEST: This subroutine allocates all costs

to their applicable years, escalates them if necessary and
calculates the annual investment cash flows. It also deter-
mines the applicable cost depletion allowance and the total
exploration cost write-off to be deducted from the depletion
allowance. It then calls the subroutine 'NETPV'.

Subroutine NETPV: This subroutine has a do-loop which

varies the DCFROR. It does all of its calculations within
this do-loop.

Based on the investment cash flows and the DCFROR, a
number of simplifying assumptions are used to derive a start-
ing price for the uranium oxide selling price. the subrou-
tine 'INCOME' is then called to calculate the present value
at the year 0 for the income cash flows generated during
the operating years of the mine based on this price.

The present value of the investmént cash flows is sub-

tracted from the present value of the income cash flows to
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provide the Net Present Value. The price is adjusted and
passed through the subroutine 'INCOME' until the Net Present
Value approximates to 0. When this occurs interpolation is
carried out to obtain the final price which is accepted as
the required price for the specified D/T and DCFROR.

The do-loop control statements are then returned to for
the procedure to be rerun for the given range of DCFROR's
at the given range of D/T's. This occurs until either a
specified maximum price is encountered, or the appropriate
negative Flag occurs.

These negative flags are essential for the successful
operation of the output to file sequence on return to the
main program. The output sequence occurs immediately after
exiting from the do-loop which varies the D/T.

Subroutine INCOME: This subroutine initially calculates

the annual income cash flows for the years in which mining
takes place based on the price forwarded from the subroutine
'"NETPV',
These calculations are done by two methods:
1. The cash flows are individually calculated for each
year. This is the method generally used.
2. The cash flow for the first year is taken as being
the same as those for all of the operating years. This

simplified method is only used for the underground case
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and then only if all of the limitations mentioned in

part 5. of the Introduction apply.

The cash flows are present valued and this value return-

ed to the subroutine 'NETPV',

File Structure

1. File of File Names (e.g. FILE.NAM)

This file contains the names of the input and output
files. It is the name of this file which must be entered
when the program requests 'ENTER THE NAME OF THE FILE CON-

TAINING THE FILE NAMES:'.

Example Variable
File Name

PARAM1 . GEN INPRAM
P03000.025 INCOST
€C03000.025 OUTFIL
PITOLl.GEN PUGGEN
PITO1.YRS PUGYRS
1.0 FLAG(4)
U02000.050 INCOST
G02000.050 OUTFIL
UGO1l.GEN PUGGEN
UGO1l.YRS PUGYRS
-1.0 FLAG(4)

The variables named in this file are as follows:
INPRAM: The file containing the general parameters
applicable to most deposits.

INCOST: The cost data file.
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OUTFIL: The results output file.

83

PUGGEN: The parameters file specific to underground or

open pit.

PUGYRS: The file containing the time ranges of the ac-

tivities.

FLAG(4): A positive number indicates the program is to

be rerun using the files listed below.

stops the program.

A negative number

2. General Parameter File (e.g. PARAMIL.GEN)

This file contains parameters which will require the

least alteration. These figures are appropriate to both

the open pit and underground cases.

Example
File

JAN. 1974
SEPT 1977
348.0
526.6
132.2
197.8

12.

22.

Variable
Name

DATEC
DATEP
PARAM(1)
PARAM(2)
PARAM(3)
PARAM(4)
PARAM(5)
PARAM(6)
PARAM(7)
PARAM(8)
PARAM(9)
PARAM(10)
PARAM(11)
PARAM(12)
MILDEP
FLAG(1)
ROR
AVEGRD
MILREC
ESCALN
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The following describes the variables named in this
file:

DATEC: The date at which the cost inputs were taken.

DATEP: The date at which the price output is wvalid.

PARAM(1l) : The Marshall and Swift Mining and Milling
Equipment Cost Index (M&S Index) at DATEC.

PARAM(2): The M&S Index at DATEP.

PARAM(3): The Wholesale Price Index for Industrial Com-
modities (WPI Index) at DATEC.

PARAM(4) : The WPI Index at DATEP.

PARAM(5) : Royalty (percentage of mine mouth ore value).

PARAM(6): Percentage depletion allowance.

PARAM(7): Effective tax rate (percent) for combined
federal state and local taxes.

PARAM(8) : Investment tax credit (percent).

PARAM(9) : The percentage of mill cost qualifying for
investment tax credit.

PARAM(10) : The D/T of field expense and drilling cost
input.

PARAM(1l) : The maximum price to be calculated in dollars
per pound of uranium oxide.

PARAM(12): The increments to be used in calculating the
price (cents per pound). Since interpolation is applied,

50.0 is recommended.
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MILDEP: Mill depreciation life in years. Integer.

FLAG(l): A positive number for straight line deprec-
iation; a negative for double declining balance - switching
to straight line when beneficial.

ROR: Required DCFROR. Dimension 6. A negative flag
is required. The values should be entered in the order of
lowest to highest.

AVEGRD: The average ore grade in percent U3;0g. Dimen-
sion 6.

MILREC: The percentage mill recovery. Dimension 6.
Real. These values must be in the order which matches that
of the average ore grade.

ESCALN: Escalation rate in percent. Dimension 4. The
first and second period revenue escalation rates are (1) and
(2) respectively, while (3) and (4) are the first and second

periods of cost escalation.

3. Cost Data File (e.g. P02000.050)

Example Variable
File Name
1.0 FLAG(2)
2000.0 TPD
0.05 AVGRD
0.036 COSTPT(1)
0.028 COSTPT(2)
0.09 COSTPT(3)
0.04 COSTPT (4)
4.80 COSTPT(5)
0.17 COSTPT(6)
1.47 COSTPT(7)
0.70 COSTPT(8)
0.75 COSTPT(9)
4.04 COSTPT (10)
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The following describes the variables named in this

file:

FLAG(2) : A negative number for underground; positive

for open pit.

TPD: Mine daily capacity in short tons per calendar day.

AVGRD: The average ore grade in percent U;0s.

All of the following COSTPT are in average dollars per

short ton of ore produced during the mine life.

COSTPT(1) :
COSTPT(2) :
COSTPT(3) :
COSTPT (4) :
COSTPT(5) :
COSTPT(6) :

Field expense.

Property acquisition.
Exploration drilling.
Development drilling.
Mine primary development.

Mine plant and equipment. Most of the plant

and equipment cost for mine primary development is assumed

to be included in the mine primary development cost.

COSTPT(7) :
COSTPT(8) :
COSTPT(9) :

Mill construction.
Mining.

Haulage.

COSTPT(10): Milling.
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4. Open Pit General Parameters File (e.g. PITOL.GEN)

Example Variable
File Name

-1.0 FLAG(3)
24.0 PITDAT (1)
100.0 PITDAT(2)
100.0 PITDAT(3)
100.0 PITDAT (4)
50.0 PITDAT(5)
50.0 PITDAT (6)
2.0 PITDAT(7)
6000.0 PITDAT(8)
3000.0 PITDAT(9)
269018.0 PITDAT (10)
"576079.0 PITDAT(11)
10.0,15.0,10.0,25.0,30.0, DTREQ

35.0,40.0,-1.0,

The variables named in this file are described below:

FLAG(3): Negative when external taxable income is av-
ailable, positive when none.

PITDAT(1l): D/T of the open pit input cost data.

PITDAT(2) : The increase in field expense and drilling
cost with doubling of D/T (percent).

PITDAT(3): The increase in mine primary development
cost with doubling of D/T (percent).

PITDAT(4): The increase in backfilling cost with doub-
ling of D/T (percent).

PITDAT(5): The percentage of the final pit to be back-
filled.
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PITDAT(6) : The backfilling cost in cents per cubic yard.

'PITDAT(7): The amount of area surrounding the pit to
be reclaimed in terms of times pit surface area.

PITDAT(8) : The reclamation cost for the pit surface
after backfilling (dollars per acre).

PITDAT(9): The reclamation cost for the land surrounding
the pit (dollars per acre).

PITDAT(10) and PITDAT(11l): The coefficients for the
environmental impact statement cost formula, which is of
the form: PITDAT(10) < ALOGlO(TPD) - PITDAT(1ll).

DTREQ: The D/T's for which the price is required.
Dimension 40. Five numbers per line. Order from smallest

to largest. The last number must be a negative flag.

5. Underground General Parameters File (e.g. UGOLl.GEN)

Example Variable

File Name
-1.0 FLAG(3)
76.0 UGDATA(1)
100.0 UGDATA(2)
100.0 UGDATA (3)
12.0 UGDATA (4)
5.0 UGDATA(5)
179345.0 UGDATA(6)
384053.0 UGDATA(7)
25.0 UGDATA(8)
25.0,30.0,35.0,40.0,50.0, DTREQ

60.0,70.0,80.0,90.0,100.0
120.0,140.0,160.0,180.0,200.0,
240.0,280.0,320.0,360.0,400.0,
-1.0,
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The following describes the variables mentioned in the
above file:

FLAG(3): A negative number when external taxable income
is available; positive when none.

UGDATA(1l) : The D/T of the underground input cost data.

UGDATA(2) : The percentage increase in the field expense
and drilling cost with doubling of D/T.

UGDATA(3) : The percentage increase in mine primary dev-
elopment cost with doubling of D/T.

UGDATA(4) : The percentage increase in mining cost with
doubling of D/T.

UGDATA(5) : The percentage increase in mining cost due
to MESA regulations.

UGDATA(6) and UGDATA(7): The coefficients for the en-
vironmental impact statement cost formula, which is of the
form: UGDATA(6) x ALOGLO(TPD) - UGDATA(7).

DTREQ: The D/T's for which the price is required.
Dimension 40. Five numbers per line. Order from smallest

to largest. The last number must be a negative flag.

6. Expenditure Years File (e.g. PITO1l.YRS)

NYEAR has a second dimension of 2., Except in the case
of NYEAR(10,2) and MPEQYR, the number on the left is the

first year in which expenditures are made and the that on
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the right the last year. The exceptions mentioned are des-

cribed below. NYEAR and MPEQYR are integers.

Example Variable
File Name

NYEAR(1,2)
NYEAR(2,2)
NYEAR(3, 2)
NYEAR(4,2)
NYEAR(5,2)
7 NYEAR(6,2)
NYEAR(7,2)
18 NYEAR(S,2)
NYEAR(9,2)
, NYEAR(10,2)
5.5,15.5 YRPDV (2)
6,10,13,-1 MPEQYR

v M e M e e e

U100 NN
e LHEYPLRNN

~
—

~-
N
o

The following describes the variables listed in the
above file:

NYEAR(1,2): Field expense.

NYEAR(2,2): Property acquisition.

NYEAR(3,2): Exploration drilling.

NYEAR(4,2) : Development drilling.

NYEAR(5,2): Mill construction.

NYEAR(6,2) : Operating costs.

NYEAR(7,2): Environmental impact statement.

NYEAR(8,2): Backfilling after mining ceases.

NYEAR(9,2): Reclamation. The final year of reclamation
is assumed to be the final year for the entire project in

the open pit case.



T-2035 91

NYEAR(10,2): The end of the first period of price esc-
alation is (10,1) and (10,2) is the end of the first period
of cost escalation. In each case the figure 0 should be
inserted if no escalation is to be applied.

YRPDV: Mine primary development. Dimension 2. Since
this is real, it should be noted that, for example, 8.0 will
be taken as the beginning of year 8 as opposed to the entire
year 8 period as in the case of an integer 8 used in NYEAR.

MPEQYR: Mine plant and equipment purchase dates. Dim-
ension 5. One line only. Enter from earliest to latest.

A negative flag is required. It is assumed that mine plant
and equipment is not purchased before the mine primary dev-

elopment begins.

The underground case is as above except that items
NYEAR(8,2) and NYEAR(9,2) do not exist. Blank lines should

not be left in their place.

7. Output File (e.g. €03000.025)

An example of an output file is shown as Table 4 on
page 55.

The output file format has been designed for ease of
reading by plotting programs. FLAG(2), FLAG(3) and FLAG(l)

are written in this order in the top left hand corner.
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A -1.0 is written in the column for 'Depth to Thickness
Ratio' if a negative flag is encountered for DTREQ. Simil-
arly, a -1.0 is written in the column for 'Price’' if the
calculations were stopped due to the maximum price being ex-

ceeded.



