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THE FEASIBILITY OF MINING IN THE
VALDEZ CREEK MINING DISTRICT, ALASKA

by Michael D. Balen'

ABSTRACT

This Bureau of Mines open file report is one in a series of reports written about the Valdez
Creek Mining District (VCMD) as a result of the continuing Bureau of Mines mining district
evaluation program. This report presents the results of order-of-magnitude mining feasibility
studies. The mining feasibility studies were conducted for mineral deposit models that were
based on real and hypothetical deposits that occur in the VCMD. A total of 66 mine models
were developed for application to the mineral deposit models. The goal of the feasibility study
was to determine the monetary value per unit of minable ore that would cause the simulated cash
flow for each of 66 mine models to achieve certain pre-defined rates of return for the invested
capital.

INTRODUCTION

During the years 1987 through 1989, the Bureau of Mines (Bureau) and the Alaska Division
of Geological and Geophysical Surveys (ADGGS) conducted mining and geological field
investigations in the 5.7 million-acre Valdez Creek Mining District (VCMD) as part of the
Bureau's continuing mining district evaluation program. The objectives of the VCMD
investigation were to; (1) evaluate the mineral resources of the VCMD, (2) perform theoretical
mining feasibility studies designed for application to the various deposit types that occur in the
VCMD, (3) study the application of modem beneficiation technologies on known deposits, and
(4) perform a probabilistic mineral resource and economic assessment (ROCKVAL) of the
mining district.

The Bureau has published eight reports as a result of the VCMD investigation. Open file
reports OFR 43-88 (1)2 and OFR 31-89 (2) were published by the Bureau following each of the
first two years respectively, of VCMD field work. These reports detail the findings of each
year's geological and geochemical field investigations. The data from the first through the third
year of field investigations is consolidated in a third report (O). A detailed compilation of the
VCMD field work data including available historical data for all mineral occurrences in the
district is presented in a fourth report (4). The industrial mineral resources of the VCMD (O,
and the occurrence of gold- and platinum-bearing conglomerates in the VCMD (@ were
evaluated in two additional reports. A complete summary of the VCMD investigation is
presented in the Executive Summary (7).

