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-0
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EXECUTIVE SUMMARY

Project Description

This Project 1is presented in response to a request by Economic
Development: Mines and Small Business, Energy and Mines Branch,
Government of Yukon. Funding for this project has come from the
Canada-Yukon Economic Development Agreement, Economic Development

and Planning Sub-Agreement.

Governments of Canada and Yukon wish to assist in the expansicon and
diversification of the mining industry. This study has been
commissioned as & contribution toward this goal. The study
concerns itself with the viability of a custom ore treatment plant
as an afd ¢o the small scale operator, owners of smaller vein
deposits and/ar those who require a less capital intensive vehicle
for immediats cash flow from which to finance enhanced exploration
and property development.

The plant studied encompasses the treatment of most lode ore types
occuring in the Yukon and addresses its most suitable and economic
construction/Tocatign, ranging from permanent siting to a fully
mobile unit capable of siting at individual ore reserve sources.

Such a plant, or range of plants, is conceptually designed and the
capital and operating costs are combined with other requirements
normal for a total mine Qre treatment complex in order to darrive at
the commercial viability and expected rate of return on investment
for such a venture.

Yukon Background

There are some 26,200 people distributed throughout the Yukon's
482,515 square kilometres, some 70 percent residing in the capital
city of wWhitehorse. The territory is serviced by 4688 kilometres
of nighway, of wnhich one-third 1is paved or has a thin asphalt
surface. Of these highways, two connect to the main Canadian
highway system and two to the Alaska road and port systems.

The Yukon has typical sub-arctic weather conditions with the five
summer months averaging 12°C temperatures and thus permitting five
to six months per year of milling operation requiring minimai
cladding and insulation.
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There are 844 kilometres of hydro power grid in the Yukon, 339
kilometres transmitted on 140 k¥ lines and 345 xilometres on 34,5
k¥ Tines. Most physical plant assets are owned by The Yuken
Development Corporation with daistribution services througn Yukgn
Electric Company Limited.

Regional Ore Occurrences

This study covers the lode deposits of gold, silver, lead, zinc and
tungsten, and their occurrence and treatment. The types of process
flow sheets presented relate to the following ares.

Gold a} in sulphide free {ar very low sulphide) ore
b) with limited silver and some of galena, sohalerite,
chalcopyrite, and pyrite or pyrrhotite
¢) in complex high sulphide ores with some or all of
silver, galena, sphalerite, chalcopyrita, pyrite,
pyrrhotite, arsenopyrite and other contaminants (e.g.
antimony)

Silver principally Tlead (galena) and silver in veins, often
massive gaiena

Leag-Zinc high grade sulphide ore but low in other sulphidas

Tungsten scheelite or other heavy mineral ore such as
cassiterite

Project Compgnents

Prior to discussing details of custom milling, order-of-magnituce
values have been given for & typical 125 TPD mining project, thus
emphasizing the capital and operating cost influence or custom
milling within the project structure.

Activity Capital Cost % Operating Cost %
Mining 32 36
Milling & Tailings 45 24
Infrastructure 23 40

TOTAL 130 150

The major cost differences between custam and owner operated

milling operations revolve argund these items:

- Environmental Controls

- Tailings Disposal

- Crude Ore Haulage

- Personnel Accommodations
- Plant Depreciation

. - i1 -

a2




Procassing Plant Components

A1l components relating to 4 Process plant are discussa

fnafviduaily, with comments on applfcabi]ity of equipment tyses
together with the magnitude of site Services required. A summa -,
of such factors include the following:
Crushing Electrical
Grinding Power
Gravity Watar
Flotation Tailings
Cyanidation Manpower
Stockpiling Accommodations
Assaying Environment
Jiagrams gsre presented to illustrate typical applications of the
various equipment components.
Process Metallurgy and Plant Design
The stugy atiempts to emphasize the complexities gqf regional
mineralogy and metallurgy and the need for extensive testing prior
L0 commitment to g plant system. The metallurgical testing
Procedures and process options for typical Yukon ores are therefore

detailed.

Detailed plant design criteria are discussed for each segment of
flowsheet options with diagrams being presented to ilTTustrate
eguipment configurations for typical mobile modules, together wi=r
3 discussion of applicable environmental control features.

Marketing
e —————t

The study discusses options for marketing of products, presents
typical smeltep contract details and 1lustrates the typical Net
Smelter Return tp De expected with example caltculations. These
calculations emphasize the impact of freight, penalties and varigus
deductions normal to such contracts and the necessity for complete

understanding of the scope of final payment prior to empbarking on 2
mining venture.

Capital and Operating Costs

Equipment capital costs, weights and horsepower requirements are
detailed for various sigze ranges of milling plants, These itams
are subdivided into Crushing, grinding and various process-type
components.  Exampies of 3 variety of plant sizes and processes are
presented for both mobile and permanent type typical miiling
plants. Operating costs are shown for such plants.
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Financial Analysis

A financial analysis of estimated toll ¢
various types of plant installations utilizing information derived
in previous sections of the report. The analysis applies +5 2

range of Returns on Investment from 15% to 303%. An dbbreviaten
example follows for a 253 R.O.1.

harges is summarized 7.r

TOLL CHARGE ESTIMATE ($ Per Short Ton Dry)

TYPE

Portable Permanent Permanent Permanans
Capacity (TPD) 100 100 300 300
Flow Sheet Single Single Single Cyanidation

Flot.Conc. Flot.Conc. Flot.Conc.
Capital (sx10%) U.59 1.54 2.12 3.22
Annual Tons 15,000 36,500 109,500 109,500
Capital Cost (§/T) 14,50 15.73 7.21 10.93
Operating Cost ($/T) 23.77 23.71 18.62 24.51
Wworking Cap. ($/T} 0.95 0.97 C.60 0.41
Cost Per Ton (§) 38.22 40.47 26.43 35.85
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A STUDY INTO THE FEASIBILITY
of
SMALL SCALE CUSTOM/PORTABLE MILLING
- 1in
YUKON

SECTION [

INTRODUCTION

1.

l

Project Description

This Project is presented in response to a request by Ezonomfc

Development: Mines and Small B8usiness, Energy and Mines Branch,

Government of Yukon. Funding for this project has come from the
Canada-Yukon Economic Oevelopment Agreement, Economic Development
and Planning Sub-Agreement.

Governments of Canada and Yukon wish to assist in the expansion ang
diversification of the mining industry. This study has been
commissioned as a contribution toward this goal. The study concerns
itself with the viability of a custom ore treatment plant as an aid
to the small scale operatar, owners of smaller vein deposits and/gr
those who require a less capital intensive vehicle for immediate
cash  flow from which tg finance enhanced exploration and property
development.

The plant studied encompasses the treatment of most lode ore types
occuring in the Yukon and addresses its most suitable and economic
construction/location, ranging from permanent siting o a fully
mobile unit capable of siting at individual ore reserve sources.

Such a plant, or range of plants, is conceptually designed and thr

capital costs, operating costs, inventory levels, replacemen: par:s,
operating schedules, manpower requirements and other pertinent
economic factors are combined with other requirements normal for a
total mine ore treatment complex in order to arrive at the
commercial viability and expected rate of return on investment for
such a venture.

The study is organized and presented so as to be a clear and concise
reference to that portion of a total mining ore treatment complex to
be served by such a plant, and therefore the overall benefits to be
derived from its use, as well as a reference as to the economics of
the venture itself.

The study includes applicable references to those geological regions
exhibiting traditionally high frequencies of mineralization related
to the scope of the study, but is not specific to individual mining
oraperties.

The method of organizing the work is to describe the total capital
and operating effort required, within a Yukon contex:, to estanlish
and gperate an ore concentrator complex and that portion of effore
which can be supplied by a custom plant.

1-1
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1.2
1.2.1

1.2.2

Such an analysis, when combined with specific ore treatment
options, enables conclusions as to economic size and s1ting/
mability of a custom milling facility.

A1l aspects of the recommended plant(s) are defined in specific
cost, labour, environmental and regulatory terms and a financial
analysis 1s presented to describe the economic viability of such a
project.

Yukon Mining 8ackground

Population Centres

The Yukon Territory has experienced a fluctuating pattern of growth
rate throughout the century. While natural increase, military
presence and tourism have been and remain important Facfors the

mining industry constitutes a continuing and major ‘actor in
migration trends.

The 1isting of communities below serves as an example gf the

population centres in Yukon's 482,515 square kilometres. The
figures are taken from September, 1986 Yukon Health Care estimates.
Centre : Population

01d Crow _ 267

Dawson 1,853

Mayo-Elsa-Keng 957

Carmacks 408

Ross River 393

Haines Junction 531

Whitehorse 18,385

Watson Lake 1,595

Carcross-Tagish 433

Faro 966

Teslin 41]

Qther 267

Total Yukon 26,166

{limate

The mineralized areas of Yukon are generally in the sub-arctic,
hence temperatures and precipitation have a wide summer-winter
variation punctuated by the freeze- -up and break-up periods. While
perhaps & gross simplification, a general summary is illustrated
below. More area specific examples may be seen in Table 1.2.

WINTER - NOVEMBER TO MARCH (5 months)

Typical Temperature -19°C
Typical Snowfall 22 c¢cm/month (as water equivalent)

1-2




1.2.3

SUMMER - MAY TQ SEPETEMBER (5 months)

Typical Temperature +12°C
Typical Rainfall . 36 mm/month

TRANSITICN - APRIL AND OCTOBER (2 months)

Typical Temperature - 3°C

Typical Rainfall 12 mm/month
Typical Snowfall 12 cm/month

One may conclude from the foregaoing that a reasonable expectation
for moderately comfortable milling operations invoelving only
moderate winterization 1is confined to a six {6) month pericd 2ich
year.

Highway Networks

There are eleven highways in the Yukon, varying in length from 35
to 615 kilometres and totaling 4,588 kilometres in length. This
road network effectively grids the southern and mineral-intense
portion of the territory. The road network is shown on FIG. 1.1
and road surface designations are illustrated in Table No. 1.

Main access routes connecting the Yukon to other continental or
gverseas transportation arteries are:

No. | - Alaska Highway

- North to Fairbanks and the Alaska road network
- South to Fort St. John-Dawson Creek and the Canada road network

No. 2 - Klgndike Highway

- South througn Carcross to the port of Skagway, Alaska

NOo. 3 - Haines Highway

- South from Haines Junction to the port of Haines, Alaska

No. 4 - Robert Camppell Highway

- South from watson Lake, through British Columbia to port of
Stewart, B.C.

There are no restrictions on Yukon roads during the freeze-up
period. JQuring break-up, which normally lasts about six weeks, the
general rule 1is to haul only legal axle loads, with the Yukon
government using a testing truck to monitor its highways. Other
than during breiak-up, it is normally possible to obtain overweight
permits for specific applications.

1-3




1.2.4

Power

The Yukon Development Corporation, a territorial crown carporaticn,
has recently acguired from Northern Canada Power Commission all 27
its power producing assets in the Yukon. Power is distributed >y
the vYukon Electric Company Limited. Sites for power generation

distripution are snown on FIG. 1.2.

inn
-

As can be seen, the oprincipal generating stations are the hydrd
piants at Whitehorse and Afsnihik, which also have a diesgl
generating plant for peaking and emergency backup. A power grd
from this station extends through 140 KV lines north and east €0
Faro and Ross River, and west to Haines Junction. Step-down
transformers off this grid would cost approximately $85,000.

Power Supply and Costs

Although this subject is dealt with in specific terms in the ma‘n
sody of the study, it is felt that some expression of general
analysis is suitable at this point.

Micro-Hydro Sites - While these are necessarily site specific, it

can oe rfairly stated that development of small hydro sites, even
for flow wataer conditions in summer months, are capital intensive
and require extensive longevity to bDe economic. A figure of
$3.500/kW is felt to be an appropriate capital cost for such a
system.

Diesel-Electric Plants - Such plants are moderate in capital coszt,
are qui-2z mobile and have the advantage of attractive salvage
value, Their disadvantage lies in the high operating cost, mestiy
diesel fuel.

Yukon Power Grids - The main 140 KV transmission grig gffars
mocerately priced power throughout its route, with iine 1l¢ss
increasing the unit price incrementally with distance from sourcsa.
On a semi-permanent or temporary dasis, an industrial user wou'd
expect to contribute to a $50,000 transformer charge Dplus
cransmission costs of $30,000 per kilometre to the plant sit2.
while Yukon Electrical offers power in other paris of the
territory, this power is mostly diesel generated and may not Je
suitable for Tlarge additional demands except on 4 long tern
contract basis.

Power Cost

A broad analysis of the scope of power costs for plants considered
in this study are:

Capital Cost

Micro-Hydro 0Oiesel-Electric Suhstation

100 kW 5 350,900 S 80,000 339,400

200 & 700,000 100,000 30,060

400 kW 1,400,000 120,000 30,000
1-4




1.2.5

Operating Cost per kwhr

Micro-Hydro Diesel-Electric Power Grid

$ per kwhr 0.91 - 0.03 g.20 - 0.25 0.i0 - Q.20

The foregoing serves to illustrate the need for carery!
consideration of all availabie alternatives for powering custsm/
mobile plants..

Regional Ore Qccurrences and Types

This study covers the lode deposits of gold, silver, lead, zinc and
tungsten and their occurrence and treatment. Occurrences of these
minerals have been plotted in FIG. 1.3 and can ba seen to 1:i2
primarily between the southern limit of the Whitehorse Trough anz
the northern boundary of the Selwyn Basin extending to the berder
of the Northwest Territories.

North of the Tintina Fault lead-zinc ores predominate, associated
to some degree with silver. Gold ores are sporadic, occuring both
in  assocfation with the Whitehorse Trough and sporadically
throughout the Selwyn  Basin. Tungsten occurs sporadically
throughout the mineralized zone.

" The Yukon 1is divided into four Mining Districts. A sampling of

Quartz C(laims staked in each district is tabulate¢ below, each fyll
claim being 1500 ft. x 1500 ft.

1986 1984 1982 1980
whitehorse 2,494 3,056 a8l 3,290
dawsan 559 2,834 538 2,081
Mayo 310 298 408 1,956
Watson 2,644 1,977 1,852 3,535
Total 6,007 8,185 3,779 10,882

The types of process flow sheets presented relate to the foilowing
ores.

Gold a) in sulphide free {(or very low sulphide) ore
b) with limited silver and some of galena, sphalerite,
chalcopyrite, and pyrite or pyrrhotite
¢} in complex high sulphide ores with some or all cf
silver, galena, sphalerite, <chalcopyrite, pyrite,
pyrrhotite, arsenopyrite and other contaminants (e.3.
antimony }

Silver principally lead (galena) and silver in veins, often
massive galena

Lead-Zinc high grade sulphide ore but low in other sulphides

1-5




1.2.6

Tungsten scheelite or other heavy mineral ore  Such as
cassiterite

Parameters used 1n_developing typical flow sheets have been derived
from discussions with reoresentatives of the following mines ing
properties.