T-2035

APPENDIX C

The FORTRAN Computer Program

93
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aNeNalaNeslsEaleslaEaslaNeNelaNaNelaNeNeNalaNelalaNalaNaleleNaNa N Nala N

C

c

10

20

PRICE.FDR

WRITTEN B8Y TREVOR Re. ELLISy DEPARTMENT OF MINERAL ECONOMICS,
COLORADO SCHDOL OF MINES, JANUARY 1978.

THIS PROGRAM GENERATES THE MINIMUM DOLLAR FFR POUND PRICF OF
URANTUM OXIDE C(YELLOWCAKE) NFCESSARY FOR EC NOMICAL CONTINUATION
OF EXPLNRATION AND DEVELDPMENT WORK TOWARDS C91 VENTIONAL MINING OF
SANDSTONE-TYPE URANIUM DEPOSIT.

THE PROGRAM CONTAINS STX SUBROUTINES. THESE P22t CPENy UNDEPR,
DEDUCTy INVEST, NETPV AND INCONME.

DETAILS ABOUT THE PROGRAM, INPUTS REQUIRED, AND VAXIABLE
NAMES ARE LISTED IN THE USER®S GUIDE, APPENDIX B.

MAIN PROGRAW

INITIALLY A REQUEST IS MADF FDR THE NAME OF THF FILE CONTATAING THE
FILE NAMES TO B8F TYPED. FROM THIS FILE THE NAMES OF THE FIL™S
RECUIRED FOR THE FIRST RUN ARE READ. THE DATA CONTAINED IN TH<
GENFRAL PARANMETYER FILE AND THE COST FILE ARE THEN REAT IN.

THE INPUT DAYA IS ADJUSTED FOR USE IN THE SUBROUTINES. THEN THE
SUBRCUTINF °“UNDER” IS SELECTFD FOR UNCERGROUND MINING OR °“OPEN" FOR
OPEN PIT MINING. '

THE MAIN PROGRAM IS RZTURNED TO AT THE ENC OF THE RUN TO WRITE 0OUT
TAE RESULTS AND FOR AUTOMATIC RERUNNING IF MORE FILES ARE LISTED.

DIFMENSION ANCOSTC11)y AVEGRD(6)y COSTPTC11), ESC(4)y ESCALNC4),
1 FLAG(T7)y PARAM(12)y RDR(6Ds ROR1(6Iy DTREQC4D)

2 NYEAR(10s2)s PRICE(54540)

REAL MILREC(6)

DOUBLE PRECISION INFILE, INPRAMy INCOST, OUTFIL, DATEC,

1 " DATEPs PUGGENs PUGYRS

TYPE 10

FORMAT (° ENTFR THE NAME OF THE FILE CONTAINING THE °»
1 °FILFE NAMES: “9%)

RCCEPT 20, INFILE
FORMAT (A10) o
OPEN CUNIT = 1, FILE = INFILE)
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READ FROM THE FILE CONTAINING THE FILE NAMESy THE NAME OF THE
GENERAL PARAMETER FILE:

READ (1920) INPRAM

DATEC = DATE COST INPUTS TAKEN: DATEP = DATE PRICE OUTPUT VALID
FOR.

OPEN C(UNIT = 24 FILE = INPRAM)
READ (2,20) DATEC, DATEP

INPUT 12 GENERAL PARAMEZTERS:?

READ €2940) CPARAMCI)e I = 14512)
FORMAT (F)

DIVI®T BOTH PERCENTAGES AND CFNTS BY 100
B0 5C I = 549
PARAM(CI) = PARAM(I) /7 100,
CONTINUE
PARAF(12) = PARAM(12) / i0C.
INPUT MILL DEPRECIATION LIFE (YEARS)?

READ (2+55) WMILDEP
FORMAT (1)

INPUT FLAG(1). POSITIVE FCR STRAIGHT LINF CEPRECTATION: NEGATIVE
FOP NOUBLE DECLINING BALANCE WITH SWITCHING TO STRAIGHT LINE WHEN
BENCFICYZL,

READ (2440) FLAG(D)

INPUT THE REQUIRED RATES OF RETURN (PERCENT) WITH A NEGATIVE FLAG:

READ (2560) (RO21(IDy T = 146D
FORMAT (6F)

DIVIDE THESE PERCENTAGES BY 1003
DD 70 I = 146 ’
ROR(CI) = RORIC(CI) 7 100.
CONTINUE
READ IN THE POSSIBLE AVERAGE ORE GRADES (MAX 6):
READ (29460) (AVEGRD(IDy I = 146)

READ IN THE CORRESPONDING MILL RECOVERIES (MAX 6)°3
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READ (2460) (MILRECCIDy I = 146)
INPUT THE PRICE AND COST ESCALATION RATESs THEN DIVIDE BY 10C:

READ (2960) C(ESCALNCI)y I = 144)

o (e Nalal

DC 8C I = 144
IF (ESCAULN(I) GTe 0e) FLAG(S) = 2.
ESCALNCI) = 1o + FSCALN(Y) 7/ 10C.
30 CONTINUE

D

CLOSE CUNIT = 2)

C
C FOM THF FILE OF FILE NAMES INPUT THE NAMES OF THE COST DATA
C FILEs OUTPUT DATA FILF AND THE GENTRAL DATA FILES.
C
C LINE 300 IS RETURNED TO AUTONMATICALLY FROM LINE 700 IN ORDER
C T3 RERUN THE PROGRAM USING NFwW INPUT OATAH,
C .
100 READ (1420) INCOSTs OUTFIL,y PUGGENs PUGYRS
C
C FROV THE COST DATA FILE INPUT THE COSY DATAZ
C
OPEN (UNIT = 3, FILE = INCOST)
c
REAC (3440) FLAG(2)y TPD,y AVGRD
REED (3540) (COSTPT(I)y I = 1,108)
c
CLGSF (UNIT = 3)
C
C SET ALL PRICE TO 0.
c

DG 110 T = 145
DO 110 J = 1,40
PRICE(IsJ) = 0.C
110 CONTINUE

ADJUST THE COSY DAYA UP FROM THE DATE TAKEN (DATEC) YO THE NEW
NATE (DATEP) BY APPLYING THE PRICEF INDICES.

APPLY THE MARSHALL & SWIFY MINING AND MILLING INDICES TC THE
COSTS OF MINE PRIMARY DEVELOPMENTy PLANT & EQUIPMENT, AND MILL
CONSTRUCTION:

2XalsRaNaleNaNal

DO 120 1 = 5,97
COSTPT(I) = COSTPT(I) * PARAM(2) 7 PARAM(1)
120 CCNTINUE
c
c APPLY THE WHOLFSALE PRICE INDICES FOR INDUSTRIAL COMMODITIES TO
C THE REMAINING COCST DATA (COSTPT)

96
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DO 130 1 = 144
COSTPT(I) = COSTPT(I) % PARAM(4) /7 PARAM(3)

130 CONTINUE

00 140 I = 8,1C
COSTPY(CI) = COSTPT(I) & PARAM(4) /7 PARAM(3)
140 CONTINUE

MULTIPLY ALL COST DATA BY TPD%*365 TO GFET THE EQUIVALENT
ANNUAL CDST (ANCOST)y WHERE TPD TS MINE DAILY CAPACITY AND 365
IS THE NUMBER OF DAYS IN A YEBAR,

OO

DC 1560 I = 1,10
ANCOST(I) = COSTPT(ID ¢ TPD % 365,
150 CONTINUE

MATCH THE APPROPRIATE MILL RECOVERY TO THE ORE GRADE (WHERE
“RECMIL® IS THE APPLICABLF MILL RECOVERY):

[aEaNalNeal

07 160 T = 146 .
TF (AVGRD <%Qe. AVESGRD(I)) RECMIL = MILREC(])
160 CONTINUE

c
RECMTL = RECMIL 7 100
AVGRDR = AVGRD /7 100.
c
C SELECT EITHER THE SUSRQOUTINE APPROPRIATE FOR AN
C UNDERGROUND CR OPEN PIT MINE:
C
130 IF (FLAG(?) .GT. 0.) GO TO 210
c
?7GC CA&LL UNDER (ANCOST,s AVGRDy ESCALNy FLAGy MILDFP, PARAEM, PUGGEN,
1 PUGYRS,y RECMILy RORy TPDy DTRFQe MLIFE, NYEAR..PRICE,
2 YOTTON)
c
GO 10 300
c
210 CAtL OPEN C(ANCOSTy AVGRDy ESCALN, FLAGs MILDEP, PARAM, PUGGEN,
1 PUGYRSy RECMIL, ROR, TPD, DYREQye MLIFE, NYEARs PRICE,
2 TOTTON)
C
C AFTER RETURN FRNM THE SUBROUTINES WRITE THE RESULTS TO THE OQUTOPUT
C FILE:S
c ,
300 OPEN (UNIT = 74 FILE = QUTFIL)D
c

WRITE (7,305) FLAG(2), FLAG(3), FLAGC(1)
305 FORMAT (F4el9 9 9Fbely "y 9Fb.1)

IF (FLAG(2) .GT. 0.0) GO TO 320
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¢

c

c

c

c

c

c

310

320
330

340
350

36C

370

330

390

400

495

407

410

411

412

WRITF (74310) DATEP
FORMET (°UNDFRGROUND MINE AT “,A10)
GO TC 340

WRIT® (7,330) DATEP
FORMAT (°OPEN PIT MINE AT 96X9A10)

WRITE (7,350) PARAM(2)
FORMAT (S5Xs “MARSHALL & SWIFT INDEX (MINING & °,
1 “FMILLING) 94XsF5.1)

WRTTE (T74360) PARAM(4)
FORMAET (5X, "WHOLESALE PRICE INDEX CINDUSTRIALS)”,
1 10XyFS5.1)

WRITE (74370) DATEC
FORMAT (7, “INPUT COSTS VALID AT “,A10)

WRITE (743502 PARAN(]1)D
WRITE (75360) PARAM(3)

WRITF (7,3%0) TOTTON
FORMAT (/9 °TOTAL ORE RESERVES (MILLION S.TON)“516X9FT7.3)

AVGRD = AVGRD % 100.
WRITE (74390) AVGRD
FORMAT (°AVERAGE ORE GRADZ (URANIUM OXTDE %) 7917X9FS5.3)

WRITE (74400) TPD
FORMAT (°0ORE PRODUCTION RATF (TON PER CALENDAR DAY)“,
1 €X9F6.0)

WRITE (749405) MLIFE
FOPMLET (“MINE OPERATING LIFE (YEARS)I®924Xy12)

LEADYR = NYEAR(641) - 1
WRTTE (74407) LEADYR
FORMAT (°YEARS LEAD TIME, YEAR 0 TO START-UP 416Xy12)

WPITE (79410) NYERR(10s1)y NYFARC1042)
FORMAT (/5 °FIRST PERIOD PRICE AND COST ESCALATION (YEARS) 55X,
1 I29°9%91I3)

DO 411 I
ESCCI)

154
CESCALNCI) - 1.) * 100.

[

WRITE (79412) (ESCCId)y I = 144)
FORMAT (5Xs"PRICE ESCALATION RATES (PERCENT) 914X yF5.29 97

"1 F5e29/95X9 “COST ESCALATION RATES (PERCENT) “914X9F5.29"9 9F5.20
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415

420

430

435

44y

445
447

450
455

NNl

460

aNeNaEel

KaXaKala)

470

4380

490

C

IF (FLAG(3) «GTe 0.0) GO TO 420

WRITE (74415

FORMAT (/4 “OTHER INCOME IS AVAILZEBLE FOR TAKING IMMEDIATE -,
1 °TAY BENEFITS AGAINST. )

GC TO 435

WRITE (74430)

FORMAT (/,°OTHER INCOME IS NOT AVAILABLE FOR TAKING IMMEDIATE °,
1 °TAX BENFFITS AGAINST. ) :

I¥ (FLAG(1) oLT. 0.) GO YO 445

WRITF (74440)
FORMAT (/9 °STRAIGHT LINE DEPRFCIATION. 7)

GC TC 45¢C

WRITE (74447

FORMAT (/9°NCUBLF DECLINING BALANCE DEPRECIATION WITH “,
1 °“SWITCHING TO STRAIGHT LINE.")

