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1.0 SUMMARY 

1.1 P ro j ec t Summary 

The Har r i son Lake Bear Mountain P ro jec t i s designed 

to mine and m i l l 350,000 torrS" per yea r . The mine w i l l operate 

on a 2 - s h i f t 5 day week and the m i l l on a 3 - s h i f t 7-day week. 

The g e o l o g i c a l ore reserves w i t h i n the m ine ra l i zed 

stock from sur face down to the 47 Level t o t a l 3,929,940 tonnes. 

The mineable ore reserves in the same area t o t a l 3,550,660 

tonnes . 

The g e o l o g i c a l reserves w i t h i n the se l ec ted area of 

the m i n e r a l i z e d stock from sur face to the 47 Level t o t a l 

2,407,650 tonnes and the mineable ore reserves in the same 

area t o t a l 1,178,350 tonnes. 

D i l u t i o n of the ore due to i n c l u s i o n s of waste in 

mining has not been inc luded and f o r the mining methods, as 

desc r ibed in t h i s r e p o r t , cou ld average in the range of twenty 

percent (20%). The net e f f e c t would be to r a i s e the tonnage 

of ore and d i l u t e the grade. 

An ore grade was not a v a i l a b l e f o r the r e s e r v e s . 

Tota l c a p i t a l cos ts f o r m in ing , m i l l i n g and a n c i l l a r i e s 

were c a l c u l a t e d f o r two minir.g systems: 

Sub - l eve l Caving 

To ta l Min ing Area Se lec ted Mining Area 

C a p i t a l Costs $ 22,703,166 $ 21,158,830 

Operat ing Costs $ 24.98 per tonne $ 24.98 per tonne 
t r e a t e d t r ea ted 

A'. C. CROOME & ASSOCIATES LTD. 



Block Caving 

Tota l Min ing Area Se lec ted Min ing Area 

C a p i t a l Costs $ 22,583,597 $ 21,428,572 

Operat ing Costs $ 23.97 per tonne $ 23.97 per tonne 
t r ea ted t r ea ted 

Because of the mine 's l o c a t i o n i n a h i gh l y s e n s i t i v e 
a r e a , an est imated cos t of envi ronmental s t ud ies i s $450,000. 

Sur face r i g h t s to land necessary f o r mining and m i l l i n g 

f a c i l i t i e s must be a c q u i r e d , t h e r e f o r e , a sum of $1,000,000 

should be inc luded f o r t ha t purpose. 

An inventory of spare pa r t s and reagents at an est imated 

cos t of $300,000 should be i n c l u d e d . 

A minimum of th ree months opera t ing c a p i t a l should be 

inc luded at the t ime of s t a r t - u p to a l l ow f o r de lays in l i q u i d 

a t i o n of p roduc ts , o r a t o t a l of $2 ,250 ,000 . Th is sum w i l l be 

recovered at the te rm ina t ion of the p r o j e c t . 

The sum of these i tems, o r $4 ,000,000, should be 

added to the c a p i t a l cos ts f o r f i n a n c i a l requ i rements . 

Recommendations: 

At t h i s p re l im ina ry s t a g e , i t i s our op in ion tha t the 

opera t ion of a mine and concen t ra to r , as proposed, i s t e c h n i c a l l y 

f e a s i b l e . 

However, the p r i o r use of Har r i son Lake f o r r e c r e a t i o n a l 

purposes, and i t s s i g n i f i c a n t sa lmon-popu la t i on , w i l l r e s u l t in 

cons ide rab le p o l i t i c a l r e s i s t a n c e to the proposed use of the lake 

f o r t a i l i n g d i s p o s a l . The f a c t t ha t the i dea l t e c h n i c a l s i t e 

f o r the t a i l i n g i s in Har r i son Lake may not a l t e r t h i s p o s i t i o n . 

.N. C. CROOME & ASSOCIATES LTD. 
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The p r i o r use of Kootenay Lake f o r the d i s p o s a l of 

mine t a i l i n g would normal ly prov ide s u f f i c i e n t data to r a t i o n 

a l i z e a s i m i l a r use f o r Har r i son Lake. However, i t may be tha t 

no p o l i t i c i a n w i l l be prepared to r i s k h i s p o l i t i c a l f u tu re f o r 

the b e n e f i t of i n d u s t r y . 

An assessment of the p o l i t i c a l p o t e n t i a l should be 

made e a r l y in f u tu re i n v e s t i g a t i o n s , s i nce i t may be p o i n t l e s s 

to pursue a t e c h n i c a l l y a t t r a c t i v e op t ion which may not be 

p o l i t i c a l l y f e a s i b l e . 