Goid Qres - Mount Skukum Mine
Skukum Creek
venus
Tinta Hill

S5iTver Qres - Keno Area Qeposits
Springmount
Plata-Inca
CMC/Midnight
Swift River/Rancheria area

Mount Hundre
Eagle

Lead-Linc-Silver Ores

Tungsten Ores - Dubiin Guich
Can (Risby)

Acts, Regulations and Processes

The following is a short 1ist, there being other Acls, Regulations
and Guidelines to be considered.

A. Acts, Requlations and Guidelines

1. Yukon Quartz Mining Act - governs mining rights, royalties,
work performance and licence requirements far searccx
minerais

2. Territorial Lands Act and Regulations - deais with surfzce
leases and land use permits

3. Northern Inland waters Act and Regulations - concerns waier
and licences, terms and conditions

4. Fisheries Act - deals with water use impact on aquatic
habitat
. §. Territorial (Quarrying Regulations - regulation by nermit

for quarrying of sand, gravel, stone, topsoil

6. Metal Mining Liquid Effluent Regulations - relate 0
Fisheries Act and o conditions of water use




Procedures

A1l necessary licences and permits must be in place sricr =3
commencement of operations. Tenure for a 21 year lessez of 3
mineral <claim may be obtained on application to the Districe
Mining Recorder.

Pelated Procedures

Environmental Assessment Review Procedure (DIAND)

Land Use Permit - for operations of land (DIAND}

Water Licences - for use of water (YTWB)

Timber Permits - for cutting and removal of trees (DIAND)
Quarrying Permits - for removal of granular materials (DIANC)

Committees

Federal Territorial Land Use Advisory Committee (JIAND)
Territorial wWater Boards
Regional Environmental Review Committee {DIAND}

Related Committees

Yukon Benefits Committee (DIAND)

auidetines

Land Use Guidelines, Mineral Exploration (JIAND)
Land Use Guidelines, Access Roads and Trails {DIAND)
Environmental Guidelines for Pits and Quarries (DIAND)

Related Guidelines

Environmental Screening Guidelines (DIAND)

Guidelines for Preparing I[nitial Environmental Zvaluations
(DIAND)

Guidelines for Preparation of an Environmental Impact Statement
(DIAND)

Development Assessment Guidelines (YTG)

Socio-Cultural Assessment Guidelines (YTG)
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Table 1.:
YUKON HIGHWAYS BY ROAD SURFACES
As at Dctober 1985
Kilometres Road Surface

# 1 Alaska Highway

km 1008.2 - 1013.8 5.6 km 8ST

km 1013.8 - 1024.9 11.1 km Pavement

km 1024.9 - 1208.0 183.1 km BST

km 1208.0 - 1238.0 30.0 km CACL

km 1238.0 - 1392.4 154.5 km BST

km 1392.4 - 1507.4 115.0 km Pavement

km 1507.4 - 1968.7 451.3 km BST
TOTAL 960.8 km
#1A Whitehorse Access Roads

South Access Road 3.8 km Pavement

Two Mile Hill : 1.4 km Pavement
TOTAL 5.2 km
#2 Klondike Highway

km 24 - 159 135.0 km BST

km 192 - 248 56.0 km Pavement

km 248 - 281 33.0 km BST

km 281 - 297 16.0 km Pavement

km 297 - 346 49.0 km 8sT

km 346 - 360.2 14.2 km Pavement

km 360.2 - 388 27.8 km CACL

km 388 - 470 82.0 km BST

km 470 - 663 193.0 km CACL

km 663 - 715 52.0 km BST

km 715 - 719.3 4.3 km Pavement
TOTAL 662.3 km
#1 Haines Road

km 70 - 88.5 18.5 km Pavement

km 92 - 153 61.0 km Gravel

km 153 - 170 17.0 km CACL

km 170 - 256 86.0 km BST
TOTAL 182.5 km
#4 Campbell Highway

km Q0 - 13.1 13.1 km Pavement

km 13.1 - 429 415.9 km Gravel

km 429 - 522.1 93.1 km CACL

km 522.1 - 538 15.9 km 8sT

km 538 - 600 62.0 km CACL
TOTAL 600.0 km
#5 Uempster -Highway km O - 468 468.0 km Gravel
#6 Canol Road km 0 -462.7 462.7 km Gravel
#7 Atlin Road km 0 - 42.4 42.4 km Gravel
#8 Tagish Road km 0 - 52.8 52.8 km Gravel
#9 Top of the World Highway km O - 105 105.0 km Gravel
#10 Nahanni Range Road km Q0 - 134 [34.0 km Gravel
*1 Silver Trail

km 0 - 96.0 96.9 km CACL

km 96.9 - 110 13.1 km Gravel
TOTAL 110.0 km
#37 Cassiar Road km Q0 - 4.5 4.5 km BST

Codes: B8ST - Thin asphalt surface
CACL - Calcium chloride dust control
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SECTION {1

PROJECT COMPONENTS

2.1

2.2

Relative Losts

Prior to approaching the details of custom milling, it is well <0
niace order-of-magnitude importance to all aspects of a typical
mining complex. In this way the capital and c¢perating influence of
custom milling can be viewed as a specific entity within the
projest structure.

Table 2.1 and Table 2.2 1illustrate the relative importance of
various segments of such a project in terms of capitai and
operating cost percentages. The figures represent a hypothetical
125 TPD wunderground mining complex, and while it is realized that
underground mines are highly site specific, the tables serve %o
point out certain features regarding custom milling.

a) Wwhere a custom mill 1is Tlocated in the mining site, the mine
owner s assumed to supply all infrastructure. In this case,
the mill owner would have responsibility for 35 percent of the
capital cost and 23 percent of the operating cost.

b} where a custom mill is Jlocated on & remcte site the ratio
changes to the mill owner having responsibility for 59 percent
of the capital cost and 34 percent of the operating cost. With
this scenario, the capital costs of mill water, tailing ponds,
environmental and personnel accomodations are the
responsibility of the mill owner, but are nen-recurring and
hence spread among multiple users.

The examples referenced represent distinct methods of asseciation
hetween the mine and the mill., From these examples it is possible
to extrapolate varying scenarigs, the most common being a custom
mill sited on a specific property but available for third party
custom milling. In this event, certain items of infrastructure,
both capital and operating, are common to all mill users and are
subject to separate and distinct pricing arrangements.

Capital Costs

It is not the intention of this study to present feasible costs Tor
all size ranges and site specifics relating to a mining project.
It may be helpful, however, to consider in resumé the pertinent
factors comprising tne cost elements of such projects and therzby
serve as a reminder as to the features that are common to both the
mining and the milling portions of such projects.
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Minfng

Operation, Maintenance

Crude Qre Haulage

Environment and Regulation
Sub total

Milling

Stockpiles

Mill

Tailings

Water Regime

Products

Marketing

Environment and Regulation
Sub total

Infrastructure

Power
Assay
Services Distribution

Personnel! and Accommodation

Fire and Safety
Offices

Sub total
TOTAL
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MINE COMPLEX

TYPICAL CAPITAL COST

(% of Total)

(Underground Mining)
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REMOTE MILL

MINE

[ L
rajro 0 O

1045

MILL

L 9% )
Lad =

4
s 1 PN WU

wn —
w =M e B

Note: Remote Mill costs are expressed as relative to an On-Site Mill.

Numbers may not add due to rounding of values.
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ITEM

Mining

Operation, Maintenance

Crude Ore Haulage
Sub total

MiT?ing
Operations

Marketing
Sub rotal

Infrastructursz

Operations
Personnel and Accominodation
Corporate

Sub total

TOTAL

ar

Table 2.2
MINE COMPLEX
YPICAL CPERATING COST
3 of Total)
{Underground Mining)}
ON=SITE MILL REMOTE MILL
MINE MILL MINE MILL
36 - 36 -
- - 10 =
ki3 - 35 -
- 23 - 23
incl, inct. inct. incl.
- 23 - 23
8 - ] 3
23 - 17 5
9 - ) -
30 = 7 T
77 23 78 34
100% - - 112%

Note: Remote Miil costs are expressed as relative to an On-Site Mill.
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FACTORS IN PROJECT CQSTS MINING MILLING  INFRASTRUCTLURE

Accesses

Environmental and Regulatory
Equipment and Maintenance
Power and Distrioution
Water and Distribution
Persannel '

Fire Prevention

Health and Safety

Mine Development

Crude Ore Delivery

Waste Disposal

2C DT W K D D D XK
o i - A L A
I K P D e D

Product Storage A
Tailings Disposal X
Orainage an¢ Sewerage X
Offices and Warehousing A
Accommodations X

Operating Costs

While the accounting procedures for cost control are normally quits
detaited and are expressed in unit costs per tonne of material
handled, the general headings are simple. The follawing check 1ist
summarizes such ¢osts wunder headings which represent centres of
responsibility. Note that all such costs are subdivided into
Laoocur and Supplies,

Mining

- Mining
- Mine Maintenance
- Engineering, Survey, Sampling

Milling

- Milling

- Mill Maintenance
- Tailings Disposal
- Product Handling
Sampling, Assay

Surface and Administratian

- Roads and Yards

- 'Power and Distribution
- Water and Distribution
- Warehousing

- Qffices

- Management

- Administration and Accounting
- Fire

- Health and Safety

- Accommodations

- Fire
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2.4

2.4.1

2.4.2

Prgcess Plant Location

General

Having considered the part the process plant piays in the minirg
project as a wnole, the location of such a plant should 2e
considered ‘both from the point of view of the Prgcess Plant Jwner

-and of the Mine Qwner.

The foregoing summaries attempt to distinguish between the oricess
plant and the associated infrastructure or "offsites" and may e
described in text form as:

a) A process plant and offsites erected on a mine propersy wili
cost  the project the same capital and operating <ollars
reqgardless of ownership (Jdiscounting profit, mobilizaticn ana
demopilization).

o} Should the process plant be a toll facility on a dedicated
site, the plant would account for 37% of the project zapiti
cost and 23% of project operating costs.

¢) Should the process plant be a toll facility on a dedicated sits
with <he process owner being responsible for offsites as well
as the plant, nhis capital cost would rise 0 53% of the
project, and operating costs to 34%,

In such a scenario, the process plant would be depreciated over
its useful 1ife, while the offsites would be depreciated oniy
over the site lifa, This would be the same case regardless af
wnether the toll was per singie or multiple customer use.

d) Snouid the process plant and offsites be in a ramote site, the
process owner would be responsible for all process plant and
orfsites, ooth being depreciated over the useful life of the
ptant. Te the mine owner, this scenario is the same as (c)
aoove with the exception of added crude ore haulage costs.

Mine Owner's Perspective

It is assumed that the mine owner will always process his own gre
in his own facilities, built to his own metailurgical
specifications, provided his ore reserves warrant the expense.
Lacking sufficient ore reserves, it will be to his advantage %o
ship to a toll process plant thereby paying for plant depreciation
on a per ton basis for the ore he does produce from time ty time.

'The ideal Tlocation for such a toll plant would, of course, be on

his own property. To entice a process plant to his location, ne
accepts two basic alternatives.

al A Jedicated Plant: a plant for his own use. This alternative
mplies:

2=3




- has a site suitable for offsites and plant

- accepts a “mebite" itinerant plant

- accepts the capital cost of offsites

- contracts t0 a steady supply of ore at plant capacities

b) A Non-Dedicated Plant: a plant for his use, and ¢thers. 7Tnis

aitarnative 1mplies:

- has & site suitable for offsites and plant

- has a lgcation suitable for delivery by other customers

- does not expend the capital cost of offsites

-. ¢ontracts to a major portion of a steady supply of gre 4t
plant capacities

- has sufficient ore reserves to warrant toll ooperator
investment in offsites on this site

Should the mine owner not be able to attract a plant to his cwn
oroperty, his altarnative 1is to ship to a remote process plant.
Indeed, he may choose to do 5O in any event rather than accept the
cost of offsites on his preperty.

Assuming & 125 TPD process plant operating 150 days per year where
the owner wishes to retrieve offsite capital costs of §720,000 aqver
5 years at 15% interest rates, the toll charge for such a capital
investment would be $25.95 per ton. At a cost of 30.25 per ton
mile for crude ore haulage, the mine owner would be 1In an
advantageous position if the haul distance to the remote plant were
unger 100 miles. Such calculations must necessarily consider the
costs of loading and dumping, with a variable distance treated as
"overhaul" mileage.

In addition to the economics of process plant location, the mine
owner with insufficient ore reserves for his own plant mus:
zonsider his cbligations for ore delivery, i.e. mining rate.

Underground mining rates are almost totally dependent on the number
and size of exposed ore faces. To develop a system of access,
mining, mining equipment, ventilation, etc., for tonnage rates in
excess of 50 to 125 TPD based on short term reserves is considerad
inlikely. For mining rates above 125 TPO, development casts for
continuous mining are considered non-economic on Tife expectations
shorter than a toll processor owner would wish to write off his
costs.

Open pit mining rates are not as sensitive to such develcpment
costs and accelerated production rates aver short term ore reserves
woyuld be quite normai.

2.4.3 Process Owner's Perspective

The process plant owner has as his prime concern the availability
of customers. The following options must be considered by such an
investor.

A




a)

D)

[B)]
—

Single {lient

On-Site Plant

Short Juration Contract
Move Plant to New Locatiogn

Under this scemario, the short duration of contract s
predicated on limited outlined reserves. While the period may
extend, there will be no contractual assurance. The mine gwner
will supply all required offsites. The plant will be fui'y
mobile and be limited, because of tnis, to under 125 TPD.

Prime Client

Jn-Site Plant

Medium Ouration Contract
Toll Processing to Others
Move Plant to New Location

Under this scenario, the duration of the contract is predicazad
on limited outlined ore reserves. While the pericd may extend,

there will be no contractual assurance. The location *3
suitable for ore delivery by other customers and is within
economic crude ore haulage range. The process owner will

supply the plant and offsites both during and arter denletizn
of prime ciient reserves. The plant will be monile, under .25
TPD, and praobably will be moved in the future to a new site.

Prime Ciient

On-Site Plant

Long duration Contract

Over-Sized Plant

Toll Processing to Others

Plant Stationary for Extended Period

Tne duration of, the contract is predicated on long tarm ¢ra
resarves combined with a small mining rate. The develcpment ¥
offsites 1is advantageous and the location is well suitad for
delivery by other clients. The process cwner must assure the
prime client of minimum working stockpiles for his ore.

Multiple Clients

Remaote Plant

Region Assures Long Ouration
Plant Sized on Market Study
Total Toll Processing

Plant May Move if Markets Change

This alternative 1is essentially the same as (¢) above excent
the 1long term prime client is replaced with multiple clients,
all of whom must face a crude are haulage cost. The plant
would be ideally placed with respect not only to client
proximity, but to offsites such as power and tailings
disposal.  The advantage of this alternative lies in facing tne
selution of enviranmental probiems only once.

i




2.4.4

L.