'Physical Scientist, Alaska Field Operations Center, Anchorage, Alaska.
2Underlined numbers in parentheses refer to items in the list of references at the end of this report.

* ~~~~~~~~~~~~~~~~~~~~~~~1



This report presents results of order-of-magnitude mining feasibility investigations. Mining
feasibility investigations were conducted for a set of mineral deposit models that are based on
real and hypothetical deposits that occur in the VCMD. Sixty-six mine models were developed
for application to the mineral deposit models. The goal of the feasibility study was to determine
the monetary value per metric ton of minable ore that would cause the simulated cash flow of
each of the mine models to achieve certain pre-defined rates of return for the invested capital.

LOCATION

Located in the south-central portion of Alaska, the VCMD is geographically defined by that
portion of the Susitna River drainage basin upstream from the Talkeetna River confluence
(fig. 1). Bounded on the north by the crest of the Alaska Range, on the west by the Mt.
McKinley massif, on the south by the Talkeetna Mountain Range, and on the east by the Lake
Louise Plateau (B), the VCMD encompasses a vast Alaskan landscape.

LAND STATUS

The VCMD is comprised of federal, state, and private land holdings. A generalized land
status map is shown in figure 1. Current land status for specific areas can most accurately be
determined by reviewing the Master Title Plats at the Bureau of Land Management (BLM).
Federal lands fall under the administration of the BLM and the National Park Service (NPS);
state lands are administered by the Department of Natural Resources (DNR), Division of Lands.

ACCESS

Portions of the VCMD are accessible from the Parks, Denali, and Glenn Highways, which are
the major roads within the district. Poorly maintained mining roads and hunting trails provide
limited access to some back-country areas for 4-wheel drive or off-road vehicles. The most
practical method of access into the majority of the VCMD is by helicopter or small fixed-wing
aircraft. Access by shallow draft boat is possible on some of the larger rivers such as the
Susitna, Chulitna, and Maclaren Rivers. The Alaska Railroad provides access to the western
portion of the district via the rail line that runs between Anchorage and Fairbanks.

PHYSIOGRAPHY

The physical geography of the VCMD encompasses a wide variety of features. Periglacial
landforms predominate in areas below 3,000 ft. above mean sea level (MSL). Rugged mountains
with elevations as high as 20,320 ft Mt. McKinley host the snow fields that inaugurate the decent
of thick glaciers into "U" shaped valleys. Some glaciers such as the Ruth, stretch 30 miles from
their highest cirques. Approximately 63% (5,598 mi2) of the land surface within the VCMD is
higher than 3,000 ft above MSL, and 6% (536 mi2) lies higher than 6,000 ft above MSL.

Lower elevation valley bottoms are vegetated with cottonwood, birch and white spruce. With
increasing altitude, the mixed forest gives way to white spruce and aspen forests. An
undergrowth of willow, alder and sphagnum moss is ubiquitous below treeline. Wetlands are

2
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vegetated with sedge grasses, tamarack, and stunted black spruce. Treeline throughout the
VCMD ranges from 2,500 to 3,000 feet above sea level.

Nearly all Alaskan species of wildlife can be found within the VCMD. Moose, caribou,
brown and black bear are the most visible animals; they range throughout the region. Beaver,
muskrat, geese, and ducks populate the wetlands in valley bottoms and lower elevations. Dall
sheep inhabit the high peaks of the Talkeetna Mountains and the Alaska Range. Fox, wolf,
porcupine, marten, mink, lynx, and wolverine are also VCMD residents, but are much less
visible than the larger animals due to their reclusive nature.

Climatic conditions in the VCMD are influenced by warm ocean currents flowing in the Gulf
of Alaska. Cool, rainy summers and cold, snowy winters are the norm throughout most of the
district (2). Temperatures as low as -640F and wind chill temperatures below -1000F have been
recorded in the district. At the opposite end of the scale, summer time temperature extremes
have exceeded +960 F. Snowfall in the VCMD has buried portions of the Chulitna River valley
with over 21 feet of snow.

The VCMD is sparsely populated; most human residents live along the major highways.
Talkeetna is the largest settlement near the VCMD and has a population of 269. Cantwell is the
second largest population center near the VCMD with about 150 residents. The Valdez Creek
Mining Company camp has a population of about 100 persons when the mine is in operation, and
represents the largest settlement actually within the district. Other relatively significant
population centers in the VCMD are located at Lake Louise, where less than 100 people live
year-round, at Busch Creek where 3 to 10 miners work during the summer, and in the Valdez
Creek drainage above the Valdez Creek Mine, where 5 to 20 people work placer and lode mines
during the summer.

ACKNOWLEDGMENTS

The author thanks Denise Herzog, mining engineer, U.S. Bureau of Mines, Alaska Field
Operations Center, Anchorage Branch, for assistance in preparing the section of this report
entitled "Gold-Silver-Copper Breccia Pipe Deposit Model". This section is based on a mining
feasibility study that was prepared for publication in Analysis of Balboa Bay. Beluga. Point
Mackenzie. and Lost River as Port Sites for use by the Mineral Industry (19).

MININ FEASIBILITY STUDIES

Mining feasibility studies were conducted for deposits within the district at two levels of
complexity. A generic order-of-magnitude study was conducted for mineral deposit models
based on the undeveloped mineral occurrences, and on the geologically and geochemically
inferred mineral occurrences that exist within the VCMD. Where it was logical to do so, several
methods of mining technology (mine models) were applied to the deposit models to illustrate the
effect that economy of scale would have on various types of mine and deposit model
configurations. Order-of-magnitude mining feasibility investigations were conducted for
metamorphic gold vein, copper-gold-silver skarn, plutonic related gold vein, basalt hosted
copper, porphyry gold, and plutonic related tin deposits.
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The presence of minimally developed, well studied, and currently sub-economic deposits in
the district prompted a specific order-of-magnitude mining feasibility investigation for these types
of deposits. Specific mining feasibility investigations were conducted for deposits modeled after
the Golden Zone gold-sulfide breccia pipe, the Zackly copper-gold-silver skam, the Valdez Creek
deep placer gold deposit, and the Denali Copper basalt hosted copper deposit (fig. 2).

It is important to emphasize that the mining and milling scenarios as presented in this report
are applied to generalized deposit models that are preliminary in nature and are accurate within
+ 25 %. Reference to actual deposits when discussing mining models is only for the purpose of
analogy. The data presented here serve only as a guide toward understanding the potential for
mineral development in the VCMD, and cannot be construed to represent all the factors that must
be considered in a full scale mining feasibility analysis. A full scale mining feasibility
investigation requires detailed evaluation of the vast number of variables embodied by the; 1)
metallurgical, geometrical, and structural characteristics of the ore body, 2) metal markets,
3) availability of infrastructure, 4) sociopolitical climate, 5) environmental constraints,
6) corporate policy, and 7) profitability analysis. The order-of-magnitude nature of the mining
feasibility studies in this report precludes all but the profitability analysis portion of a full scale
mining feasibility study.

MINING FEASIBILITY PARAMETERS

The evaluation of the feasibility of mining each deposit model involved the resolution of
numerous variables such as deposit tonnage, mining and milling methods, mining rate, mine life,
and deposit access requirements. Deposit model tonnages were estimated by evaluating
probabilistic distributions of tonnage and grade variability for analogous real deposits (1I). In
all cases, the estimated deposit model tonnages represent minable reserves.

Mine models were created by designing a mining and milling plan for each deposit model.
Mine models were then evaluated by varying the mining plan to accommodate various deposit
model tonnages. By evaluating the feasibility of mining each deposit model over a range of
tonnages, a distribution of results was generated that showed the effect of the economy of scale.
The deposit tonnage estimates were used to calculate the mining rate and the mine life for each
deposit according to Taylor's Rule (1) where mine life (years) = 0.2(T) 0°25, and mining rate
(mtpd ore) = (TO. 75)/70 (T = deposit size in metric tons). For the specific feasibility studies,
the deposit tonnage was estimated based on current knowledge of the geology of the modeled
deposit.

A variety of mine model types were used in this study and were selected in a way that
provided a qualitative method to estimate the order-of-magnitude costs for most combinations of
mining and milling techniques that might be applied to deposits in the VCMD. Table 1 itemizes
these mining and milling techniques as applied to each deposit model.

The overhand mining method as applied in this feasibility study is a variation of cut-and-fill
mining practices. The mining method incorporates ore chutes, man-ways and haulage-ways in
a system of mining that develops a block of ore by driving two-compartment raises every
31-62 m (100-200 ft) along the strike of an ore body. After the raises are completed, a slot is
cut along the bottom of the ore block between two raises to initiate the cut-and-fill process. Ore

5
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TABLE 1. - Mineral deposit and mine model descriptions.

ORDER-OF-MAGNITUDE MINE MODELS

Deposit size Mine model | Mining rate Mine life
Deposit type (mt) | (extraction method) (mtpd) J (years) Mill type

Metamorphic gold vein 175,000 Overhand 125 4.1 Gravity
Metanmorphi0 god vein h 06 35,.000 v ....... ... . .. (-.

Metamorphic gold vein 500,000 Overhand 275 5.4 Gravity

Metarnorphic gold vein ........... :000 C0t'1dl vity
MCtamorphic gold vein 1,000,000 Cut-and-fill 500 6.5 Gravity

Mot mo phic goldd vein 1,500,006000 Ctzt-n4U 6. 7. 'kuv'ty

Mctamorphic gold vein 2,000,000 Cut-and-fill 760 7.5 Gravity
Metnmorphic gold tvein t ~titi;0:t i 00000000 0 000005.' ........................... ',' l;"000,00 0 Co 1,51Gravity.............................

Metamorphic gold vein 10,000,000 Cut-and-fill 2,550 11.3 Gravity

Cu, Au, Ag skarn 350,000 Overhand 210 4.9 Flotation3 ~~~~~~~~~~Cu, Au, Ag skarn0.00.0tti i ;;g400 0 005 0 00;,.0 . . ... t ..--.. ' l 0 00 Qvzho 27' 50.t ~t4 . Flotation0000 0000

Cu, Au, Ag skarn 750,000 Cut-and-fill 365 5.9 Flotation

Cu, Au, Ag skarn : ;00 t g:;4:0t01>,t::t;0g ; :"': .:: : a!i:g:-t0"g:::-. "''::000,000 Ct4-ag44W 500 . : 6.5............. F.lotation''0I ~ ~~~Cu, Au, Ag skarm 1,500,000 Cut-and-fill 615 7.0 Flotation~~~~~~~~~~~~~~~.... 
. .

.

t

Cu, Au, Ag skrh n gld 2,000,000 ...I.....ta f 7.0 1 .5 .. l. to

Cu, Au, Ag skarn 5,000,000 Cut-and-fill 1,515 9.5 FlotationCu. A, Ag hm t;t t00000000 000040000 0 ';;000'g'0i'' t l- 0; , ........................... ...,.... ....... 5.-.-......, - ...

Plutonic related Au vein 175,000 Shrinkage 100 5.0 CIP

Plutonic related Au .vein i t:; 350,000 ............i 00 0.0 4

Plutonic related Au vein 500,000 Shrinkage 275 5.4 CIP
Plutonic related Au ;vein; ;;000 .075 0, i ;000000000i00000 v0t'.0er , ,d, 30.:.i0...,04 t "00,:00'65'g 5.900-t CIPitl

Plutonic related Au vein 1,000,000 Overhand 500 6.5 CIP

Plutonic irelated Au ~veint l:: 1,0 0, 0 0002000 4t:.:0 t t: I L n ol-aub1 : : t ttv'e1; 0 6415 i j-00 07.ot0, CI?;t

Plutonic related Au vein 2,000,000 Longhole-sublevel 760 7.5 CIP~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~. .. . .... .f.- __7. ...I B~~~~~~~~~asalt hosted copper: T: 5 :: .S 2,000 EE7ii~~,000 : i-f ghS E ole-,'blevel-- i2' :E!! 1'-!760'4g-i iifiE': - E7.5 Flotationi i
Basalt boated copper 5,000,000 Longhole-sublevel 1,515 9.5 Flotation
B a sa lt h o ste d c o p p e r ;;;00000 0 00 000 0010 t,00 0 000000g,000 00 0..00.;..'. g0 l ' '~l i :02 ,5 0.... .. o ta t o . "

Basalt hoated copper 15,000,000 Longhole-sublevel 3r,445 12.4 Flotation
Porphyry go}d 200 . . 0 j0, T .... . ........ ... 0 .0000000 Openpit160 7?........ .. . . ... .. ....- ............. ......

Porphyry gold 5,000,000 Open pit 1,515 9.5 CIP

Porphyry gold t t 00 t0 i 004 10''00tj,0t~ ,~-0000,l000 Ope ,n pit -'" 2,550 11.3'. C-I-.,'.?540000000 ' 0000................................ .0
Piutonic related tin 1,000,000 Open pit 500 6.5 Gravity

u, relatedu ta 1,500000 Cut'anfil.l1 365 7.0 Flrtatity

Plutonic related tin 2,000,000 Open pit 760 7.5 GravityPlutonic related tin 5,000,000 Open pit 1,515 95~~~........... . .... it..C ut, c e a e A u, ... ..........00000S,,00j~~i'"0 tl000000000000.-.,4, ,;;00000 00 000000,.... :001. ;5'i$ t

Plutonic related tin 10,000,000 Open pit 2,550 11.3F

1 7I~~~~~~~~~kt ltto



TABLE l.--Continued - Mineral deposit and mine model descriptions.

SPECIFIC MINE MODELS

Deposit size Mine model Mining rate Mine life
Deposit type (mt) (extraction method) (mtpd) (years) Mill type

Au, Ag, Cu breccia pipe 4,100,000 Open pit / cut-and-fill 733 14.4 Flotation/CIP

Cu, Au, Ag skarn 1,623,000 Longhole-sublevel 454 11.0 Flotation/CIP

Basalt hosted copper 5,100,000 Vertical crater retreat 1,000 15 Flotation
Basalt hosted copper 51 00 000 .i V er at2,000l

Basalt hosted copper 5,100,000 Vertical crater retreat 3,000 6 Flotation

Deep placer gold 1,700,000 BCY Open pit 1,000 BCYD 5 Gravity
Deepplacer gold 3,400,000 pei............... 2, , 5 ... ....... G

Deep placer gold 5100,000 BCYOpe pit

is removed from the stope in horizontal slices that are blasted from the back. Sand back-fill is
added to keep the floor of the workings at a convenient working distance below the back.
Drilling is accomplished with jackleg drills and slushers are used to remove broken material from
stopes to the ore chutes. This mining method is differentiated from cut-and-fill as described
below, by lower production rates.

Cut-and-fill mining practices as applied to the deposit models in this feasibility study
incorporate a series of bald-headed sublevel haulage-ways equipped with ore chutes and draw
points that are used for extracting broken ore from stopes. Two-compartment raises provide
access to the stopes, and storage for broken ore. Stopes are mined by blasting a horizontal cut
from the back of the ore body. Ore is blasted down onto the floor of the stope, and is moved
to ore chutes with slushers or load-haul-dump (LHD) vehicles (depending on production rate).
Once the broken ore is removed, sand backfill is added to the stope to bring the floor up to a
convenient elevation below the back in preparation for the next cut.

Shrinkage mining is similar in many respects to cut-and-fill mining. The major difference is
related to the method employed to support the ribs of the stope, and in the methodology used for
ore extraction. Stopes are developed by driving a series of finger raises off the haulage level
drift. The finger raises are eventually belled out to form draw points for broken ore. Access
raises are driven from the haulage level to define the longitudinal boundaries of the stope, and
to provide access to the stope for workers and equipment. Mining occurs by blasting horizontal
cuts from the back of the ore body. Ore is drawn from the stope as necessary to maintain a level
working floor in the stope that is an adequate elevation below the back for drilling the next
horizontal cut. The drill-blast cycle is continued until the entire stope has been mined.

Longhole-sublevel mining requires a large ore body or wide vein, strong host rocks, and good
parting between the ore and the host rocks to minimize wall rock contamination during
excavation. Stopes are developed by driving sublevels in ore at approximately 31 m (100 ft)
vertical intervals. An opening raise is driven at one end of the stope to create air space for
subsequent blasting, and a man-way raise is driven at the other end of the stope for worker and

8



equipment access. Holes are drilled between sublevels and ore is blasted initially into the
opening raise, and subsequently into the opening created by the previous round. The working
face retreats to the man-way raise leaving pillars as necessary. Ore is drawn into main haulage-
ways through draw points located at regular intervals along the bottom of the stope.

The sublevel caving technique of ore extraction is most effective in a thick, strong ore body,
however, the method can be adapted for weak ore bodies. An ore body is developed for
production by driving footwall haulage-ways at 9-11 m (30-35 ft) vertical intervals. Cross-cuts
are driven into the ore body from the haulage-ways to the hanging wall of the ore body. A slot
raise is driven along the hanging wall from the end of each cross-cut to provide an initial opening
for blasting. Ore is drilled and blasted starting at the hanging wall, and allowed to cave into the
cross-cuts. Mining progresses (retreats) towards the haulage-way (footwall) at the micro scale,
and downward at the macro scale.

Open pit mining is most effective when applied to a large, near surface deposit. The method
incorporates standard earthmoving equipment to excavate large volumes of material in such a
manner that a pit is developed as a result of the extraction of ore and associated waste material.

All the mine models developed for this study have several features in common. Escalation
factors were applied to the calculated costs to inflate dollars from the 1984 base to December
1989 values, unless otherwise noted. Additionally, Alaska escalation factors were applied to
inflate costs to reflect the added expense of operating in remote locations in south-central Alaska.
The Alaska escalation factors were derived in a previous Bureau publication (1), and represent
the escalation of costs for Alaska that were applicable at that time. It must be noted that the
Alaska escalation factors have probably changed, and application of new and more accurate up-
to-date figures to this study would change the results. Electric power for all model mining
operations is supplied by diesel generators. Each mining feasibility model operates 2 shifts per
day and 350 days per year unless otherwise noted, for the life of the mine. All mining models
include a camp facility of sufficient size to house and feed the entire mine and mill crew.

Recoverable Metal Value

Several sources of information were used to estimate the capital and operating costs associated
with each mine model (14-20). The estimated costs for each mine model and a capital
investment schedule (CIS) outlining the timing for capital investment for each mine model are
presented in appendix A. The CIS's were the basis for the cash flow analysis procedure used
to evaluate the economics of each mine model. The cash flow analysis procedure uses the CIS
for each mine model to solve for two unknowns, namely the discounted cash flow rate of return
on investment (DCFROR) and an independent variable, the recoverable metal value (RMV). The
RMV is the gross monetary value of the metal recovered from the mineral deposit, less smelter
royalty, less shipping costs for concentrate or dor6. The cash flow analysis procedure evaluates
the cash flow equation for a mine model through an iterative process that varies the RMV
between assigned limits, solving in increments for the DCFROR. This procedure generates the
distribution of RMV versus DCFROR as a function of the time value of money. The RMV was
used in this study to eliminate the affect of changeable metal prices, ore grades, and mill
recoveries in the cash flow analysis of a mining scenario. This can be done because of the
independent nature of the RMV variable due to the iterative method by which the RMV is
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calculated. An RMV that produces a solution to a cash flow equation that equals a DCFROR
of 0.0% was considered a break-even RMV. This value of RMV caused the mine model to
recover all costs, and achieve zero profit upon exhaustion of the deposit. A mine model was
considered to be economic if the cash flow analysis yielded a 15% DCFROR.

ANALYSIS OF ORDER-OF-MAGNITUDE MINE MODELS

Metamorphic Gold Vein Deposi Model

The metamorphic gold vein deposit models are based on geologic information available for
mineralized veins that occur in metamorphic rocks in the VCMD. Examples of known
occurrences upon which the deposit models are based are the Black Creek Lode and the
Timberline Creek Lode (fig. 2).

The mine models designed for application to the metamorphic gold vein deposit model assume
a nearly vertical, fairly competent ore body of relatively consistent width. The deposit model
is further characterized by the type of access that is planned in each applicable mine model. Adit
entry mine models assume that the ore body is exposed at the surface, and that there is sufficient
back to warrant an adit entry. Shaft entry mine models assume that the top of the ore body is
35 meters below the shaft collar. Overall geometry of the ore body is assumed to be tabular with
depth equal to length.

A total of 6 overhand mine models and 12 cut-and-fill mine models were developed for
application to this deposit model. Table 1 lists the basic mine model description. Each
applicable mine model in Table 1 was evaluated as either an adit entry mine or a shaft entry
mine. In each model, the associated mill uses vibrating tablessto concentrate the ore. All costs
generated for each mine model are listed in appendix A.

Adit and shaft entry overhand mine models incorporate stopers and jackleg drills for
production. Jackleg drills are also used for drift development. Slushers are used to move ore
from the stopes to ore chutes, and LHD's are used to move ore from the chutes to ore storage
locations. Shaft entry overhand mine models access the deposit through one production shaft.
Shaft entry models also incorporate one combination ventilatioiescapeway raise. Hydraulic sand
is used to back-fill the stopes in each overhand mine model.

Adit and shaft entry cut-and-fill mine models incorporate jackleg drills and stopers for
production development. Small jumbo drills are used for drift development. Slushers are used
to move ore from the stopes to ore chutes, and LHD's are used to move ore from the chutes to
ore storage locations. Shaft entry cut-and-fill mine models access the deposit through one
production shaft. Shaft entry models also incorporate one combination ventilation-escapeway
raise. Hydraulic sand is used to back-fill the stopes in each cut-and-fill mine model.

Table 2 lists a summary of the RMV vs. DCFROR cash flow analysis results. Figures 3, 4,
and 5 graphically present the results of the cash flow analysis for the metamorphic gold vein
deposit mine models. The RMV's required to achieve a 15% DCFROR range from a high of
$533.50/mt for a shaft entry 125 mtpd mine, to a low of $148.00/mt for an adit entry 2,550
mtpd mine.
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TABLE 2. - Summary of cash flow analysis results for mine models applied to metamorphic
gold vein deposit models.

RMV ($/mt)
Mine type Mining Adit entry Shaft entry

Deposit type Deposit size (extraction rate
I (mt ) method) (mtpd) Z Z I 15 SRat % 1;- 15% ROR

Metamorphic gold vein 175,000 Overhand 125 $359.00 $515.00 $380.00 $533.50

Metamorphic gold vein 30-.:000 20 3S 0 $400.00. $5.-.0 $42 .0S

Metamorphic gold vein 500,000 Overhand 275 $241.00 $329.00 $255.00 $347.50

Metamorphic gold vein 750, M '4000 - 4Cut'4 L -. 5 . S.At. AO.00 S .... .. 0.. ..
:~~~~~~~~~~~~~~~. . . . .. . . . . ... . -.... . .. .. .. ... . . : . .....

Metamorphic gold vein 1,000,000 Cut-and-fill 500 $196.00 $315.00 $209.00 $346.00

Metamorphic gold vein MO"1,00,000 $7000 * 1.00 . $34 100 . ......

Metamorphic gold vein 2,000,000 Cut-and-fill 760 $156.00 $250.00 $166.00 $269.00

Metamorphic gold vein 5.000, 000. ...t.-..-. 1 $112.0 $ .0 S0t7 .5

Metamorphic gold vein 10,000,000 Cut-and-fill 2550 _ $89.00 $148.00 $ $157.50

$70000 - - -I $-00.00 -- - - - - 5 _-

J $500.00 - _

I~~~~1OO _=__===
a $200.00 - __

0.0 2.0 4.0 6.0 t.0 10.0 12.0 14.0 16.0 18.0 20.0

Oiscounted Cash Flow Rate of Reiurn (%)

19 125 MTPD - Shaft -+ 210 MTPD - Shaft t 275 MTPD - Shoft

E3 125 MTPO - Adit 0- 210 MTPD - Adit 275 MTPD - Adit

Note: Legend description Indicates mining role, ond rype of entry into Ihe mine workings.

I_
FIGURE 3. - RMV vs. DCFROR for a metamorphic gold vein deposit; 125, 210, and 275

mtpd, adit and shaft entry, overhand stope mine models.
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FIGURE 4. - RMV vs. DCFROR for a metamorphic gold vein deposit; 365, 500, 615, 760,
1,515, and 2,550 mtpd, adit entry, cut-and-fill stope mine models.
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FIGURE 5. - RMV vs. DCFROR for a metamorphic gold vein deposit; 365, 500, 615, 760,

1,515, and 2,550 mtpd, shaft entry, cut-and-fill stope mine models.
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Copper-Gold-Silver Skarn Deposit Model

The copper-gold-silver skarn deposit models are based on the geologic information available
for mineralized skams that occur in the VCMD. Examples of known occurrences upon which
the deposit models are based are the Zackly prospect, the Nim Claims, Upper Black River
prospect, Granite Creek prospect, and East Fairbanks Meridian prospect (fig 2).

The mine models designed for application to the copper-gold-silver skarn deposit model assume
a steeply dipping, marginally competent ore body of relatively consistent width. The deposit
model is further characterized by the type of access that is planned in each applicable mine
model. Adit entry mine models assume that the ore body is exposed at the surface, and that
there is sufficient back to warrant an adit entry. Shaft entry mine models assume that the top
of the ore body is 35 meters below the shaft collar. Overall geometry of the ore body is
assumed to be tabular with depth equal to length.

A total of 6 overhand mine models and 12 cut-and-fill mine models were developed for
application to this deposit model. Table 1 lists the basic mine model description. Each
applicable mine model in the table was evaluated as either an adit entry mine or a shaft entry
mine. In each model, the associated mill uses one product flotation technology to produce an
ore concentrate. Ore concentrates are shipped to a smelter for refining. All costs generated for
each mine model are listed in appendix A.

Adit and shaft entry overhand mine models incorporate stopers and jackleg drills for
production. Jackleg drills are also used for drift development. Slushers are used to move ore
from the stopes to ore chutes, and LHD's are used to move ore from the chutes to ore storage
locations. Shaft entry overhand mine models access the deposit through one production shaft.
Shaft entry models also incorporate one combination ventilation-escapeway raise. Hydraulic sand
is used to back-fill the stopes in each overhand mine model.

Adit and shaft entry cut-and-fill mine models incorporate jackleg drills and stopers for
production development. Small jumbo drills are used for drift development. Slushers are used
to move ore from the stopes to ore chutes, and LHD's are used to move ore from the chutes to
ore storage locations. Shaft entry cut-and-fill mine models access the deposit through one
production shaft. Shaft entry models also incorporate one combination ventilation-escapeway
raise. Hydraulic sand is used to back-fill the stopes in each cut-and-fill mine model.

Figures 6, 7, and 8 graphically present the results of the cash flow analysis for the copper,
gold, silver skarn deposit mine models. Table 3 summarizes the results of the RMV vs.
DCFROR cash flow analysis for the mine models. The RMV's required to achieve a 15%
DCFROR range from a high of $568.50/mt for a shaft entry 125 mtpd mine, to a low of
$157.50/mt for an adit entry 2,550 mtpd mine.

Plutonic Related Gold Vein Deposit Model

The plutonic related gold vein deposit models (vein deposit) are based on the geology of
mineralized veins that occur in several locations in the VCMD such as the Golden Zone, the
Partin Creek occurrence, the Rocky Cummins Claims, the Silver King occurrence, the Mint
Mine, the MacCallie Glacier occurrence, and the Eagle prospect (fig 2).
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FIGURE 6. - RMV vs. DCFROR for a copper-gold-silver skarn deposit; 125, 210, and 275

mtpd, adit and shaft entry, overhand stope mine models.
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FIGURE 7. - RMV vs. DCFROR for a copper-gold-silver skarn deposit; 365, 500, 615, 760,
1,515, and 2,550 mtpd, adit entry, cut-and-fill stope mine models.
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FIGURE 8. - RMV vs. DCFROR for a copper-gold-silver skarn deposit; 365, 500, 615, 760,

1,515, and 2,550 mtpd, shaft entry, cut-and-fil stope mine models.

TABLE 3. - Summary of cash flow analysis results for mine models applied to copper-gold-
silver skarn deposit models.

~~ - I
RMV ($/mt)

Mine type Mining Adit entry Shaft entry
Deposit type Deposit size (extraction rate

(mt) method) (mtpd) am sOR R 15S o S ROs 15% ROK

Cu, Au, Ag skarn 175,000 Overhand 125 $372.00 $544.50 $391.00 $568.50

Cu, Au, Ag skarn 350,000 Ove6hand 2-1 $02:-00 00. $38-00 ..0

Cu, Au, Ag skarn 500,000 Overhand 275 $251.00 $354.00 $265.00 $372.00

Cu, Au, Ag skarn 750,000: C0 t-and-flU I 5 $250.00 $40.00 $00.W,-i $472.50-.
Cu, Au, Ag skarn 1,000,000 Cut-and-fill 500 $202.00 $334.00 $216.00 $371.00

Cu. Au, Ag skarn 100,000 Cut-and Hil ... .17300 $291.00 $160 $315.00

Cu, Au, Ag skarn 2,000,000 Cut-and-fill 760 $161.00 $263.00 $170.00 $281.00

Cu, Au, Ag skarn 5,000,000 .1515Cut-n-BlI $1 0 97.00 $1 $213.0001

Cu, Au, AR skarn 10,000,000 Cut-and-fill 2550 $92.00 $157.50 $96.00 $166.00
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The mine models designed for application to the plutonic related gold vein deposit model
assume a steeply dipping, competent ore body of consistent width. For all mine models, the
deposit model geometry is tabular and there is a 31 m (100 ft) thick zone extending downward
from the surface that is low grade and will not be mined. The tonnage factor has been estimated
at 0.3527 m3/mt (11.3 fe/st).

A total of 3 shrinkage, 4 overhand, and 4 longhole-sublevel mine models were developed for
application to this deposit model. Table 1 lists the basic mine model description. Applicable
overhand and longhole mine models in the table were evaluated as either an adit entry or a shaft
entry mine. The shrinkage mine models were evaluated as shaft entry mine models only. In
each model, the associated mill uses a carbon-in-pulp (CIP) technology with Merrill-Crowe
precipitation to process ore. All costs generated for each mine model are listed in appendix A.

Shaft entry shrinkage mine models incorporate the use of jackleg drills and LHD's for drift
development; and stopers, jackleg drills, jumbo mounted drifters and LHD's for stope
development and production. Shaft entry shrinkage mine models access the deposit through one
production shaft. Shaft entry models also incorporate one combination ventilation-escapeway
raise. Hydraulic sand is used to back-fill the stopes in each shrinkage mine model.

Adit and shaft entry overhand mine models incorporate stopers and jackleg drills for
production. Jackleg drills are also used for drift development. Slushers are used to move ore
from the stopes to ore chutes, and LHD's are used to move ore from the chutes to ore storage
locations. Shaft entry overhand mine models access the deposit through one production shaft.
Shaft entry models also incorporate one combination ventilation-escapeway raise. Hydraulic sand
is used to back-fill the stopes in each overhand mine model.

Adit and shaft entry cut-and-fill mine models incorporate jackleg drills and stopers for
production development. Small jumbo drills are used for drift development. Slushers are used
to move ore from the stopes to ore chutes, and LHD's are used to move ore from the chutes to
ore storage locations. Shaft entry cut-and-fill mine models access the deposit through one
production shaft. Shaft entry models also incorporate one combination ventilation-escapeway
raise. Hydraulic sand is used to back-fill the stopes in each cut-and-fill mine model.

Adit and shaft entry longhole-sublevel mine models incorporatejumbo and down-the-hole drills
for production development and production. Small jumbo drills are used for drift development.
LHD's are used to move ore from the stopes to ore chutes and storage locations. Shaft entry
longhole-sublevel mine models access the deposit through one production shaft. Shaft entry
models also incorporate one combination ventilation-escapeway raise.

Figures 9, 10, and 11 show the cash flow analysis results for the shrinkage, overhand, and
longhole-sublevel mine models respectively, that were applied to the plutonic related gold vein
deposit model. Table 4 lists a summary of the RMV vs. DCFROR cash flow analysis results
for the plutonic related gold vein mine models. The RMV's required to achieve a 15%
DCFROR range from a high of $430.00/mt for a shaft entry 100 mtpd shrinkage mine, to
$174.00/mt for an adit entry 760 mtpd longhole-sublevel mine.

Basalt Hosted Copper eposit Model

The basalt hosted copper deposit model is based on the geology of mineralized occurrences in
the VCMD such as the Denali Copper prospect, the Kathleen Margaret prospect, the CM Claims,
the Greathouse prospect, and the Yukon Group prospect (fig 2).
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FIGURE 9. - RMV vs. DCFROR for a plutonic related gold vein deposit; 100 and 275I ~ ~~mtpd, shaft entry, shrinkage stope mine models.
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FIGURE 11. - RMV vs. DCFROR for a plutonic related gold vein deposit; 615 and 760
mtpd, adit and shaft entry, sublevel-longhole stope mine models.

TABLE 4. - Summary of cash flow analysis results for mine models applied to plutonic
related gold vein deposit models.