I f permiss ion i s obta ined to use Har r i son Lake, i t 

w i l l r equ i re a Federa l O r d e r - I n - C o u n c i l . The cos t of the i n v e s t i g 

a t i ons and p resen ta t i ons w i l l be c o s t l y and p r o t r a c t e d . 

The p o s s i b l e use of a land area north of Sasquatch 

Park makes much l e s s t e c h n i c a l sense than tha t of the l a k e , but 

i t may be p o l i t i c a l l y more a t t r a c t i v e , and t h e r e f o r e may be viewed 

by Ker r Addison as a more pragmatic approach. 

N. C. CROOME & ASSOCIATES LTD 



1.2 C a p i t a l Cost Summary 

1.2.1 C a p i t a l Cost Summary ( f o r t o t a l mining) 

Sub - l eve l Caving Block Caving 

Upper Mine Development $ 5,775,350 $ 5,060,744 

Lower Mine Development 2,524,500 3,382,800 

Equipment 2,044,830 1,804,989 

Sub Tota l 10,344,680 10,248,533 

Underground Crushing 1,739,654 • 1,739,654 

Sub To ta l 12,084,334 11,988,187 

Cont ingency 15% 1,812,650 1,789,228 

Est imated To ta l Cost $ 13,896,984 $ 13,777,415 

Min ing C a p i t a l Cost Summary ( s e l e c t i v e mining) 

Sub- leve l Caving Block Caving 

Upper Mine Development $ 4,432,000 $ 4,296,209 

Lower Mine Development 2,524,500 3,135,159 

Equipment 2,044,830 1,804,989 

Sub Tota l 9,001,330 9,236,357 

Underground Crushing 1,739,634 1,739,634 

Sub Tota l 10,740,964 10,975,991 

Cont ingency 15% 1,611,155 1,646,399 

Est imated Tota l Cost $ 12,352,119 $ 12,622,390 

V . C. CROOME & ASSOCIATES LTD I 
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1.2.1 C a p i t a l Cost Summary (Cont 'd ) 

M i l l i n g C a p i t a l Cost Summary 

Process ing $ 4,686,300 

Overheads 940,000 

Sub t o t a l 5,626,300 

Contingency 15% 843,945 

Est imated To ta l Cost $ 6,470,245 

A n c i l l a r i e s C a p i t a l Cost Summary 

General a n c i l l a r i e s $ 2,031,250 

Contingency 15% 304,687 

Est imated Tota l Cost $ 2,335,937 

1.2.2 C a p i t a l Cost Summary - S u b - l e v e l Caving mining 

t o t a l ore zone, underground c rush ing 

Mining $ 13,896,984 

M i l l i n g 6,470,245 

A n c i l l a r i e s 2,335,937 

Tota l C a p i t a l Cost $ 22,703,166 

1.2.3 C a p i t a l Cost Summary - S u b - l e v e l Caving s e l e c t i v e 

m in ing , underground c rush ing 

Mining $ 12,352,119 

M i l l i n g 6,470,245 

A n c i l l a r i e s 2,335,937 

Tota l C a p i t a l Cost $ 21,158,830 

A . C . CROOME & ASSOCIATES LTD I 
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1.2.4 C a p i t a l Cost Summary - B lock Cav ing , mining 

t o t a l ore zone, underground c rush ing 

Mining $ 13,777,415 

M i l l i n g 6,470,245 

A n c i l l a r i e s 2,335,937 

Tota l C a p i t a l Cost $ 22,583,597 

1.2.5 C a p i t a l Cost Summary - Block Cav ing , s e l e c t i v e 

m in ing , underground c rush ing 

Min ing $ 12,622,390 

M i l l i n g 6,470,245 

A n c i l l a r i e s 2,335,937 

Tota l C a p i t a l Cost $ 21,428,572 

1.3 Operat ing Cost Summary 

1.3.1 Operat ing Cost Summary - Sub - l eve l Caving 
underground c rush ing 

Min ing 

Mi 11ing 

A d m i n i s t r a t i o n 

Sub t o t a l 

Cont ingency 15 % 

To ta l Annual Operat ing Cost 

Annual Cost Cost per 

$ 4,173,240 $ 11.92 

2,682,900 7.67 

746,054 2.13 

7,602,194 21.72 

1,140,329 3.26 

$ 8,742,523 $ 24.98 

.N. C. CROOME *fc ASSOCIATES LTD I 



1.3.2 Operat ing Cost Summary - Block Caving 

Annual Cost Cost per 

Min ing $ 3,866,419 $ 11.04 

Mi 11ing 2,682,900 7.67 

A d m i n i s t r a t i o n 746,054 2.13 

Sub t o t a l $ 7,295,373 $ 20.84 

Contingency 15% 1,094,306 3.13 

To ta l Annual Operat ing Cost $ 8,389,679 $ 23.97 

.N. C. CROOME & ASSOCIATES LTD. 
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2.0 ORE RESERVES 