Conclysions

Qffsites: The Process Owner is most Tikely to invest in the
capital and operating expense of both the plant and cffsites
unless the plant 1is mobile and for single client use at ary
given time.

Size: The process plant 1is most likely to be mobile ana
therefore under 125 TPD unless there 1is a single long term

contract user or multiple contract users assured in a given
region.

Location: Uniess the process plant is sited at a long tarm
contract Jocation, the plant will be at a remote location and
most Tikely within 100 miles of prospective users.

2-6




SECTION 111

PROCESSING PLANT COMPONENTS

3.1

3.1.2

3.2

3.2.

l

Plant Location

The two proposed piant construction techniques, i.e. moDiie i--
permanent, will require the same equipment <types and crocsess
flowsheets.

Regignal Plant

The regienal plant will be permanently sited in a location whizn
can be reached by truck haulage. [t may be the operating mill #;r
an existing mining operation which has surplus capacity availsols
for toil oprocessing of similar ores, or a plant whose sole puracss
for existence is as a custom milling operatian.

This plant will be characterized by its all-weather constructizn,
which will enable it to be operated throughout the year,

Mobile Plant

The mobile plant, as indicated in Section 2.4, may be either fully
mobile, far operation as an itinerant concentrator, or permanantly
located at a central site to which ores can be hauled. In eitner
case, the plant will be constucted on skids and directly on truck
trailers for ease in transporting from the fabrication site %3 the
mill site. The plant can be reiocated within days and de cperiting
at & new site, providing the monilization and demcpilization
expenses can be justified.

The orincipal feature of this plant type 1is the adbsencs of 3
building enclosure and the use of ground stockpiles as appesed <2
9ins which would be used in the permanent piant option.

This plant is much less expensive to construct than the all-weather
option, but cannot be operated during the winter.

Processing Equipment

General

A1l of the proposed ore types will need to be crushed and ground
prior to separation into saleable products.

Typically the crushing plant which will process & goid ore wiii
accommodate a lead/zinc ore equally well.

The proposed singie stage wet ball mill grinding circuit can de
expected o process all of the gre types. Because of variations in
ore fhardness (work index) and grina requiraments, the circuit wnicn
will econamically process one ore will not necessarily nangle
another ore egually well,

3=1




3.2.2

The recovery, 1.e. cgoncentration circuit, requirements far *he
various ore types will necessitate some comdination of gravity,
flotation, and cyanidation to produce the reguired salasapie
products.

The design of any concentrator ficwsheet is somewhat of a mecanc
set exercise in whicn the various available unit gperatizrs are
assembled in & seguence which will satisfy the mineralogicail
requirements of deposit to the economical production of salsddie
products, be they bullion, gravity or flotation cconcentrates.

The madular mil) conceot is merely an extension ¢f this fundamental
approach such that the various required circuits are assemblad in 4
building block exercise to accommodate the needs of the are.

Crushing

Several optignal crusning plant configurations have  Deen
considered, as follows: ({See FIG. 3.1)

- Single stage jaw crushing.

- Two stage jaw crushing.

- Single stage Jjaw crushing followed by a cone crusner in eitner
open or closed circuit with a vibrating screen

The wuse of 2 (possidly 3) stage closed circuited crushing is pretty
well universaily practiced in Targe capacity crushing plants where
the economies of closed circuiting can be readilly justified. This
plant configuration represents the ultimate no risk piant desicn.

For the operator of a small plant, in which the capacities o7 the
indiviaual crushing components vastly exceeds the teed ~ite
requirement of the grinding circuit, other Tess costly ootions
should be considered.

4 narrow vein, high sulpnide ore which in the normal ccurse of
mining will resylt in fine fragmentation, may lend itself o the
use of a single 10" X 16" jaw crusher to produce & -17 mm (3/4")
5a3ll mill  feed. Although this is an unusually coarse mill feed,
with highly friabie lead zinc deposits it can be quitz suitable.
This c¢rushing plant configuration, although simple to operaie
requires a good knowledge of the mineralagy of the deposit befare
it can be chosen with confidence, but can be quite effective whers
its use is indicated.

A ‘2 stage jaw crushing plant was at one time more popular than it
is today, and for a small scale operation does have considerable
merit. A jaw crusher compared to a cone crusher is (1) Tess
expensive (2) less complicated (3} can be readily inspected in
service and (4) can be maintained with less skill.

3-2




3.2.3

The most popular crushing plant flowsheet for small tonnage
operations will contain a jaw crusher followed by a cone crusher in
closed circuit with a vibrating screen. This configuration wil®
perform very well on all ogre types excent those wnich canzain
clay. This latter condition needs to be assassed early in the nins
development, since the presence of clay wil] necessitate the
inclusfon of a washing circuit within the crushing system. Failure
to recognize this characteristic will lead o considerable delays
in ore handling and will probably affect tne plant performanca
adversely.

[t s not possible to economically design an ore hanaling systzm
which will. never have to accomodate oversize rock. The dest that
can ever be done is to minimize the inconvenience without incurring
axcessive mining costs.

It is far better to install a somewhat aversized primary jaw
crusher than to save only a few thousand dollars by purchasing a
marginally sized wunit, and then spend more *han all of the savings
in materials handling costs.

Grinding

The preferred grinding circuit for the propcsed modular mill will
consist of a single ball mill in closed circuit with a cycione
classifier. (See FIG. 3.2) ‘

Other types of grinding devises, such as rod and autogencus {or
semi-autogenous) mills are not applicable in smail installazicns.
The former will rarely produce a sufficiently fine product for
acanomical separation, and the latter requires 3 relatively
expensive testing program with a consideradie yncertainty as o
assured syccess.

This 1is not to say that a grinding mill which formerly sarved as i
rod mill cannot be operated as a ball mill. Normally, all that is
required 1is to replace the grinding rods with balls, and at some
time install! end liners with a lifter instsad of the smooth end
liner which is required in rod mill service.

If a grinding mill s available with a cocmpanion spiral or raka
classifier, and if it is in very gcod candition, it could be
retained. Otherwise, a hydrocyclone (cyclone) is the preferred
choice because of low capital and operating costs.

[f & good quality grinding mill is available with a serviceable set
of metal (typically cast Ni-hard) liners, they should be retained.
Replacement liners, however, should probably be of rubber
manufacture, since a small operation rarely has the necessary
equipment to safely handle the much heavier cast metai liners.
Rubber liners wusually will perform well from an gperating cost
viewooint, and are the typical preferred choice for 3 small
gcperatiogn, :
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3.2.4 Gravity Equipment

A gravity concentration circuit is frequently used in gold circuizs
and is the preferred primary concentration stage ahead of aither
flotation or cyanidaticn when free gold is encountered.

Gravity circuits are easily operated, but must be kept secure,
since the apportunity to steal this valuable commodity must 2e
minimized.

The preferred gravity concentration equipment for the small mili
consists of a mineral jig followed by a shaking table for cleanup.

At one time, the use of jigs followed by amalgamation was popular.
This practice has fallen into disfavour since the inevitabie
mercury losses can potentially contaminate the site runoff water in
perpetuity.

Larger plants are, with increasing frequency, using spiral
concentratars 1in series with a shaking table. [t is the author’s
opinion that the additicnal complexity of the required flowsheet
cannot be justified in a small plant.

The mos: popular jig is the mechanically driven Denver duplex jig,
which is both inexpensive and easily operated. (See FIG. 3.4}

3.2.5 Flotation

Many gqold, silver, and tungsten and all copper, lead, zinc mills

will employ flotation concentration. l

Most flotation circuits will contain at least one stage of cleaner
flotation to upgrade the rougher (primary} concentrate and 0
discard contaminants which inevitably will fioat in the rougher
circuit.

In the small plant, the most popular flotation machine is the
Denver type, which is available in two forms: Sub-A, and O0.R. The
Sub-A machine utilizes a pumping type of impeller which is capable
of advancing concentrates through cleaning stages. This machine
reguires more attention to operate than the open flow D.R. type,
but either will perform well. (See FIG. 3.5) There are several
other machine types, but these are less common.

3.2.6 (Cyanidation

Most gold milling operations employ cyanidation to recover gold/
silver into a highly marketabie bullion. These plant require a
much higner level of detailing both in the laboratory testing and
in the plant design than is typically encountered 1in singie
sulphide flotation and gravity circuits.




3.2.7

Initial laboratory testing, as detailed in Section 4.1, is required
to determine the processing options for the gold/silver cre in
question. Generally, if a marketable flptation concentrate can :e
progduced from a deposit, this should be done, at least initiall

to establish both the viablilty of the mine operatign and :qa
operator's credibility with the regulatory agencies.

[f the Taboratory testing indicates that cyanidation is a must, :the
potentfal operator should carefully assess the inevitanle nigrer
capital and operating costs associated with cyanidation circuits,
and the additional regulatory constraints.

Two types of cyanidation circuits are commonly employed tsday:
Merrill Crowe {MC), and Carbon. The MC, or zinc precipitation
circuit has been in use for over 50 years, and is well uncerstzod.
Within the last [0 years, the wuse of activated carbon nas seen
developed commercially, and most of the plants which are now bdeing
constructed are of this type. Both fiowsheet configurations have
suitable applications, but generally the carbon 1is preferreg
because of lower capital and operating costs, and potentiaily
marginally higher recoveries.

Typical cyanidation circuit flowsheets are attached as Figures 3.7
and 3.8. These drawings indicates the relative complexity of
cyanidation circuits and the considerable attention which must be
paid to watér management to avoid circuit imbalance.

[t is the authors' opinion that cyanidation circuits should not e
included at the small scale of cperation which is envisaged in this
regort, unless a skilled hydrometallurgist is retained to test and
design the processing flowsheet.

The owner must be aware that the regulatory requirements for the
permitting of a cyanidation concentrator are much more severa2 than
that of a flotation plant.

flectrical

Generally, the most economical construction method for the
electrical distribution system 1is to shop-build the completaed
package 1in either a trailer or a cargo container for delivery to
site intact. Only a limited number of field runs are then requireaq
on-site,

[f. power 1is to be supplied by diesel electric units, both the
generators and distribution system can be located 1in the same
enclosure.

Caution must be exercised in the too hasty purchase of alder

electrical switcngear wnich may not meet the current Canacian
Electrical Code.
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3.2.8 New vs Reconditioned Equipment

The equipment cost component of a conventional stationary miiling
plant represents only 20 - 25% of the completed plant. I[n =r:
modular plant, which does not include a dbuiliding, the equigmen<
proportion wiil 1nevitadiy be somewhat larger,

it is frequently & good investment to install vreconditicneg
equipment which typically can be purchased for 40 - 602 cf -ew
equipment orices, and usually much improved delivery.

It is wusuaily excessively risky to purchase used equipment on an
as-is-where-is basis and not expect o have to spend additional
money to overhaul it A project which cannot afford the cost ¢f
reconditioned equipment 1is one which is underfinanced, and wit’
probably fail since the owner will have an unclear understanding cf
the complexity of the business venture.

There are several reputable businesses 1in Canada wnich repyi’:
mining and milling equipment, and are prepared t0 warranty tnei-
wark. Unless the owner or his agent has specific knowledge of the
equipment, he should rely upon the capabilities of the re-
canditioned eguipment suppliers.

3.3 Site Services

3.3.1 Power

- distriouted hydro electric
dedicatad micro-hydro plant
-~ deaicateg diesel elsctric generators

These are discussed in detail in Section 1.2.4.

From the perspective of minimizing the capital outlay, option (1]
is the most attractive providing the plant can be located adjacen:
to an acceptable connection site on the hydrg grid.

A plant which anticipates 1longer 1ife should consider the much
higher capital cost option of a dedicated nmicro hydro plant,
because of substantially reduced operating costs.

The wuse of a dedicated diesel eiectric plant is attractive from the
perspective of initial outlay, since suitable units can frequently
be leased. Caution should be exercised in the selection of oldser,
and therefore less energy efficient engines. The annual cost of
supplying fuel to a diesel generator is several times that of the
capital cost of the unit, so that fuel economy must be considerez
at the time of initial commitment.

Diesel eiectric generators are generally most economically
surchased already installed in insulated vans which are completely
etectrified, including the distribution system.
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3.3.3

3.3.4

Since only approximately 35% of the energy available from fuel s
converted to power and the balance %o heat, the use of the
generatar co0iing sysiem for plant and process thermal reguiresments
should be detailed at the time of purchase of tne diese!
gener3tor. Mcst commonly, only the jacket heat is used, dut an
adaitional egqual neat scurce exists in the stack iosses. Where it
is appropriate to dry concentrates, the use of this "waste" nei:
shouida always be considered.

Water

The  process water requirements for figtation and cyanigation
cdncentrators are as shown below. Water requiraments are basad
soon a production rate of lUO tonnes per day, and can De prarataa
to any other desired plant capacity.

Water requirements

Cirzuit cu _m/day USGM Remarks
Flotation 150 27 no recycle
30 6 max recycle
Cyanidation (MC) 20 4 10 % pleed
{yanidation (C) 150 27 no recycle
30 6 max recycle

Note: {MC) Merrill Crowe {C) Carbon

Tailing Jisposal

The design and construction of tailing disposal earthwaork requi-zs
the attanticon of 3 Geotecnnical Engineering specialist.

The siting of the milling plant should, if possible, be mace T2
facilitate the construction and cperation of the tailing Gispasal
system,

The early retention of a Geotecnnical Engineering consultant is
prudent, since 1t may avoid making a commitment on the locaticn of
a plantsite which has no available material for the construction of
a tailing facility.

The permitting for the milling operation will in any case e
congitional upon the design and construction of the <tailing
facility being assigned to a Registered Professional Engineer who
specfalizes in dam construction.

Assazing

The <c¢ircumstance must be considered as exceptionally rare <0
non-existant where an ore deposit is sufficiently consistant in
straigntforward metallurgy, and the entire staff so experienced,
that the milling operation can be controlled visually without the
need for on-site assaying.
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Normaily the mine cut-off grade needs to be established througn
assays and the plant operaticon requires daily assays to know tha:

the operation is proceeding as planned. Therefore, unlsss
exceptignal conditions exist, an on-site assaying facility s
required.

All  assay offices will contain an essentially identical sample
oreparation {bucking) facility which will contain a minimum of:

- sample drying oven.

- approximate 4" X 6" jaw Crusher.

- sample splitter.

- pulverizer, opreferably of the shatterbox type, as opposad %2
the glder and largely obsolete rotary type.

The +type of assaying facilities will depend upon the elements whicn
need to be analysed to control the operation. Note that sometimes
an easily anralysed element can be used for process control rather
than the principle element which may be more difficult to analyse.

The typical base metal concentrator can still be controlled using
classical wet ctitration techniques which will provide adequata
accuracy and minimal capital outtay.