- ~~~~RMV ($Imt)1
Mine type Mining Adit entry Shaft entry

Deposit type Deposit size (extraction rate ___ enr Shaft entry
(mt) method) (mtpd) o s Ri 15% KOK -ol 15 ROK

Plutonic related Au vein 175,000 Shrinkage 100 n/a n/a $373.00 $430.00

Plitonic related Au vein A03000ria00 3 00 3900

Plutonic related Au vein 500,000 Shrinkage 275 n/a n/a $290.00 $360.00

Plutonic related Au vein tll:$33L j. 750.000 O n 6 $ 00 $33800 $4600 0.00d

Plutonic related Au vein 1,000,000 Overhand 500 $198.00 $296.00 $211.00 $314.00

Plutonic related Au vein 1,500,000 o0 ...nghole....bl.v. . 615 $10.0 .$ .5 $17

Plutonic related Au vein 2,000,000 Longhole-sublevel 760 $99.00 $174.00 $108.00 $194.00
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The mine models designed for application to the basalt hosted copper deposit model assume
a steeply dipping, competent ore body of variable width. The deposit model is further
characterized by the type of access that is planned in each applicable mine model. Adit entry
mine models assume that the ore body is exposed at the surface, and that there is sufficient back
to warrant an adit entry. Shaft entry mine models assume that the top of the ore body is 35
meters below the shaft collar. Overall geometry of the ore body is assumed to be tabular.

A total of 8 longhole-sublevel mine models were developed for application to this deposit
model. Table 1 lists the basic mine model descriptions. Each applicable mine model in the table
was evaluated as either an adit entry mine or a shaft entry mine. In each model, the associated
mill uses one product flotation technology to produce an ore concentrate. Ore concentrates are
shipped to a smelter for refining. All costs generated for each mine model are listed in
appendix A.

Adit and shaft entry longhole-sublevel mine models incorporatejumbo and down-the-hole drills
for production development and production. Small jumbo drills are used for drift development.
LHD's are used to move ore from the stopes to ore chutes and storage locations. Shaft entry
longhole-sublevel mine models access the deposit through one production shaft. Shaft entry
models also incorporate one combination ventilation-escapeway raise.

Figures 12 and 13 show the cash flow analysis results for the longhole-sublevel mine models
that were applied to the basalt hosted copper deposit model. Table 5 lists a summary of the
RMV vs. DCFROR cash flow analysis results for the basalt hosted copper deposit models. The
RMV's required to achieve a 15% DCFROR range from a high of $188.00/mt for a shaft entry
760 mtpd mine, to a low of $106.00/mt for an adit entry 3,445 mtpd mine.

$300.00- ___ - _

E $250.00 __ __

I - - - - _ _ - A~~~~~~~~~~~$10.0

0 $

0.0 2.0 4.0 4.0 8.0 10 .0 .14 0 .0 20.0
Discounted Cash Flow Rate of Relurn (%)

| &- 760 MTP'D +-- t55 MTP'D --2550 MlTPD i0 5445 MTP'D

Note Legerid dcscripiion Indicaterrrls rrik rat ad typo of ccon4 hino th ffine

FIGURE 12. - RMV vs. DCFROR for a basalt hosted copper deposit; 760, 1,515, 2,550,
and 3,445 mtpd, adit entry, sublevel-longhole stope mine models.
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FIGURE 13. - RMV vs. DCFROR for a basalt hosted copper deposit; 760, 1,515, 2,550,
and 3,445 mtpd, shaft entry, sublevel-longhole stope mine models.

TABLE 5. - Summary of cash flow analysis results for mine models applied to basalt hosted
copper deposit models.

RMV ($/mt)I ~~~~~~~~~Mine type Mining Ai nr hf nr
Deposit type Deposit size (extraction rate Adit entry Shaft entry

(mt) method) (mtpd) os FAA 15S O 0% KOMt 15% lOK

Basalt hosted copper 2,000,000 Longhole-sublevel 760 $98.00 $169.00 $106 00 $188.00

Basalt hosted copper M 5, I000,000 Longho-sulev .' 1,515 $73.00 $l2 00 $79, 00 $140 000

Basalt hosted copper 10,000,000 Longhole-sublevel 2,250 $60.00 $110.00 $65 .00 $120.00

: Basalt hostedfcopper;;; ;202022 015,0W~~~~~~~tl. ; 0 .0 d e l e ........... ....... .. ........ .... .. ........... .. . .. ..... 350-. S5*. 4Ba15,000,000sal~3440 $106 00 $A59.00 $113.250
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Porphyry Gold Deposit Model

The porphyry gold deposit model is based on the geology of mineralized occurrences in the
VCMD such as the Gold Hill, the Lucky Hill, and the Lucky Top prospects (fig 2).

The mine models designed for application to the porphyry gold deposit model assume that the
deposit is located near the surface and the structural characteristics of the ore body are such that
open pit mining methods are applicable. Ore body geometry is modeled after a horizontal disk
where the thickness is equal to half the horizontal radius.

A total of 3 open pit mine models were developed for application to this deposit model. Table
I lists the basic mine model descriptions. In each mine model, the associated mill uses CIP
technology with Merrill-Crowe precipitation to process the ore. All costs generated for each
mine model are listed in appendix A.

Open pit mine models incorporate the use of rubber-tired front-end loaders, trucks, and
percussion drills. Pit slopes are designed at 45 degrees. The stripping ratio is estimated at 1:1.

Figure 14 graphically presents the cash flow analysis results for the open pit mine models.
Table 6 lists a summary of the RMV vs. DCFROR cash flow analysis results for the open pit
mine models that were applied to the porphyry gold deposit model. The RMV's required to
achieve a 15% DCFROR range from a high of $155.50/mt for a 760 mtpd open pit mining
operation, to $94.00/mt for a 2,250 mtpd open pit mining operation.

.700.00 _ -

-E 600.C0- _ _ _

> s4000--- - --- --

Dwo00.00- __

S00.00
000. 4a_

0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 I .0 20.0
Discounted Cash Flow Rate of Return (7)

760 TPD 1515 TPD-4-2550 MTP |

FIGURE 14. - RMV vs. DCFROR for a porphyry gold deposit; 760, 1,515, and 2,550 mtpd
open-pit mine models.
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TABLE 6. - Summary of cash flow analysis results for mine models applied to porphyry
gold deposit models.

MDotetype Mining RMV ($/mt)
Deposit size (extraction rae0% ROR | 15% ROR

Deposit type (mt) method) _ (mtpd)

Porphyry gold 2,000,000 Open pit 760 $85.00 $155.50

Porphyry gold000j|000 ttt5_0 ,000,00000 i0.t-Ttt00--;te-ili: lg0- .0........-.

Porphyry gold 10,000,000 2,550 $46.00 $94.00

Plutonic Related Tin Deposit Model

The plutonic related tin deposit model is based on the geology of mineralized occurrences in
the VCMD such as the Honolulu prospect, the Tsusena Creek prospect, the Ohio Creek prospect,
and the Ready Cash prospect (fig 2).

The mine models designed for application to the plutonic related tin deposit model assume that
the deposit is located near the surface, and that the structural characteristics of the ore body are
such that open pit mining methods are applicable. Ore body geometry is modeled after a
horizontal disk where the thickness is equal to half the horizontal radius.

A total of 5 open pit mine models were developed for application to this deposit model. Table
I lists the basic mine model descriptions. In each model, the associated mill uses a gravity mill
to process the ore and produce a concentrate. Concentrates are shipped to a smelter for refining.
All costs generated for each mine model are listed in appendix A.

Open pit mine models incorporate the use of rubber-tired front-end loaders, trucks, and
percussion drills. Overall pit slope angles are specified at 45 degrees.

Table 7 lists a summary of the RMV vs. DCFROR cash flow analysis results for the plutonic
related tin mine models. The RMV's required to achieve a 15% DCFROR range from a high
of $153.50/mt for a 500 mtpd open pit mine, to a low of $71.00/mt for a 2,250 mtpd open pit
mine. Figure 15 graphically presents the cash flow analysis results for the open pit mine models
that were applied to the plutonic related tin deposit model.

TABLE 7. - Summary of cash flow analysis results for mine models applied to plutonic
related tin deposit models.

Mine type Mining RMV ($/mt)
Deposit type Deposit size (extraction rate 0% ROR 15% ROR

(mt) method) (mtpd)

Plutonic related tin 1,000,000 Open pit 500 $89.00 $153.50

Plutonic related tin 1,500,000 Open ;it .- - $ V0 $0,00 I 0-

Plutonic related tin 2,000,000 Open pit 760 $69.00 $120.00

Plutonic related tint~ 5,0000 Opnt 1,1$4 00

Plutonic related tin 10,000,000 Open p 2,550 $38.0 $71.00
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FIGURE 15. - RMV vs. DCFROR for a plutonic related tin deposit; 500, 615, 760, 1,515,
and 2,550 mtpd, open-pit mine models.

ANALYSIS OF SPECIFIC MINE MODELS

Gold-Silver-Copper Breccia Ppe Deposit Model

The gold-silver-copper breccia pipe deposit model (breccia pipe model) is based on current
geologic knowledge of the Golden Zone deposit (20), located near the headwaters of the Chulitna
River (fig 2). The deposit tonnage for the purposes of the breccia pipe deposit model is
4,100,000 st of ore.

The mine model designed for application to the breccia pipe model assumes that the deposit
geometry is analogous to a vertically oriented cylinder. Approximate dimensions of the cylinder
are 91 m (300 ft) diameter by 457 m (1,500 ft) depth. The mining plan calls for open-pit mining
during the first two years of mine operation. Ore and waste will be drilled using rotary drills.
Front-end loaders and 20-ton (18 mt) rock trucks will transport ore and waste to proper storage
locations. Ore will be produced at 733 mtpd (808 stpd). The stripping ratio is 3.66:1, which
will result in the mining of 3,417 mtpd (3,767 stpd) of ore and waste combined. There will be
no overburden to remove from the deposit. Total pit depth will be 58 m (190 ft).

In the third year of mine production, the ore will be extracted by the underground cut-and-fill
method. Underground workings will consist of a concrete-lined hoisting shaft of 497 m (1500
ft) in depth, a main haulage adit 31 m (102 ft) in length and stretching from the surface at the
107 m (350 ft) level to the shaft at the 128 m (420 ft) level. The total length of the
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underground workings will total 5,396 m (17,000 ft) when the mine is fully developed. This
figure includes the lengths of the main shaft and adit as well as those of the drifts, raises, and
ore shoots necessary for cut-and-fill production.

The ore will be transported to the hoisting shaft via LHD vehicles at a rate of 733 mtpd
(808 stpd). Once the ore has been transported to the surface, it will be loaded onto 20-ton (18
mt) ore trucks and hauled to the mill site. Fill needed in the mine will come from waste
generated from the open-pit stage as well as from partially de-watered mill tailings.

The ore grade distribution in the deposit is such that there are two types of ore. High grade
ore will be sent through a flotation/vat-leach circuit, and low grade ore will be routed to heap-
leach pads. Both types of ore will be crushed to minus 0.25 inch (0.64 cm). After crushing,
high grade ore will pass through a cone grinder which will reduce the ore to -325 mesh at the
rate of 251 mtpd (277 stpd).

Ore will pass from the grinding circuit to a jig where free gold will be recovered, and then
to a flotation circuit which will float the copper bearing ore. Tailings from the flotation circuit
will be vat leached in a carbon-in-leach (CIL) circuit. The pregnant solution from the CIL
circuit will be electrolytically refined to recover gold and silver. Tailings from the milling
process will be thickened and placed in a double lined impoundment near the mill site.

Low grade ore will be crushed, agglomerated, and stacked on impermeable leaching pads.
Cyanide solution will be applied to the ore on the leach pad during the months of June through
October.

Pregnant solution from the heap leach process will be passed into the CIL circuit and
electrolytically refined. Barren cyanide solution will be recharged and reapplied to the ore
remaining on the heap-leach pad.

Flotation concentrates and dor6 produced in the milling process will be shipped to a smelter
in Japan at a rate of 449 st (407 mt) per year.

The mine and mill are assumed to operate 350 days per year, three shifts per day. The total
mine life is 14.38 years.

Costs for this model are estimated in July 1989 dollars, and have been escalated to reflect costs
as would be experienced in the VCMD, Alaska. Operating costs are listed in Table 8. Capital
costs for this model are listed in Table 9. Concentrates will be shipped at a rate of $60.00/mt
($54.43/st).

The cash flow analysis for this mine model relies on a CIS which details the timing of capital
investment for development of the mine and mill facilities. Table 10 itemizes the costs as they
were applied to the cash flow model.

TABLE 8. - Operating costs ($/mt) for the gold-silver-copper breccia pipe deposit mine
model.

Mine |_Mine |__ _ Mill Min
(open pit) (underground) (vat) (heap)

$42.87 $79.92 $19.56 $17.29
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TABLE 9. - Capital costs for mine models applied to the gold-silver-copper breccia pipeI ~~~deposit model.
Capital cost item Cost($

I ~ ~~~~~~~~~~~~~~~Exploration/Acquisition 4,281,476

Development (open-pit) 10,069,732

Mine equipment (open-pit) 4:392:894

M ne eupla nt (undergron) ..........

I c~~~~~~~~~~~~~~~~iepapita (open-pit)55100

U M~~~~~~~~~~~~~~~~~~ill plant (vat) 1,0592.. 68136

W orking capita..(mill).3.403,42

Infrstrutuemos4()4ea1s7o epediur

Resmt ting. 2,0,0 -I M~~~~~~~~~~~~~~~~Wrine cptla(pnt -5,51,000 9592

Working capital 3,959,025... 5...... . . .-...
MieTOTAL 58,134,456

Mine plant 2,681,3369,26
M ine equipm ent 2,644......,14......2... .... .... ....... ..Ill.''........I W orking~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~. capta 7,936,155.-..... .... ......................... .....TOTAL....2...73,917.I~ ~ ~~~~~~~~~~~~~~0,........................... .. ......ch 4P 514:~~2I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.......................



TABLE 1O.--Continued - Capital investment schedule for development of the mine and mill
facilities, breccia pipe deposit model.

Item | Cost ($) Year(s) of expenditure

Summary of vat leach mill capital costs

Mill plant 11,059,268 4-5

TOTAL 12,865,827 ___________
_ _ _ _ _ _ _ _ _ __-_, I _ __.._I_.._ _ _ _ _ _ _ _ _ __..... ....

Summary of heap leach mill capital costs
Mill plant } 11,950,314 rS
W ki ng c. ia 1 .596,870 00 t- -000000000a 0 i 60

TOTAL J 13,547,184

Cash Flow Analysis for the Gold-Silver-Copper Breccia Pipe Deposit Mine Model

Figure 16 graphically shows the results of the cash flow analysis for the mining scenarioj
applied to the breccia pipe deposit model. The cash flow model results in a zero percent
DCFROR (break even) when the RMV equals $202.00/mt of ore, and 15 % DCFROR when the

RMV equals $260.00/mt of ore.