WRITE (7,5455) -

FORMET (/983Xs “DEPTH TO“910X,y “RATE OF RETURN®4BX,

1 “REQUIRED PRICE 9/5Xs “THICKNESS RATIO 98Xy “(PERCENTD”,
2 1i3Xy°%/L3 Ue OXe 9/
DO-LOOP TD P2INT OUY PRICE FIGURFES?

DG 505 J = 1440
DC S00 T = 1456

LEAVE DO-LOGP IF NEGATIVE DTREQ FLAG ENCOUNTERED. THEN

WRITE A NEGATIVE FLAG IN THE DTREQ COLUNMNS

IF (DTREQ(J) oLT. 0.0) GO TO S10

LEAVE BLANK LINE AFTER EACH GRDOUP OF ROR®S BY USING THE

NEGATIVE ROR FLAG?

IF (ROR1(I) .GEs 0.) GO TO 480
WRITE (74470)
FORMAT C° %)
GO TO 505

WRITE (79490) DTREQCJ)s RORICIDy PRICE(IoJ)
FORMAT (9X9F541916X9F542916X4F6.2)

LEAVE THE DO-LOOP IF MAXIMUM PRICE LIMIT ENCOUNTERED
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€ FOR ROR(1):
c
IF (PRICEC19J)«GELPARAM(11)) GO TO 530
C
$S00 CONTINUE
505 CONTINUE

510 WRITF (7,520)
520 FORMAT (10Xy°=-1.07)
GO 70 600

530 WRITE (74540)
540 FORMAT (52X9°-1.07)

600 CLCSE C(UNIT = T7)

READ IN FLAG 7O DECIDE WHETHER TO RETURN FOR MORE FJILESS

[wEalal

700 RFAD (1440) FLAG(4)
IF (FLAG(4) .GY. 0.0) GO TO 100

sToP
END
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SUBROUTINE OPEN

THIS SUBROUTINE IS SIMILAR TC THZ SUBROUTINE UNDER. IT:2

(1) READS FROM TWO FILES CONTAINING DATA APPROPRIATE 1O
UNDERGROUND MINING. THESE FILES CONTAIN:

(A) GENERAL DATA?S

(B) TIME PERIODS FOR THE VARIOUS ACTIVITIES.

(2) ADJUSTS DRILLING AND FXPLORATION COSTS TO THE DEPTH TO
THICKNESS RATID (D/T7) OF THE OTHER INPUT DATA.

(3) ADJUSTS ALL COSTS 7O AVFRAGE ANNUAL COSTS FDR THFIR
RESPECTIVE TIME PERIODS.

(4) CALLS THF SUBRQUTINE “DEDUCT® AND IS RETURNED TD FROM IT.

(5) INITIATES THE DO-LOOP WHICH VARIFS THE D/T AND ADJUSTS
THE COSTS TO THE RESPFCTIVF D/T°Se VYRCOST®S ARE AVFRAGF ANNUAL
COSTS CORRECTED 70 THFIR QESPECTIVE TIME PERIODS AND D/T.

SUBRCUTINE OPEZN (ANCOST, AVGRDy ESCALN, FLAGs MILDEP, PAFRAY¥,
PUGGENs PUGYRSy RECMIL, RORy TPDs DTREQ, MLIFE, NYEAR,
PRICEs TOTTON)

DOUSLE PRECISICN PUGGFNy PUGYRS

DIMENSION ANCOSTC11), COSTES(35), DEPREC(35), DTREQ(40),
ESCALN(C4)y FLAG(T7)s JYRPDV(2)y KP(5)y MPEQYR(5),
NYEAR(1092)y PARANM(12)y PITOAT(11)y PRICE(5+40),
REVESC(35), ROR(6E)s TAXCR(35), YRCCST(13),y YRPDV(?2)

READ IN THE GENERAL DATAZ

OPEN C(UNIT = 84 FILE = PUGGEN)

READ (B520) FLAG(3)y (PITDAT(I)y I = 1,11)
FORMAT (F)

READ IN THE RFQUIRED DFPTH TO THICKNESS RATIOS:

DO 30 I = 1,540
CSTREQCI) = 0.0 :
READ (89409 END = 50) (DTREQ(I)y I = 1,40)
FORMAT (5F)
CCNTINUE

CLOSF C(UNIT = &)
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c

C READ TN THE TIME PERIOD DATA:
c

OPEN (UNIT = 9, FILE = PUGYRS)

(g

READ (9960) CUINYFAR(IoJ)ds J = 192)s 1 = 1510)
60 FORMAT (21)

READ (9980) CYRPDV(IDyy I = 1,2)
%0 FORMAT (2F)

READ (9,510C) C(MPEQYR(I)y I = 1,5)
100 FORMEAT (51)

o
) CLOSF (UNIT = 9)
C
c COUNTFR NYRS IS USED TO DETERMINE HOW MANY TIMES PLANT §
C FQUIPMENT IS PURCHASFD FOR THF MINF,
C

DO 110 I = 1,45
IF (MPEQYR(I) .LEe. 0) GO ¥C 120
NYRS = I
11¢ CONTINUE

c
c DIVINE PERCENTAGES AND CENTS BY 1002
c

120 DO 13C I = 246

PITDAT(I)> = PITDAT(Y) 7 100.
130 CONTINUE

C
C EDJUST THE COSTS OF FIELD EXPENSE AND DRILLING TO THE DEPTH TO
C THICKNESS RATIJ OF THE OTHER DATA: A
c
KPpC1) =1
KP(2) = 3
KP(3) = 4
c
DTADJ = 1. +C(PITDAT(1) - PARAM(10)) 7 PARAM(10)) * PITDAT(2)

D3 140 I = 143
ANCOST(KP(1)) = DTADJ % ANCOST(KP(ID))
147 CONTINUE

c CALCULATE THE ANNUAL COST OF PREPARING THE ENVIRONMENTAL IMPACT
C STATEMENT AND OSTAINING THE APPROPRIATE PERMITS?

c
YRCOSTC13) = PITDATC10) * ALOGIOCTPD) - PITDAT(C11)
YRCOST(13) = YRCOST(13) 7/ (NYSAR(752) - NYEAR(7,1) + 1)

c P

c DETERMINE ‘THE ‘MINE OPERATING LIFE:

c , .

MLIFE = NYEAR(692) - NYEAR(651) + 1

102
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C
c ANNUAL BACKFILLING CDST:
c .
ANCOSTC11) = 9000000. = TPD = PITDAT(S) % PITDAY(6) 7/ S0C.
ANCOSTC11) = ANCOST(11) 7 (NYEAR(852) - NYEAR(C8,1) + 1)
C
C ANNUAL PECLAMATION COSTS®
C
YRCOST(12) = 100. # TPD = (PITDAT(R) + PITDAT(9) =
1 PITDAT(7)) 7/ 500.
YRCOST(12) = YRCOST(12) 7/ (NYEAR(9,2) = NYEAR(941) + 1)
(o
C DETERMINE THE COST OF THE PLANT & EQUIPMENY PUPCHASES IN
C FEACH DF THE PURCHASING YEARSS
C
YRCOST(6) = ANCOST(6) %= MLIFE / NYPS
C
C CALCULATE THE FRACTIONS OF YEARS OF MINE PRIMARY
C DEVELDOPMFENT AT BOTH THE BEGINNING AND END OF DEVELOPMENTS
C
JYRPDV(1) = IFIXCYRPDV(1))
JYRPDV(2) = IFIXCYRPDV(2))
YFPDV = YRPDV(1) - JYRPDV(1l)
YLPDV = YRPDV(2) - JYRPDV(2)
JYRPDV(1) = JYRPDV(1) + 1
JYRPDOV(?2) = JYRPDV(?) + 1
C
C TOTAL TONNAGE OF ORE IN MILLTON SHORT TONS:
C
TOTTCN = TPD s 365. % MLIFE /7 1000000.
C
o ADJUST THE REMAINING ANCOST®S TO YRUS AVERAGE ANNUAL COSTS FOR
C THEIR RESPECTIVE TIME PFRTIONSS
c :

D0 150 I = 144
150 ANCOST(CI) = ANCOSTCI) * MLIFE / (NYFAR(I42) - NYFAR(I,1) + 1)

YRCOST(2) = BANCOST(2) :
ANCOST(S5) = ANCOST(S) & MLIFE 7 (YRPDV(2) - YRPOV(1))
YRCOSTCTY) = ANCOST(7) # MLIFE /7 (NYEAR(S542) = NYEAR(S5,1) + 1)

DO 16C I = 8,10
160 YRCOSTCI) = ANCOST(I)

c
c OPERATING COST = MINING + HAULAGE + MILLING?
C
YRCOST(8) = YRCOST(8) + YRCOST(9) + YRCOST(10D
C
c
CALL DFDUCT C(ANCOSTy ESCALN, FLAGs MTILDEP, MLIFE, MPFQYR,
1 NYEARy NYRSy PARAM, YRCOSTs YRPNDVy COSTESy DEPREC,
2 LASTYRy REVESC, TAXCR) ‘
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c THIS DO-LOOP IS THF MAIN ONE OF YHE PROGRAM. IT PROVIDES
C A NEW REQUIRED DEPTH TO THICKNESS RATIO (DT) ON EFACH LOOP.
c

200 DO 3C0 KDV = 1440

c
NDT = KDT
c
c THIS IF STATEMENT PROVIDES THE RETURN TO THE MAIN PROGRANM:
C
IF (CTREQINDT) <LT. 0.0) GO TO 400
c
. DT = DTREQUNDT)
C
C ADJUST THE FOLLOWING COSTS TO THE NEW DEPTH TO THICKNESS RATIQ:
p ;
C (A) FIELD EXPENSEy EXPLORATION DRILLINGy DEVELOPMENT DRTILLING?®
c

DTADJ = 1. + ((DT - PITDAT(1)) /7 PITDAT(1)) * PITDAT(2)
DC 210 I = 1,43
YRCOST(KPCID) = DTADJ % ANCOST(KP(I))
21C CONTINUE

C
C (B) MINE PRINMARY DFVELOPMENT:S
c
YRCOST(5) = (1.+((DT-PITOAT(1))/PITDAT(1D)*PITDAT(3))+ANCOST(5)
c
€C (C) BACKFILLING OF PITS
C
YRCOST(11)=C21.+(C(DT-PTTDAT(1))/PITDATC(1IDI*PITDAT(4))*ANCOST(1I1)
c
c
CALL INVEST (AVGRDy COSTES, DEPREC,y DTREQs FLAG,s JYRPDV, KP,
1 LASTYR, MLIFS, MPEQYR, NDT, NYEAR, NYRS, PARAM, RECMIL,
2 REVESCy RORy TAXCRy TPDy YFPDVy YLPOV,y YRCOSTs PRICE)
C ‘
C TEST TO DETERMINE IF THE PRICE FOR ROR(1) WAS ECUAL TO OR
C GREATFR THAN THE MAXTIMUM ALLOWED:
c
IF (PRICEC14NDT) .GE. PARA¥(11)) GO TO 400
c
300 CONTINUE
c
400 RFETURN
c

END
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SUSROUTINE UNDER

- - — - -y - - -

THIS SUBROUTINE IS SIMILAR TO THE SUBROUTINE OPEN. 1T

(1) READS FROM TWO FILES CONTAINING DATA APPROPRIATE 71O
‘UNDERGROUND MINING. THESE FILES CONTAINS
‘ (A) GENERAL DATA3
(8) TIME PERIODS FOR THE VARYOUS ACTIVITTES.