More commonly today, an atomic adsorption spectrophotometer (A.A.)
is wused for essentially all bas2 metal and silver analyses. Goid
can be run on an A.A. unit, although most minesite assay ofi¢es
will hnave an assay furnace to provide the higher accuracy for
bullion or other high grade materials.

The typicai layout of an assay laboratory with optignal fire
assaying ar A.A., is shown FIG. 3.9.

L)
[ 9%
.

(93]

Manpower

A small scale gravity/flotation concentrator can be operated by a
single c¢perator on shift, with an additional operator on day shift
for crushing and to assist 1in the concentrator. An additional
trainee should ideally be available for miscellaneous assistance
and for replacement emergencies.

Mechanical and electrical maintenance reguirements will be modest,
and typically will vrequire the attention of one mechanic and one
part time electrician. One assayer will be required.

The Mill Superintendent is expected to have the required knowledge,
experience and skills necessary to direct his staff. 3ack-up
skills, particularty in the field of metallurgy, may come from a
Consultant Metallurgist in combination with remote testing researcn
as required. It may be necessary to go outside the Yukon far this
key positiogn.
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3.3.7

All other staff will 1likely be available within the Yukon ladour
pool, although a few weeks of on-site training may be required for
specific process circuits. Special training allowances will ce
required for cyanidation circuits and reagent mixing. The assayer
will pe under direct shift supervision cf the Mil} Superintendent,
and this position can likely be filled in the Yukon.

Housing and Transportation

Details of the housing and transportation reguirements are beycnd
the scope of this report, but the best mill siting is one wnicn
requires the provision of neither of these services.

Stockpiling

The operation of & toll processing plant will require 3 pravisicn
for stockpiling ore at the mill site. The Jlocation must ke
sufficiently ltarge to prevent the mingling of ores from varigus
spurces.

There should be na need tq provide a concrete or asphalt base for
the pile, although the use of a sand interface at the bottom will
enabie <he pile to be thoraughly cleaned at the end of a groduction
run.

Piles can be <c¢overed with tarpaulins, but these are Trequently
damaged on removal if there is any snow cover. During summer,
there is no need to cover a stockpile since dusting accurs mostly
during periods of dumping or excavating.

Thers is Tittle Tikelihood that a structural roof can de Jjustifisd
sver tnis type of stockpile.
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PROCESS METALLURGY

4.

1
'y

Metalluyraical Evaluation

No 4attemp: should be made to process are througn a commercial scile
procassing plant without having previously oerformed laboracory
bencn scale testing to determine the optimum processing lowsneet.

The laboratory testing of most gres can be performed an as 11%7
as 2U kg of sampie which represents the geposit from potn :n
perspective orf grade, and mineralagy.

=3
L=t
-
=

If after the initial three or four tests, the denosit appears ngr-
amenabie to treatment or 'refractory”, the testing shouild oe
stopoea, and an analyses of the technical and financial risks e
Tade.

Laboratory testing will typically indicate very quickly whether a
processing is going to be straightforeward or extremely difficuit.
:f the later condition is indicated, the owner snould be aware that
consideradie Tlaboratory expensas may be incurred with no assurance
o7 SuUCcess.

A gocd example of a no-win situation, is a deposit which contiins
exsalution gold in arsenopyrite. This material cannot be cyanidea
effectively, and even a high grade flotation concentrate may de
unprofitable due to  limited smelter acceptability anc iiz
penal ties for containea arsenic.

he prudent investigation of a mineral deposit should contain an
allowance for perhaps 32,000 worth of metallurgical testing =ariy
in  the pregran. If the resylts indicate straightforward
aetallurgy, the exploration c¢an procsed with the reasonabie
anticipation that satisfactory recoveries and marketable products
will resutlt. Ouring the exploration program, additional samples,
pernaps more representative of the deposit, can be tested in detail
0 determine the operating parameters and prepare a detailed
procass flowsheet.

The exploration geologist must discuss with the mineral processing
engineer, any significant variations 1in the mineralogy of the
deposit.

The metallurgical investigation of a well known 3.C. gold deposit
and its subsequent design was performed on a sample from, but not
representative of the deposit as a whole and without regard fer
variapility of the deposit. The plant faifled to operaze
successfully.

This study addresses 3 nominal ore types:
- gold/silver

- lead/zing

- tungstean
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4.2

The approach to the laboratory testing of these types of cres is
quite dissimilar, and needs to be discussed separately.

All of the selected ore types should be taken as fresh sanpies ana
crushed to - 6 mesh. In most cases 1T is necessary to prepare a
csmposite from several samples to correctly represent the grade 3ng
mireralogy of the deposit. The composite assay should reflect tne
as-mined grade, since failure to do so will create justifiani=

concarn when the test results are extrapolated to mi'l feed grades.

Cnly 2-4 tests should be performed initially to detarmine tha
camplexity of the deposit and the direction af the future testing.
Depending on the ore types, some combination of gravity {tungs:zzn
onty), flotation, (gold, silver, Tlead, zinc), and cyanicazicn
(gold/silver) is warranted.

Beyond this initial investigation, the testing of the various or
type diverges considerably, and 1is treated separately in :n
supsequent sections.

Gold/Silver Jeposits

The +types of gold/silver deposits wnich may be encountered in the
study area include:

a) Gold in a Tow sulohide or sulpnide free gres.

b) Gold with limited silver and some galena, sphaierite,
chalcopyrite, pyrite, ang / or pyrrnotite. The value of the or2
is contained in the gold / silver, although from a processing
viewpont it may be possible to produce lead, zinc or c2ooe-
concantrates as a vehicle to get the precious metals i3 the
narkat.

c) 30ld in complex high sulphide ores with some or all of silver,
galena, sphalerite, chalcopyrite, pyrite, pyrrhotite,,
arsenopyrite, and other contaminants such as antimony. in this
ore type, it is anticipated that one or more of the base metals
will contribute to the overall economics of the mine gperation.

d) Silver with galena.

The discussion in this section is 1imited to the testing of ores
with economic concentrations of gold and/or silver only, i.e. cre
types (a) and {(b}.

Generally lead/zinc/copper deposits (i.e. type (c) and (d}]
containing gold/silver, are processed by frcth flotation with a
possible gravity circuit anead of flotation. This type of denosit
will be discussed in Section 4.3,
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The most desirable gold/silver deposit from tne mineral Eracessi-
Jerspective is one which caontains both free metallics and lige!
no  sulsnide mineralization, It may then be cossizie ty graz.
ooth gravity and flotation cancentrates of sufficientiy high 3-3
T3 market <them Dboth without incurring excessive sales costs. v
that tne cost of marketing concentratas must incluae 2n allowan
for: freight, treatment and refining cnarges, s2nalties *
undesiradbie constituents, metal payment whicn may not exceac
and deterred payment terms.

3 i

3 (b bt

Be A4 Y (¢ 4l

(YY)
'

Most gold deposits are processed in a circuit whicn containg 3
Lranigazion stage. The reason being that, in spite of the nizre-
capital and oJperating cost of a cyanidation planz, the s3ls2s
ravenue of flotatien concentrate is typically substantially | 2ss3
than that of bullion, '

The owner of a deposit which 1is not constrained by low miner:’
reserves, and who can demonstrate the economics of a Cyanigatior
¢circuit, will almost certainly endorse that approach unless z-=
envirgnmental constraints prohibiz it.

The cwner of a small deposit which can technically be srocessed oy
either cyanidation or flotation, may opt for the flatation rsucs,
even at the apparent lower overall revenue which a figtaszisn
circuit will provide.

Note  that many deposits do not present the oaotion of
cyanidation and flotation, in whicn case any oroduction gecisicn
w111 have 10 stand on the merit of a single possidie flcwsheat.

A suggested laboratory testing strategy is contained as Figure 1.0,

Far  too much laboratory testing is typically performed on golg cras
based upon the owner's insistence that since visidle golc is
prgsent in the deposit, almost all of the goid can be recovereg oy
gravity concentration.

Although gravity concentration techniques are universally accepted
for the recovery of gold in placer deposits, the authors ars
unaware of a single hard rock gold depasit which is procassed oy
gravity-only technigues.

Gravity concentration can and should be included 1in a process
Tlowsheet where free gold/siliver is encountered. Invariably,
gravity concentration will be followed by flotation and/or
cyanidation to produce marketable products.

Those gold ores which contain pyrrhotite will probably require an
unusual amount of care during testing and cperaticn due to the
rapid oxidation characteristic of pyrraotite. This typically
results in (1) concentrates wnich are pyrophoric (2) a need <2
preoxidize and pernaps filter the ore prior to cyanidation and (3}
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4.3

strong acid generating potential both 4s ore and tailing. The acia
generation potential of an ore will come under severe SEruting pw
officials responsidble for environmental protection, sings niae
pyrrhotite ores, once exposed to OXygen, can become acigic very
Quickly and for a long period of time.

Although cyanide contained in the effluent of 3 gold operaticn wii’
cduse scme concern, and may require special control <ircutiry, <ne
far greater concern is the acig generation potential of gis+urpag

ores and tailing, since any probiem is not readiiy rectifieg gnca
naving been created.

In summary, the deposits discussed in this Section leave the are
owner with three basic choices which depend on both metailurgical
and smelter economics.

a) Gravity Circuit Concentration
Flotation Circuit Concentratign
Concentrates to Smelter

b) Gravity Circuit Concentratian
Flotation Circuit Concentration
Cyanidation of Concentrate
Refining to Bullion

c) Possible Gravity Circuit Concentration
- Cyanidation of Mill Feeq
Refining to Bullion

For the small portable mill operation, this study consigers *hat

alternative (a) may be the best compromise for an itinerant slant
with seasonal operators.

Lead/Zinc/Copper Deposits

The investigation of lead, zinc and copper deposits with or wishnout
precious metal vaiuyes is typically more straightforward than that
of a gold/silver deposit, since cyanidation is almost never
required for the operation to succeed financially.

Cn  the other hand, the current prices of lead and zin¢, at Can.
SO0.34 and $0.50 per pound respectively will almost certainly
require precious metal payables for the operation to succeed.

Laboratory testing is therefore limited to differential flotation
concentration and mingr gravity separation.

Deposits which contain more than one base metal in economic
concentrations, will typically warrant the production of more than
one concentrate to maximize the sales revenue. where precicus
metals are recovered in lead/zinc concentrates, the payment for
either will bpe essentially 91% of the contained values, providing
the lead/zinc concentrate(s) support the cost of marketing.
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Jetails of the proposed laboratory testing program are outlined '~
FIG. 4.2.

Note that where differential flotation is indicataed 0 produce more
than one concentrate, tne control of flotaztign reiagents can he mucr
more complex than the typical bulk sulonide fiotation wnicn * 3
indicated for goida/silver deposits.

Tunastan (res

The type of ore which will be addressed in this section 5 7imizad
to tungsten ang other high specific gravity mineraiization, such as
cassiterita (tin ore).

These ore types lend themselves to concentration by cravicy
methods, although it 1is common to require flotation arg 3c°:
treatment of the gravity concentrate for the removal of small
quantities of impurities, such as suiphides. {See FIG 4.3)

it 1is unlikely that the potantial operator will have or can attrace
the necessary skills to successfully control & circuit whicn
contains any more than gravity concentration. If preliminary
testing indicates that either of these technical requirements
exist, the complexity of that portion of the circuit needs %o de
carefully assessed to determine whether the risk of failure is
ex¢assive.

Regional Mineralogy/Metallurgy

301d

“he present proliferaticn of recorded gold depcsits are along the
dhitenorse Trough, extending from Montana Mountain - Mount Skukum -
Carmacks. Among the deposits examined, there appears to de ng
uniformity either 1in mineralogy nor in process requiremenzs. The
ores, even 1in a close regional context, are hignly divergent in
their sulphide content and economi¢ metallurgical treatment.

Ores 1like that at Mount Skukum mine, which have very low sulphide,
are probably an anomaly, with the nearby Omni Resources deposit
with its mixed bag of sulphides being more normal.

Because of the high unit value of gold, the tendency is to design a
site-specific process plant around a specified recovery circuit.
At this time it seems conceivable that the Mount Skukum area may
develop two plants, i.e. the present cyanide plant plus a gravity -
flotation - cyanide plant. Should this be tne case, it would
appear more reasonaple to have these plants accest a toi)
processing role, than to interject an itinerant toll piant o the
area.

In addition to the cost-benefit to the plant owners, the major rol

a
of government participation would revolve around alleviation of the
present high cost of diesel-electric generation.
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Should subsequent events and discoveries make an itineran: plan

feasible, a 100 Ton per day gravity - flotatien circuic s
favoured, either with or without a cyanide treatment addition.

Silyer

The present concentration of silver derosits are centered arzura
the Xeno (ity area, although not confined to this region. Thess
gre  gccurrences  are primarily associated with ga]ana and/or
tetrahedrite. Both Dawson t1dcrado Mines and Sor1ngmounb Sperating
Co. operate on a "hi-grading" or “pocket-hunting" basis in the <ano
area, shipping nand-cobbed high grade ore. A 100 TPO {or smalier:
flotaticn plant would permit lower grade and mine ciltution material
to Dde wupgraded with little additional mining cgst. Althougn power
could be supplied by the Xeno hydro plant for proc2ss eguipmenst, 3
diesel-2lectric unit for intermittent crushing loads may be mere
economic. Considering that such a plant would require more wideiy
ranging use  throughout its life, a totally diesel-electric
component may be a more long-term practical alternative,

In this type of plant, the ore may be processed to produce a single
flotation concentrate based on a predominantly galena-rich lead gre
conzaining economic silver values. Since such ores often deveiog
high zinc content associatad with gold, particularly at depth, i:
may be economically advantageous to produce two concentrates, 1.e.
a lead concentrate containing most of the silver and a zing
concentrate containing most of the gold. Testing research will
detarmine whether and to what degree a dual concentrata s
effective. Close examination of smelter contracts and =zre’-
payment and penalty schedules will determine whether the duai
concentrate has an economic advantage.

Tungsten

#hile a simple gravity system may Se sufficient for socme tungszen
gres, 4 more sopnisticated circuit involving flotation ang acid
leaching 1is more common. In addition, the tungsten market 1s
oresently not only depressed but the Territories aiready have one
Aine cliosed with 3 to 4 years of reserves intact, as well as
another world-class deposit fully engineered to replace it. wWhilz
the influence of China on the future world supply and price is not
known, it would appear wuniikely that any meaningful spot markat
will materialize for 3 to 5 years. For this reason, this stuay
does not wish to encourage generalized optimism for custom piants
in Yukon tungsten ores.
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SECTICN ¥

PLANT DESICGH DETAILS

5.1

5.2

5.2.

l

Statignary Plants

The detailed design aof a statignary, all weather plant is beycna
the scope of this report.

Mabiia Plant angd Modules

Thé mobile plant will bDbe fabricated at a site which will provics
the bHest value for construction dollar, and will be trucked 20 :nhe
first processing site.