GOLD-SILVER-COPPER BRECCIA PIPE
DEPOSIT MODEL - 733 mtpd MINING RATE...... . .. ...........-

Esso~oo- _ ___-_>ssso~~~~oo . ...... :,:: . .....

E$300.00- = = =_ =- = = = _ -

06280.00- __ _ ___

°$6.0 _ _ _ .
¢ 0224000 ___@ ttoo/O,, ~ ~ ........ ..... ..... ........ ...... 5 1 a I 5 ( 12

0 .20 0 -. 5. -s -0 -25 I. 75 2. 5 2

_~_ _

FIGURE 16. - Cash flow analysis results for the breccia pipe deposit mine model.
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Copper-Gold-Silver Skarn Deposit Model

The copper-gold-silver skarn deposit model is based on current geologic knowledge of the
Zackly deposit, located in the Clearwater Mountains near the Maclaren Glacier (21) (fig 2). The
deposit size for the purposes of this copper-gold-silver skarn deposit model is 1,623,000 mt of

ore. The deposit model geometry is tabular, with a strike length of 726 m (2,381 ft), a depth

of 298 m (977 ft), and an average mining width of 2.6 m (8.53 ft). The tonnage factor has been
estimated at 0.3434 m3/mt (11 ft3 /st). Ore will be produced from the deposit at a rate of 454
mtpd (500 stpd), 325 days per year, for a total of 11 years. The ore body will be accessed by

a series of adits and declines collared at locations along the valley wall in such a way that
production levels are created every 92 m (300 ft) vertically. A total of 4 production levels will
need to be developed to allow access to the ore body. The ore body is assumed to be competent
enough to allow bulk mining by the longhole-sublevel method. Ore will be mined from mining
blocks 61 m (200 ft) long by 92 m (300 ft) high. LHD vehicles will remove broken ore from

the stopes at draw points. Ore drawn from stopes accessed by declines will be transferred to an
underground crushing station located on the lowest level via an ore pass. Crushed ore will be

transported to the surface stockpile location via conveyors. Ore mined from levels accessed by
adits will be removed from stope draw points and transported to the surface by LHD vehicles.
Ore feed to the mill will be accomplished by surface conveyors.

Development of the ore body will commence with construction of the 297 m (975 ft) level
decline, and development of the 23 m (75 ft) and the 114 m (375 ft) level adits. Full capacity
ore production will begin within three months of completion of the adit portal on the 23 m
(75 ft) level. Upon completion of the 297 m (975 ft) haulage level, the underground crushing
station will be installed and the ore pass raise will be driven to the 114 m (375 ft) level. Mining
will continue on the 23 m (75 ft) and the 114 m (375 ft) levels until the ore reserve is exhausted.
Development of stopes on the 206 m (675 ft) and the 297 m (975 ft) levels will begin so that
start-up of production will be synchronized with the completion of mining on the 23 m (75 ft)
and the 114 m (375 ft) levels.

Ore processing involves crushing and grinding the ore to 80% -325 mesh. After grinding, the
ore will pass across a jig where free gold will be recovered. Ore will proceed from the jig to
a flotation circuit which will float the copper ore. Tailings from the flotation circuit will be
leached in a CIP circuit. The pregnant solution from the CIP circuit will be electrolytically
refined to recover gold and silver. Tailings from the milling process will be thickened and
placed in a double lined impoundment near the mill site.

Flotation concentrates and dore produced in the milling process will be shipped to smelter in
Japan at a rate of 12,145 st (11,018 mt) per year. The cost for concentrate shipping has been
estimated at $110.00/mt ($100.00/st).

Costs for this model are estimated in July 1989 dollars, and have been escalated to reflect costs
as would be experienced in the VCMD, Alaska. Operating costs for this model are listed in
table 11. Capital costs are listed in table 12.

TABLE 11. - Operating costs ($/mt) for the copper-gold-silver skarn deposit mine model.

Ore Concentrate Total
Infrastructure Mine Mill Shipping

$15.92 $41.88 $41.19 $7.47 $106.40
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TABLE 12. - Capital costs for the copper-gold-silver skarn deposit mine model.

Capital cost item - mine Cost ($)
Exploration/Acquisition 3,055,080

;: M^;"t ;;: in;; ; ;~:~..;i :i;~e j . X- 0 toat! ...-.-... ...g. i. ....--.gggg: g..g.4:i :ii.gi

Development 4,789,497

Mi0 ne equ 0 0 ;000 lpe 50 -5 A 32 . i 0
Mine plant 8,131,061

nfratcture.i:: -:.: :: :: .,48,3..

Working capital 1,098,109

0 .;2 .t i. ..:. .. ..f!, ,iEi, -- ,Ei Ei E

Capital cost item - mill Cost ($)
M000 illi plant0000 20000 l),152,880.fggl gg---- gggg
Working capital 1,121,957

M ill :TOTALt-00000000it:000: 21,748: 3 ::- :- ::: ii-~ i0
TOTAL CAPITAL COST 53,889,462

Cash Flow Analysis for the Copper-Gold-Silver Skarn Deposit Mine Model

The cash flow analysis for this mine model relies on a CIS which details the timing of capital
investment for development of the mine and mill facilities. Table 13 itemizes the costs as they
were applied to the cash flow model.

TABLE 13. - Capital investment schedule for development of the mine and mill facilities,
copper-gold-silver skarn deposit model.

Year(s) of
Item Total cost ($) expenditure

Summary of mine capital costs
Acquisition 1,055,080 1

Exloratin2000016

Permitting 2,000,000 3-6

Develoment, e m pe nt, mine. eu 1-7975,090 3 I
Infrastructure 8,486,346 3-6

Worin capital ,9,0

TOTAL 32,614,625

Summary of mill capital costs
Mill plant 20,152,880 4-5

Wokinglk capital 141 91 I
TOTAL 21,274,837

Summary of operating costs
Mine operating cost $65.27/mt 7-18

Mill operating cost $41.19/mt 7-18
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Figure 17 graphically shows the results of the cash flow analysis for the mining scenario
applied to the copper-gold-silver skarn deposit model. The cash flow model results in a zero
percent DCFROR (break even) when the RMV equals $160.00/mt of ore, and 15% DCFROR
when the RMV equals $250.00/mt of ore.

COPPER-GOLD-SILVER SKARN DEPOSIT MODEL
454 mtpd MINING RATE |

$400.00 - == =-

E r$380.00 - -

' 360.00- == = =

$320.00 = - - -

° $220.00-I2 0 ° - - -

$240.00 - -_

o 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 22.5 25.0
Discounted Cash Flow Rate of Return (%)

FIGURE 17. - Cash flow analysis results for the copper-gold-silver skarn deposit mine
model.

Basalt Hosted Copp Deposit Model

The basalt hosted copper deposit model that was evaluated in this section is based on current
geologic knowledge of the Denali Copper deposit (22-2), located in the Clearwater Mountains
near the head of Windy Creek (fig. 2). The geometry of the modeled deposit is assumed to be
a tabular shaped body, dipping 60-70°, with an average thickness of 21 m (70 ft), a strike length
of 244 m (800 ft), and a depth of 305 m (1,000 ft). The ore body volume is estimated to be 5.2
million m3 (56 million ft3), equivalent to approximately 5.1 million mt (5.6 million st) of ore
with a tonnage factor of 0.3086 m3/mt (10 ft3 /st). The feasibility of mining the ore body was
investigated for mining rates of 907 mtpd (1,000 stpd), 1,815 mtpd (2,000 stpd), and 2,722 mtpd
(3,000 stpd) (24). The mine life for the three mining scenarios are 15, 8, and 6 years
respectively. The ore body will be accessed by a 991 m (3,250 ft) crosscut adit to the 305 m
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(1,000 ft) level, a short upper level adit, and five levels connected by inclined workings. Three I
raises will be drilled; two for ore and waste passes and one for ventilation. The ore body is
assumed to be competent enough to allow bulk mining by the vertical crater retreat (VCR) blast
hole stoping method. Stopes will be backfilled with coarse mine tailings. Ore will be crushed
underground and transported to live storage at the mill via conveyor. Initial grinding will reduce
the ore to 100% -65 mesh. The -65 mesh material will pass to the mill and bulk flotation cells
for primary concentration. Concentrates will be reground to 80% -325 mesh before selective
flotation which will produce a 23 % copper concentrate. Concentrates will be thickened, filtered,
and dried before truck haulage to a rail load-out at Cantwell, Alaska. Unit trains will haul the
concentrate to Seward, Alaska for shipping to Japan for smelting.

Cash Flow Analysis for the Basalt Hosted Copper Deposit Mine Model 3
Capital and operating costs are listed below in Tables 14 and 15, respectively. The data has

been summarized from Hughes and Hawley (M). All costs have been adjusted to reflect higher I
costs for Alaska.

TABLE 14. - Capital costs for the basalt hosted copper deposit mine model.

Capital cost item 907 mtpd mine model |_1,814 mtpd mine model 2,722 mtpd mine model

Mine $13,625,245 $15,878,231 $17,759,617

Mill $16,M36619 $3,1-471 -- I
Miscellaneous $515,110 $515,110 $515,110

TOTAL 0 ,034,374:.'. $:'.40, .. ....... 344 812......l . ..... 4

TABLE 15. - Operating costs for the basalt hosted copper deposit mine model. |

Operating cost item 907 mtpd mine model 1,814 mtpd mine model 2,722 mtpd mine model
($/mt) ($/mt) ($/mt)

Mine $15.18 $13.19 $12.53

Mill I$80$207 $ 9 O3I

TOTAL $43.18 $34.26 $31.56

I
Figure 18 graphically shows the results of the cash flow analysis for the mining scenarios

applied to the basalt hosted copper deposit model. The cash flow model results in a zero percent
DCFROR (break even) for the best case mine model (1,814 mtpd) when the RMV equals
$55.36/mt of ore. The best case mine model achieved a 15% DCFROR when the RMV equals
$64.70/mt of ore. Contrary to what logic may dictate, the larger production rate mine is not the 3
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best case mine model due to the definition of the deposit model. For a 2,722 mtpd (3,000 stpd)
mine model, the function of the time value of money causes the model to economically perform
poorly due to the limitation of minable reserves in the deposit model.

595.00 = _ t o o < {

> $. 0.00 - _____

I~~ __ _ _ S

Discounted Cash Flaw Rate at Return (X)

_ | ~~~- 907 MTPD + -1814 MTPO- e2722 MTPD|_

FIGURE 18. - Cash flow analysis results for the basalt hosted copper deposit mine model.

Deep Placer Gold Deposit Model

I ~~~The deep placer gold deposit model that was evaluated in this section is based on current
geologic knowledge of the Valdez Creek Mine placer gold deposit located on Valdez Creek in
the Clearwater Mountains, Alaska (fig. 2). The geometry of the deposit model is assumed to
be a horizontally oriented, tabular shaped body. The ore body is buried beneath an average of
61 m (200 ft) of overburden. Ore body dimensions average 4.6 m (15 ft) thick, 30.5 m (1003 ~~~ft) wide, and of variable length, depending on the mining rate of the mine model. Mine life is
assumed to be 5 years minimum for the deep placer gold deposit mine models. The swell factor
for excavated material is estimated at 35%. The stripping ratio is estimated at 42:1. The ore
body is composed of fluvially deposited, well sorted gravel with boulders up to 1.2 m (4 ft) in
diameter. Gold is disseminated throughout the ore body, and extends an average of 0.6 m (2
ft) into the fractured bedrock. Overburden consists of unfrozen glacial till and glacially derived

fluvial and lacustrian sediments.

5 ~~~~~~~~~~~~~~~31I~~~~~~~~~~~~~~~~~~~-



The mining plan is based on open pit, side cast excavation techniques. Pit walls are designed
for a 450 maximum slope. Mining occurs 340 days per year, for an average of 18 hours per
day. Overburden will be blasted, and then loaded onto rear-dump trucks with loaders for
haulage to storage areas. Average one-way overburden haul distances are 915 m (3,000 ft) over
an average gradient of 8%. Ore will be extracted by hydraulic excavators, and transported
to the washing plant in rear-dump trucks. Average one-way ore haul distances will be 3,049 m
(10,000 ft) over an average gradient of 6%. Ore will be dumped from the haul trucks directly
into the mill feed hopper 50% of the time, and 50% of the mill feed requirements will be
supplied from a stock pile by a loader. The washing plant consists of a feed hopper, vibrating
screens, conveyor system, multi-channel sluice box, jigs, and a table concentrator.

The mine model was evaluated for economic performance at production rates of 1,000 bank
cubic yards per day (BCYD), 2,000 BCYD, and 3,000 BCYD. Mine and mill equipment
requirements are appropriately scaled for each variation in production rate of the mine model.

Cash Flow Analysis for the Deep Placer Gold Deposit Mine Model

Figure 19 graphically shows the results of the cash flow analysis for the mining scenarios
applied to the deep placer gold deposit model. The cash flow model results in a zero percent
DCFROR (break even) for the best case mine model (3,000 BCYD) when the RMV equals
$90.09 per bank cubic yard (BCY) of ore. The best case mine model achieved a 20% DCFROR
when the RMV equals $102.60/BCY of ore.

S 125.00 3
-,$120.00- _

> $1lS.OO _

0 v10.00 I_

$1l '50 -
$1 _ _.00 e_ I

_90.0 _
0.0 5.0 10.0 15.0 20.0 25.0 30.0

Discounted Cash Flow Rate of Return (%)

Id} 1. 000 BCYDroDe - 2. 000 9CYD mee -'m-3, 000 8CYD meI

FIGURE 19. - Cash flow analysis results for the deep placer gold deposit mine model.
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Capital and operating costs are listed below in tables 16 and 17, respectively. The data has
been summarized from WGM (26). All figures have been adjusted upward to reflect higher costs
for Alaska, and have been inflated to May, 1990 dollars.

TABLE 16. - Capital costs for the deep placer gold deposit mine model.

Tine model

Capital cost item 1,000 BCYD 2,000 BCYD 3,000 BCYD

Exploration: panning $3,000 $5,000 $7,000

gent0000 t000i0 0 eral J .... .. rc $.6.0,0 $80000-

camp costs $8,000 $16,000 $24,000

seismic surveyin " $9,000 ...18.... '27.0

rotary drilling $227,000 $452,000 $679,000

4 Development:0 ; 'ti0access '' - ' 'st~lroads00, $162 -000 -g i l$0162, t000 0 0 t t$162

clearing $349,000 $638,000 $888,000

Ov erburden remova: artrack drills 77 ,- $ 000....000.$2I3,000 .
bulldozers $461,000 $530,000 $1,060,000

ontend load $,29200 $583 000 s$509800
hydraulic shovel $0 $0 $6,213,000

::: reardumpa trucks $86,93'3.0 $17,865 0.0 $26798 000
service vehicles $458,000 $498,000 $642,000

Pre-production costs'. drl andri blast $$3,672000 $7,344,00 0 $9,364,000
bulldozers $ 1,604,000 $2,062,000 $2,427,000

front-endloaders - $-1,672-,000 $274,000 $500,000

rear-dump trucks $5,276,000 $8,249,000 $10,146,000

Mine equipment: backhoes $252,000 $352,000 $552,000

:b u lld o z e r s .$ 1 2 5 ,0 00.. ...... .. $ 3 3 ,

front-end loaders $94,000 $173,000 $275,000

rear-d rump trcs.263,p000 $57. 9,.0.00 .. 03.0

Processing equipment: conveyors $29,000 $34,000 $40,000

feed hopes 6,00$700.$0,0

jig concentrators $7,000 $7,000 $7,000

sluices $,000 60 00 8,0-0.--

table concentrators $11,000 $17,000 $17,000
viratin scen $100$7,0 $0,0

Reclamation - $1,000/acre $450,000 $845,000 $1,250,000

Supplemnent b ildings . $.24000 $333, 000.$425,00
housing $1,420,000 $2,700,000 $4,027,000

generators .$790000 ... $1,2, 000. $1532,000
pumps $37,000 $58,000 $74,000
se:; X ti~t itytitt 0000Xi~lt4 00000000000;0000000009ttling pondstt0000tW000000000000000:;000 $8(000000000000il000000 0000000.0. 8 .,.-..,.t;'.,, ii, $16,......0.00 $23,

TOTAL $30,057,875 1 $55,093,196 1$80,002,845
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TABLE 17. - Operating costs for the deep placer gold deposit mine model.