(2) ADJUSTS DRILLING AND EXPLORATION COSTS YO THE DPEPTH TO
THICKNESS RATIO (D/T1) DOF THE OTHFER INPUT DATA,

(3) ADJUSTS ALL COSTS TO AVERAGE ANNUAL COSTS FOR THEIR
RESP-CTIVE TIME PERIODS.,

(4) CALLS THE SUBRJUTTNE °“DENUCT” AND IS RETURNED TO FRONM IT.
(5) INITIATES THE DO-LO00P WHICH VARIES THE .D/T &ML ADJUSTS

THE CCSTS TO THE RESPTECTIVE D/T°S. VYRCOST®S ARE AVERAGE ANNUZAL
COSTS CORRECTED TO THEIR RFSPECTIVE TIME PERIODS AND D/T.

zNaEalaEaNelolaNaNeNaNsNeNslalasN e e aNaNa XaNa Ny}

SUBRCUTINE UNDER (ANCOSTs AVGRDy ESCALNy FLAGy MILDEP, PAREM,

1 PUGGENys PUGYRS, RECMIL, RORy TPDy DTREQ,y MLIFE, NYEAD,
2 PRICE, TOTTON)
Cc
DOUBLE PRECISION PUGGEN, PUGYRS
c .
DIFFNSION ANCOST(C11), COSTES(35), DEPREC(35)y DTREQC40),
1 ESCALNC4)y TLAG(T)y JYRPDV(2), KP(5)y, MPEQYR(S),
2 NYEAR(C1092)9y PARAM(12)9 PRICE(5440)s REVESC(35)s ROR(E),
3 TAXCR(35)s UGDATA(R), YRCOST(13), YRPDV(2)
c .
o READ IN THE GENFRAL DATA:
C
OPEN (UNIT = 8y FILE = PUGGEN)
C

. READ (8420) FLAG(3)s (UGDATACI)y I = 1,48)
20 FCRMAT (F)
c ‘
C READ IN THE REQUIRED DEPTH TO THICKNESS RATIOS:
C
CO 30 I = 1440
30 DTREQCI) = 0.0
READ (84405 END = 50) C(DTREQCIDy I = 1440)
40 FORMAT (5F) '
50 CONTINUE
c
CLOSE (UNIT = 8)
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READ IN THE TIME PERIOD DATA®R

OPEN (UNIT = 94 FILE = PUGYRS)

(] (aNalNe)

192)’ I = 1,7)
142)

RFAD (9460) C(INYEAR(T,4J)y J
READ (9960) (NYEARC(C109J)y J
60 FORMAT (2D

SET VALUE FOR NYEARS (I = 8,S9) 10 02

(aNal s

DC 70 I = 8,9
DD 70 J = 142
NYEAR(IZJ) = 0
70 CONTINUE

READ (9580) C(YRPDV(IDy, I = 1,4,2)
RO FORMAT (2F)

READ (94100) (MPEQYR(IDy I = 1,45)
100 FQORMAT (S5I)

c
CLOSE (UNIT = 9)
C
C COUNTFR °NYRS® IS USED TO DETE?MINE HOW MANY TIMES PLANT &
C EQUIPMENT IS PURCHASED FOR THE MINE,
C
DO 110 T = 145
IF (MPECYR(I) LLE. 0) GO 1O 120
NYRS = 1
110 CONTINUE
C
c DIVIDE PERCENTAGES 8Y 1C02
c

120 DO 130 I = 2,45
UGDATA(TI) = UGDATACI) / 100.
130 CONTINUE
UGDATA(B) = UGDATA(R) / 100.

C
c ADJUST COSTS OF FIELD EXPENSE AND ORILLING TO THE DEPTH
C TD THICKNESS RATIO OF THE OTHER DATAS
c
KPC1) = 1
KP(2) = 3
KP(3) = 4
c
DTADJ = 1. + CCUGDATACL) - PARAMC10)) / PARAM(10)) #* UGDATA(2)
c |

DO 140 I = 1,3
ANCOSTC(KP(I)) = DTADJ = ANCOST(KP(I))
140 CONTINUE
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(zNaXaNe aNaNaNale)

A0 (aNaN el

cooo

aoco0 aXaNaNal aNaEalaNe)

INCREASE MINING COST BY °“MESA° PROPORTION (I.E. THE AMDUNT
DF ADDITIONAL COST BRGUGHY ON BY THE RECENT STRICT SUPERVISIGN
BY THE °MINE ENVIRONMENTAL SAFETY ADMINISTRATION).

ANCOST(8) = ANCOST(8) % (1. + UGDATAC(S))

CALCULATE THE ANNUAL COST OF PREPARING THE ENVIRONMENTAL IMPACT
STATEMENT AND OBTAINING THE APPROPRIATE PERMITSS

UGDATA(6) = ALOG10CTPD) - UGDATA(7)
YRCOST(13) /7 (NYEAR(742) - NYEAR(741) + 1)

YRCOST(13)
YRCOST(13)

[}

DETERMINE MINE OPERATING LYFES
MLIFE = NYEAR(652) - NYEAR(6,1) + 1

DETERMINE THE CCST OF THE PLANT & EQUIPMENT PURCHASES IN
EACH OF THE PURCHASING YEARS:

YRCOST(6) = ANCOST(6) ® MLIFE / NYRS

CALCULATION OF FRACTIONS OF YEARS OF MINE PRIMARY DEVELOPMENTY
AT BOTH THE START AND END OF PRIMARY DEVELOPMENT:

JYRPDV(1) = IFIX(YRPDV(1))
JYRPDV(2) = IFIXCYIPDV(2)D
YFPDV = YRPDV(1) - JYRPDV(1)
YLPDV = YRPDV(2) = JYRPDV(2D
JYRPDV(1) JYRPDV(1) + 1
JYRPDV(2) JYRPOV(2) ¢+ 1

(]

THIS TIF STATEMENT STOPS ANY DETAILED CALCULATICN IN THF SUPRCUTINE
INCONME CAUSED BY ROUND OFF ERRCR WHEN THE MINE PRIMAPY DEVELCPMENT
STOPS AT MINE START-UP.

IF (YLPDV LLF. 0.001) YLPDY = 0.0

TOTAL~TDNNAGE (MILLION S.TONS) OF ORE IN THE GROUND, INCLUDING
PILLAR REQUIREMENTS?

TOTTON = TPD * 365. % MLIFE /7 ((1. UGDATAC(3)) % 1000000.)

ADJUST THE REMAINING ANCCST®S TO TRUE AVERAGE ANNUAL COSTS FOR
THEIR RESPECTIVE TIME PERIODS:S

DO 150 1 = 146 :

150 ANCUST(I) = ANCOST(I) # MLIFE / (NYEAR(I42) = NYEAR(I.1) + 1)

ANCOST(2)
ANCOST(5) = MLIFE /7 (YRPDV(2) - YRPDV(1))
ANCOST(T7) & MLIFE / (NYEAR(552) - NYEAR(5,1) + 1)

YRCOST(2)
ANCOST(5)
YRCOST(T)

"o
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a2 XsXzXa)

laXaXel]

[aNaNeaNeNe) A

(aNaNel (aNaNel

(2NN e NaNal

aXnlal

YRCOST(9) = ANCOST(9)

YRCOST(C10) = ANCOST(C10D
YRCCST(11) = 0.
YRCOST(12) = Do

CALL DEDUCTY (ANCOST, ESCALN, FLAGy MILDEP, MLIFEs MPECQYPR,
1 NYEARy NYRSy PARAM, YRCOSTs YRPDVy COSTESs DEPREC,
2 LASTYRy REVESC, TAXCR)

THIS DO-LODP IS THE MAIN ONf OF THE PROGRAM., IT PROVIDFS
A NEW REQUIRED DFPTE TO THICKNESS RATIO (DT) ON EACH LOOP.

200 DO 300 KDT = 1440

NDT = KOT
THIS STATEMENT PROVINES THE RETURN TC THE MAIN PROGRAN?
IF (DTREQINDT) .LT. 0.0) GO 70O 40C
DT= DTRECINDT)
ADJUST THE FOLLOWING CCSTS TO THE NEW DEPTH TO THICKNESS RATIO:
(A) FIFLD EXPENSE, EXPLOQRATICN DRILLINGs DEVELOPMENT DRILLINGS
DTADJ = 1. + ((DT - UGDATA(1)) / UGDATA(C1)) % UGDATA(2)
D0 210 T = 147
YRCOST(KP(CI)) = DTADJ #* ANCOSTC(KP(I))
9 CONTINUE

(3) ¥INY PRIMARY DEVELOPMFENT:

YRCOST(S) (1.+(C(DT-UGOATAC1))/UGDATAC1))&UGDATA(3))*ANCOST(5)

(C) MINING:

YRCOST(8) (1.+C((DT-UGDATAC1))/UGDATAC1))*UCDATA(4)I+ANCOST(S)
OPERATING COST = MINING + HAULAGE + MILLING:

YRCOST(8) = YRCOST{(8) + YRCOST(9) + YRCOST(10)

CALL TINVEST C(AVGRDy COSTES, DEPRECy DTRECQCs FLAGy JYRPDV, KP,

1 LASTYRs MLIFE, MPEQYR, NDYy NYEAR, NYRS, PARAM, RECMIL.
2 REVESCe RORs TAXCRy TPDy YFPDV, YLPDV, YRCOST, PRICED

ON RETURN FROM THE SUBROUTINES TEST TO DETERMINE IF THE PRICE
FOR THE ROR(1) WAS EQUAL YO DR GREATER THAN THE MAXIMUM ALLOWED?
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C
IF (PRICEC19NDT) .GE. PARANM(11)) GO TO 400
C
300 CONTINUE
C
400 RETURN
c

END
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c SUBROUTINE DEDUCT
C -----------------
C
C
c THIS SUBROUTINE CALCULATES FOR EACH YEAR:
C
C (1) THE ESCALATYION FACTORS APPLICABLF TO BOTH REVENUES
C (REVESC) AND COSTS (COSTES):
C
C (2) THE INVESTMENT TAX CREDIT (TAXCR)S
C
C (3> THE DEPRECIATION (DEPREC).
C
C
SURRDUTINE DEDUCT (ANCOST, ESCALN, FLAG, MILDEP, MLIFE, MFEQYR,
1 NYEAR, NYRS, PARAM, YRCOST, YRPDVy COSTES,y DEPREC,
2 LA4STYRe REVESCs TAXCR)
C
DIMENSION ANCOST(11), COSTES(35), DEPREC(35)y DPCMIL(35),
1 OPCPEQ(35)y ESCALN(4), FLAG(T)s LIFE(4), MPEQYR(S),
2 NYEAR(C1052)y PARAM(12)y REVESC(35)y TAXCR(35),
3 YRCOST(13)y YRPDV(2)
C
C A POSYITIVE FLAG(6) INDICATES THAT KLEMENIC®S EXPLCRATION TINME
C PERIODS ARFE BEING USFD BFGINNING AT THF END OF HIS YFAR 3, IT
C THEN CAUSES THE PAST 3 YEAR®S COSTS TO BE TAKEN INTO ACCOUNT IN
C TAXATICON DEDUCTION CALCULATIONS IN THE SUBROUTINE “INVEST’,
C
FLAG(6) = 0.
IF ((NYEAR(192) = NYSEAR(191) oEQe 1) <ANDs (NYEAR(2,2) -
1 NYEAR(291) oEQse 1) AND. (NYEAR({342) = NYEAR(3,1) .EQ. 2))
2 FLAG(S) = 2.
C
C FIND THE PROJECT FINAL YEAR (LASTYR):
c
LASTYR = NYEAR(9,2) .
IF (NYEAR(692) «GTe NYEAR(942)) LASTYR = NYEAR(5K,42)
C
C SET COSTES AND REVESC TO 1.0 AND DEPREC AND TAXCR TD 0O.:
C
DO 10 I = 1,35
COSTES(YI) = 1.
DEPPEC(I) = O
REVESC(I) = 1.

TAXCR(I) = 0.
10 CONTINUE

. IF THE INDICATORS ARE APPROPRIATEs GO TO THE SIMPLIFIED STRAIGHT
LINE METHCD FOR THE UNDERGROUND CASE. A POSITIVE FLAGC7) INDICATES
THAT THE SIMPLIFIED METHOD IS BFING USED.