The plant equipment components will be fully modularizad as eiiner
skid mounted or trailer assemblied units,

It is assumed that the owner will purchase older but rcadworthy
nominal 4G’ nighway trailers for the 1instailation of the plant
components and transportation of the plant and operating supplies.

Desicn Criteria

The following design criteria have Deen selected for the crushing
and “grinding circuits of the proposed modular mill. It is assumed
that the processing plant will treat 90 t/d (100 TPD) of ore
thrcugh the c¢rushing and grindging circuits to provide feed for tne
racovery circuit(s).

The varisus recovery circuit mecdules can be included as reguirs
satisfy the prccessing needs of wnichever ore type '3 =
araczssed at the time.

4 <
ain

)

L&)
P
-

It is not reasonable to illustrate every possidie configurition
which might be made in the assemoly of a small portapie modular
mill. The report attemots to address the equipment and
configuration options which are available so that the ultimats2
sesigner of a partable miil can best ulitize the eauipment and
services which are available.

The indicated 90 t/d (100 TPO) plant capacity was seiected for
iflustration purposes only. Although the equipment cost ‘or a
smaller capacity plant will be somewhat lower, it is anticipated
that the capital cost of a say 50 TPD plant will be 80% of that of
a 100 TPO plant.

w
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Design Criteria English S. 1.
Milling rate (1) 100 TePD 90 t/d

Ore size - 2" - 300 mm
Crusning rate 25 TPH 22 ton

8all mill feed size - 0.5" - 12 mm
Ball miil power 100 HP

Grinding circuit

Product size 30 2 - 200 mesh P80 = 200 micron
(1) per 24 hnour day, dry, tons (tonnes) per day. [ncluges
allowance for 953 agperating time.

Crusning

The proposed crushing plant consisting of a jaw crusher followed oy
a closed circuited cone crusher, will be installed on a singie 20
foot trailer, as shown in Figure 5-1

“he crushing plant will require the dedicated services of a smal)
front end Toader to move rock from the coarse ore stockpile o tha

coarse ore bin, and to move crushed ore to the ball mill feay
Ropper. _

The cryshing plant equipment has been sized to accept -300 mm ([2")
ore, and will have a capacity of 25 tons per hour. An elec:ra-

magnet to trap scrap steel prior to the secondary crusner i 3
gesirable feature.

Grinding

The proposed 100 P bal) mill and feeding system can be ins=alles
on half of a 40" reinforced trailer unit, as snown in Figurs 5-2.

Note that the weight of the nominal 6' x &' ball mill which i3
required for this application is dpproximately 13.5 =+ (30,200
ibs.) plus an additional 6.7 ¢t (14,000 1bs.) for metal liners.
The ball charge will add a further L0 t {23,000 1bs.) to tne
weight for a total of 3u.2 .

Although it has been recommended that rubber liners be usaed in the
mill, a serviceadble set of metal Tiners purchased with the mil]
should be consumed before changing to rubber.

When transporting the grinding mill, the bal} charge must be
emptied to avoig damaging the trunion bearings, and the mill must
be raised off the trunion bearings. If the mill is to be relocatad
frequently, a special cribbing should be provided to support the
mill in the elevated pesition.

Note that the operating grinding mill has a substantial dynamic
mass, and requires a heavily reiforced and well supported base

structure. Failure %0 satisfy this requirement will undcuotedi, -

resuit in drive misalignment whicn will tause rapid failure of the
pinion gear.

5-2




5.2.4

Recovery Circuit

Gravftz

The gravity equipment in the proposed plant will consist of an 3"

-

12" dupfex jig located at the discharge end of the hall miil, ar~¢ :
2' X 4' snaking table wnich will be used to pericaically yraraze
the gravity concentrate into a marketadble product. Because gf *ne
anticipated low production rate of the jig concentrate, the
concentrate will be bucketed to the table as required. Ncte <na-
tie table 1s located at the discharge end of the gringing mil) s
that <the table tailing can be returred by gravity to tne gringing

circuit.

A sealed tray should be installed below the jig to contain any
spilled concentrates.

Flptation

The flotation equipment for 3 single product circuit will consiss
of a singie bank of "Denver” cells which will provide two stages of
cleaning to produce a marketable product.

This opank of cells can be irstalled along one side of the trailar
so that the trailer deck can provide the walkway.

,Where two fiotation concentrates will be marketed, the installation

of Two Tlotation banks back-to-dack is feasible, as shown in Figurs
5-4.

Cyanidation

From & technical viewpoint, there 1is no good r2ason why either
straight cyanidation or concentrata cyanidation cannot de performeq
in a mobile plant.

However, it must De cautioned that the permitting requirements will
be much more severe for a cyanidation piant than for a flgotation
cirzuit. Undoubtadly, the permit will require:

- Sealed containment for the cyanidation circuit.

- No transportation ¢f Cyanide solutions off-site.

- Complete destruction of cyanide in the waste solutigns before
the mobile plant can be reiocated to a new site.

Although the design provides for the installation of a cyanide
circuit, such circuitry may well be difficult for a junior operator
to operate safely and erficiently.

From a regulatory perspective, the in-house technical capabilities
af the prospective operator should be evaluated, since it is guite
iikely that the junior operator does not have and cannot afford %o
have an in-house "expert"”. [n this case, any environmental permit
shculd be issued subject to the retention of a consultant, as’is
done for tailing dam structures.

5-3
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Note that a relatively large numoer of Tleaching tanks (8) 73
indicated. This has occured because of the perceived desire <
transport the plant as intact modules.

The proposed process  flowsheet utilizes a Merrill Crowe Cirzy
since it will maintain a closer contrgl  gver the inventary ¢

cyanide solutions than 1is attainable 1fn a conventional carien
cyanidation circuit.

1%,

-
T

Note the requirement for 3 trailer units to support the entire
cyanidation ¢irguit.

Another opticn, not shown, 1is for the cyanidation of a flotation
3

concentrate. NormaTly, this is not cost effective unless
substantial oportion of matsrial can be discarded to waste from tne
flotation circuit. This can be ascertained only after naving

serformed both laboratory testing and a financial feasidbility.

.2.5 DQewatering

In all 1ikelyhood, the concentrate dewatering equipment can 2
located on the same trailer unit as tne flotation circuit.

Where more than one flotation concentrate is produced, the use of a
single disc filter with a divided tank will serve well, ana 1s
frequently used in smaller capacity lead/zinc concentrators

For reasons of space economy, the flotation concentrate will be fed
directly from the flotation concentrate Taunder to the disc filter
hoot. More coanventionally, a thickener is installed oetwesn
flotation and concentrate filtration to provide both surze capacity
and decrease the water removal requirement on the filter. The
deletion of the concentrata thickener 1is & compromise which nas
neen made for reasons of capital economy.

Power
The truly portable/modular mill will be powered by a single diesel

electric generator which will be enclosed with the distribution
switchgear.

Depending on floor space requirements of the bail mill, it may -e

possible to install the generator and distribution switchgear on
the same trailer as the ball mill. In any case, the generating /
distribution system should be 1located in close proximity to the
pail mill which represents the highest power load in the plant.

The noise produced by the generator is sufficiently hign that, if a
van is underutilized, the balance of the space can be usad oniy for
storage and not as a working place.

5-4




5.2.7 Assaying

5.3

The on-site assay facilities must be able to supply a suffis<gn
range of <¢apability so that the operating requirements Gf tne ni-
and mill will be met.

The equipment choices are discussed 1in some detail in 3.3.3 ar=
wili not be repeated here.

Persannel Housing

Tdeally, the mill will be located so that no on-sita hgusing will
be required. if this is not possible, a mobile hnome (7o aroviie
kitchen, washing, and entertainment) and a sleeper will pronad’s
satisfy the requirements for the estimated 6-8 fuli time empioyees.

Septic facilities and a potable water supply will be reguirea ‘cor
the camp.

Environmental

The environmental impact of the g¢peration of a concentrazor
requires careful consideration at the conceptual stage %2 avsiz
committing to do something whicn is not achievavle.

The area of greatest concern relates to the chemical quality of the
tajtings and erfluent water.

The following characteristics of the plant tailings neeq 0 e
addressad at the laboratory testing stage:

- Acid generaticn potential of the plant taiiings
-  Dissolved "metals" in the piantsite effluent
- Cyanide in the plantsite effluent

Acid Generation Potential

Within the last several years, it has become apparent that the mos?t
important long term Jegacy of a poorly planned ang executeg mining
operation relates to the disposal of tailings and wasta rock wnich
are acid generating.

Tailings which contain significant sulphide mineralizatior can, on
exposure to oxygen, oxidize and create a strongly acid environment
which may generate acidic run-off for many years.

It is therefore manditory that acid generation potential testing de
nerformed, ideally in conjunction with the metallurgical sTudy.

Two test techniques are employed, chemical and biolegical.

A typical chemical acid generation potential test resuit 15 as
follows:




'
[ P%]

.3

%S (eneratsz Lonsume Net zenerats
Sample A 2.12 66.3 32.7 33.6

If the material 15 net acid consuming or only slightly (<10 xg/7,
generating, the material can be disposed of, having getermineg tna:
no potential praoblem exists.

[f a positive acid potential is reported, a biological test will
ncrmally be made to indicate whether the potential will be realizeg
in practice.

The cost of the testing is as follows:

- Chemical Test 550
- Biolagical Test $400

If the tailings are acid generating, the tailings pond should be
operated in a flooded state and, on abandonment, should be flooded,
capped or gtherwise engineered to effectively prevent oxidation.

Revegetatioen of tailings which are high in sulphur will b5e
expensive and, in many regions, may not be entirely successtul.

Jissglved Metatls

Although not a frequent problem, the dissolved wmetal cantant
(typically Cu, Pb, ZIn, Fe, Ni, Sb, As, Hg) and other ccntaminants
{CN, 7.3.5., pH, conductivity) need to be determined.

Csanide

it is very unlikely that permitting ¢an be obtained for a cyanids
concantrator without any requirment for the installation of 3
cyanide  destruction  system. The potential operator shouid
anticipate that chemical destruction of cyanide will be required.

The c¢yanide destruction circuit can be located in several possible
positions within the process flowsheet. The preferred choice will
depend on:

- Process flowsheet

- Solution chemistry

- 'Climate

- Site topography

- Climate

- Policy of the regulatory agencies

Typical siting of the destruction circuit include:
- Plant parren bleed (Merrill Crowe Circuit)

- Plant tailing (carvon cyanidation)

- Tailing pond decant solutiaon
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5.3.4

Generally, the preferred choice 1is to operate a "dirty" tailiings
pond from which solutions can be recycled to the plant. [f tne
pond accumulated solutions beyond the process requirements, it may
be necessary to discharge excess solution as it is being discharges
from the pond.

This approach requires a larger tailing containment +han s
normally required for the settled solids, but it will maximize tne
natural "ne cost” destruction of cyanide which will occur within a
“few" weeks or months. This should provide an adequate level of
protection for both the operator and the requlatory agency, and
will minimize the operating cost of cyanide destruction.

Site conditions will dictate whether this option is tecnniczlly
feasible.

Air Emission

Normally, a dust coTIecting system will be required oaover the
crushing plant process equiment. This will include one of:
cyclone, baghouse, or wet scrubber.
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6.1

6.2

SECTION VI

MARKETING

General

A vital part of both the economic evaluaticn of a property and 1:s
successful operation, 1is a detailed sales revenue analysis for zne
product(s) of the operation.

[f the products consist of only gold and silver as eitner dullion
or high grade gravity concentrate, the net sales revenue can e
expected to be 983 to 99% of the contained values, less modes:
shipping and treatment charges. The net return will exceed 97%.
and full payment will be within less than 10 working days.

The sale of concentrates and high grade ores is much mgre costly,
and therefore regquires a thorough net smelter return (NSR) anal, sis
prior to making any production decision.

Detaiied smelter schedules follow this Section.

Sale of Ores

The small mine operator who eiects to have his ores processed oy
otners may have the opticn of either selling the ore to the
processcer, or to have the ore toll precessed and the products
returned to himself for sale. '

For the toll processing option to satisfy poth parties, it wiil ne
necessary 1n the case of a gold/silver ore to shut gown the
grinding circuit for several days and remove, clean, and rzplacs
the liners to recover inevitable free gold. The cost of this
nonproductive period will have to be borne by the seller.

A targe processing plant which receives small shipments of ore for
custom milling will not be prepared to shut down his operation
since the production Jloss will exceed any revenues which talling
would have created. The only rational approach would be to sel)
the ore to the custom mill unaer terms which would contajn the
following clauses.

Item

Treatment charge

Pay:

Assay feed grade less 0.0l oz/t Au

Assay feed grade less 0.0l oz/t Ag

Recovered Au/Ag based upon tab test, less 1%.

6-1 oyt




6.3

Treatment charge includes the cost of weighing the ore [igeaily
truck scale, alternatively use belt cuts), determining the mgisture
content, transporting it from the stockpile to the crusher,
processing, nead sampling and assaying. [f the material is nge
comingled, the processing circuit will be sampied to determine re
actual plant metallurgy of the materiail, so that if any change in
recovery compared to the laboratory testing 1s indfcatea, an
adjustment to the payables can be made. [n any case, a sample of
the feed composite should be retained from each production run for
possible iaboratory testing in case of gdispute.

Even among professionals, there s a tendency toward tao mucn
emphasis on assays. Both the buyer and seller must appreciate :re
equal importance of ore feed weight, moisture content and
reoresentative sampling.

A minimum lot size will need to be defined under any scenario wnere
the mine's ore is processed by others., This will be a function of
the compatabitity of the various ores which will be processad
through the plant; whether they can be comingled; whether it 15
necessary to thoroughly <¢lean any accumulated metallics from the
circuit prior to processing other material; and the sellers
willingness to pday a premium for small lot processinag.

An inherent limitation of the itinerant mill approacn, is the need
to queue suppliers until such time as the plant can make an grderiy
move to the various minesites. The preferred choice, unless
trucking costs become prohibitive, would be to locate the mobiie
plant centrally to the assured suppliers and have most custimers
truck-naul <their ore to the mill site. This way, the delays cof
mooilization and demobilization can be minimized.

A possidie scenario may be such that the mobile plant moves
infrequently within a given field season to the various camps to
cperate at a central location in each area.

The sales contract of ores must include a statement on the event
which transfers ownership of the ore, and which protects the seller
from possiblie business failuyre of the processor.

Cnce a commitment has been made to both supply and process, a
binding document should be made 1in wnich the failure of either
parties to perform is subject to & penalty,

Purchase of Ores

A company which constructs and operates a mineral processing plant
for the sole purpose of treating the ores of others, is at risk
that the good intentions of the ore suppliers wili not be
fulfilled. Wwith this eventuality in mind, it may be prudent to
consider constructing a plant on a co-op basis, such that the
anticipated ore suppiiers indicate their sincerity by contributing
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6.5

some portion of the capital cost of the plant, which would then e
cwned by & limited company in praoportion to the inizial
contribution.  This will provide all parties with greater risk, bu:
greater commitment. To keep this arrangement unencumoereg, tna
firm whizh 15 responsidble for the design and canstruction of tre
plant shculd D€ at arm's length to the various owners.