Using data a v a i l a b l e , the ore reserves can on ly be 

cons idered as " reasonably assured" and " d r i l l i n d i c a t e d " . For 

the purposes of the s tudy , the o u t l i n e shown on g e o l o g i c a l 

p lans and sec t i ons as prov ided by Kerr Addison were used. 

2.1 Geo log i ca l Reserves 

2.1.1 Se lec ted Mining Area - between 140 meter Level and s u r f a c e . 

S p e c i f i c G rav i t y of ore 2 .88 , average area of se lec ted 

mining 3981 square meters . 

Tonnes per v e r t i c a l meter 3981 x 2.88 = 11,465 

Tota l tonnage 11,465 x 1i0 = 1,261,150 tonnes 

Se lec ted Min ing Area between 47 Level and 140 L e v e l . 

S p e c i f i c Grav i t y 2 .88 , average area of se l ec ted mining 

area 3,981 square meters . 

Tonnes per v e r t i c a l meter 3,981 x 2.88 - 11,465 

Tota l tonnage 11,465 x 100 = 1,146,500 tonnes 

Tota l Geo log i ca l Reserves, s e l e c t e d mining area 2,407,650 tonnes. 

2 .1 .2 Tota l Area Mining - between 140 meter Level and sur face 

S p e c i f i c Grav i t y of ore 2 .88 , average area of t o t a l 

mining 6,498 square meters . 

Tonnes per v e r t i c a l meter 6,498 x 2.88 = 18,714 tonnes 

Tota l tonnage 18,714 x 110 = 2,058,540 tonnes. 

Tota l Area Mining between 47 Level and 140 Level 

S p e c i f i c G rav i t y 2 .88 , average area of t o t a l mining 

6,498 square meters . 

Tonnes per v e r t i c a l meter 6,498 x 2.88 = 18,714 tonnes 

Tota l tonnage 18,714 x 100 = 1,871,400 tonnes 

Tota l Geo log i ca l Reserves above 47 L e v e l , t o t a l mining 

area 3,929,940 tonnes . 

A 7 . C. CROOME & ASSOCIATES LTD. 



2.2 Mineable Reserves 

2.2.1 Se lec ted Min ing A r e a , between 140 Level and s u r f a c e , 
S p e c i f i c Grav i t y 2 .88 , average area of se lec ted mining 
3,981 square meters. 

Tonnes per v e r t i c a l meter 3,981 x 2.88 = 11,465 

Tota l tonnage 11,465 x 100 = 1,146,500 tonnes 

Se lec ted Min ing Area between 47 Level and 140 L e v e l , 

S p e c i f i c Grav i t y 2 .88 , average area of se lec ted mining 

3,981 square meters. 

Tonnes per v e r t i c a l meter 3,981 x 2.88 = 11,465 tonnes 

Tota l tonnage 11,465 x 90 = 1,031,850 tonnes 

Tota l Mineable Reserves, s e l e c t e d mining area 2,178,350 tonnes 

2 .2 .2 Tota l Area M in i ng , between 140 Level and s u r f a c e , 

S p e c i f i c Grav i t y 2 .88 , average area of t o t a l mining 

6,498 square meters . 

Tonnes per v e r t i c a l meter 6,498 x 2.88 = 18,714 tonnes 

Tota l tonnage 18,714 x 100 = 1,871,400 tonnes 

Tota l Area Mining between 47 Level and 140 Level 

S p e c i f i c G rav i t y 2 .88 , average area of t o t a l mining 

6,498 square meters. 

Tonnes per v e r t i c a l meter 6,498 x 2.88 = 18,714 tonnes 

Tota l tonnage 18,714 x 90 = 1,684,260 tonnes. 

Tota l Mineable Reserves, t o t a l area mining 3,555,660 tonnes . 

.N. C. CROOME & ASSOCIATES LTD. 
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3.0 MINING-

The ore body above the Har r i son Lake Level can 

be d i v i d e d i n to two almost equal tonnages, the upper 

being from sur face down to the 140 Level and the lower from 

the 140 Level down to the 47 L e v e l . The l e v e l s are approxim

a t e l y 95 meters apa r t , a d i s tance adequate to a l low economical 

mechanized mining methods f o r p roduct ion of o r e . 