2 XsXaKaXa)
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FLAGCT) = 0.
Y = FLOAT(NYEAR(6491))
IF ((FLAG(2) <LTe 0+) oANDe (FLAG(1) «GTe 0e) oANDe (FLAG(S)
2 olTe ¥ = 1)) GO TO 6CC

CECIDE TF ESCALATION IS REQUIRED AT ALL:
IF (FLAG(5) .EQ. 0.) GO TO 100

CECIDE IF PRICE ESCALATION IS RFQUIRED:
IF (NYEAR(IOsfs «EQ. 0) GO TO 50

CALCULATE THE PRICE ESCALATION FACTORS FOR THE FIPST AND THEN
THE SECOND PERIOD:

N = NYEARC(10,1)
IF (N «GTo. LASTYR) N = LASTYR
REVESC(1) = ESCALN(D)
DC 2C I = 24N
REVESC(I) = REVESC(I-1) # ESCALNCY)

IF (N <EC. LASTYR) GO TO S0
N=N+1
CO 20 T = Ny LASTYR
REVESC(I) = REVESC(I-1) %= ESCALN(2)

DECIDE IF COST ESCALATION IS REQUIRED?
IF (NYEAR(1092) EQ. 0) GO TO 100

CALCULATE THE COST ESCALATION FACTORS FOR THE FIRST AND THEN
THE SECOND PERIOD:

N = NYEARC(C10,52)
IF (N «6T. LASTYR) N = LASTYR
COSTES(1) = ESCALN(3)

00 60 I = 24N

COSTES(CI) = COSTESCI-1) % ESCALN(3)

IF (N +EQ. LASTYR) GO TO 100
N=N+1

DO 70 I = N, LASTYR
COSTESCI) = COSTESCI-1) % ESCALN(4)

DETERMINE THE USEFUL LIFE OF THE PLANT & EQUIPMENTY (PEF) FOR FACH
PURCHASE. THIS IS USED FOR DETERMINING THE INVESTMENT TAX CREDIT
AND DEPRECIATION. IT IS ASSUMED THAT NO PEE IS PURCHASE BEFCRE THE
FIRST DEVELOPMENT YEAR,
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100 DO 110 I = 194
110 LIFECI) = 0
c
IF (NYRS .EQ. 1) GO TO 125
C

00 120 T = 24 NYRS
120 LIFECI-1) = MPEQYR(I) - MPEQYR(I-1)

125 LIFECNYRS) = NYEAR(6492) - MPEQYR(CNYRS) + 1
CALCULATE THE TINVESTMENT TAX CREDIT FOR BOTH THE MILL AND PEES
IF (PARA¥(8) .EQ. 0.) GO 70 200

(8) PTLL  C(CRMILL = MILL TAX CREPIT):

aNaNel (aNaNa (@}

CRNILL
DO 130 I NYZAR(S+1)y NYEAR(S5,2)
132 CR¥ILL YRCOST(T) & COSTES(I) %= PARAM(8) = PARAM(S)
1 + CRMILL

0.

(3) MINE PEE:

BASED ON THE USEFUL LIFE THE FRACTION DBTAINED OF THE WMAXIMUM
PERCENTAGE ALLOWABLE IS CALCULATED.

NN oW N W)

DO 140 I = 19 NYRS
FR2C = 1.
I7 C(LIFECI) o.LE. 6) FRAC 2« / 3.
IF (LIFECTI) oLE. 4) FRAC 1. 7 3.
TAXCRCMPEQYR(ID) = YRCOST(6) & COSTESCMPEQYR(I)) % FRAC
1 & PARAN(B)
140 CONTTNUE

ALLOCATE THE INVESTMENT TAX CREDIT DUE TO THE NMTLL TO THE FIRST
OPERATING YEARZ

TAXCR(NYEAR(691)) = TAXCRINYEAR(641)) + CRMILL

STRAIGHT LINE DEPRECIATION:
200 IF CFLAGC1) oLT. 0.) GO TO 300
(A) MILL (CDEPMIL = ANNUAL MILL DEPRECIATION):
THE DEPRECIATION IS ACCUMULATED FOR DEDUCTION WHEN MINING BEGINS.

aNalaNalel aNaNaNe aNaNaNel

DEPMIL
DO 210 I
210 DEPMIL

0. :
NYEAR(591)9 NYEAR(5,2)
YRCOSTC(?) %= COSTES(I) + DEPMIL
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DEPMIL = DEPMIL 7/ MILDEP

(8) MINE PEF (DEPPEC = ANNUAL PEE DEPRECIATION)?S

(aXaNal (a)

DO 220 T = 19 NYRS
DEPPEQ = YRCOST(6) # COSTES(MPEQYR(ID) /7 LIFECI)
T N = MPEQYR(I) - 1
DO 220 J = 1y LIFECD)
DEPREC(N+J) = DEPPEC
220 CONTINUS
C
C SUY THE MILL AND FINT PLE DFPRFCIATION OVER THF OPERATING YEARS:
C
NYEAR(6492) - NYEAR(6,1) + 1
NYEAR(642)
I (MILDEP LT« N) K = NYEAR(641) + MILDEP - 1

N
K

c
D3 23C T = NYEAR(691)y K
230 DEPREC(I) = DEPREC(T) + DEPMIL

c
GO TC 50C
c
c DOUBLE DECLINING BALANCE DFPRECIATION WITH SWITCHING TC STRAIGHT
C LINE WHEN BENEFICIAL:R
c
C (AD> MILL (DPCMIL = ANNUAL MILL DEPRECIATION):
C .

300 DO 310 I = 1435
310 DPCMIL(I) = 0.

C
c CALCULATE THE TOTAL MILL COST (COSTML):
C

CCSTML = 0.
DO 320 I = NYEAR(Ss1)y NYEAR(S42)
320 COSTML = YRCOST(7) % COSTES(I) + COSTML

c
C DETERMINE THE ANNUSL DFPRECIATION OVER THE OPERATING YEARS:
C
N NYEAR(64923 = NYEAR(641) + 1
K NYEAR(642)
IF (MTLDEP .LTe N) K = NYEAR(641) + MILDEP - 1

DO 330 I
J =1

¥ = MILDEP - (I ~ NYEAR(6,41))

COSTML = COSTML =~ DPCMIL(I-1)

NYEARC621)s K

CHECK IF STRAIGHT“LINF DEPRFCIATION IS THE GRFATFST AND ACCEPT IT
IF IT IS )

OO0
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DEPMIL = COSTML /7 M
CPCMIL(I) = COSTML % 2, / MILDEP
IF (DEPMIL +GE. CPCRILCID) GO 1D 340
330 CONTINUE
C
GO 70 400
C
34C CO 350 1 = Jy K
350 DPCMILCID> = DEPMIL

C
C (3) Per (DPCPEQ = PEE ANNUAL DFPRECIATION):
C

40C DO 410 I = 1435
410 DPCPFG(CI) = 0.

C
NC 440 I = 1y NYRS
COSTPE = YRCOST(A) % COSTFS(MPEGYR(TI))
DC 420 X = 1y LIFE(CD)
J = X
M= LIFECI) - K + 1
N = MPEQYR(I) + K - 1
TF (K EC. 1) GO TJ 415
COSTPE = COSTPE - DPCPFQ(A-1)
c

C ACCEPYT STRAIGHT LINE DEPRECIATION IF IT IS GRFATESTS

415 DEPPEC = COSTPE /7 N
DPCPEQ(N) = COSTPF % 2., /7 LIFECI)
TIF (DEPPEG +GF. DPCPEQUN))Y GC TO 430
420 CONTINUE

G0 TC 44¢C
430 DO 440 L = Jy LIFECD)
N = MPEQYR(I) + L - 1
DPCPEQ(N) = DEPPFQ
440 CONTINUE

SUX TH® WMTLL AND PE&F DEPRECIATION:

2 X Xa)

CO 450 I = 14 LASTYR
450 DEPREC(CI) = DPCMIL(I) + DPCPEQ(ID

C
C . IF THERE IS NO INCOME AVATULABLE AGAINST WHICH TO EXPENSE THE
C DEVELCPYENY YEAR EXPENDITURESy THEN SUM THE INVESTMENT TAX CREDIT
C FOR THESE YEARS INTO THE FIRST OPERATING YEARZ
c
500 IF ((FLAG(3) .LT. 0.) «0OR. (PARAM(8) .EQ. 0.)) GO YO 520
N = NYEAR(6,51) - 7
IF (N .LE. 0) N =1
J = NYEAR(6+91) - 1
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DO 510 I = Ny J
TAXCRCNYEAR(691)) = TAXCR(NYEAR(651)) + TAXCR(I)

510 CONTINUE

c
520 RETURN
c
c
c SIMPLIFTED STRAIGHT LINE DEPRECTIATION:
c
600 FLAG(T) = 2.

c
c PLANT & ECUIPMENT DEPRFCIATTYON:
c

DEPPEC = ANCOST(6) % MLIFE / (NYEAR(C652) - MPECYR(1) + 1)
c
C MILL DEPRECIATION:
c

M = VILDEP

IF (MILDEP .LT. MLIFE) M = MLTFE

DEPMIL = ANCOSTC7) # MLIFE /7 ¥
c
C ALLOCATE TO YEARS:S
c

OC 610 I = MPSZQYR(1)y NYEADP(642)
610 DEPREC(T) = DEPPEQ
c
DC 620 I = NYEAR(691)9 NYEAR(642)
620 DEPREC(I) = DEPREC(I) + DEPMIL
c
RETUCN
c
END
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SUBROUTINE INVEST

- - - — - - - —

THIS SUBROUTINE ALLOCATES ALL COSTS TO THEIR APPLICABLE YEARS,
ESCALATES THEM IF NECESSARY AND CALCULATES THE ANNUAL INVESTNMENT
CASH FLOWS. IT ALSD DETERMINES THF APPLICABLE COST DEPLFTION
ALLOWANCE AND THE TOTAL EXPLORATION COST WRITE-OFF YO0 BE DEDUCTED
FROM THE DEPLETION ALLOWANCE. IT THEN CALLS THE SUSRDUTINE °NETPV-,

OO0

SUBROUTINE INVESY (AVGRCy COSTES, DEPRECs DTRECs FLAGy JYRPDV,

1 KPy LASTYRy MLIFEs MPEQJYRs NDTy NYFBRy NYRS, PARAM,
2 RECMILs REVESCs ROR, TAXCR, TPD,y, YFPDV, YLPDV, YRCOST,
3 PRICE)

DIMENSTON COST(13435)s CFINV(35)y COSTES(35), DEPREC(35),

1 DTREQUC40)y FLAG(T)y JYRPDV(2)s KP(5)y MPEQYR(S),

2 NYEAR(1092)s PARAM(12)y PRICE(5940)s REVESC(35)s RDR(6)D
3 TAXCR(35)y YRCDEST(13)

RESET THE ANNUAL COST MATRIX COST(13,435) AND THE ANNUAL
INVESTMENT CASH FLOWS CFINV(35) 7O O.

alaNaNeal

DO 1C J = 1935
CFINV(J) = 0.0
DO 10 T = 1,13
COST(I4J) = 0.0
10 CONTINUE

C
c FCR A NEGATIVE FLAG(3)s TAKE THE TAX BFNFFIT OF EXPENSING
C INTANGYBLE FIELD EXPENSE, DRILLING AND BACKFILLING
C FEXPENDITURES AGATINST OTHER COMPANY INCOME IN THE NON-DPERATING
C YeaRS.
¢ :

I¥ (FLAG(3) .GT. 0.0) GO 7O 3¢
c

KP(4) = 11

KP(5) = 13
C

EXTAX = 1. - PARANM(T)
C

DO 20 I = 1,45

YRCOST(KPCI)) = YRCOST(KP(I)) % EYTAX

20 CONTINUE

ALLOCATE COSTS 7O THEIR APPLICABLE YEARS:

CA) FIELD EXPENSE, PROPERTY ACQUISITION, EXPLDRATIDN AND
DEVELOPMENT DRILLING:

OO MO
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30 DO 40 I = 144
DO 40 J = NYEAR(I,I)’ NYEAR(IQZ)
COSTCI4Jd) = YRCOSTCI)
40 CONTINUE

C
€C (8B) MILL CONSTRUCTION:
c .
DL 50 J = NYEAR(S5351)s NYEAR(S5,2)
COST(T74J) = YRCOST(T)
50 CONTINUS
c
€ (C)Y> RECLAMATION IF DPSN PIT:S
C
IF (FLAG(2) .LT. 0.0) GO TC 60
DC 60 J = NYFAR(991)9s NYEAR(S42)
COST(129J) = YRCOST(12)
69 CONTINUE
(D) MINE PRIMARY DEVELOPMENT:

1) FIRST YEAR COST:

COST(S59JYRPDV(1)) YRCOST(S) * (1. - YFPDV)
2) FINAL YEAR COST:

YRCOST(5) & YLPNYV

COST(5,54Y222V(2))

3) TINTERMEDIATE YEARS:

(aXaNe [aNaNe OO0

¥ = JYRPDV(2) -1
N = JYRPDV(1) + 1
IF (N .GT. M) GO 7O 70
DC 70 J = Ny W
COST(S5,J) = YRCOST(5)
[&!] COKTINUE

IF OTHER INCOME TS AVAILABLE EXPENSE PPIMARY DEVFLOPMENT COSTS
BEFORE START-UP?