_ 1,000 BCYD mine model 2,000 BCYD mine model 3,000 BCYD mine model

Operating cost item ($/BCY) ($/BCY) ($/BCY)

Exploration $0.70 $0.70 $0.70

Overburden removal ......5 ...- - $32.1 3
Mining $2.75 $1.87 $1.42

Supplemental $62.78 $52.44 $46.29

TOTA L; 1 1tt;;;04 :0 t00 j0000000:044jtttt0t; 0 26 $8 .3 $ $8 .

This investigation evaluated 8 deposit models and resulted in the creation of 66 individual mine
models. Capital and operating costs were calculated for all 66 mine models. From the cost data
for each mine model, a CIS was developed to show the timing of capital investment into theI
mining model. A cash flow analysis was performed for the CIS data for each mine model, and
the DCFROR versus RMV distribution was evaluated. The result of the cash flow analysis is
a graphical representation of the economic performance of the mine model, expressed in terms
of expected DCFROR. All of the results are estimated to be within an order-of-magnitude of
real costs.

The cash flow analysis for each mine model covered a range of RMV's that caused the5
DCFROR result of the cash flow analysis to exceed the arbitrary 15% DCFROR economic
threshold. The 15% DCFROR threshold was chosen to represent the level of return on
investment that would be considered an acceptable minimum for economic viability of a mine
model. In many cases, the RMV required for economic viability of a mine model was
unrealistically high, and the mine model(s) associated with high RMV('s) was uneconomic at the
order-of-magnitude scale used in this investigation. Conversely, several mine models had cash
flow results in a reasonable and realistic range. The results of the mining feasibility analysis of
these mine models could be used in a preliminary manner to evaluate the mining potential of real3
mineral deposits that are similar to the deposit models.
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APPENDIX A - Capital and operating costs for VCMD mine models. 3
TABLE A-i. - Capital and operating costs for a 125 mtpd shaft entry, overhand stope, metamorphic gold

vein mine, with a gravity mill.3

Category Total cost Cost per year Beginning year Ending year

Acquisition ................0

Exploration$11300*2,0-5.
lnfrastructure $11,590,000 $,6,0

m ine $ 595,000 ........... ....
Mill ~~~~~~~~~~ ~ ~~~~~~~~~~~~~~$4,230,000 $1,X410,000.....

Working capital $143,00 14x,0

TOTAL $27,659,000 n/a na ... .. /

Mine operating Cost $6 8/t$,8,0

mill ~ ~ ~ enmn, ihagavt il ...
Cpeategory Toa.os.ot.e.ea..inigdigya

Acquisition*. $782,000 $782,000 -4 -4~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ..... ......

WrigCaptegraltlcs $2,81000$208100 0er Bgnigya nigya

vein mine with a gravity mill. I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~......... ... ... .............

Epoaion $1,89. $318,000.... -..5

Infrastructure $79500$,7,0 3-

mine $.2...00.$ ,00 ,00.-..

Mill $6.2,770,0.00 .2,27,00 .- 3 .l

Working capital $2,5000 $2,50,000 0...0 .

TOTAL $4169,000p n/anana

Mine operating cost $183/t$145,0

M ill operating cOst $2 6 / n$2,4.6,..0 3.................
TALEA3.Cpia adoprtigcotsfr 75mpdsaf nty oerad tpe etmrpi gl

veinmin wih a ravty 38l

CaegryToalcot os pr ea Bginig ea Edi ya



APPENDIX A - Capital and operating costs for VMCD mine models--Continued.

TABLE A-4. - Capital and operating costs for a 365 mtpd shaft entry, cut-and-fill stope, metamorphic
gold vein mine with a gravity mill.

Category Total cost Cost per year Beginning year Ending year

Acquisition 955000.............. ..
Exploration; $I,868, 00-0 .6, 0 . ....

Infrrstnicturt $20,989,0 5,247 :- .. -I...

Working capital 0000004000 0 00000000000000 $2, ti2,i0Q $Z692.tlt l0000000lS2,. 0 .. ............... ........................... . ......... . . ..

TOTAI, $79,512,000 n/a nan/a
Minc operating coat 5400.73n $ .12,68,0 .. 5 9

Mill operating cos i 0000004 4400tt ttt;|00 i0 $22.1................. i.000000000 Sit - 5.9............. . .........

TABLE A-S. - Capital and operating costs for a 500 mtpd shaft entry, cut-and-fill stope, metamorphicI gold vein mine with a gravity mill.

3 ~~~~~~Category Total cost Cost per year |Beginning yer Eding year
Acquisition t $1,107,tt ; 000020 0 440 g 4$1.0 ., 0 0 -:: l ll000 .5 - ...... ...............

Exploration;X 0 00004;t.T0-0.0000 iX .t ;000 0 00000000 0 000044t;4$2. !87.0..00 .....0.00 . ...

Infrastructure $; -25,004,000. . -....... S1..|.;.-. 0 . 00 . .-4

Working capital $ 2,291,000 i 2,29000

TOTAL o$90,65,000 n/a n/a n/a

Min operating cost . 6...5

TABLE A-6. - Capital and operating costs for a 615 mtpd shaft entry, cut-and-fill stope, metamorphic
gold vein mine with a gravity mill.

Category Total cost | Cost per year Beginning year Ending year
Acquisition .. .......$1,235,05,00 -S: ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~.... ..... .... ...... ....Explorahion $,4400 41,0 -

Infrastructure $28,059.000:t $7013,00 ..4.
Mine $5,99000$ 70,0 -.....

M ill .. ........................ ....... -
Working capital ..7...0.576,00

TOTAL $101,546,000 n/a n/a n/a

Mine operating cost $804 .. .....70t$232

Mill operating cost $,17.27/mt $3,717000

39U~~~~~~~~~~~~~~~~~~~~~~~$3...



APPENDIX A - Capital and operating costs for VMCD mine models--Continued.

TABLE A-7. - Capital and operating costs for a 760 mtpd shaft entry, cut-and-fill stope, metamorphic
gold vein mine with a gravity mill.

Category Total cost Cost per year Beginning year Ending year
7 : : i E :: I E .i E i E g i i . E i ....,.................f i . . , .- . ... . . ... -' .. ' .. . -l . .. .

Acquisition $138000 $~9,0 5-
Exploralion $3.094,000 516000 ...

Infrastructure $31,5 00 $ . . ;. -..7,8.3 O..

Woring capi.al $43 0,0 0 .. . . .. . . . . ... .

TOTAL $112,746,000 r/a a

tM ine operating co......t. $.......... .......705......t. .. .....0.2000...
MIll operating coat $..70m .t .4..000 ...

TABLE A-8. - Capital and operating costs for a 1515 mtpd shaft entry, cut-and-fill stope, metamorphic
gold vein mine with a gravity mill.

Category | Total cost | Cost per year | Beginning year | Ending year

Acqutisition 0 ; $2t tt,243, 0 0 .0 $2.24 3,000...... .. .. 6Explralon 0000000 t;0400000000 |00 tl:00000i;0 t;S5$38,00........ i-00.:00 00.0.. 0- t ....... ........... .. . .. ............... .....-...... ...... . - I _ .0i. ;... .

Infrastructure $400 p6,403,000 ; .........................$....... 9,281,0f00 . - ...... . . . . .... . .Mine $76,050,000 $15,210,000 ~~~~ ~~~~~..5..... .... I- ..II.W orking capita $ ,4 2,0 $6,4200 0........... 0.. .... .......... .....

TOTAL, $162,870,000 n/a n/a n/amine operating cost I $630 .... ......... I. 48/. 3366 ,0 0.....

Mill operating costyl $1:iE0 0 :0:::0000S10 .80/mt $6,257,000m 0 9_ 3 y

TABLE A-9. - Capital and operating costs for a 2550 mtpd shaft entry, cut-and-fill stope, metamorphic

gold vein mine with a gravity mill.U

Category Total cost | Cost per year | Beginning year | Ending year

Acquisition $3,5:~0i tii0lii 0tSL~E~ 40ii:V 3 ,>ii0i000 i4 - $S3,403..0 -6i~e -6 i SEt E E0i
Exploration~f: $ :g4 :4 t X0t0li::t8,650,000;::S~ $ ----;0S1y,236,0 : : ::::::::00 -7 g ?-1F~::;:
Infrautructuf: t t 0;S;4: ;:; $62,:;04 09; 0 ,0 00g " . : :::::::::::;;;;00 $1l,41 ,0 -- . 4:::::::::::::
M : 0ine :Vf t SiS :000000::SSS4: $93,7~iSXA~'S: 020Ef~:T$~~iE:::- L,:gEt:SS. -02000000000 'S18,70- 000R- -, .-- IMill $45,590,000~~~~~~~~~~~ ~ $9,118,000....... ...... ..5..Mxne: f f .: 0 : : ;Ciifi::;|Xif: fES...... . ... ...................... iEEEE gg............ :i S8f:gE: -..:.... tSEEEES~SSEEEE:5 .. ....

Working capital00000000000g3- ; 0 $9,7713000 -.;lt -; lt;;t$9,773,g0200 --0

TOTAL $223,208,000 n/a n/a n/aMill operating cost:...... .97/f $8,72..0,0...0.

=~~~~~~~~~~~~~
40. . . . . . . . . . . . . . . .. . . .. .. . . .. ... .. . ... .. .. . .. . . ... .. .



I ~~~~~APPENDIX A - Capital and operating costs for VMCD mine models--Continued.

TABLE A-10. - Capital and operating costs for a 125 mtpd adit entry, overhand stope, metamnorphic goldU ~ ~~~~~~~~~vein mine with a gravity mill.

Category Total cost C~~~~___7 ost per year Beginning year m7 Ending year

Ac uisition $687 .00 $6.....,000. ........
Exploration $1,13,00 $25,00...-

Infrastructure $1,9000 386,0I ~ ~~~~~ ~~~~~~~~~Mine $7,250,000 $2,417,000

mill $4-30-0 $1,410,000 X~

Working capital:: $.,3.......,..,00

TOTAL $26,239,000 n/a ana

Mine operating .o..f 14.6/....$.2,00.3 ~~~~~~~~~~~~~~Mill operating oat~ .... .3..3. ......721,000 0

TABLE A-1.- Capital and operating costs for a 210 mtpd adit entry, overhand stope, metamorphic goldI ~ ~~~~~~~~~vein mine with a gravity mill.

Caeory Total cost Cotpryear Beginning year 7 Ending year

Acquisition $7200$782,000 .x: : ::4 -

Exploration $1,..7,00 ...7,.....
Infrastructure $15,443,000.... .... 5,... .. .............I ~ ~~~~~ ~~~~~ ~~~~Mine $,7,0$3025,000 ......
Mill $5,723,000 $1,908,000 -

Working capital $1960001-$1,936,000.0I __________ ____________________________________~~~~~~~~~~~~~~.11 ..........

TOTAL $34,366,000 n/a / n/a

Mine operatingcoat $125.70/mt $9,5

Ml prtABLE Acost Caia and .. o ..erat ..g cot o 7 dadtety vradstpmtmrhcgl

I ~ ~~~~~~~~~vein mine with a gravity mill.

5 ~~~~~~~~~~~~~~~~~~~~Category Total cost Cost per year Beginning year Ending year
Acquisition.$8..0..$....00. .................. .
Exploration $1,8.0. $.8.... -

Infrastructure I $17,9300 $,7AM0 -..3.. -..

Mine ~~~~~~~~~~~ ~ ~~~~~~~~~~~$10,210,000 $3,403,000:~I~ -3 .-..... ....

3 ~~~~~~~~~~~~~Working capital ~ $2,376,00 $2,31.,0 .... 0:

TOTAL $39,735,000 n/a n/a n/a

Mine oprtigcot$18.9/t$1,35,0

Mill operating coat $25.621u $2,46,40
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APPENDIX A - Capital and operating costs for VMCD mine models--Continued.

TABLE A-13. - Capital and operating costs for a 365 mtpd adit entry, cut-and-fill stope, metamorphic
gold vein mine with a gravity mill.

Category Total cost Cost per year Beginning year Ending year

Acquisitio 93 ,0 $...... ....
Exploration 41,86 0 $311,0

infrsstructure 4 ......... .$...4...0..
M ine $33,.' - ,000 ...43. .... ...,000 ..... I....'.O...

Mill S8,154,000 ~~~~~~~~~~~~~~~~~~~~$2,038,000....
Working capital $268,0 $2,68,0

TOTAL $68,338,000 n/a n/a n/a

Mill operating cost $2218 i .......... 00
Mine operating coat.~.. $9.26..t.12553000.............. .... .....

TABLE A-14. - Capital and operating costs for a 500 mtpd adit entry, cut-and-fill stope, metamorphic
gold vein mine with a gravity mill.

Category Total cost Cost per year Beginning year Ending year

Acquisition .$1,107, 000 $1,17,00 . . ..

Exploration $ 0 $281,00 -' -1

lnfrastmucture $5,004,00$6,23g000 vein me i
Mine $33C812,t00 $970t00 .cos Cos per y.ea ....... year .... .ea

Mill $1 0 2,139, ..0 0 $2,054 ... 0,00 .i0 4 -5

Working capital $3,216,000 $,216,000 0 0 .. 0.. .. .

TOTAL $80,585,000 n/a n/a n/a
Mine operating cost $88.19m..$13433,00 0.6-

.......000000000$276gs ..... . . ...0000000000 .;$ .;00000 ......0000000000 - t0j000000000:0
Mill operating cost $.......0 t 3,.3 30, 0 .6 ..

TABLE A-15. -4Capital and operating costs for a 615 mtpd adit entry, cut-and-fill slope, metamorphic
gold vein mine with a gravity mill.

Category Totalcost Cost per year Beginning year Ending year

Acquisition $1,23.....$12.5....- .-

Exploratio $2,644,000K$4100 .

infrastructures $2 ,5i0 ....... ...... -4.....

Working capital . $3,670,000 $......3...,6.....0,.0..

Mine oprtn ot$21/t$47,69,0040 .0 ......

M ill op r tn os41. 7 m $3 7 7, 0 ....... I.... .. - ...

... ... .... .. ... _ . .. . . .. . .
4 2 ..... ...... . . . . .. .. ..



APPENDIX A - Capital and operating costs for VMCD mine models--Continued.

TABLE A-16. - Capital and operating costs for a 760 mtpd adit entry, cut-and-fill stope, metamorphic
gold vein mine with a gravity mill.

Category Total cost Cost per year |Beginning year Ending year

Acqui.ition $1,jl11tEiCXEliV:t titti;0 003398000.,000 .. --

A ci :q i i204:-L ggg!i ;gj2 f iEit iXi t , , :i EuE EiRR ff ~~-E gi .... ... ..... .. ....
xPloration $30,09,000 $516/a 00 n/6 n

:Mine $prtn~ titi:li0f t ili0liii4-i$68049,000EE i :: -.i:;~; $1 72,0 00 -4 -.
XMill $13,9ln80,............ t; tlt iW ............................................ : -..00.0$3,49,.000 4 . -.

Working ~avit4 4,604,Q( 4,0400
MTeOTeAtiL cs $11076.4 00n $20,346,000a3 ~~~~~~Mill operating cost $15.0/t 4,7600

TABLE A-17. - Capital and operating costs for a 1515 mtpd adit entry, cut-and-fill stope, metamorphic
gold vein mine with a gravity mill.

Category Total cost Cost per year Beginning year Ending year

Acquisition $223000 71 $2,43,00-6

Exploration $5,43000 $77,0 7 -UlK
In fras X r tlil000 t; ;000000000000000000000000 4tt;;;-t;;0000000 l W .......................... ... ........0

Infristructur $.4000.9...00-5-

Mine $63,868,00 .$12,774 ,00 I

Mill $25,~~~~~~~ ~ ~~894 0.00$5,179000 "M. -l

Working capital.$6 00 0 .....$6 0 $0,0

TOTAL $150,446,000 n.a n/a n/a

Mine, operating cost $60.81/mt 3Z450 9.00.

Mill operating oa$11 M '8°9/m.- $6,2.5 l9. 50

TABLE A-18. - Capital and operating costs for a 2550 mtpd adit entry, cut-and-fill stope, metamorphic
gold vein mine with a gravity mill.

3 ~~~~~~~~~Category Total cost Cost per year Beginning year Ending year

Acquisition $3,403,00.0 $4 0 -

Exploration $8,65000 $1,236,000.... -7 ........

Infrastruicturc $6.9,0 1,1,0 -... ...

Mine $80,90,000 $16,180,000 -5 -l

Mill ~~~~~~~~~~~~$45,59,00 9,1800 .. 5.....

Working capital $ 934700 3.....47,020 0

TOTAL $209,981,000 n/a n/a n/a

Mine eperating cost 000 - 1.3

Mill operating cost $977/mt $8720,000 11,3X4
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APPENDIX A - Capital and operating costs for VMCD mine models--Continued.