The upper sec t i on of the mine, above the 140 L e v e l , 

would be mined f i r s t . Access to t h i s area i s through the 

140 Level c r o s s c u t , a d i s tance of approx imate ly 167 meters 

to the ore body. The ore body would be developed f o r mining 

by e i t h e r the Sub - l eve l Caving Method or the Block Caving 

Method. The development waste would be p laced in the waste 

dump near the 140 Level a d i t . Ore would be dumped in to an 

ore pass connect ing the 140 Level to the 47 L e v e l . From tha t 

po in t the coarse ore would be t r ans fe r red to underground 

t rucks f o r t r a n s p o r t a t i o n e i t h e r d i r e c t l y along the 47 Level 

to an ore b in at s u r f a c e , a d i s t ance of 440 meters , or i n to 

an underground coarse ore s torage b i n , from which i t would be 

fed to a jaw c rushe r , gyra tory c rusher and t ranspor ted 140 

meters up an i n c l i n e by conveyor b e l t to a f i n e ore b in 

adjacent to the m i l l s i t e . 

The lower sec t i on of the ore body, tha t s e c t i o n 

between Level 140 and Level 47, would be developed and brought 

i n to p roduc t ion as mining in the upper s e c t i o n was being 

te rm ina ted . 

,N. C. CROOME & ASSOCIATES LTD. 



3.1 General D e s c r i p t i o n of Mining Method 

3.1.1 Sub - l eve l Caving - The increased a p p l i c a t i o n of the 

s u b - l e v e l cav ing mining system may be t raced to many new 

t e c h n o l o g i c a l developments, i n c r e a s i n g labor cos ts and a 

be t t e r understanding of the mechanics of t h i s method. 

Sub - l eve l cav ing has found a p p l i c a t i o n in both weak and s t rong 

ore bodies and may be summarized as a high product ion method, 

combining a minimum of labor and a high degree of mechan iza t ion . 

I t i s we l l s u i t e d to s e l e c t i v e mining which may be deemed 

necessary due to the i n c l u s i o n s of ho rn fe l s and o ther low 

grade m a t e r i a l s w i t h i n the ore mass. I t i s cons idered as a 

sa fe mining method and t h i s f a c t o r i s important due to the 

b locky nature of the ground in the Jenner S tock . 

Because a r e l a t i v e l y la rge number of d r i f t s and 

c rosscu t s are kept open, the technique i s very f l e x i b l e and 

r e l i a b l e . I f l o c a l stoppages or d i f f i c u l t i e s occu r , mining 

can be s h i f t e d to o ther s e c t i o n s of the mine. The p lann ing 

i s uncompl ica ted , being based on th ree p r i n c i p a l o p e r a t i o n s , 

development f o r d r i l l i n g , b l a s t i n g and ore l o a d i n g . 

The method can be best summarized by examining 

drawing BM-201.1. B a s i c a l l y , the s top ing procedure c o n s i s t s 

of d r i v i n g a s e r i e s of s u b - l e v e l s commencing at the top of 

the ore body. A s t a r t i n g v e r t i c a l s l o t and then a s e r i e s of 

r i n g pa t te rns d r i l l e d and b l a s t e d , and the broken ore being 

drawn a f t e r each b l a s t . 

A mod i f ied s u b - l e v e l cav ing system, as being used 

at the K i runa proper ty in Sweden, was-designed to reduce the 

contac t area between the ore and waste assuming the ore draw 
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i s p roper l y c n n t r o l l e d . The ore i s developed in the normal 

sequence of s u b - l e v e l c a v i n g , but on ly " s w e l l " ore i s mucked 

and t ranspor ted to the ore pass , u n t i l a l l the ore in the 

b lock i s broken and ready f o r p u l l i n g , thus min im iz ing the 

p o t e n t i a l f o r d i l u t i o n , normal ly inherent in s u b - l e v e l 

c a v i n g . 

3 .1 .2 Block Caving - This method, where a p p l i c a b l e , g ives a 

lower mining c o s t . I t r equ i res a r e l a t i v e l y la rge c a p i t a l 

expendi ture f o r p re l im ina ry development and b a s i c a l l y i s f o r 

la rge s c a l e work. Block Caving i s not a s e l e c t i v e method as 

underground s o r t i n g i s not f e a s i b l e , t h e r e f o r e , a f a i r l y 

uni form d i s t r i b u t i o n of va lues in the ore body i s necessary . 