IF (FLAG(3) «GT. 0.0) GO TO 90

(@] (aNaNaNal

N = NYEAR(6,1) - 1
DO 8C J = JYRPDV(1)dy N
CNST(S5sJ) = COST(55J) = EXTAX
80 CONTINUE

_SIMILARLY, EXPENSE THE RECLAMATION COSTS FROM AFTER MINING
CEASES:

OO

IF (FLAG(2) <LTe. 0.0) GO TO 90
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N = NYEAR(6492) ¢+ 1
DO 9C J = Ny NYEAR(942)
COST(125J) = COST(124J) * EXTAX
S0 CONTINUE

C (E) PLANT & EQUIPMENT:

DO 100 N = 1,4NYRS
J = FPEQYR(N)
COST(69J) = YRCIOST(H)
10C CONTINUE

c
C (F) OPFRATING COSTS
C

090 12C 1 = 8,10
DC 120 J = NYEAR(641)y NYFAK(6,42)
COST(I»J) = YRCIOSTC(I)
120 CONTINUE

c
C (G) ENVIRONMENTAL IMPACTY STATEFNENT?
c

DO 130 J = NYEAR(T7,1)s NYEAR(7,52)
136 COST(134J4) = YRCOST(13)
C
C (H) BACKFILLING:
c
IF (FLAG(?2) «LTe 0.) GO 7O 150
DC 140 J = NYEAR(2,41)y NYEAR(R,2)
140 COST(11,Jd) = YRCOST(11)

ESCALATE ALL COSTS:

cooo

150 IF (FLAG(5) .FQ. 0.) GO 7O 160
DC 160 J = 14 LASTYR
DC 160 I = 1,13
COST(IeJ) = COST(I9J) = COSTESCY)
160 CCNTINUE

SUM THE INVESTMENTS YO GET THE ANNUAL INVESTMENT CASH
FLOWS CCFINVCJID:

(A) FOR YEAR 1 TO THE YEAR BEFORE START-UP?2

aNeNeieNasNaNel

N = NYEAR(691) - 1
D0 210 J = 14N
DO 210 I = 147
CFINV(J) = CFINV(J) + COST(I+J)
210 CONTINUE
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C

C ADDITION DF WORKING CAPITAL IN THE YEAR BEFORE START-UP:

c

C THE WORKING CAPITAL IS TAKEN TO Bt 20% OF THE THIRD

C OPERATING YEAR®S DPERATING COSTS. THIS IS TO AVOID THE CASF

C WHEREF MINE PRIMARY DEVFLOPMENY JUST CARRIES OVER INTO THE FARLY

C PART OF THE MINING PERIOD.

C
WC = 0.2 % (COST(54NYEAR(691)42) + COST(ByNYEAR(691D+2))
CFINVINYEAR(641)-1) = CFINVINYEAR(6451)-1) + ¥C

C

C ADD ENVIRONMENTAL IMPACT STATEMENT COST?

c

D0 215 J = NYEAR(791)s NYFAR(742)
215 CEINV(J) = CFINV(J) + COST(13,J)

(3) ADDITION OF PLANT & SQUIPMENT COST IN THE OPERATING
YEARS:

(aNeNalel

D0 22C J = NYFAR(691)s NYEAR(5,2)
CEINV(Y) = COSTC69d)
220 CONTINUE

(C) ADDITION OF RECLAMATION AND BACKFILLING FOR THE CPEN PIT
CLSE IN THE YEARS AFTER NINING CEASES:

IF (FLAG(2) «LT. 0.0) GD TC 230

o [aNeNaNeal

N = NYEAR(642) + 1
DC 230 J = Ny NYEAR(9,2)
CFINV(Y) = COST(119J) + COSTCi2,4J)
230 CONTINUE

IF OTHER INCOMT IS AVATILABLE, SURTRACT THF DFPRFCIEZTION AND
INVESTMENT TAX CREDIT FOR PLANT & EQUIPMENT TN THE YFARS REFORE
START-UP?3

(aNaNaNelNel

IF (C(FLAG(3) +GTe 0.)e0R C(MPEQYR(1) +GEe NYEA?(6,41))) G3 TG 300
N = NYEAR(6,1) - 1
D0 240 J = MPEQYR(1)9 N

240 CFINV(J) = CFINV(J) -~ DEPREC(J) % PARAM(T) - TAXCRCJ)

CALCULAYION OF THE °DEFFRRED DEVELOPMENT WRITE-CFF® (DEFDKWD)
TN THF CASE WHERE INTANGIBLF DRILLING AND DEVELOPMENT COST WERE
NOT EXPENSED AGAINST OTHEP COMPANY INCOMF IN THE YEARS BEFQORE
_ START-UP, THE DEFERRED DEVELOPMENT WRITE~OFF AMORTIZES
THESE INTANGISLE FXPFNDITURES OVER THE OPERATING LIFE OF THE
MINE:S

OO0 OO

300 DEFDWN = 0.0
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I (FLAG(3) .LT. 0.0) GO TO 40C

N = NYEAR(64+1) - 1
DO 310 J = NYEAR(441)5 N
DEFDWD = DEFDWO + COST(49J) ¢ COST(S54J) + DEPREC(J)
310 CCNTINUF
DEFDWO = DEFDWOD /7 MLIFE

c
C
c CALCULATION OF THE EFFECTS OF THE INVESTMENT PERTCD COSTS ON
C THE DEPLETVTION ALLOWANCE:
C
C CALCULATE TOTAL COST DEPLETICN ALLOWANCE (COSDPN):
c
40C COSCPN = 0.

N = NYEAR(3,2)
IF (NYEAR(242) «GTe NYFAR(3,52)) N = NYEAR(2,2)

(]

DC 410 J = 14N
COSDPN = COSOPN + COST(2,4J)
I (FLAG(2) oLT. 0.) GO TO 410
COSDPN = COSDPN + COST(14J) + COST(3,J)
41C CONTINUF

c
C ADD THE COST DEPLETABL® ITEMS OF YEARS -2 TO 0 IF KLEMINIC®S TINMF
C PERIODS ARE BEING USED (IN YEARS -1 AND -2 COST ESCALATION IS NOT
C ADJUSTED FOR):
C
IF (FLAG(6) «EC. 0.) GN TC 429
CCSDPN = COSDPN + YRCOST(2) % 3.
IF (FLAG(3) .LT. 0.) GO TG 42¢
COSDPN = CCSDPN + YRCOST(1) #* 3. + YRCOST(3)
C

420 EXPCS = Ce
IF (C(FLAG(T) o«GTe N¢) «ORe C(FLAG(3) +.GTe. 0.)) GO TO 500

c SUM THE EXPENSED EXPLORATION COSTS (EXPCS) FOR SUBTRACTION F20F
C THE DEPLETION ALLOWANCE:

D0 440 J = 14N
440 EXPLS = EXPCS 4 COST(14J) ¢ COST(3,3)

¢ .
IF (FLAG(6) <EQ. 0.) GO TO 450
c
EXPCS = EXPCS + YRCOST(1) # 3. + YRCOST(3)
450 EXPCS = EXPCS /7 EXTAX
c
c .
500 CALL NETPV (AVGRDy CFINV, COSOPN, COST, DEFDWOs DEPREC, DTREG,
1 EXPCSe FLAGy LASTYRy MLIFEs NDTy NYEAR, PARAM, RECMIL.

2 REVESCys RORy TAXCRy TPD, PRICE)
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RETURN

END
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SUBROUTINE NETPYV

- wn o anwnap  an - - -

A DC-LOOP WITHIN THIS SUBROUTINE VARIES THE.RORe. TT PASSES A
STARTING PRICE FOR URANIUM OXICT 7O THF SUBROUTINE “INCOMF~”
WHICH RETURNS THE PRESENT VALUE OF THE RESULTANY CASH FLOWS. THE
PRESENT VALUE OF THE INVESTMENT CASH FLOWS IS SUSTRACTED FROM THIS
T3 GIVE THE NET PRESENT VALUE (NPV). TTERATION AND FINAL INTER-
POLATION TAKES PLACE TC DERIVE THE PRICF WHICH GIVES NPV = 0.
THIS PRICE IS THF RFQUIRFD URANIUM OXIDE PRICEs IN YFAR 0 DCLLARS,
NECESSARY FOR THE PROJECY TO 8t VIABLE.

SUBROUTINE NETPV (AVGRDy CFINV, COSDPN, COSTs DEFDWD, DEPREC,
1 DTREC, EXPCSy FLAG, LASTYR, MLIFEs NCT, NYEAR, PARAM,
2 RSCMILy REVESCy RORy TAXCRy TPDy PRICE)D

DIMENSION CFINV(35), COST(13,35), DEPREC(35), DTREQC40),
1 FLAG(T)s NYFAR(1092)y PARAM(12)s PRICE(5940),
2 REVESC(35), ROR(6)y TAXCR(35)

RFAL NPV1, NPV2

THIS IS THE STARTING POINT DF THE DO-LOOP WHICH VARIES THE ROR?
DO 2C0 I = 145
TF (RORCIY «LT. 0.0) GO YO 4CO
DCF = RORCI)

PRESENT VALUE THE INVESTMENT CASH FLOWS:

PVINV = C.0
DO 10 J = 1, LASTYR

PVINV = PVINV + CFINV(J) /7 ((1. + DCFI*=2J)
CONTINUE

DECISTON AS TO THE RFQUIREMENT FOR A NFW STARTING PRICE
CALCULATION:S

FOR RORC(C1)s IF THE CHANGE IN D/T IS WITHIN THE LINMITS OF CG.9 AND
1.2 TIMES THE PREVIOUS D/T, PRICE(1,4NDT=-1) IS USED AS THE STARTING
PRICE ON WHICH TO BASE THE PRICE INCREMENTS. FCR THE OTHER ROR’S,
IF THE DIFFFRENCE BFTWFEN ROR(CI) AND ROR(I-1) IS POSITIVE AND LESS
THAN 52y THE PREVIOUS PRICE IS USED AS THE STARTING PRICE.

IF (1T .EQ. 1) GO 1O 20
DIFF = (RORCY) - ROR(J-1)) = 100.
IF C((DIFF oLEe 5¢0) <ANDe (DIFF oGTe 0.0)) GO TO 30
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20 IFCCT «EQe 1) oANDe (NDT .GT. 1) <AND. (DTREQUCNDT) /
1 DTREQCNNT-1) oLE. 1.2) +AND. (DTREQCNDTY /7 DTREGQ(NDT-1)
2 eGFe 0.9)) GO TO 40 -

CALCULATION OF A NEW STARTING PRICE FOR URANIUM OXIDE IN $/L8B:

THIS INVOLVES CALCULATING THE ANNUAL INCOME CASH FLCWS REGQUIRED
TO GIVE NPV = 0 WHEN PRESENT VALUED YO MATCH THE PRESENT VALUE
OF THFE INVESTMENT CASH FLOWS. FROM THEST ANNUAL CASH FLOWS AMD
USING SYMPLIFYING ASSUMPTIONSy AN APPROXIMATION OF THE PRICE REQUIRET
TO GENERATE THE INCOME CASH FLOWS IS CALCULATfD.