Sala of Concentratas and Bullion

The smelter schedulas for the sale of flotaticon concentrates are
Tengthy documents, and have been condensed. (See Tables 6.1 %o 6.6)

The report contains several sets of calculations on smeiter payment

~for saveral theorized concentrate types. The mine owner mus®t aay

particular attention o the use of these schedules in preparing 2
feasibility study.

Smelters have been accused of charging excessively for their
services, but almost always the complaintant has failed to read ang
comprenend the typically very detailed smelter schedule which the
smel ters provide.

A typical smelter schedule will contain the fgllowing general
considerations:

- Basic treatment charge, typically as S/ton

- Additions to treatment charge, if the chemical characteristic
of the ore or concentrate indicates high concentrations of, far
exanple, iron, and suiphur, This 1is what ¢reates high
treatment charges for pyrite concentrates.

- Percentage of the "valuable" component which will be naid for.
Typically only 93 % of the gold and silver will pe paid for,
subjact to a minor deduction.

- Derivation of metal pricing

- Penalties for wundesirable nmetals such as antimony, arsenic,
and mercury.

- Terms and timing of payment

- Delivery schedule and sampling practice

As complicated as smelter schedules appear at first glance, it is
imperative that the saller familiarize himself with the terms of
the schedule to avoid any unpleasant surprises.

The sala of gold bullion and hign grade (+l0 %} gravity concentrate
ts' straightforward, since high percentage payments are the norm,
and final settlement is typically within 10 working days. Once an
gre or concentrata2 type has been defined, the actual sales contract
becomes more specific than a general smelter schedule in addressing
the chemical characteristics of the specific ore in guestion.

Smel ter Logcations

The relatively small number of smeiters 1in northwestern Norzh
America, are locatad as follows:
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- Cominco Ltd, Trail 3.C., ore buying department (604) 364

o=
- .02

- Cominco will buy:
concentrates,

lead ores and  concentratss, b Kot
and pyrite concentrates

- Asarco Incorporated . £ast

concentratas and ores

Helena, Montama., Wil

-
-y

5i! Leaching of Flotation Concentrates

A further option for the treatment of

. 3 cyanidanle flortasi;
concentrates includes the sale of the concentrate to an gnersztin
cyanidation plant for leaching in their own circui:r. ~

concentrate which exhidits high recovery in cyanide, the fi

-3
B N T TV N 1

in i
attractions are typically vastly superior to that of sal 3
siel ter, The 1important characteristic of the concentrits wn:
needs to be established is its amenability to cyanidation. [f <h

1w

can be established, it may be prudent to apprcacn the operacs
an existing cyanidation concentrator to determine whether
arrangemant can be made.

Gn a ton per ton basis, it s much less exgensive %o process
concentrates througn a cyanidation circuit than through a smel-=ar.
The typical direct operating cost of cyaniding a non- refractory ore
or concentrate 1s approximately SI10 to 320 per ton, depending an
the rate of productian.

Transportatiaon

Typically, Yukon concentrates will be shipped to either the seasart
or the final smelter on trucks. Depending on the vaiue o7 zhe
concentrate, 1t may be prugent to store and ship tne concantrats in
one way woven fapric ane tonne containers. Less valuadle proaducss
can Dbe stored uncovered on a prepared slap for haufage 17 end cumc
Trucks.,

sometimes the smeliter will have specific exclusions for carsain
types of containers, wnich must be adhered to.

Generally the more valuable

the product, the
justification for containerizing,

greater che
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1J.4

10.5

10.8

Trends in Gold

With the glamour attached to this metal, the present availapility
to  access flow-through capital, the value of gald, and <re
economics of maximizing mill recovery, the present tendsncy s
toward a dedicated mill and the continuation of expioration unti:
ore reserves warrant such a decision.

The decision to have such plants accept other ores on a toll basis
should be encouraged. while proplems of mingling of ores and
related metallurgical problems will occur, these may De technically
resolved given profit or concessional incentives.

For ores easily treated by cyanide, heap leaching may limit che
milling plant to a simple crushing operation comoined with indcor
leaching as practiced, for example, at Cripple Creek, Colorade.
While recovery of gold witl not reach that of plant operations,
there may well be a "Mom and Pop" type application for the smail
entrepreneur.

Trends in Silver

There continue to be entrepreneurs who prospect for, find ang
ni-grade smail silver deposits fn the Yukon. Their present
operations are limited to hand cobbing high grade ore to smel:er,
relying on the hign silver content to supplement the near break-
even return on lead-zinc. A small custom plant would assist such
operators and encourage others since lower grade material muss
presently be discarded.

Incentives

The two largest cost items relating to plant operation in the Yukon
are electrical power and road access. Any serigus attempt to
encourage mining operations should address these items with vigour.

10 . -
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SECTION X

SUMMARY AND CONCLUSIONS

10.1

10.2

10.3

Summary

This study does nat include a detailed anaiysis of potentrai
markets for custom mills 1in the Yukon, ¢confining itself 2o <ne
technical metallurgy, specific equipment use and reiated econoemics
of prevaient ore types. While the report attempss to cover ail
aspects related to custom milling in general terms, Ils purposs 1S
to be cost and equipment specific while realizing tnat inaividual
ore denosits are each site-specific and unique.

The following summarizes the subject of custom milling 1n the
Yukon.

Ore Types

The two ore types most deserving of econromic attention are those
containing gold and silver. Wwhile base metal properties have, ang
will continue to provide, a great contribution td tne northern
economy, their smelter return profitability without precious metal
content orovides a low profit margin thus requiring mucn greatar
annual tonnages than those availaole in a small custom miil.

Tne gold ores are most prevalent in, Ddut not confined 0 tne
Whitehorsa Trough region extending from Mgntana Mountain, througn
the Mount Skukum area and onward to Carmacks. The mineralcgy o7
these ores ranges from free miiling, low sulphur depesits to tnose
containing extremely complex sulphide mineraiization.

The silver ores are most prevalent 1in, but nct confined %3 the
Tinting Fault region extending from Watson Lake - Rancheria to <eno
City. These ores are all associated with galena and, to varying
degrees, with tetranedrite and sphalerite.

Zustom Mi11 Size

This study categorizes custom milling plants into two general
types.

a) The mobile, itinerant mill which 1is capable of quick
mobilization and demobilization and is generally limited for
this reason to the 100 Tons Per Day range.

b) The more stationary milling plant ranges up to 300 7ons Per
Day. Such a plant could be centrally iocated and sarve many
clients but, becausa of non-assurance of such clients over an
extended period, would be more likely to have one prime ciiens
and accept other ore on a toll process basis.

10-1




SECITON IX

FINANC [AL ANALYSIS

Previgus Sections in this study contain the direct capital ara
operating cost derivatiaons for the typical types of Yukon crss
which could potentially be profitably exploited at this time.

While other specific cases may arise, it is felt that sufficient
data has been provided to permit manipulaticn and interpolation of
any desired scenario.

_The following Table serves as an example of Toll Charges for
various custom plants under varying Rates-of-Return for the owner.

TOLL CHARGE ESTIMATE (S Per Short Ory Ton)

TYPE

PCRTABLE PERMANENT  PERMANENT PERMANENT

Capacity, TPD 100 100 300 300

Flow Sheet Single Single Single Cyanidatin
Flot.Conc. Flot.Conc. Fict.Cenc.

Capital § x 10° 0.59 1.54 2.12 3.22

Capital Cost

$ per Ton (2)
- 15% 11.63 12.62
20% 13.04 i4.14
25% 14,50 15.73
- 30% 16.01 17.37

.78 8.77

21 10.93
.96 12.07

~i~h un
=
[ov]
0
au
[

Operating Cost
Operating 23.77 23.77 18.62 24.51
working Capital 0.95 0.97 0.60 0.41

Cost Per Ton

- 15% 36.35 37.36 25.00 33.69
- 20% 37.76 38.88 25.70 34.75
- - 25% 39.22 40.47 26.43 315.85
- 3G% 40.73 42.11 27.18 36.99

(1) Operation Time - Demobiljzation extra
(2} 5 Year Return on [nvestment
Notes: Water Supply and Tailings Pond not included

Taxes not included
Profit margin included in Rate of Return

9-1
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{c) Data:

- 300 Tons/Day gravity/cyanidation plant

$/ton S/montn
Laboyr
Supervision (mill superintendent) 5,300
Wages - operating (8 operators) (1) 33,400
Wages - repair {2} 3,359
Wages - assaying 4,800
Wages - labour (2) 8,350
Sub total - Labour 6.74 60,700
Materials
Liners - Crushing (2} .17
- Grinding .27
Grinaing Balls (3} .80
Reagents - Flotation .20
- Cyanide (4) 2.00
- Lime {5) .08
- Carbon .10
Assaying supplies .18
Miscellaneous maintenance supplies - 1.00
Miscellaneous operating supplies .50

Power (generated)

50 kWh/T x $0.25/kwh 12.50

[
o
™~
wun
o
[

TOTAL 24.51 220,630

NOTE:

{1} Includes direct wages + 25% benefit loading.
s15/hr x 1.25 x 842 hr/week = $3,375/month +
$800/month camp cost = $4,175/man month

(2} Assume 2 stage jaw/cone crusher

{3) .15 ibs/kwh x 15 kWh/Ton x $0.35/1b.

(4) 2 1b/Ton @ $1.00/1b.

(5% 0.5 1b/Ton @ $0.10/1b.

8-14
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(8} Data:

- 300 Tons/Day gravity-flotation plant

$/ton S/month

Labour
Supervision {mill superintendent) 5,800
Wages - operating (8 operators) (1) 33.400
Wages - repair (2) 8,350
wages - assaying 4,800
Wwages - Tabour (2) 8,350
Sub total - Labour 6.74 60,700
Materials
Liners - Crushing (2) 17

- Grinding .27
Grinding Balls (3) .80
Reagents - Flotation .20
Assaying supplies .18
Miscellaneous maintenance supplies 1.00
Miscellaneous operating supplies .50
Sub total - materials 3.13 28,170
Power (generatad}
35 kah/T x $0.25/kWh 8.7% 78,750
TOTAL 18.82 167,620

NOTE :

{1} Includes direct wages + 25% benefit loading.
$15/hr x 1.25 x 42 hr/week = $3,375/month +
$800/month camp cost = $4,175/man month

(2)  Assume 2 stage jaw/cone crusher

{3) .15 1bs/kwWh x 15 kwh/Ton x $0.35/1b.

8.1 3 d 'l,,.tl‘ﬂ.:‘\!:




8.2 Operating Costs

(A) Data:

- Milling rate 100 Tons/Day: 3,000 Tons/Month
- Gravity-Flotation

$/ton s/month
Labour

Supervision (mill superintendent)

Wwages - operating (6 operators}) (1) 2
Wages - repair

Wages - assaying

> &= Oun
'wr-oum
R Nl I

<

[P RIIE ]

o
(o}
n
Lo

Sub total - Labour 11.88 3

Materials

Liners - Crushing (2) .17 500

- Grinding 27 810
Grinding Balls (3) .80 2,400
Reagents - Flotation _ .20 €00
Assaying supplies .18 6C0

Miscellanegus operating supplies .50 1,800
Sub total - materials 3.13 3,410
Power (purchased power)

35 kwh/T x 50.25/kWh 8.75 26.25d

TOTAL 23.77 71,310
NGTE:
(1) Includes direct wages + 25% benefit loading.
$15/hr x 1.25 x 42 hr/week = $3,375/month +
$800/month camp cost = $4,175/man month
(2) Assume 2 stage jaw/cone crusher

{3} .15 1bs/kWh x 15 kwh/Ton x $0.35/1b.

Miscellaneous maintenance supplies 1.00 3,000 '




8.1.6 Comparison Summary

Type

Portable

Permanent
Permanent
Permanent

Capacity

120 Tons/Day
100 Tons/Day
300 Tons/Day
300 Tons/Day

8-11

Flowshest

Singie Flot.
Single Flot.
Single Flot.
Cyanidation

Conc.
Caonc.
cong.




C. 300 TPD Gravity, Cyanidation

$
[zem HP Lquipment install NREER
Building (1) 55 - 440,000 440,20
Crushing 93 85,500 171,000 256,330
Fine Ore Storage {4} - 22,500 22,500 LESY
Grinding 320 150,000 225,000 375,0C¢
Gravity 2.5 17,400 12,600 30,350
Reagent Feed 2 5,000 5,000 10.00C
Cyanidation 150 300,000 630,000 300,CCU
Cewatering 25 27,300 54,600 81.80C
Direct Cost 2,138,407
Engineering 120,280
Sales Tax -
Freight 100, 200
Power (3) 250,33
Assay QOffice (2) 50 75,000
Sub Total 697.5 2,683,400
Contingency 20% 336,70
TOTAL 3,220.0C0
1) Building - 8,u00 sq. ft. @ $55/sq. ft.
2] Fire Assaying and AA Trailer Unit
3) 520 kW connected power with 33% standby capacity

1.e. (3) 300 kw generators
4) 3u0 Ton live capacity

..
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B. 300 TPD Gravity, Flotation

s

item HP £auipment install eI
Building (1} 55 - 385,000 385,aCC
Crushing 93 85,500 171,000 256,300
Fine Qre Storage {4} - 22,500 22,500 45 380
Grinding 320 153,000 225,000 375,300
Gravity 2.3 17,400 12,600 30,600
Flotation 30 50,000 164,000 150,3CU
Reagent feed 2 5,000 5,000 L0,u0u
Dewatering 25 27,300 54,600 3.,%00
Direct Cost 1,333,40¢
Engineering _ 8y, WG
Sales Tax ' -
Freight 30,300
Power (3) 225,380
Assay 0ffice (2) 50 50,000
Sub Total 1,768,400
Contingency 20% ' 353.709

TGTAL : 2,122,400
Building - 7,000 sq. ft. @ $55/sq. ft.

Lo P —
B

430 kW connected power with 100% standby capacity
i.e. {2} 500 kA generators
4) 300 Ton iive capacity

8-9
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8.1.5 Typical All-uWeather Plants

A. 100 TPD Gravity - Flotation

Same as Section 8.1.3 (Portable Modular Mill) except buils 33
permanent and on-site.

S

[tem HP Equipment instail ca
Building (1) 55 - 302,500 302,500
Crusning 93 85,500 171,600 256,333
Fine Ore Storage (4) - 7,500 7,500 S5.300
Grinding 106 65,600 131,200 166.,5uC
Gravity 1.5 8,400 12,600 21,33C
Flotation 16 22,200 44 ,40v 50,500
Reagent Feed 1 3,800 2,200 6, oCL
Dewatering 6.5 16,800 33,600 £9.450
Direct Cost ¢l4 50¢
Engineering §0,0¢¢
Sales Tax

Freight 50,cCc
Power (3) ' 160,4C0
Assay Qffice (2) 50 £C, 00
Sub Total 329 1,234,300
Contingency 252 08,72
TCTAL 1,844,000

1} Building - 5,500 sgq. ft. ® $55/sq. ft.