TABLE A-19. - Capital and operating costs for a 125 mtpd shaft entry, overhand stope, copper-gold-
silver skarn mine with a one product flotation miill.

Category T Total cost Cost per year BegZinning year Ending year. ... ... . ... .. .... .. .. . . ..I . .. . . .. . .. . . .- . . .. . ..1 1 . . -.. . . .. . .... .
Acquisition II 00 6700 ~-4
Exploration $1,123,000 $225,000 . .. ... ..

Infrastructure $11,590,000. .. ... ...0.-. ..

Mine .8....0. II86,00- -;xx1: II
Mill $5,064,0 $3,V8000 I'.

W orking capital $143~~~~~,00Q $1,$3$,O 0 .. ............. ... .... ..
TOTAL $28,597,000 n/a n/a~~~~~~~~~~~~~~~~~~~~~.. ......... ........ a.. ....

Mine operating coat $157.57/mt $6,907,000~~~~~~~~~~~~~~~~~~. ........... .I...
M ill operating cost $53.16/m t $2,326 ..., .....000...... 3...... ......... .. .. .. ........ .....

TABLE A-20. -Capital and operating costs for a 210 mt ......shaft entry,..overhand st .....,..copper-gold-....
silver skam mine with a one.produc flotation mil. ...... I........

Acquisition $782,000 $782~~~~~~~~~~~~~~~~~~~~.. ..... . 4. .... ...........

M I $6,499,000. .......0 . ... .... .........

TOTAL $36,5996,000 n/a n/a n/a

Mne operating 90ost .. ......64/mt $10,4.1.000
Mill operating cost $37.93n.t..275.,.0

TABLE A-201. -Capital and operating costs for a 275 mtpd shaft entry, overhand stope, copper-gold-
silver skamn mine with a one product flotation mill.I

Category 7 Total cost Cspeyar Bgnning yearEnigya

Acquisition: $...5 000... ..00...4.4

Exploration .1,8900.31,00.5....
Infrastructure : $1795, 000$497,000 ... ......I. ......

Mill $7,509,000 $2,503,000 ... -- ' . .3.. .... . ..

Mill oprtn ot$32.26m $3105,00 I.......... . . . . . . . . . . . . . . . . .. .. . . . . . . .. . .. ..
4 4.. . . . . . . .. . 1 1 ,. . . .. . . .. .. .. . . . . . . . . . . . . . .... ... .. . . .. ... 1 . ... .



APPENDIX A - Capital and operating costs for VMCD mine models--Continued.

TABLE A-22. - Capital and operating costs for a 356 mtpd shaft entry, cut-and-fill stope, copper-gold-
silver skarn mine with a one product flotation mill.

Category Total cost Cost per year Beginning year Ending year

Acquisition $9.5.5 000 ...953, 0 -.. -

_[_~~~~~~~~~~~~~~~~~~~. . ...... ... .. ...... ..- ..°-...

Mxiii Kiting cad i527~~~~~ ~ ~~....... . ......- :
Exploration .1..6001 ..0 ; .infrastructure 320,9....... ,24,00....-I ~ ~~~~~Mine $44,854,00- $11,213,0 -4MalI ~~~~~~~~~~$8,848,00 $2,12,00...Working capital .seesaw .. ...

TOTAL $90,322,000 n/a n/a n/a

Mill operating cost $ 0 .. . ....

TABLE A-23. - Capital and operating costs for a 650 mtpd shaft entry, cut-and-fill stope, copper-gold-I ~ ~~~~~~~~~silver skamn mine with a one product flotation mill.

Category | Total cost | Cost per year |Beginning year | Ending yearAcquisition $100 0 i 1.0 6 -ES i E ; ;

Infrastructure $25,004,000 $6,231,000 -4....... -...... ............... -.I Mill $5t 0,106000 0 $ti;;; ; | i:::4 0 S~l2,4N,0 -4 -3lt&...............................

Mill ,0$2,697,000 -4 aMnopratin Cos $9.8mi1,1,0 ~

3CMill oeranting ysti $1t,232$,0 0 6.5
tego Total cost Cost per year Beginning yearAcquis4ition $125000 $1,2500073-

Exploration $2.644.00 $441,00 X -

infrastructure $2,5,0 705000-4-

Mine oprtn ot$07/t$19,52370I ~ ~~~~~~Mill oprtn ot$20.93/m :X:$4,505,000 ..

U~ ~ ~~~~~~~~~~~~~~~~~~~.....................
ap 8.000:~~~~~4I~ ~ ~ ~ ~ ~~~~~~~~~~~~~~~..... ..............



APPENDIX A - Capital and operating costs for VMCD mine models--Continued.

TABLE A-25. - Capital and operating costs for a 760 mtpd shaft entry, cut-and-fill stope, copper-gold-
silver skarn mine with a one product flotation mill.

Category Total cost Cost per year Beginning year Ending year
Acquisition $1,39. 0.........,000.-

Working capital $4,467<..000. _447~0 0

TOTAL $113,40l9,000 n/a n/a n/a...... ......... ..,
Mine opraingco $85.05/mt$22,623,000 ;-

TABLE A-26. - Capital and operating costs for a 1515 mtpd shaft entry, cut-and-fill stope, copper-gold-
silver skamn mine with a one product flotation mill.I

Category | Total cost | Cost per year |Beginnin yer | Eding year
. cquiiion $0 . ............... . ...... -

Exploration $5 4380 $777.0..7 ... -.

TOTAL $163,191,f000 n/a n/a n/a

Mill opeaing coa 6$ 14.03/mt :',9,0 9.5 -1

TABLE A-27. - Capital and operating costs for a 2550 mtpd shaft entry, cut-and-fill stope, copper-gold-
silver skamn mine with a one product flotation mill.I

Category | Total cost | Cost per year |Beginning year | Ending year
Acquisition 0 ~ ;00 0 0 00 t$3,ij00 ; i 000204044:3>t,000 0 020 00-.$3,403,0 0:0 . -6 -6.-3 ::;:::g:

Exploration $8S,465,000 a ;0:2;;000$1D,236,pl1t000 0 i i 7 -1:R0;;; :;i0i0 f0lnfrastructur $6..00,00 $1..,41.,000.......Mill $45,446,000~~~~~~. ........... $ ,089,000 ..........- ..

TOTAL $223,345,0.00 n/a n/a

Mine o.erating cot 002.t $.. .14 .......53, 0.00. 0
Mill operating cost 0 $11 .60/mt $10,33,000 0

46I$14 496 000 ~ ~ ~ .A



APPENDIX A - Capital and operating costs for VMCD mine models--Continued.

TABLE A-28. - Capital and operating costs for a 125 mtpd adit entry, overhand stope mine, copper-gold-
silver skarn with a one product flotation mill.

Category Total cost Cost per year Beginning year Ending year

Ex loration : ::: ;-; Sl~~~~~~~~lD l; ............ ~~~~~..... . . ..... . ........ ...... ;. ;. .. .-. . ..... -0

Workmg~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-.: ...i 0 5 4, 0 . -- . ......AcquisitionT S2,$687,000 ra -4 -/an
_~ ~ ~~ ~ ,, ..... ... ..... .... .... . . ...... . .

Mie we~~~~~~~~~~~~~~ti coqX | 0~~~~~~~~~~~~~~~... . $:4...1 .. x DD8= .. .-. ...Exploration $s1kar22n0 with a.
Cnraptegoury $|1,590,000 Total3,000 cost | AiI ~ ~~~Milne $72000 41700-3I

Mcqui in SX t V~Xtd)tt7 X $t S5,:064,l , $1,688,000k1 : -::: :; 3 . 1 . . ..

Wxpork tiong capital $1$63,0 S > , ttl0000000 ;00 0000 0 t0 00000;ti :0 ii ti;t ;;0000000000 $1,40050000;04 0;00 ,00000 0 X

TOTAL $27,177,000 rn/a n/a n/aMill operating os $53. .......

TABLE A-29. - Capital and operating costs for a 210 mtpd adit entry, overhand stope mine, copper-gold-silver skar with a one product flotation mill.

Category | Total cost j Cost per year | Beginning year | Ending year
Acquisition $782,00000000 i 0 0E0 ;i;0000 0000000000j000-i;0|00000000000$855 $782,000 -4t .4 . . .... - ....

MX..S~ ~ ~ ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~... .. ...t ... ..... ..........TOTAL $2,187,000 n/a n/a n/aInefrature $13,444,000 $5,148,000 o3 41

M ill $'5,499, ; ;;00 :;f 4 i00 00i: ; t 3 M "0 0 -it0000;000000000 ;000$2 i16 .000 -3 ;

M ptin cost-$131 .70/mt $9,680,000 I 443 Mill operating cost J *.. $37.93/mt $2,788,000 0 4.9~~~......... ...... ..... 1

TABLE A-29. -Capital and operating costs for a 275 mtpd adit entry, overhand stope mine, copper-gold-I ~ ~~~~~~~~~silver skarn with a one product flotation mill.

Category Total cost Cost per year Beginning year Ending year
Acquisition $85,0

Exploration $1,900 $318,00.. ....

infrastructure S17..$,........7$,.. -...

Mne $10,210,000...3,403,000 . ....
Mill $,000$2,53,00o3-
Working capital~ $2.46,00 .$2,4860...........0

TOTAL $40,5249,000 n/a ana

Mine operating cost $443/t$1,7,0
Mill oprating cost $132.26/itt .............I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~............I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~...... ................ .................. ........

4 7 . . . .. . . .. . . . .. .

I~ ~ ~ ~~~~AL -0 aia n prtn ot o a25mp dtety vradsoemncpe-od



APPENDIX A - Capital and operating costs for VMCD mine models--Continued.

TABLE A-3 1. - Capital and operating costs for a 365 mtpd adit entry, cut-and-fill stope, copper-gold-
silver skarn mine with a one product flotation mill.

Category Total cost Cost per year Beginning year | nding year

Acquisition $953,00' $ ,000 -5 . 3 ....

Mt c 0 tt 00 Q t i : 40 - -E $8'848'"i" ' "'' -.-.....;;;Exploration $1,88,00.$.1,00 .....

Working capital '$Z754,000 $2,150.4. 000 ......- .... . ......

TOTAL $69,148,000 a/a n/a 3/
Maine oprtin ot$142/ $13317,0.0.0

M, -; ' ,, ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~. .................... ," . , ........''"''.....,,-''.

TABLE A-32. - Capital and operating costs for a 500 mtpd adit entry, cut-and-fill stope, copper-gold-
silver skarn mine with a one product flotation mill.1

_~~~~~~~~~. :73-_

Category j Total cost Cost per year Beginning year j Ending year

0 AcquiE sition $1,1~i:070i4: 4 :0Xt040iti0000 j |0|:0 .: j0 - t$1,107,t~i 0 000:000000 ......................... 0 .$ I gsto 7?. o ........ -. ......

Exploraion : $25,28,:i 81.- 00 0 $31000 - i~Mill $10.790,000 $2697,00 M-4.......

TOTAL $81,343,000 a/a a/a a/aI

Mine ioprating 7cost:EyiE00002Et $9;tl~l: 4'S.019/tn S0t ; $16,483,000E; 0i 65 i -it
Mill operating coa0 0 0 tt $2300 i.25/ri' ''' 0 . . .t. 0..... 6.5 ...

TABLE A-33. - Capital and operating costs for a 615 mtpd adit entry, cut-and-fill stope, copper-gold-
silver skarn mine with a one product flotation mill.

Category Total cost Cost per year Beginning year Ending year

Acquisition $1,235, 0 00 $1,235 ,00 0 . - . .. -.

Exploration $2,6.000 $42741,000 ' ' -lo ........ - : --

Mllf ast -s;;000izcture0000000000 0 $28059000$1015000 0 00:00 -0S~)4N'-.................. -. ;.. ...'' ';-:;'3001& .......
Wo*;ng~~capital: t00 it; t00 t000000000. tg'3 8 f --..... .......... . .............. .

Workig caPIta .. ~: $itlO,00 0

TOTAL $90,741,000 n/a a/a a/aMine operatinig catim818m $18,9....1,000 ...

Mill WoraTiAg cst $20'.93/n fr a - ,, ; s e -

48silerskrnmin wtha ne rouc fotaio mll



I ~~~~~APPENDIX A - Capital and operating costs for VMCD mine models--Continued.

TABLE A-34. - Capital and operating costs for a 760 mtpd adit entry, cut-and-fill stope, copper-gold-U ~ ~~~~~~~~~silver skarn mine with a one product flotation mill.

Category Total cost Cost per year Beginning year Ending year

Acquisition $13800 13'9'9,00 -
Exploration .309,00.56 .00 .

Infrastructurm $31,57 ......,.00. $7,S~0 4-

Mine oprtigcat$2.9m $21,..42,000 ..I..3 ~~~~~~~Mill op.atngcot...../flI

WrigCategor Tota cost Cost per yea.Beinnng..ngyea

TOAcqiitL $20,243009$,000 000 n/a -6

Exploatio $5,48,00 $777000 77 -1

Mine $63,68,00.12,74.00.5..

Mnoprating: coat $668214/imt$342,009

Mill opeatig..st...../ii

TABLE A-35. -Capital and operating costs for a 2550 mtpd adit entry, cut-and-fill stope, copper-gold-I ~ ~~~~~~~~~silver skarn mine with a one product flotation mill.

Category Total cost Cost per year Beginning year Ending year

Acquisition~ $3,403,000.$,403,000.-.

Exploration $,5,0 126004-
infrastructure. $4624090000 $1:~492,18,0 -5 -1

Mill $45,446000 .9,09..0 774 . .......

Mill oprain.cst$1..0.t.1,33.0I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .....::;:1 .. ..........
49~~ ~~~~~~~..... 4.... XOI~ ~~~~~~okn aia ............... . ......



APPENDIX A - Capital and operating costs for VMCD mine models--Continued.3

TABLE A-37. - Capital and operating costs for a 100 mtpd shaft entry, shrinkage stope, plutonic related
gold vein mine with a CIP mnill and a 5 year mine life.5

Category Total cost 7 Cost per year Beginning year Ending year

Acquisition $687,000 $687,000 . .... ..... .3.

Exploration $1,123,000.I22500 c5 ............

Infrastructure $,5,0 13800.
Mine $~~~~~~~~~ ~ ~~~~~~~~~~ ~ ~~7,57600 $2,52,0031

Mill ~$4,520,000 :$1t507,00 .....

Working capital $1 ,1450... $3145,000.......... .. .... ...

TOTAL $19,005,000 n/aI n/a n/a3

Mine operating gost:$2133 ./.t....

Mill operating cost $69~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~73/nit $2,441,000 30~~~~~......... . ......... . ..... ... ...... .-.....

TABLE A-38. - Capital and operating costs......... for ..a.100 m .....d..shaft .... entry, ..shrinkage. ..t..e, pluoni related.
gold vein mine with ........a..C....mill ...and a.10yea.min.lie..

Category Total cost Cost per year Beginni nding year~~~~~~~~~~~~~~~~~~~~~....................
Acqulaition $687,000 $687,000 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~..4...... .. -..... 3..I......

E xpll rat "Won t $1,12 ,0 ........00 $...... ...... -. .... ... .. ...........
Infrastructure $4,899,000 $1,633,000~~~~~~~~~~~~~. -43- .......

MineEoperatinapioat $a4.2ndoeait gcotsfoa144000mp hf nty hikg stop ,0puo eae

gold vein mine with a CIP mill. anI yarmn ie

Category Total cost Cost per year Beginnin yaEnding year
Acquisition $8,00$83,0 7-4 -4....

Exploration $1,8 00 $31800 -5...........
lnfrastnicture $5 .06 .0..1...,00..

Mill ~~~~~~~~~~~ ~ ~~~~~~~~~$13,199,000.... $44000 . ..3....
Working capital $2,7fl,000 ~~~~~~~~~~~~~~~~~~~~~~~~~$2,772000 ...... ...

Mine operatng.co..$.7..7/m.$17 .4.0. .0... .....
Mill opertingcost$41 77/m.$4.20.00..... x ::::: ..... .

50~~~~~~~~~~~~~~~~~~~~~~~~~~~............ . . . . . . .. . ... . .. . ...
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I APPENDIX A - Capital and operating costs for VMC

TABLE A-40.-Capital and operating costs for a 365 mtpd shaft entry, overhand stope, plutonic related

I gold vein mine with a CIP mill.