FUTURFE VALUE PVINV TO THE BEGINNING OF THE MINE START-UP YEAD:

FVY = PVINV % (1. + DCF) %% (NYEAR(6,1) - 1)

DETERMINATION OF THE ANNUAL INCOME CASH FLOW REQUIREMENT (AF):

aNaNel aNaNeNsNalaNeNaNaNale]

AF = FV ¢ (DCF % (le + DCFI#xMLITE) / (((1. ¢ CCFI*%MLIFE) -l.)
CALCULATICN OF THE NECESSARY ANNUAL GROSS REVENUE (GREV):

THIS TS DONE FOR THE THIRD OPERATING YSAR. THERF IS ASSUMED T9 8E
ND RCYALTY PAYMENT AND THE DEPLETION ALLOWANCE TO BE S50% DOF TAXABLE
INCOME RBEFQRE DEPLETION IS TAKEN. “COSTOP® IS THE DPERATING COST AN
INCLUDES MINE PRIMARY DEVELOPMENT.

OO0

N = NYEAR(691) + 2

COSTOP = COST(84N) + COST(54N)

GREV = (AT - DEPRFC(N) - DEFDWN) * (le - 05 # PARAN(T))
1 + COSTO® + DEPREC(N) + DEFDWO

c “SPRICE® IS THS® STARTING PRICY IN YFAR 0 DOLLARS?
SPRICE = GREV / (2000. * RECMIL = AVGPD * TPD = 365.
1 * REVESCIND)
63 TC 100
C
30 SPRICE = PRICE(I-14NDT)
GO 10 100
c
40 SPRICE = PRICE(14NDT-1)
c

c
100 CALL INCCME CAVGRDy CFINV, COSDPN,y CDSTy DCFy DFFDWDs DEPREC,

1 EXPCSs FLAGy MLIFE,s NYEAR, PARAM, RECMILy REVESC,
2 SPRICEs TAXCR, TPD,y PVCF)
C
NPV = 0.
NPV2 = PVCF = PVINV
C

c DETERMINE WHETHER TO USF POSITIVE OR NEGATIVE PRICE INCREMENTS,
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C

OR WHETHER TD ACCEPT THE PRICE AS 7S,

200

210

220

230

2490

or

300

400

IF (NPV2) 200y 240, 220

POSITIVE INCREMENTS USFED:

1
2

SPRICE = SPRICE + PARAM(12)

CALL

NPV1
NP V2

INCOME CAVGRDy CFINV, COSDPNy COSTy DCFy DEFDWO, DEPREC,
EXPCSy FLAGy MLIFE, NYEAR, PARAM, RECMIL, REVESC,
SPRICEs TAXCRy TPD, PVCFD

NPV?2
PVCF -~ PVINV

IF (NPV2) 200, 240, 210

INTERPOLATE?

SPRICE = SPRICE - (NPV2 7/ (NPV? - NPV1)) #* PARANM(12)
GO TO 240

NEGATIVF INCREMENTS USED?

1
2

SPRICE = SPRICE - PARAM(12)

CALL

NPV
NPV2

INCOME (AVGRD, CFINV,y COSNDPNy COSTy DCFy DEFDWIye DEPREC,
EYPCSy FLAGy MLIFE, NYEAR, PARAM, RECMIL, REVESC,
SPRICFy TAXCR, TPD, PVCF)

NPV?2
PVCF - PVINV

([}

IF (NPV2) 230y 240, 220

INTERPOLATE?

SPRICE = SPRICE + (NPV2 /7 (NPV2 - NPV1)) % PAPAM(12)
GO TC 240 ¢

PRICE(IZNDT) = SPRICE

TEST IF ThHE MAXIMUM PRICS TO BE CALCUALTED HAS REEN EQUALLED
EXCEEDED FOR ROR(1):?

IF CPRICECIoNDT) oGE. PARAMC11)) GO TO 400

'CONTINUE

END

RETUPN

124
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THIS SUBROUTINE CALCULATES THE ANNUAL INCOME CASH FLOWS
DERIVED FROM THE URANIUM OXIDE PRICS TRANSFERRED FROM THE
SUBROUTINE °“NETPV®, IT THEN PRESENT VALUES THESE TC YFA®? 0 AND
RETURNS THIS VALUE TO THE SUBROUTINE °NEYPV®,

SUBROUTINE INCOME (AVGRDy CFINV, COSDPN, COST, DCF, DEFDWO,
1 DEPREC,y EXPLS, FLAG, MLIFE, NYEAR, PARAM, RFECFMIL,
2 REVESCs SPRICE, TAXCR, TPDy PV(CF)

DIMENSION CFINV(35), COST(13,35)s DEPRZC(35)s FLAG(T),
1 NYEAR(C1INy2)y PAPAM(12)y REVESC(35)y TAXCR(35)

REAL LOSSF, LOSSF1
PVCF = 0.

DECIDF WHETHER ONLY THE SIMPLIFIED METHOD IS REQUIRED FOR THE
UNDFRGROUND CASE:

IF (FLAG(T) «CTe 0.) GO TO 400

CSDPN = CDSDPN

EXPLCS = EXPCS
KOQUNY = =1
LOSSF1 = 0.
SUNMTAY = Q.
TAXCRF = 0.

THIS METHOD CALCULATES EACH YEAR®S CASH FLOWS INCIVIDUALLYS
DO 200 J = NYEARC6s1)y NYFAR(652)

KOUNT = KOUNT + 1
DEPL = 0.

LDSS CRARRPIED FORWARDS
LOSSF = LOSSF1

DETERMINE THE ANNUAL GROSS REVENUE:

125

GREV = SPRICE * REVESC(J) 2 365. % 2000.0 ¢ YPD # RECMIL * AVGRD

DETERNMINE THE ANNUAL ROYALTY BASED ON THE MINE MOUTH ORE VALUF
(I1.F. GROSS REVENUE LFSS HAULAGE AND MILLING COSTS):
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ROYEL = PARAM(CS) & (GREV = COST(944) - COST(105J))
GROSS REVENUE AFTER ROYLTY:
GeAR = GREV - ROYAL

TAXABLE INCOME BEFDORE DEPLETICN?

O o000

TIEDPL GRAR - COST(85J) - COST(S549J) - COST(12,J) - DEPREC(V)
1 -DEFDWO ~ LOSSFE

CALCULATE PERCENTAGT DEIPLETION ALLOWANCEZ:

(a2 NeNel

IF ((TI8SDPL oLFe Ge) «0Rs (PARANM(S) ,FQ. 0.)) CGC TO 2C
DEPLPC = PARAM(6) #* GRAR

UPPER LIMIT ON PERCENTAGE DEPLFTIION ALLOWANCES

aNaXEel

DEPL = 0.5 & TIBDPL
SELECT THE SMALLER OF THE ABOVE TwWOS
IF (DFPLPC oLT. DEPL) DEPL = DEPLPC

SELECT THE LARGER OF CJST AND PERCENTAGE DFPLFTION RLLOWANCE:

aNelel [aNaKe)

20 IF (CSDPN .5Q. Co) GO TO 30

(@

CSPLCS = CSOPN 7 (MLITE - KOUNT)
IF (CEPLCS GTe DEPL) DEPL = DEPLCS

FIND THE BALANCE OF COSY DEPLETION ALLOWANCE TO BF CARRIED FORWARD:

OO

CsSoPN = CSDPAN - DEREPL

RECOVFR EXPeNSE=D EXPLORATION COSTS FROM THE DEPLETION ALLOWANCE
AEND CARPY FORWARD ANY BALANCE: '

(el aNeNe)

30 IF (CEXPLCS <EQ. 0.) .OR. (DEPL .EQ. 0.)) GO TO 40

o

DFPL = DFPL -~ EXPLCS
IF (DEPL .Gfe 0.) EXPLCS = 0.
IF (DEPL <GEe. 0.) GO TO 40
EXPLCS = 88S(DEPL)
DEPL = Q.
C .
C TAXABLF INCOMF AFTER DFPLETION ALLOWANCE TAKFNS
c
40 TIADPL = TIBDPL - DEPL
C
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IF NO ESPENSING OF TAX LOSSES AGAINST DTHER INCOME IS POSSIRLE.
C CALCULATE THE LOSS CARRIED FORWARD FOR FUTURE DEDUCTION (LCSSF1):

.

IF (FLAG(3) .LT. 0.) GO YO 5¢C
IF (TIADPL .GF. 0.) LOSSF1 = 0.
IF (TIADPL «GE. G.) GO TO 5¢C

LCSSF1 = A3S(TIADPL)
TIANDPL = 0.
TAXS

5C TAX = TIADPL # PARAM(T)

IF OTHER TNCOME IS AVATLASLE FACH YEAR®S INVESTMENT TAX CREDIY

IS TAKEN IMMSOIATELY, OTHERWISE 3 PAXIMUM DF SC% OF THET TAX
LIABTLITY IS TAKEN WITH THE REMAINING INVESTMENY TAX CREDIT
EZINC CEPRIED FORWARD FOR FUTURE DEDUCTION.

I7 (PARAN(R) .EQe. 0.) GO TC 109D
IF (FLACG(3) +GT. 0.) GO TO 60

TAX = TAX - TAXCR(D)
GC TC 10C

690 TAXCCF = TAXCR(J) + TAXCRF

IF (CTAX oEQe 0e) «OR. (TAXCRF oFQe Go)) GO TG iCC
TAX1 = TAX - TAXCRF

IF (TAX1 .GFe. 05 * TAX) GO 7O 70
TAX = 0.5 % TAX
TAXCRF = TAXCRF - TAX

CO0 TC 100

79 TAYX = TAX1

TAXCRF = 0.

NET INCOME CASH FLOW?

100 CASHFL = TIADPL - LOSSF1 - TAX + DEPRFC(J) + DEFDWO + LOSSF

1 + DEPL

PRFSENT VALUE THE NET INCOME CASH FLDW ANL SUM WITH THE
PREVTIOUS TOTAL?S

PVCF = PVCF + CASHFL /7 ((1.0 + DCF) =z J)

127

IF NO EXTERNAL TAXABLE INCOME IS AVATILASLE THEN SUM THE TAX FOR

THE FINAL 3 OPERATING YEARS. THIS WILL BRE USED FOR TAKING TAX
LOSSES: AGAINST ON THE BACKFILLING AND RECLAMATION IN THE 3 YEARS

AFTER MINING CEASES.
IF ((NYEAR(652) = J oGEe 2) <AND. CFLAG(3) +GT. C.) .AND.
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C
200 CONTINUE
c
IF ((FLAG(3) oLT. 04) «0R. (FLAG(2) 4LT. 0.) «OR. C(SUMTAX
1 «FCe 04)) GO TO 300

C
C RECCOVER THE ABOVE MENTIONED TAX LOSS FROM RACKFILLING AND RECLA-
C MATION UP TO THE VALUE DF “SUMTAX". PRESENT VALUE THAT RECOVEREN,
C

M = NYEAR(C652) + 1

N = NYEAR(642) + 3
C

DC 210 J = MyN
TXLOSS = CFINV(J) #*= PARAM(T)
SUMTX = SUMTAX - TXLOSS
IF (SUMTX oLTe 0.) SUMTX = Q.
TXCAIN = SUMTAX - SUNMTX
PVCF = PVCF + TXGAIN /7 (1. + DCF) =#x J
IF (SUMTX «€Q. N.) GO TO 300
SUMTAX = SUMTX
210 CONTINUE
C
302 RTETURN

400 CONTINUE
THE FCLLOWING SIMPLI-IED CALCULATION FOR THE UNDERGROUND CASE

ASSUMES CONSTANT INCOME CASH FLOWS FOR THE ENTIRE MINE OPERATING
LIFE (I.%« BOTH CONSTANT REVENUES AND COSTS):

aNeNaXaNel (a)