2) Fire Assaying Trailer Unit

3) 250 kv connected power with 100% standby capacity
i.e. (2) 300 kW generators

4) 100 Ton live capacity
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8.1.4 A1l Weather Considerations

Construction

3oth the portable/modular and the permanent mills will yse the same
processing  equipment. The capital costs for the seguinmen:
companents ingicated in Section 8.1.1 apply equally well to the al!
wedatner plant. ‘

Additional capital costs will be incurred in caonstructing the ail
weather plant for:

Building

8uilding heating

Replacement of the fine ore stockpile with a bin
increased design cost

Bui?dfng

The c¢oast of ‘pre-engineered" structural steel and metal c¢lad
buildings 1s approximately 3525 per sqg. ft., erected. Also, the
foundation costs wiil be 3520 - 3530 per sq. ft. depending on the
compexency of the underlying soil.

Far purposes of westimating, S$55 per $q. ft. has been usad for a
completed structural steel building with metal cladding and
insulation.

Mine sites wnich depend upon diesel-glectric power will De aple o
arovide all of the cencentrator bDuilding heating requirements using
giesel engine jacket heat recovery. Tne power plant will nseg o
be Tocated beside or inside the mill builaing.

Plants which are supplied with "hydro" power will generally need 2
supply independent bduilding heat.

Radiant heat losses from a typical <300 tonnes/day crushing plant
and concentrator opuilding are <500,000 BTU/hr. The main source of
heat loss 1is 1in building air changes which can increase the totafl
heat loss to 1.5 miilion BTU/hr,

Cre Bins

To  insure the cantinuity of the operation during winter, the use of
enclosed, and oprefarably heated, oin storage is necessary. The
coarse and fine ore bins need not be indoors, but tney must be
constructed to prevent freezing of the contained ore.

A nominal <cost of fine ore bins is $83/Ton, and coarse Qre bins
$165/Ton, not incluging building enclosures at approximately 355
per sg. ft.

g8-7

=
3




8.1.3 Typical Mgdular Plant

100 Tons/Day - Gravity and Flotation

ltam HP Cost - 8
Trailers (1) -- 20,000
Crushing 33 135,500
Grinding 106 85,600
Gravity 1.5 11,400
Flotation 16 25,200
Reagent Feed ' 1 3,800
Dewatering 6.5 26,806
Direct Capital 224 288,300
Engineering . 30,0C0
Sales Taxes -

Freight 20,000
Power (3) 80,000
Assay Office (2) £0,000
Sub Total 468,300
Coantingency 25% 117,075
TOTAL 585,000

1) 4 Trailers @ $5,000 ea.
2) Fire Assaying Trailer Unit
3} No standby capacity
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8.1.2 Module Costs

$
MODULE CAPACITY EQUIPMENT FABRICATION ToTaL
Crushing 5 TPy 26,500 7,000 33,500

10 TPH 35,500 10,000 65,500
20 TPH 85, 500 20,0C0 105,500

Grinding 50 TPo 43,300 15,000 58,800
100 TPD 69,600 3G, 000 95,600

Gravity 150 TPD 8,400 3,000 11,400

Flotation 50 PO 12,200 3,000 15,200

100 PO 22'200 3,000 25.200

Reagent Mixing 100 TPD 3,800 - 3,800
& Feeding

Concantrate 12 P9 16,800 10,000 26,800

Dewatering

Leaching- Flot. Conc. 12 TPp 52,400 13,000 67,400
- Ore 50 TPD 47,000 20,000 67,000
106 TPD 81,500 20,000 101,500

Carbon Stripping 40 oz/Day 12,800 5,000 17,800
& Electrowin Au + Ag
Carbon 200 1b/8 hr. 10,500 2,000 12,000

Reactivatiogn

Assay Trailer

- fire Assay EC,000
- Fire Assay and AA 75,000
Generator (1)

- 250 kw 80,000
- 500 kw 125,000
Trailer (2) 5,000

1) Trailer Mounted, Reconditioned
2) -Used - Serviceabie

8-5




PRODUCTION
MODULE RATE EQUIPMENT HP  WT.LB. S
Carbon 40 oz/DAY  Stripping Vessel -- 2,000 5,.00
Stripping Au + Ag Strip Sotution Tank - 2.200 305
2 tiectric Heaters 40 100 2,330
Electrowin Circ. Pump .5 50 633
Specialty Valving -- -- 430
Electrolytic Cell -- 100 3,0C0
Rectifier 0.5 50 200
Sub total 41 4,300 12,800
Cardon 200 #/CARBQON
Reactivation [N 8 HR (Propane) 2,000 14,oC8
Kiln
Sub total 2,360  1u,-iu




PRODUCTION

MODULE RATE EQUIPMENT HP WT.LE. 3
Flotation 50 TPD  Flotation Machine (2 m°) 10 6,000 10,340
Slurry Pump 1 0o 2,228
Sub total 11 €,3C0 12,282
Flotation 100 TP Flotation Machine (4 m3) 15 10,000 20,300
Slurry Pump 1 300 2.20¢C
Sub totatl 16 10,300 22.2:3¢C
Flotation 2 Clarkson Feeders 0.5 1,330
Reagent Reagent Mixing Tank 0.5 300 2..0¢

System

Sub total 1 500 3,800
Conc. 12 TPD Settling Cone (1 m dia.) 0.5 00 2.,3CO
Dewatering FLOT. Qisc Filter (4' x 2 disc) I 3,000 12,200
CONC. Yacuum Pump (250 cfm) 5 800 2.300
Sup total 6.5 4,300 16,300
Leaching 12 TPD Conveyor (18" x 10') 1 1,500 2,000
FLOT. Regrind Mix (250 cfm) 5 1,200 8,000
CONC. Leaching Tanks (4-6' x 6') -- 2,400 2,800
Agitators (4 @ 3HP) -- 1,800 12,300
Screens (2 - 18"0) g.5 200 5,30
Pumps (2 Slurry) 2 600 2,500
Blower 3 500 2,580
Selution Tank & Pump 0.5 900 1,200
Disc Filter (4' x 2 disc) I 3,000 12..CC

Yacuum Pump 5 830 2,30
Sub total 9.5 12,700 32.308
Leaching 50 TPO Leaching Tanks {4 @ 10'0x10') -- 18,000 18,uC0
Agitators * (4 @ S HP) 20 6,000 20,300
Screens 0.5 200 5,500
Blower 10 1,500 3,540
Sub total 30.5 25,700 47,3500
Leaching. 100 TPD Leaching Tanks -- 359,000 35,000

(5 @ 12'0 x 12' High)
Agitators * (5 @ 7.5 HP) 42.5 10,000 25,000
Screens (2 - 18") 0.5 200 5,500
Blower 20 2,000 6,000
Sub total 63 47,200 81,3500
8- A ;
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8.1  Capital Costs '
8.1.1 Equipment Cost Details
PROQUCTION '

MODULE RATE EQUIPMENT HP W3, ¢

Crushing 5 TPH Coarse Ore Hopper -- 4,000 5,000 l
Coarse Qre Feeder 3 2,600 2,504
Jaw Crusher (10" x 18") 20 §,500 12.3C¢
Conveyor (18"x 30'} 2 3,000  3.¢00 .
Sub total 25 15,800 25,530

Crushing 5-10 TPH Coarse QOre Hopper -- 4,200 &,20¢ l
Coarse Qre Feeder - 2,500 2,200
Jaw Crusher (15" x 24") 50 12,000 25,300
2 Conveyors (18"x 40') 3 4,000 15,4900
Jaw Crusher (10“ x 16") 20 6,000 12,3502 l
Vibrating Screen (10 sg.ft.) 3 600 3.0CC
Sub total 76 28,600 55,500 '

Crushing 2G TPH Coarse Ore Hopper - 8,u00 12,900
Coarse Ore Feeder 3 2,000 3,500
Jaw Crusher (15" x 24") 50 12,900 25,200
3 Conveyors (18"x 80') 5 8,000 9,uC0
Cone Crusher (2') 20 13,000 30,38
Vibrating Screen (40 sq.ft.) 5 2,000 5,3C0 .
Sub total 23 42,300 385,320

Grinding 50 TPD Fine Ore Hopper -- 4,000 &,3CC '
Feed Conveyor (18" x 15') 1 1,500 2,500
Ball Mill (5' x 5') 50 18,000 34,400
Siurry Pump (2" x 2"} 2 800 2.LQU l
Cyclone (8") -- 220 500
Ball Mill Change - 7,000 2.:5dC
Sub total 53 31,500 43,800 I

arinding 100 TPD Fine Ore Hopper .- 3,700  6.00C
Feed Conveyor (18" x 15%') 1 1,500 2,330 l
Ball Mill (6' x 6') 100 36,000 50,000
Slurry Pump {3" x 3") 5 800 2,500
Cyclone (10") -- 500 800 .
Ball Mil1l Change -- 11,000 3,800
Sub total 106 83,500 63,500 '

Gravity Up to Duplex Jig {12" x 18"} 1 1,800 6,5CC

130 TPO Table (2' x 4°") 0.5 300 l.9Q0

Sub total 1.5 2,100  8.,4¢0 l

snad




SECTION VIII

CAPITAL AND QPERATING COSTS

The equipment requirements For eitner the portable/modular or the
sermanent miltl will be identical. Only detailed equipment casts at
various production rates are shown.

essentially identical.

Note the relatively high cost that diesel generated power
contributes to the overall direct milling cost.

The operating costs of both portable and permanent plants will e l




Profit

N.S.R.

Mining Cost _ )

Crude Ore Trucking 20 mi. at 50.25
Tall Processing

Net Praofit Per Tan Crude

7-5
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132.48
75.00
5.400

45.00
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Plant Metallurgy '
Dist %

Product WL b Pb % Ag oz/T ’b Ag '
Flotation concentrate 11.6 g§2.0 160.9 95.3 LN
Flotation Tails 88.6 0.57 1.8 5.0 5.0
Feed 100.0 10.0 20.0 100.0  i%.e '
Flatation Concentrate Analysis
Au NIL ll
Ag _ W0 oz/t
Fe NIl
As NIL Il
Sb J.i%
Cu NIL
Pb 82.0%
n 2.0% Il
S ' 13.7%
Insol 1.5%
Moisture 3.0%

Sale of Concentrate

Calculation Lead

Contained (per ton conc.} 1,640 b,
Paid (91.0%) 1.,492.4 1b.
Price $0.345/1D.
Jeduction $0.12375/1b.
Price Paid s0.22125/1b. § 330.19

Lass

Treatment Charge 1

Moisture Penalty

C.P. Ingex at 319.6

Labour Adjustment at $§19.52
Sub Total S lol.

wn
OO

oo v £ O
o oo

N.S.R. Lead $

P
an
e 4]
un
E o

Calculation Sitver

Contained (per ton conc.) 160.0 oz.
Paid 93% 148.8 oz.
Price $7.50/0z.
Paid 372 §7.275/02. 51,082.52
Gross N.S.R. 51,251.06
Freight 3 109.480
N.S.R. FOB Minesite $1,142.06
N.S5.R. Crude Qre/Ton 3 132.48
7-4 =i
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Deductions

Treatment Charge s 1
CPI Index
Ldbour Rate Adjustment

wn
h O
sl
[}

Penalties

As and Sb at (i.l - 0.5) at §1.75 s

.05
Moisture at {9 - 8) at $0.40

.40
Fe at (44 - 5} at $3.55 ‘38 45

S at {51 - 20) uat $4.00 124 .00
Sub Total Penalties E"_EE?TTE

)

R. $5,907.00
Freignt 109,00
FOB Milisite : $3,798.00°

N.
Le
N.S.R.

N.S.R. FOB Mine {at 4.0% wt.) § 231.92

S.
tH
S.
S.

Gross Profit

N.S.R. Gravity Concentrate 5 125.28
N.S.R. Flotaticn Concentrate 231.92

Sub Total S 357.20

Crude Ore Trucking 20 mi. at $0.25 §.40
Toll Processing 45.00

Sub Total S 125.40
Net Profit Par Tan Crude $ 232.20

Note: No allowance for administration or mining depreciation.

7.2 Silver Ore
Base Data

- Mining Rate: 25 tons per day / 3 months per year, 60CC Tons
per year

- Mineralogy: Silver in galena

- .Cost to Mine: $75.00 per ton

- QOre Haulage: 20 miles to millsite

- Milling Rate: 10U tons per day, once per year for 60 days

- Tolling Cost: $45.00 per ton

- Annual Flotation Concentrate Production: 702 sdt at 0%
meisture

- Ship flotation concentrate to smelter in truckload quantities
of 30 Tons eacn.

7-3
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Tailings
Au - p2.
Ag - oz.

Total
Au - 0zZ.
Ag - oz.

Total

288
576

4,800
2,4G0

Sale of Gravity Concentrate

Dai]z

80.
40.

Gravity concentrate is shipped weekly to a

PazabTe
Gold 168.0 oz. at $540.00

at 98%

Silver 56.0 0z. at $7.50 at 98%

Sub Totai Payables
Hanaling 980 o0z. at $1.50
Sub Tota! for Buyer
Air Freight and [nsurance
Sub Total Per Lot

NET PER TON CRUDE ORE

Flgtation Cancentrate Analysis

Au
Ag
Fe

As

Sb
Cu

Pb

in

S
Insol
Moisture

[Ya g =3
[« P 0 +]

[an R )

560.
280.

X}

OO

precious metal buyer.

$ 88,906
412
$89,318
1,470

§ 37,848
150
$37.,59%

§ 125.28

12.8 0z/t
5.6 az/t
44,
1.
d.
<Q.
<0.
<Q.
51.
4,
g, 0%

b — - O

a0 &t ok AF gb L L aR

Concentrate will be shipped in 22.7 Mt (25 T) wet weight trucklcad
lpots to the Cominco smelter in Trail, B.C. and sold under the terms

indicated.

Cominco does not have a pyrite schedule, but treats this type of
material under the lead concentrate/ore schedule.

Payables

Goid 12.8 0z/T at 93.0% of 98.0% at $540.00

Sitver 5.6 02/7 less 1.0 o02/T at 933% at $7.50

Sub Total

7-2
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SECTION VI

CASE STUDIES

3

This section has deen inciuded so that the prospective operator ras
a format 1into wnich his own dati can de inserted to perform a casn
flow analysis based upcn the toll processing comcept. Case stugies
are presented for both a gold and a silver ore.