CategoryITotal costICost per year Beg- -7�Ending year
,1.11 I I� -. .11.11 1.1-1. ... .....'', ....... 1.111- .. �. .1.1 ...... - -... - I.. -- . - I...... 1.11I��:I.F_'_. : I I I � � ...��...." --... I - ., ,�., .. ..... 1.�I,:. 1. :.�.51. � I I I I II,..... 1. I I...1. __ ... II- 1''...., -....... ......... ... ........ .. .. - �... . ........ ..- I

I-.��II...,....,.,............... ::�::: lease '. . : �1�i�i�i� �i:�:�::::: �:: :::;:::::::::::::::.1. -. 11 ... ''.IAcquisition � � � � �� �� �::I,$955,090 :��i:�,� x�: ::::::::::........ , 55.0m.. ,� :,. �-,. �., 1..",.,",::: . �-.�1, I'll, .1 --... "...".1'...'........... ,5:::]:: - -.. .__ .......... ............. 1.-"''' I .1'..,..�.�l''.�,.,.,�.�.I.....''.".I.I:I,... ---F�: � V-11 ... -11 -.1.1 .... :...1.......I....... ..-..... 1.�.1-11�..��.....".,..,.�"..'',I ::::: '': , .,-.. %.�.- � � I-. 'I',.,'. -... I I.... I I --......,...-1 1- I�- I I... - 1. .W... I., x- '" ,., I.I..'.-.11.144",-� �.%%...�%._- -. 1111 .1.1.Exploration.I-., -.1, -1. I �I ''. ,, -. .. ...�I.1 � -, , - .- 11�. �:� 1, .... I "' :::�'�:�-��: �J.ow;��a����� .. � :.: : :4. ".......'.......'.".., .1", ..-1'..,.,. : :�d.1-:� , ���: � $U:: : $ 1........,.....''..'. ,4 .............. ,�.:� ,� ...�....., 1. I .1'.'1,1'.,.,..1'1.1II...II ....--- 1. I I-,:I.. .'' ..... ... . ...... III-,.... I"..�.868, ,.,� : �:: �: ::::::::�::::::: ''. I 1.1-11-, I...",...,...", � -. � �., 1II I � �. �- ''..I.- ... 1.11, 1. 1.I.
I...�.. II�I 11 �... . , ,I-- I I.III.IIII- I..... 1''...I, 1. - � :X ... X: ..... .1.11'...'. ..,.,......1.1 I11 , I 1 ,.,.....,..." 1''. 1, 1". . ,,..,11-1. I 1111 I 1: �:: : � XI. I -. I I ,� � ...�..��.....,.�.........�..... 1. ,.,. I.... I "....'...'...1-1.1 I I- .. I -.,.-.,.,..,. I �..-II IIII I-�I .11 -1 .''.. .-- ........ I I.. ..... 1. II-1 . .- I�1. �:: 1 I., -�._. ,--- II .1. ''I'll'' . I I -.,.,""". ,--. .III - II.."I'dI44.1 �:�:�I II - -I1.III11 - ,, I �, �� �. �I..�II I-., ,:� :�:::�:�:�� � ]-..��i�,1. � 1.-� �.I.IIIIinfrastructures .11.1-1$W89,0W-... �� ::::�:_i :24 ., ,:� �:� ��:, . ... , ,I11,1, 11, 4-- $5� ... 7:0M.+� � �:�:: ��� ,--'%,.,-..I11 I I . � � I .. .1.1111 � � .1I - II I11...- �. '. 1. :::- -_ ....... �..... -1-1 . . .. .. .... ,,1. I.. .. I I.. ... ...��II III.III1. ... I.. 1. � .11,....-.1.,1.111,I-I. I� I.... ................ .111. I ---- ...�............... - . - �. �.....I11 -. 1 ..... ...-... . ... 1. 11 I--I, , '',-1. .. 1.I.I I...I.... � � � .......................,...."', 1 - "I", I -......-I..... I..... -1-1.11. - .--- --. I - .� __ ........ 111I.- .. �..- IW,.:.�.....- .�- --,:::.,.%,:., ",,,,..: -�.., - '.."_." , _' "'. ".".KW :1 I .I- -- ������$1%56g. ��, $3 39%9W.:1. ", -::: :::::::::�::::�: v::::�::.:� �::: 4 -." -'1,.,-'1 .�, �� : :� 4 �]�� I �I. .''. ".. �, �_- ......-
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I...
-.�... "..".- :: I -... IallI�.. I II. �11 ::::$4 051,M: :11: : : �::: �� .1. �] x:�1, 1 1 I ."..11 �� ��::�� � �� I ��i� �� � 316.206 000 I I;:::::::4ffI�.I� �.. .. I .III.-.11111 
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TABLE A41. -Capital and operating costs for a 500 mtpd shaft entry, overhand stope, plutonic related

I gold vein mine with a CIP mill.

CategoryITotal costICost per yearIBeginning year IEndi year
.L...II..Ir...r.. ..IIL.LLL..I..'LL.r''L. .............rr. ....rrr... .....9+.r.I.. ....,.rr'9..9..L..rL.LLL.L..I..I.9.I.991Lr.r .. ��:�L$ L91 07 r rOM,',.LLLLLrrrr.'.'.L".::9..:9:..�:..:�].::;.:.::��:;r��:;::rL.,rr9. ..,9''.+'LLrrLLLLLLL'L'LL.L..LL. ....L9_59r,9L.9d4::;L.L..IIIILL.LrLr...r,..r.9r .�LL.LL.rrAcquisition���:,LrrLIIL. ...L...rrrrr.r.r. ....$1.9190.7r999r99:.:�L:.LLLLL:�.:L::�LL�.LL ,9L , , r 'L. ..L L. .......r L. ..L .rr r

1 991 L .�I . rr :P�.:.� .' ��]��]:: :� :::�:::::: :� ::Lr9rILL... ..I+.rLLIILLL..LIIIILLLL'L..L'9...r.rr.r
L.9 9 9r9 99 .v .+L L. II .L .LL L.L.r.' L .. r.

rI.r r .rL.r. 9 .r r r r r .9 9. ..9 .. ... .9 ..L .r .9 99. ...., LL L ., L L LL ... I ,L LL .Lr.. 9 .r. ..9r.r9r.rI..LL. ..II. I.I.rL. ... ..r.rrr9...V. ...LL'L'LLIIIILL''L,.. ..r. ..9.rrrrr.L.rrLI..91...IILIILLLL...r. ..r..r..rr. .......... ...v r. ...r.9..9.9. .....r.L..LL.L.L...L.LLrLr. ... 9..r.r.Irrr.����L�����'�:������������,rrrrrr,. ......$3, $ 19. .....r,9,9,9,99r .+ 9rr.rrL+.LL..LLL.. ...LrLr.r.9.r .r L .. .4 ��, ILL9L L. ...Ln���1999.......99...9..19... 9.rrr..rr.9..9.LrL...L.:,�,�,,��r�LExploratioL,199���$2 287 ,OM��::::::L�;:':::�:::]rr....r.rL9�rL,,,rL,,r'L'Lrrrr. r rrr r r .r.LL ..L '.
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TABLE A42.-Capital and operating costs for a 615 rntpd shaft entry, sublevel-longhole stope, plutonic

I related gold vein mine with a CIP mill.
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APPENDIX A - Capital and operating costs for VMCD mine models--Continued.3

TABLE A-43. - Capital and operating costs for a 760 mtpd shaft entry, sublevel-longhole stope, plutonic
related gold vein mine with a CIP mill.

Category Total cost Cost per year Beginning yer Eding year

AcquisiionSi ,xxx .S .......-~
Exploration $3,094,00...3. 6,000..6...

Mine ~~~~~$25 6a,00 $_d7Q,00 -4 -
$28~~380,000 . $7095000 4~~~~......... .... I
:X : .... . . ....... ........

WrigCaptegor j - oa otCs e ea einn igya

nraTOuTAL e $20,989,000 $5,247,00 -4 a

Mine $11,54,000$2oa9t000.....
Mill $1,29,0 $33200 '

M n operatn cost ....../.........00 5,

TABLE A-44. -Capital and operating costs for a 350 mtpd adit entry, overhand stope mine, plutonic

related gold vein with a CIP mill.I

Catgoy ota cstCos pr ear Beiningyer ndig ea
. . . . . . . . . . . . . . . . . . . . .. . . . . .. . . ...

$20,495,000 $5,l24~~~~~~~~~~~~~~~~000 ~~~..4...

Miplloerationg ....3.5mt$b69000 ,. . . . . . . . . . . . . . . . . ..... . . ..
52 ~ ~ ~ ~ ...... .... .....

. . . . . . . . . . . . . . .. .... . .. . . . .



I ~~~~~APPENDIX A - Capital and operating costs for VMCD mine models--Continued.

TABLE A-46. - Capital and operating costs for a 615 mtpd adit entry, sublevel-longhole stope, plutonic
related gold vein mine with a CIP mill.

Category Total cost Cost per year Beginning year Ending year

A quisition $1,33000....... - -

Exploration $2,644,000D$441,000 .6 4

infrastructure $22,710,000~ $5,677,000-4I ~ ~~~~~ ~~~~~ ~~~Mine $1,5,0 2912......

TOTAL $64,637,0006 n/a.... ...

Milloprincot$84nn$,6,0

TABLE A-47. - Capital and operating costs for a 760 mtpd adit entry, sublevel longhole stope, p.......to..c
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . .. .. .. .. . .. .. .. ..I. .. .. .. .related gold vein mine with a CIP mill.~~~~~~~~~~..... .....

ExpOTAtLo $6,4,637 $,00000/ na n1a

I ~ ~~~~~ ~~~~Mine $13,027,000~: 9: 1 $3,25$7,000

5 M~~~~~~~~~~~~~~ill operatin cos..$...../.

TABLE A-47. -Capital and operating costs for a 760 mtpd safit entry, sulvllnhl stope, basatoiI hos~~~~~~~~rlted copp ern mine with a oneprdcfltio mill.

5 ~~~~~~~~~~~~~~~~~~Category Total cost Cost per year Beginnin yer Eding year

Acquisition $1i3907000:$,0,0 ~-
Exploraio$65300$08,0 6-
infrastructure $25,581 .0009 $,~:5000 4 -

Mill $14,496,000 $3,624,000~~~~~~~~~~~~~~~~~5 4: ..4. .... 1

Wringe aia $1,.027,000 $,2,0

mill oprtn ot$42835/m $1,400075I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
Mill operating cost $18.0/mt$9. 044,0I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~..... ...... . .

5 3. . . . . .. . . . .. .. . . . . ..I~~~~~~c 9Il



APPENDIX A - Capital and operating costs for VMCD mine models--Continued.

TABLE A49. - Capital and operating costs for a 1515 mtpd shaft entry, longhole-sublevel stope, basalt
hosted copper mine with a one product flotation mill.

Category Total cost Cost per year Beginning year Ending year

Acquisition $2 ,44 0.00. $224,0 -. -.. 3
Xl~~~~~~~~~~~~r 

a 0 -- 2 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.. .. ......

Infrasucture .37,7 ,000 $7, 0....... .. - -

Mine 31,08,00 $7 ,760,000 y -4 --

Work ng apital 4 ,125,00 0 ....... . 0

TOTAI 114,289,000 n/a /a .. n/a

Mie eoperatin g .co.t .3.. . 20.00-..... 0 I..
tMill operating0 cos $14.03/m0 00tl liX 87,- -.0(3il0 I - 9.5 1

TABLE A-5O. - Capital and operating costs for a 2550 mtpd shaft entry, longhole-sublevel stope, basalt
hosted copper mine with a one product flotation mill. .

Category | Total cost | Cost per year |Beginning yer | Eding year

Acquisition $t:~: : 4t;~00ti;0SgX4 :t :t:0 2,706,00 $2,70 ti 000 : - 6 -6 :
E i i EE E i i i E L i L iL i ::... . .. i . . ......... .... ...

Exploration $22, 00( :00020;i ttitl00 0070t,:00000 $ -- ---t 3, 4 00 7t -1t:0000:000-|-

Ifrastructure $50592,0 00 $10,1 000 .. .. .

Mill $45446000 S908": -- t9,0 :-1:

Working capitali $6, l;00t0;0000 00000 l 00t 080,0 0 $6,080,000 0

TOTAL $164,491,000 n/a n/a

Mine o.eratingco .4 $313 000 ...... 1..-3

Mill oerataingcostI $11 .60/t$10353,.000 .11. ..

TABLE A-S51. - Capital and operating costs for a 3445 mtpd shaft entry, longhole-sublevel stope, basalt

hosted copper mine with a one product flotation mill.I

Category Total cost Cost per year Beginning year Ending year
| ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ .... . ....

Acquisition000tt $3,1030 ; 0 4i 00000 $2,105,0000 0 -7 ;0.......................... -7..

TOTAL t429,754,000 n/a n/a n/a
Mine $42ra4ig0,000 $85,48,0 3
Mine operating co:at~~ $33.52/mt- $40,1700

Mill;operating co0st Cpt and operating cssfra25 mt$10s54/a n $7 10, 000so 1 ba

54
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APPENDIX A - Capital and operating costs for VMCD mine modlels--Continued.

TABLE A-52. - Capital and operating costs for a 760 mtpd adit entry, longhole-sublevel stope, basalt
hosted copper mine with a one product flotation mill.

Category 7 Total cost Cost per year Beginning yea Edng yearU ~~~~~~~~~~~AcquisitionJ~,90

Exploration $6.1,00.108. 00.6.3 ~~~~Infrastructure .. .... . .
Mine $1,2,0 325700 -4:-

Mill $14,496,000 $3,624,000~~~02 ...... .......

TOTAL ~~~~~~~~$63,4936,000 ..an/ ... /a..

MiTOpTAtiL cs $431.600/n n/a n/a n/a

Mill operating cosit $ 1890/fI1

TABLE A-53. - Capital and operating costs for a 1515 mtpd adit entry, longhole-sublevel stope, basaltI ~ ~~~~~~~~~hosted copper mine with a one product flotation mill.

Category Total cost Cost per year Beginning year7 Ending year
Acquisition $224,00 2,4400 W,6

Exploration $.3.4.0...,64...- *

Th frastructure $3,2,0 7,54,00 -S -1.U inc $18,779,000 $4,695,000~~~~~~~~~~~~~~~~.. ..4....... . .......1..

Mill $26,112,00$,000 ....... ...

Wr ingcptaly . $3,882,000: $38,00.

TOTAL $101,787,000 n/a nan/a
Mine operating cost j $35 .6/mt $1,99003 ~~~~mill operating cos ..$...../........$.... ...

TABLE A-54. -Capital and operating costs for a 2550 mtpd adit entry, longhole-sublevel stope, basaltI ~ ~~~~~~~~~hosted copper mine with a one product flotation mill.

Category Total cost Cost per year Beginning year Ending year

Acquisition $42,7 60 0$ ,0 , . ....... ...- .....6.
EXplraIon $20700$3,144,000D7-

Mill $45,446,000 $9,089,000~~~~~~~n W5 ..1.. ..
Working capital.$5,653,000~~~~~........ ......... 0.

mine oprtn~ ~ l 3 ,24,794m: $2aJ812,00 M4.. 1...

Mill operating $1 1.60/nt $10,353,000~................... ... ...........I~~~~~~~~~~W ... . .........
55N A5... ....I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~..... .........
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APPENDIX A - Capital and operating costs for VMCD mine models--Continued.I I

�
TABLE A-55. - Capital and operating costs for a 3445 mtpd adit entry, longhole-sublevel slope, basalt

hosted copper mine with a one product flotation mill.I

: .. ��CBegi -Ending yearCategory Total cost ost per year7=mung year7�-.I .11-1-1 I -11, .. 1-1.1 ...... -'l-_:::: -1 ....'''.11--l I ..�....,................",."�.I ... I......., -.-.,___-.-1 - -. I 1'.1.� :... ::,...�..........,..........,.......,...".""",..".,.� �. -.1"'..,.- ...........I...... - 1. I I..
I'll . .... 0 5 :�:::::. :::::4 ._ ........... - ... �. .� �� I- .,.. �......- 44, ::.,: ::: �::�:��::::::Acquisition . , :]�:] :::. ::, I .0 �,T,�-----'.: :. I.......... . .. I I I.. 1. � � � .........,...._,._..-.. � ... � ......... 1. I I .1. I I �... .���,�.�� � �.. � � � �. �.�..I...''I........ .. . ........... ".,...,..,..,.,.�..�............... .--................. ... "......, ".. I � � � �... -.�...�.--�� ''. .......... ... -: :::::::::,.,.,. -.......-...................."'.... 1. I ..........'..1,1 I., �. .,.�......,..,., "I -1.�..I I 11 I 1'1'1::::: :.......'."'....11-1 .... I --..,.,...........--.-. �..,..,....'��.,...........�.....�,�....... �.... ........ I......-. ..... '-_ . ....... I.",.....,..."..... -,-......� ...... .. II�: 1: ., :_-'. I .......1.1.'. , _'....%...�....-.. . .... '_ ............. _.� ...................,.-, 1, 1. I I �. I.. - - � � �... I..''. ........ : 1:1.:::::::::. �. �.11I... I.. I-, .. .... ::; . .__ .......... .I... ---. �.11,..... � , , �'. -..... X. ....- I.�.... �.. I... 1-1- ... I _-..:7. 8 ".....'....... 1. I", , � �, --- X,::�:]�:::� "........'.......":�.. 1. 1. '. .. , ,::: �:::�:::�::X::�::`W���������������������������������������������� �:::: ,.- 1. 11- �:�:_:,:,.:::::::::�E xploration : ��� � � ; i :�: 1� �]� I �� .1 . -..,.,....-,�-�� 60 '.I..'' ... - -I. 1,��: ., x:: ::� ........ .. , 1, � 'I.",����l.,....�'.............................................,.,.....�...".,�'. �......,..........,.,..�.I...,.,...",.,.,,� ...'..'.., ... "I", I-_ �.��.�..�....��.....''.''.",.....,...................",""�.",..��.�....'''.., I.I.. - I-- ........................... 