GREV = SPRICE #* 365. % 2C00.0 % TPD * RFLMIL & AVGRD
J= NYEAR(6,1)
ROYAL = PARAM(S) * (GREV - COST(9,J) - COST(10,4J))
GRAR = GREIV - ROYAL
TIBDPL = GRAR - CDST(ByJ) - DEPRSC(J) - DEFDOWD
IF (PARAM(6).EQ. P.) GO TO 4190
DTPLPC = PARAM(6) * GRAR
DEPL = 0.5 %= TIBDPL
IF (DEPL +LT. 0G.) DFPL = C.
IF (DEPLPC .LT. DEPL) DEPL = DEPLPC
410 CSDPN = COSDPN /7 MLIFE
IF (CSDPN .GT. DEPL) DEPL = CSDPN
TIADPL = TI3DPL - DEPL

ANNUAL NFT INCOMF CASH FLOWS:S
ANCF = TIADPL % (le = PARAM(7)) + DEPREC(J) + DFFDWC + DFPL

PRESENT VALUE THESE CASH FLOWS FROM OVER THE MINE LIFE
TO THE BFGINNING OF THE START-UP YEAR:

aNale! (aXaNe!
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‘ PYANCE=ANCF#((14DCF)#*+MLIFE-1.)/(DCF+(1.+4DCFI*&MLIFT)
E PRESFNT VALUF PVANCF TO YEAR 02

‘ PVCF = PVANCF 7/ (1. + DCF) =% (NYEAR(6,1) - 1)

‘ RETURN

C

END
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APPENDIX D

Example Plots

from Program Output

130



T-2035 131

100~
80~
70+
50~

40

$

Reserves (milllon tons)
Ne

| 1 1 7 1 ) |

§ 3 3 8 §583° S 8 ¢

o (@] (@] O O OO0O0O (@] (@] (o]
Ore Grade (percent U3Opg)

FIGURE DI - RESERVES VERSUS ORE GRADE
UNDERGROUND MINE I15% DCFROR
80 ORE DEPTH TO THICKNESS RATIO
" VARYING U3Og SELLING PRICE (DOLLARS PER POUND)



S 0

40-

n N
T 9

Reserves (million tons)
T
|

o
I

132

03—
0.08+

| |
(7o} ~
. . o o
(o] o o
Ore Grade (percent UsOg)
FIGURE D2-RESERVES VERSUS ORE GRADE VARYING DCFROR

UNDERGROUND MINE  $40/LB. U3Og
BO ORE DEPTH TO THICKNESS RATIO

0.0l
0.02-
o

0.09-

0.10-



T-2035 133

100+
90+
80
70

60+
50

40-

(7]
o
1

Reserves (m'l\!Ilon tons)
(@)
1

00

FEEEEIE

q
o
© ~ o o o
o

Ore De-pth to Thickness

500
600-

.
[
s @
Ratio

FIGURE D3 - RESERVES VERSUS ORE DEPTH TO THICKNESS RATIO
UNDERGROUND MINE 0.050% U30g  15% DCFROR
VARYING U3Og SELLING PRICE (DOLLARS PER POUND)



T-2035 134

$ 33888

§ 2

Reserves (mhl)lllon tons)
2

T 1
o O
~ ©

. Ore Depth

| —
g é o
" +* ©

20
60
- 90+
100
200-
300+
400-

o Thickness Ratio

FIGURE D4 - RESERVES VERSUS ORE DEPTH TO THICKNESS RATIO
UNDERGROUND MINE $40/LB. Us0g  15% DCFROR
VARYING ORE GRADE (PERCENT UxOg)



T-2035 135

100

80-
T0-
60

Control points other than
840 are not shown.

50

40-

(77}
?

?

Reserves (million tons)
o0

T¢9

o
| —

(6
i

“

N

o FEEEEE:
> © © o

0.02
0.031
0.04-
.05+
oO

FIGURE DS - RESERVES VERSUS ORE GRADE
UNDERGROUND MINE 840/LB. U3z0g 15% DCFROR
VARYING ORE OEPTH TO THICKNESS RATIO



T-2035 136

100+
90
80—

70+
60

504

»
T

3

Reserves (million tons)
N
(@)
L

¢ Q

8-

20+
30
40

1 1
R g

Ore Depth to Thickness ‘}\’atio

300
400-

FIGURE D6- RESERVES VERSUS ORE DEPTH THICKNESS RATIO
UNDERGROUND MINE 0.050% U30g
$40/LB. Ux0g I5% DCFROR
VARYING MINE PRIMARY DEVELOPMENT AND MINING COSTS



T-2035 137

904

40-

ol
o
1

Reserves (rrrljllion tons)
o
1

(3]
re)
10—
9
8-
74
6-4
5—
4 -
3-
2
| T T T T 1 1 1
5 § 3 3§ 2858839 2
o o o 6 © 0 600 o
Ore Grade (percent UszOg)

FIGURE D7 - RESERVES VERSUS ORE GRADE
OPEN PIT MINE  'I15% DCFROR

25 ORE DEPTH TO THICKNESS RATIO
VARYING U3z0Og SELLING PRICE (DOLLARS PER POUND)



T-2035 138

704

50+

40+

g

n
?

Reserves (million tons)

i B 3 i T R 1
0.0l 0.02 0.03 0.04 0.05 0.06 0.07
- Ore Grade (percent U;0g)

FIGURE D8 - RESERVES VERSUS ORE GRADE VARYING DCFROR

OPEN PIT MINE $40/L8B. U308
25 ORE DEPTH TO THICKNESS RATIO



T-2035 139

1004
901

704
604

50-

40
o
)
[~
9-.
8
7'1
6
5
4~

T 1 1
O 0O
~ o0

g

Reserves (million tons)
[\M]
(@]
1

o
I

14— UL DAY R R T
w O~ oo o e 2 9

«~N " <
Ore Depth to Thickness Ratio

60
100-

FIGURE D9 - RESERVES VERSUS ORE DEPTH TO THICKNESS RATIO
OPEN PIT MINE 0.050% UzOg 15% DCFROR
VARYING U3Og SELLING PRICE (DOLLARS PER POUND)



T-2035 140

100+

)

llion tons
W
Q

mi

)

(o]
1

Reserves (
0.050%

o
L

2-

1
o
(e}

.

T 1 1 1 1 T T
O © & 00 (o] o)

N ]
Ore Depth to Thicknes

04
80-

1 ) 1
3 g R
Ratio

w4
100

FIGURE DIO - RESERVES VERSUS ORE DEPTH TO THICKNESS RATIO
OPEN PIT MINE $40/LB. U30g 15% DCFROR
VARYING ORE GRADE (PERCENT U308)



T-2035 141

501

40

o
?

n
o
1

Reserves (million tons)

T T
(o] O
©

("]
Ore Depth to Thickness Ratio

20
30+
0
70+

FIGURE DIl - RESERVES VERSUS ORE DEPTH TO THICKNESS RATIO
OPEN PIT  $40/LB. U30g 0.050% Uz0g  !5% DCFROR

VARYING MINE PRIMARY DEVELOPMENT AND MINING COSTS

80-



T-2035

—

10.

11.

REFERENCES CITED

John Klemenic, Development of Nomograph of Cost of Open
Pit Primary Development as a Function of Size, Depth
and Thickness, USAEC Grand Junction Office, Colo.,
Feb. 24, 1972.

, Examples of Overall Economics in a Future
Cycle of Uranium Concentrate Production for Assumed
Open Pit and Underground Mining Operations, USAEC Grand
Junction Office, Oct. 20, 1972.

, An Estimate of the Economics of Uranium
Concentrate Production from Low Grade Sources, USAEC
Grand Junction Office, Colo., Oct. 22, 1974.

E.N. Harshman, Uranium Deposits of the Shirley Basin,
Wyoming, Ore Deposits in the United States -~ 1933/1967,
AIME, New York, 1968, pp. 849-856.

U.S. Geol. Survey, Nuclear Energy Resources - A Geolog-
ical Perspective, Washington D.C., U.S. Govt. Printing
Office, INF-74-14., 1974,

USERDA, Uranium Exploration Expenditures in 1976 and
Plans for 1977-78, Grand Junction Office, Colo.,
GJO-103(77), May, 1977.

, Statistical Data of the Uranium Industry, Grand
Junction Office, Colo., GJO-100(74-77), Jan. 1, 1974-77.

Exploration Manager, uranium mining company, telephone
conversation, Nov. 1977.

Manager, major drilling company, telephone conversation,
Nov. 1977.

John Klemenic, Director of the Supply Analysis Division,
Department of Energy, Grand Junction Office, Colo.,
telephone conversations, Sept. 1977 - Feb. 1978; inter-
view, Oct. 1977.

- J.F. Facer, Jr., Chief of the Analysis Branch, Depart-

ment of Energy, Grand Junction, Colo., interview, Oct.
1977; telephone conversations, Nov. 1977 and Feb. 1978.

142



T-2035 143

12.

13.

14.

15.

16.

17.

18.
19.

20.

21.

22.

23.

24,

Corporate Attorney, uranium mining company, telephone
conversation, Oct. 1977

Douglas J. Lootens, Uranium Production Methods and Eco-
nomic Considerations, Engineering Bulletin 49, Dames &
Moore, Los Angeles, Sept. 1977, pp. 23-34.

Douglas J. Lootens, Associate, Dames & Moore, Park Ridge,
'I11., letter, Nov. 1977; telephone conversations, Jan.
1978.

Alfredo Gurmendi, Production Analyst in Mining, Depart-
ment of Energy, Grand Junction, Colo., telephone con-
versations, Oct. 1977 and Jan. 1978.

General Manager, uranium mining company, telephone con-
versations, Nov. 1977 - Jan. 1978.

W.L. Dare, Uranium Mining Practices and Costs at Ten
Salt Wash Lease Operations of Union Carbide Nuclear
Co., Bureau of Mines, Information Circular 7922, 1959.

Confidential private industry report, 1973.

Manager, uranium mill, Wyoming, brief conversation,
Oct. 1977.

Manager of Environmental Services, uranium mining com=
pany, telephone conversation, Nov. 1977

Frederick C.J. Lu, Chief of the Supply Branch, Depart-
ment of Energy, Grand Junction, Colo., telephone con-
versations, Oct. 1977 and Feb. 1978.

John Klemenic, Analysis and Trends in Uranium Supply,
USERDA Grand Junction Office, Colo., GJO-108(76),
Oct. 1976, pp. 227-269.

Lane White, In-Situ Leaching Opens New Uranium Reserves
in Texas, Engineering and Mining Journal, McGraw-Hill,
v.176, No. 7, July 1975, pp. 73-81.

J.N. Frank, Cost Model for Solution Mining of Uranium,
USERDA Grand Junction Office, Colo., GJO-108(76),
Oct. 1976, pp. 201-225.




T-2035 144

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Chemical Engineer, experimental in-situ leach operation,
brief conversation, Oct. 1977.

W.H. Ford, Geologist, Wyoming Minerals Corp., AIME pres-
entation, Colorado School of Mines, Golden, Colo.,
Jan. 25, 1978.

Pamela R. Tittes, An Economic Evaluation of Regulatory
Agency Requirements for Uranium Solution Mining in the
United States, Master's Thesis, Colorado School of
Mines, Golden, Colo., T-1935, 1977.

J.F. Facer, Jr., Uranium Production Trends, U.S. Depart-
ment of Energy, Grand Junction Office, Colo., Oct. 1977.

R.B. Bhappu, Economic Evaluation of Inplace Leaching
and Solution Mining Situations, Seminar on Inplace
Leaching and Solution Mining, Mackay School of Mines,
Univ. of Nev., Reno, Nev., Nov. 1975.

H.J. Winters, C.K. Chase and R.B. Bhappu, Technical
Notes: Economic Evaluation for In Situ Extraction of
Uranium, Mountain States Research and Development,
Tuscon, Arizona, Nov, 1975.

F.M. lewis and R.B. Bhappu, Evaluating Mining Ventures
Via Feasibility Studies, Mining Engineering, AIME,
v. 27, No. 10, Oct. 1977, pp. 48-54.

George Toth, Uranium Solution Mining Cost Model, AIME
Annual Meeting presentation, Denver, Colo., Feb. 28,
1978.

F.J. Stermole, Economic Evaluation and Investment Decis-
ion Methods, 2nd Ed., Investment Evaluations Corpor-
ation, Golden, Colo., 1977.

B.C.J. Lloyd, Uranium Mining Annual Review, Mining Jour-
nal Ltd, London, June 1977, pp. 92-94.