Gold Cre

RBase dJata

- Mining rata: 25 tons per day, 8 months per year, 5,200 =ons
per year of ore

- Mineralogy: minor sulphides {pyrite dominates with lessar
arsengpyrite) in silica -

- Cost to mine §75 per ton

- Qre haulage: 20 miles to millsite

- Milling rate: 100 tons per day, once per year for 60 days

- Tolling cost: 345/ton

- Annya) flotatiaon concentrate production: 240 sat (short dry
tons) @ 9% moisture _

- Snip {lotation concentrate to smelter in truckicad quantitiss,
i.e. approximately 10 truckloads per year

- Ship gravity concentrate to metal buyer weekly

Plant Metalluray

oz/T Dist %

Producs Wt % Au_ Ag Au EF]
aravity concantrate 0.0048 5,000 1,667 30 2V
Flotation concentrate 4.0 12.8 5.6 54 59
%4 76
Flotation tails 9.0 0.45 0.1 5 24
Feed 100.0 0.8 0.4 100 10
Plant Products
Tatal DaiIz !Sﬁﬁll
Gravity Concentrate
Weight - 1bs. 576 9.8 67.2
Au - oz. 1,440 240 163.0
Ag - oz. 480 80 56.0
Flotation Concentrate
Weight - Tbs. 4890,G00 3,000 56,000
Au - oz. 3,072 51.2 358.2

Ag - 0z. 1,344 22.4 156.8

7-1
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b) The treatment deduction shall be increased or decreased by $0.08 fyr
each S$0.Ql per MMBTU that the average cost of fuel used at East Helena
during the calendar month including the date of delivery of producs s
greater or less than $4.75, fractions in proportion.

¢) The treatment deduction shall be increased or decreased by §0.16 far
each 1 mill per kWh that the average cost of electric power used at
East Helena during the calendar month including the date of deiivery
of product is greater or less than 13.4 mills. fractions 1n
proportion,

d) The base treatment deduction shall be increased by 5% of the sum of
the metal payments is excess of $2000 per short dry ton of procuct.

ADDITIONAL DEDUCTIONS

The deductions specified above ‘are for product free of deieterigus
impurities. Product delivered containing such impurities shal} be subjec:
to additional deductions 1in accordance with the schedule bHelow. [F the
product should contain any other delzterious impurities which in the
smeiter’'s sole judgement preclude economic treatment of product, then the
smelter may terminate this contract on thirty (30) days written notice,
unless mutual agreement is reached as to appropriate deductions for such
impurities.

a) Arsenic: Jdeduct $3.J0 per ton for each unit of arsenic content,
fractions in proportion.

b) Antimony: Deduct $5.00 per ton for each unit of antimony contant,
fractions in proportion.

c) B8ismuth: 0.1% unit free, $10.00 per unit excass, fractions in
oroportion.

.o ...1"




Table 6.¢
TYPICAL SMELTER LANGUAGE

(U.S.A.)

. SoLO/SILVER CONCENTRATES

PAYMENTS

Gold: Deduct 0.02 troy ounce per short dry ton cf oracuct ang cay
for §5% of the remaining gold content at the Jaily Loncon
Final Gold Quotation, as published in Metals wWeek, aver:zjed
for the fourth calendar month following date of delivery of
product Jless a deduction of $5.00 per troy ounce of payania
gold.

Silver: Deduct ane troy ounce per short dry ton of product and o2
for 95% of the remaining silver content at the +anay &
Harman New York quotation for refined silver as sublisheq
in Metals Week, averaged for the fourth caiendar mon:in
following date of delivery of product, less a dedquction of
50.25 per troy ounce of payable silver.

No payment will be mage for any metal or content =2xcept as anove
specifiad.

CESUCTICNS
TREATMENT DECUCTION

The treatment deduction shall bpe $5200.00 per short dry ton based Jn ine
following,

aj An hourly cost of employment of $16.500 at fast Helena,
b A cost af fuel per MMBTU of $4.75 at East Helena,

c) A cost of electric power of 13.4 mills per kwh at East Heiena
piant.

d) A sum of the metal paynents of $2000 or less per short dry ton of
product,

and will be adjusted pursuant to clause ll.

TREATMENT DEDUCTION ADJUSTMENT

a) The treatment deduction shall be increased or decreased dy 30.08
for each $U.Cl tnat the average hourly cost of employment at f£ast
Helena during the calendar month including the date of cetivery of

. product is greater or less than $16.500, fractions in proportian.

From the total of the above, make the following: '

i
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DEDUCTIONS PER SHORT DRY TON:

Treatment The base treatment charge for lead concentrates will he

Charge: $150.00. The base treatment charge for ores will 2e
$165.00. Minimum base traatment charge for any sre 1o+
wili be $1,000.00.

Canadian increase the treatment charge $0.2% for each c¢ne point tna:

Consumer the {anadian Consumer Price [ndex (Base of 1371 = 100}

Price [ndex: exceeds 300.00. (December 1986 319.6)

Labour Rate: Increase the treatment charge by $0.05 for each §0.01 b4y
which the average loaded hourly C.W.S5. Rate 12 exceeds
$18.2% per hour. (January 1987 519.52/hour)

PENALTIES PER SHORT DRY TON:

Arsenic & Increase the treatment charge by $1.75 for each unit tnhat
Antimony: the sum of antimony plus arsenic is greater than 0.5 units.
Alumina: Increase the treatment charge by S$0.90 for each uni:
greater than 0.5 units.
Moisture Increase the treatment charge by $0.40 for each unit of
Content: moisture greatar than 8.U% but less than or equal o 13.0%
and by $1.U0 for each unit of moisture greater than 10.0%.
[ron increase the treatment charge $3.55 for each unit of iran
Content: in excess of the sum of 5 units plus 1.44 times the z’nc
units,
Suipnhur .Ncrease the treatment charge by $4.00 for 2ach unit of
Contant: sulphur greater than 20.0%.
' 4.‘.
~d p .,




Taple 3.

(8]

TYPICAL SMELTER CONTRACT LANGUAGE
{Canadian)

LEAD CONCENTRATES/QRES

PAYMENTS PER SHORT DRY TON:

Lead:

linc:

Silver:

Gold:

Copper:

Deduct 0.1 wunits of lead for each unit of contained copoer
over 0.75% and pay for 92% of the balance (Minimunm
deduction from the balance will be 20 pounds) at a weigntad
averiage composite price calculated as:

a) 60% of the Metals Week published monthly price for lead
designated as "MW US Producer"” in U.S. cents per -cung
plus,

bl 40% of the average of the Metals Week published menthly
prices for lead designated as “"LME CASH" and "_ME
THRMO" in pounds sterling per metric ton, for the
quotational period.

The deduction from the composite price shall be $0.12 cer
pound plus $0.0025 per pound for each $0.0l1 the composite
price exceeds 50.33 per pound.

Deduct 0.7 units of zinc for each unit of iron by which the
iron content s in excess of 1.44 times the zinc units and
pay for 60% of the balance (minimum deduction from <he
balance will be 20 pounds) at the Metals Week pubdlisned
monthly price for 2zinc designated as "European Producser" in
J.S. dollars per metric ton, for the quotational period
less 30.15 per pound.

Jeduct 0.2 troy ounces of silver for each unit of contained
copper and pay for 93% of the balance (minimum deduction
from the blanace 1.0 troy ounce) based on a commercial fire
assay, at 97% of the Metals Week published monthly price
for silver designated as “"Handy & Harman" in U.S. cents per
troy ounce, for the quotational period.

Pay for 983% of the contained gold (minimum deduction 0.03
troy ounces) based on a commercial fire assay, at 98% of
the Metals Week published monthly price far gold designatad
as "lLondon Final" in U.S. dollars per troy ounce, for the
quotational period.

Pay for 40% of the contained copper (minimum deduction 1C
pounds) at the Metals Week published monthly price for
copper designated as "MW ATL SEABOARD" in U.S. cents per
pound, for the quotational period less $0.20 per pound.




PENALTIES PER SHORT ORY TON

[ron Content:

Silica
Cantent:

Magnesia
Content:

Lime Content:

Moisture
Content:

Increase the treatment charge by $1.80 for each uni+t of
contained iron.

Increase the treatment charge $0.50 for each unit of S}o
greater than 0.3% 5102

Decrease the payable zinc by one pound for each 0.035% over
0.3%.

[ncrease the treatment charge $0.50 per Q.1% over 0.30%.
Increase the treatment charge by $0.50 for each unit of

moisture greater than 6.0% but less than or equal %o &.03%
and by $1.50 for each unit of moisture greater than 8.0%.




Tab'e 5.4
TYPICAL SMELTER CONTRACT LANGUAGE

{Canadian)

ZINC CONCENTRATES

PAYMENTS PER SHORT JRY TON

Lead:

Zinc:

Sitver:

BEJUCTIONS PER

Pay for B80% of the contained lead (minimum deduc<icn 23
pounds} at the average of the Metals week pudlished nonTnl
pricas for lead dgesignated as “LME CASH" and "_MR-THR-#Q"
in pounds sterling per metric ton for the guotatignal
period less $0.12 per pound.

Deduct Q.13 wunits of zinc per unit of containeqg iron 3n:
Q.125 units of zinc for each unit of SiO2 in exgass of
S.5% SiJ, and pay for 85% of the balance,“at a weigntex
average cgmposfte price calculated as:

a) 80% of the Metals Wweek published monthly price for zinc
designated as "MW US HWG" in U.S. cents per pound plus,

b) 43% of the Metals Week published monthly price *ar :ing
cesignated as “European Producer” in U.S. goliars per
metric ton, fTor the quotaticnal period.

Deduct 0.2 troy ounces of silver for each unit of contained
copper and pay for 93% of the balance (Minimum decucticn
from the balance 1.5 troy ounces) based on a csmmercial
fire assay, at 37% of the Metals Week pubiishea mcnthiy
price for silver designated as "Handy & Harman™ in U.S.
cents per troy ounce, for the quotational period.

Pay for 93% of the contained gold (minimum deduction 0.U5
troy ounces} based on a commercial fire assay, at 387 or
the Metals Week published monthly price for gold designmazad
as ‘"London Final" in U.S. doilars per troy ounce, for tne
gquotational periad.

SHORT ORY TON

Trzatnent
Charge:

Zinc Prica:
Canadian
Consumer

’rice Index:

LabDour Rate:

The base treatment charge shall be 5220.00. Minimum base
treatment charge for any one lot will de 31,000.00

Increase the treatment charge by $3.50 for each S$3.01 by
which the composite price for zinc exceeds $C.50 per pound.

Increase the treatment charge $0.25 for each one point that
the Canadian Consumer Price Index (Base of 1971 = 10Q)
exceads 300.00. ‘

Increase the treatment charge by $0.05 for each 50.UL oy
whicn the average Jloaded hourly C.W.S5. Rate 12 exc2ecs
$13.25 per hour. -




TYPICAL GOLD-SILVER CONCENTRATE

BASE DATA

o

re

|

19 0z/T Au
£ oz

a.4
0.2%6 o0z/T Ag

CALCULATION GOLD

Contained (per ton of conc.}

Paiq 95% {3.90 less 0.02)

Price
Paid

CALCULATION SILVER

Contained (per ton of conc.)

Paid 95% {2.00 tess 1.00)

Price
Patd

OEDUCTIONS

Treatmnent

Arsenic (36.75 x 2.88)
Antimony ($6.75 x 0.25)

Total Deductions

NET SMELTER RETURN
FREIGHT

NSR MINESITE

NSR CRUDE ORE

Realized gold
Realized silver

Ngte:

= 9
=4

3.
5.

NET SMELTER RETURN
CALCULATION

Recoverx

93.0% Au
78.0% Ag

3.90 oz.
3.686 oz.
$540.00/0z.
$533.25/0z.

2.00 oz.
0.95
$7.50/0z2.
§7.1625/cz.

§270.00/7
§ 19.44/7
s 1.69/7

at at

3
3

Table 6.2

Concentrate

3.90 0z/T Au
2.00 0z/T Ag
2.88% As

0.25% Sb

12.0 Wt® (of ore

$1,965.56/T

$ 6.80/7

S 291.13/T

§1,681.23
s 110.Q0
§1,571.23
s 157.12

\




Table 6.2
NET SMELTER RETURN
CALCULATION
TYPICAL ZINC CONCENTRATE
3ASE DATA
Ore Recovery Concentrats
10.0% Zn 92.0% In 55.0% In
0.05 o0z/T Au 92.0% Au 0.274 oz/7 au
' 1g.0% Moist
5.0% Fe
5.0% Si0,
Freight $i00/T DOry . ‘
Zn Price $0.500/1b. 16.7 Wt (of ore!
Au Price $540/02.

CALCULATION ZINC

Contained(per ton of conc.) 1100.¢ 1b.
Paid (100.0% less Fe, Si0,)

(98.68%) 2" 1085.56 1b.
Price $U.500/1b.
Paid (85%) $0.425/7b. $461.36
Less
Treatment Charge 3220.00
{ron Penalty (5% x S1.80) 9.00
Silica Penmalty (4.5% x §0.50) 2.25
Moisture penalty (var.) 2.00
Labour Rate Adjustment @ $19.52/hr. 8.35
C.P. Index at 319.6 4.80
TATAL OEDUCTIONS $246.50
NSR FOB Smelter $214.86
CALCULATION GOLD
Contained(per ton of conc.) 0.274 oz.
Paid (933%) 0.255
Price $540.00/02.
Paid {98%) $529.20/02. $134.95
NET SMELTER RETURN $349.81
FREIGHT $11G.00
NSR MINESITE §239.81
NSR CRUDE ORE $ 40.05/Ten
Note: Gold in concentrate at list price 0.274 o0z x $540.00 = $147.96
NSR 513495
Realized 9l.1%
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NET SMELTER RETURN
CALCULATICON
TYPICAL LEAD CONCENTRATE

BASE DATA

Ore Recovery Concentrate

10.0% Pb 92.0% Ph 75.0% Po

10.0 0z/7 Ag 92.0% Ag 75.0 o0z/T Ay
9.0% Moist
12.3 Wt (of ore)

Freight S100/T Dry

Pb Price $0.345/1b.

Ag Price

$7.50/02z.
CALCULATION LEAD

Cantained (per ton of conc.)  1500.0 1b.

Paid (91.0%) 1365.0 1b.

Price $0.345/7b.

Deduction §0.12375/1b.

Paid $0.22125/1b. §302.01
Less

Treatment Charge $150.00
Moisture Penalty 0.4C
C.P. Index at 319.6 ¢.90
Labour Rate Adjustment @ $19.52/hr. 6.35
TOTAL DEDUCTIONS s161.65
NSR FOB Smelter $140.38

CALCULATICON SILYER

Contained (per ton of conc.) 75.00 oz.

Paid (93% less 1.0 oz.) 68.75 oz.

Price $ 7.50/0z2.

Paid (97%) $ 7.275/0z. §500. 16

NET SMELTER RETURN £640.52

FREIGHT $109.00

NSR MINESITE : §531.52

NSR CRUDE ORE $ 65.38/Ton

Note: Silver in concentrate at list price 75.00 o0z x $7.50 = $552.50

NSR $300.16
Realized 88.9%