.... . .......... �...�.. ... 1.11 . .. ... - 11-......�......-.... 
11

... ��11-�..............,.1 .... .. ...�.... .............. �..........�I.... 1.11 .1 ... I .. --- I.. .. ...... ''I'll ......-........ .... ...,. .............�". .."..... 1.1--l. -.-... 1 4: �:::::,.:: � ::: :X::::: : ��::: -1: ....'..".-.........".... "' :Fpso," . I...", .... 1.1.1,." I-,I,. ''In6 astructute � I I � ::�� � �� I - .-� �: 1 :X; ��,.::I �. .- - I.. �... I'., .- �I��...�.. ... I I,111.1 -- .. ..... , ''--.,.,.,.$59 951 MO:--F'.... 2m:�:�:�:�:::�:�:�:�:i�:::]�:�:i�I.- A P., �: ��. :: ::-�:x P�-.. ...�.... I.... I., .I.. I I .I � I I .. I ,., � -,.,..1'-- � � � 1. ..� I.I..."'. I I I I "I I.1 1.1-11, 1. . 1..... - - . - �� �....I....I''I'll, -.
I.1 II � I. .11 11.." .--..� ........... 11 � I I .. , - 1, - �� � - .. ''', . , , ,. 1. .��..... �. 1. I ...", I.. I .�.. � ... .1%1-1.1 F F ,� 1,111% I --. I .I. I................... I..,., I II I 1,I1.11 . - I . �.- . - 1-1. �..''.. ...�......I... .. .1. I I I 11.1 .. -.. I..... I -I.. - ..11.I , lio. . I... - �...., ...-.... I-,,-........ - .,� -...-F'' ... 1. - �. -.... ...I11 . ,- .,I�� , IM, M 'X.. .-..... ".,..� ..... ....,.. 1��.., .... ..- I.1.11, � :-� � �::�..j -II:- . I.-I I � - � --- ..... ..... ... , '_ _ ., , -1. . . � : : � : � �::::: �11 5'....'...'....'..''.... -'..".,. ,.M in e � I I� .. I ., -:.: ::�::�:::::X :: :: �����,.�.�,.�.�...............................�,,�l.,...''�.............'�.I ..'...,., .,.,.I, I,.,.. ... ..::i:::,i:�:.�i�:,:.:.:.:,:.,::�:,i�..i,�:�:i.��,..�..��.��...�...................��,..��.,...�,�....,....�.�.....,....,.,,.,,,,,,..,,,,,...����...�� ....�.1-1-1 .... ...... , .... .- ..... .. -... '' .11XI���.I�, I----.:i�:�;�*�::;-::::. -1-..... ,..., �............. ____ .. ..... - - I �. ... I�.11, 17 ".. '._- .. .... , ,. ..... "...,.�..'. ..:1...1..,...,1... I--I�� .,:,I. . ........ � I........ -. 1 1. -,-1 -.1.--,- I:- ... .. .... 1.� I � I.. .,.."..,-... -. ,... ... .1.1 ....�... � --,..�.... I 11 I I I . I .:., 1. I.- ..... : ..,.....,-....,.�-.�- ... -.1.-I...- ..-.,...",.,.."" - I.... �.M ill I � I �11- W , 8 6 �.. ..... 1. 11 - -1:::�::::::$ i: ,. .. -- .1.11 .... I.... ...... �.........I...,,..'1:::::::: :::x:::::::::::::::�:�:�:::wI"I .1.11 �� I �,�,����.!: - i...... ::::::;:::�::::;::::::::::!::::�: 

a 173.. 
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III.� �....".�::::: �7:i�l:i���.�.....,..,.,..........,."., ", ,....1.1 I ,�.., �...... ..--'...,.,% .1.1.11 ... I.. I...I............. ......��.................,.,.... I.. .I � � I � I..... ......'.1'.- I I. I I I � � I I I I I "...................,-... I....... -- l....., ..... � .1 .... .......... ...... I.. -.111 ...... - 1, ,.. .111.1 11.11 ............I..--...............,.... I.... .......................... -.1-1 ........ -.- ............ I... 11-1 ...... I-.... I.. �.....1I....-........I.... I .-.1-11.1 .�.. �...... ... I. ... __ .. .............. .11.1.1.11-- .... I...I...-.. -........ .. 1-1.1 ................ ......II. .. II I .-. ..............-... ..... �... __ ...... �, .... - -............... .� . -............ ..�......... 1. I 1-I.-.. ,.I.1.1- - -_-- . .. .. ,. .1 .. ...... . ..I.............. .... --- :..... .. :: ::: �]::. :1 I :..,.:, .:1 �..�.........................,.... I-,-..-... II I. �� "I ... �.I........I........�.... � �... ....... -:..... .. -�....I.......... I.. .. I.. �.....,". ... . .......-...........�....... ... � -W ork ing capital �::��:: X X: : �. ..... S 7 00 M .��.�.�..�...�.....,."�....,.,..�.:.:.:.:,::::s7. .. ... ... I... ,.,.,......,."."�.....I- .", I I ��,:: : �: ... �i :A 0 .... ....i ... W .''.0 -w x ...........,..""�,�'..""....,.,.�..,..........� ....... ......... -l"...1%, �........�.....................,.,��.� ,, .... ... 11- - ............ .. �.., .... 11- 1.1- 1- 1. --- �..-. �F 1.1% ...... .. ---.,.�..,. ...''...,.,...,.........,...."....�........"."..,......"..�........................... 1.111. -.1-1- ..,...............,......,..�......,.�'.....�.,..�I.I..,.,....,....,.,�,��..�.��...,........I .. . .......... -.1.- --
TOTAL I $194p851,000 n/a n/s. n/a I
M . I � � � I.1- 1 ..I.- I- 1.1. I... 1. I .............. .......,- .- 1. - 1. �. - - - .- ..... I."",.11. I.., I C M M ii��i�4�i�iil�li: Administratively .1 ...-.-ine operating cost �� �:� �:� . .. �.'', , $30�di/':'::'.'::���:i:�����������:�t����������������������������li:�:$ � ::: ��:���:�� ��.::�: ��]:�� �-i�i�i:��:� :: ��: IX.O.A:::. i��ii�:�:x�:::: ,. 2 ::: 1-......................'.I: :1 . �:::::: . , 7 "".: .. .. .3 0..1---.. .,..,.,.,....".,...�,�l'.�.�.,...........,I� .� -. 1 ....�.....�.................. ..... 11 ..I.- 11 I--I� 11, .1� �i��i::���:�:�:�:�:�:�:�:�:�:�:�:�:�� i�i�i�::��:i��;,'.'--.-� ..,...1..-...', ....... ........ I.... 1: ::::::::I.. �.111,.I.I.- ....... I...... _.��. 1. . I.... 1, -:::::�: XXX :::::::::::::::::::::::::::::::;::::::::::::::::::::::::::::::::.-............. I... .1'1.1.�-., ...�...�-..... .. 1- .1 ........ �............... -- I--�, ., --. .... ..� ....'.......I11 .I - .1,I.......,,. .... --.- ,._.,-- ............".1-.-I I...., ................... -1--_.........'-...: . ........-1 ... .... .......-.... ....... "2:..4: ........... I .� :��,�,� � �:�:., ". '.,."..,..::.:::..:::::,::, :, ; pa :...:-::::::::: - A............. I..........:::::I.I...-.,::AI., ..........I:X Z:�M_: �ii�ii �����������������i�i�������i�.::..........................,....,.....",Mill opprating.vost ,, .$10.5, ::::: $,.. ... .1 . I... - - - ... -..... ::: .1, , .... M............ ..., 11- ....'.-I.,............'... ........................... ��....._11 ....... ...."...,.,,...... 1: ,"...'.".." 1: ...............- I., � �... - -1- � .1 . . .1".... -- - 1-. ......,.,...,...,.�.......�...."".".,."..,...�'.....,...................................
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TABLE A-56.-Capital and operating costs for a 760 mtpd, open pit, porphyry gold nline with a CIP
Mill. I

CategoryITotal cost Cost per yearIBeginning year IEnding year11 .1�-1.1-1 - I.I.-I.. ...11-11.1 ............ ............-... .. 1.1-1- ..........-... �...............-........ 1.1-11-1-1-1 ...... I-- . .....I�I__ ......... ... .. ........ ........::::�: ...,q'.."...., ::.:.:..::: ... -...., ..��.�......................,.��l, �........., ." ,I.I..'..I.I.,�-.. .......... I....... . , 1.1-1 .. _- -1-ion � � � � �:::: I.I�:: I I-. -.......... I. ....... �........ -.- ..... .,` , , , , , " 4..................'.., �..............'.1'.,.-I'l ..... ." ...'...",Acquiait ��� .�.-..U ,92QM Q ' �� ���������������������:�����i���i����sl�.gv A m : " "'' ....... _- . ::: � � :-,-4 ',... ..---- ,.II I.1 ....�............... ::: ...... ....,.,.....,...�.",.....,...,.,...,.,...�,.�....,.,.........,."."...'�....�...� ...�............ .-............. �...�..........�... 11".. -. 1 . ,... 11.1.111, .......... .I..... � - "...."..'.'........ I. I. I. I.......................-... ------- ......... ''... ... -'......� ��. -.- W.'..".I.1. : � �::::: �: �:�::: :]:�� "'..'. --- ........ 1-11 .... I...I.... I.....,............"............,."..........� ................. ................ .......... �.............I....I..... -.-- ............... -,� II. �........... � �......I......-........... ....�... -__ 1-1-1.1 .............. .-11......1.1 ..... .---. I--1111.1- I..... ......... ............. ....... I............. ............... �:.:..:.:,::::..... :.. ."', ..-..... ,.,-,.,-_.. ........-�,"' .:.::�... .... ..... ____-::::.... �. ........... ....... �.. ...... .__.-.- ,'. ...'..... .............- '�.,...... .... ..__ -....- I l:,:.:.:.:.:.:.:,:.:,�::::�::;::::::�:Eo lo ...I.- I �� .� ��� �����:�:i�4 3.9.1, .1. ..,..--.��-..... I...I....�--.- �....I. ........-........ .......-..... I.....-....-......,ration �I..�.1.KW 1''..'' '.,..,-'...,-., 09.j:0W...:..:..:..: �'$', ....... '..''..... �..11I-, � I�I I. .1.11I....... PO , �: -.. .-.�::::::::::!::�!::�:-............ .::::::::::::: �- �... - ..., � � �.....� .I-II.1. 
11 ........ ..... I .1 I. ...... Ill .......... :-:. -:. :; , �,.. -- � ,- ,""..,...I�.... 

I II 11 I I... .. - _1 ...�I......... ........ ..,..................',., 'I'�............."."...'��.�",.... I �.... - , -.... �. -F� 1..q.�......:.:,:.:,:::: �: :::::.:: �:::::: :::::::.
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APPENDIX A - Capital and operating costs for VMCD mine models--Continued.

TABLE A-58. - Capital and operating costs for a 2550 mtpd, open pit, porphyry gold mine with a CIP
mill.

Category Total cost Cost per year | Beginning year Ending year

Acquisition $2,518 :000, 0i .. ..,.1..0.. . . ........ ......

Exploramtionm $ 5,853,fODD -6$7 510 ::
Minferastncture $37,08.,000 $:7,418,000 -5 -

mine $24,086M,00 $4..8..... 00 i i -l

W orki ng capial ,639, ..639, ............ .... ..... ..... ... ........

TOTAL $157,222,000 n/a n/a n/a

mine ..rtg~t j 1.0nl$1,1,0 ... 3

TABLE A-59. - Capital and operating costs for a 500 mtpd, open pit, plutonic related tin mine with aI ~ ~~~~~~~~~gravity mill.

Category Total cost Cost per year |Beginning year | Ending year

Acquisition $1,834,000 $1,834 !000 -4 -4;fA4:St.3,:A~: i t0000 000000S:, 4i 0iX 0yt it00.jtjl004

Exploration; $0 ;:000;0 ;20;0g . 0 00;3,6301,0 g 0 0 $726 ,.T 00000 -S, w .: -:1 :t.00;t 0
Infrasinictur $ ; :yf16,865f,000P;; $4::4g~E;-S,216,0:g0i : t ;Ei20i iiitig:E: -4 -10Sii002

I Mine :.$10,15,00 $2729,0 .. 4 . ; .1
..... ... . . .. .. . ... .. .

. .. .. , ,3 ,....... ....Wring coaptal$,4,0 $131,0 0 0...,:::

TABLE A-60. - Capital and operating costs for a 615 mtpd, open pit, plutonic related tin mine with a
gravity mill.

Category Total cost Cost per year Beginning year Ending yearAcquisition: $1 832,000 Sl8724000, .-4.......

Exploration $3,756- ,000 - $-5,0l-5
Infrastructure $1 860,0006 i,0 -4. -. ......Mine ~$1204,9 5000: $3,012,00 M4 -1Mill $1,46,00 2 540.000 -4

Working capital $1,512,0 0 $1,.12,; ..0. ..

TOTAL $49,662,000 n/a n/a n/a

Mine operating cost 5 27.71/mt .5|96500=

Mill operating cost $17.27/mt $3,77,0I~ ~ ~~~~~~AL -0 aia n prtn ot fra65mpoe ipuoi eae i iewt
gravity mill57
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APPENDIX A - Capital and operating costs for VMCD mine models--Continued.

TABLE A-61. - Capital and operating costs for a 760 mtpd, open pit, plutonic related tin mine with a
gravity mill.

Category Total cost | Cost per year T Beginning year Ending year

Acquigition S $li920,O00 -4 -4

Exploration 3 $ -S -1

rastructure A-62. $5,158 5 m4 one

Mino $13 34l~0 $3,35,00 -4 4 Ir,
Mill $13,980,000i$3 495, il-

Worling capituo $| Tota0 c 0

Acustao t 7iliit00:0X0000000 I00 t000000040t0$,% l: .XX .gtt

Wrigcpt ;t09;t 00 tt 04 0 00000T$,W ....... ........ 00ti- ; $ 0 0; ;
TOTAL $55,498,000 n/a n/a n/a

Mine operating Cost .$. $ _3,

Mill operatin ca j $1.70/t$,7,0

TABLE A-62. - Capital and operating costs for a 1515 mtpd, open pit, plutonic related tin mine with a

gravity mill.

Category Total cost Cost per year Beginning year Ending year

Acquisition $2I71,00 $2--;00 .5 .
Exploratiotn $......0 $789,000 -6 -

Infrastructure .$28 80 000, 0,00 -- -l

Mine $18,653,000 $3 731,000 .1

Mill . $25,84,000 $5,179,000' -5

Working capital $,900 .. $2,0

TOTAL $82,852,000 n/a n/a n/a
Mineoperting cost 20S79 11 024 000. .. .. ...

Mloper&tingicost::: $1 1.80/mt :$6 7 ... ~ 0 .

TABLE A-63. -Capital and operating costs for a 2550 mntpd, open pit, plutonic related tin mine with a

gravity mill.I

Category Toa ot Cost per yaBgingyer Ending year

Acquisition $231,0....1800 -.-

Exploration $5,5300.$76,00-...
Infrastructure $~I37,0800 $1 418,0 ..........

M ine $2 ,8 ,0 48 7A ..000 ........ . 5 ........

Mill :$45,59,000 : $91 8,0 .... ...-.. l..... ...
Working capita 3607,0 $67,00 .... 0

TOTAL $118,742,000 n/a n n/a

Mine operating cost $17.80/mt 24,606,00 I1 ..... ".
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