Large massive depos i t s meet these requ i rements . Ou t l i nes of 

the ore body should be f a i r l y r e g u l a r . Small ex tens ions of 

the ore body i n to the w a l l s are not recovered and low grade 

i n c l u s i o n s in the ore cannot be l e f t unmined. P h y s i c a l 

c h a r a c t e r i s t i c s of ore which w i l l break up under b lock 

cav ing have not been e x a c t l y d e f i n e d . Usua l l y ore mined by 

b lock cav ing con ta ins numerous smal l v e i n l e t s or other planes 

of weakness. Behaviour of a g iven ore i s determined by t r i a l . 

Advantages of Block Caving -

(a) sa fe t y 

(b) cheap min ing , s i nce but l i t t l e d r i l l i n g , b l a s t i n g 

and d r i l l i n g per ten of ore and amount of deve lop

ment i s r e l a t i v e l y smal l 

(c) c e n t r a l i z e d p roduc t i on , pe rm i t t i ng e f f i c i e n t supe rv i s i on 

(d) good na tu ra l v e n t i l a t i o n as compared to o ther cav ing 

methods. 
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Disadvantages of Biock Caving -

(a) p repar ing the b locks f o r cav ing requ i res t ime and 

la rge expense 

(b) cos t of ma in ta in ing d r i f t s in drawing area can be 

high and i n t e r f e r e s w i th product ion 

(c) va ry ing the ra te of p roduct ion to meet changes in 

demand f o r product i s d i f f i c u l t , stoppage of draw

ing f o r a cons ide rab le t ime may r e s u l t in the 

complete l oss of the development openings in the 

area invo lved i f i t i s sub jec t to weight con

c e n t r a t i o n s 

(d) recovery i s sometimes low and there i s constant 

danger of l o s i n g la rge amounts of ore i f good draw 

con t ro l i s not p r a c t i c e d 

(e) t h i s method i s i n f l e x i b l e , once s t a r t e d a change 

to another underground method i s d i f f i c u l t . 

Block Caving method of mining can be s u c c e s s f u l l y 

used where the rock mass has a s u f f i c i e n t number of f r a c t u r e s 

or p lanes of weakness so tha t the mass w i l l break up i f the 

support of an area of s u f f i c i e n t s i z e i s removed by some method 

of u n d e r c u t t i n g . The ma te r i a l " caves " from the bottom of the 

b l o c k . Broken ma te r i a l i s drawn o f f and the cav ing of the 

mass progresses upward through the o r e . There i s a l i m i t to 

the ra te t ha t t h i s cav ing p rog resses , which i s r e l a t i v e to 

the s t r u c t u r e of the ma te r i a l being caved. I f the rock i s 

being drawn f a s t e r than the ore caves , a vo id w i l l be c reated 

which cou ld r e s u l t in a dangerous s i t u t a t i o n . I t i s a l so 

p o s s i b l e to form a s t a b l e arch i f the rock i s mass i s s t rong 

enough so tha t i t i s d i f f i c u l t to promote f u r t h e r c a v i n g . On 

the o ther hand, the ma te r i a l should be drawn r a p i d l y enough to 
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avoid packing in the new undercut and to permit the cav ing 

to proceed upward through the rock mass. The ra te of draw may 

vary from one-ha l f to four f ee t per day. 

Newly b l as ted undercut p i l l a r s i hou ld be p u l l e d 

empty immediately f o l l o w i n g an undercut b l a s t to be sure no 

smal l par ts of p i l l a r remain as support, between the roof and 

the undercut f l o o r . I f not removed at the t ime of unde rcu t t i ng , 

these can support the back of the undercut and i n t e r f e r e wi th 

proper cav ing and t ransmi t damaging weight to the e x t r a c t i o n 

openings below the undercut l e v e l . Ore caves and crushes by i t s 

own weight and tha t of any o v e r l y i n g capping in to p ieces s u i t a b l e 

f o r h a n d l i n g . 

3.2 Mine Design C r i t e r i a 

The major c o n s i d e r a t i o n s f o r the development of 

the mining method and mining plan f o r the Bear Mountain ore 

depos i t are as f o l l o w s ; 

- Min ing method which w i l l g i ve s e l e c t i v i t y , minimal d i l u t i o n 

and high recovery of the resource a v a i l a b l e . 

- Equipment and f a c i l i t i e s w i l l be se l ec ted on s i m p l i c i t y 

of o p e r a t i o n , ease of maintenance, d e p e n d a b i l i t y and 

v e r s a t i l i t y . 

- P lan t f a c i l i t i e s w i l l be designed wi th c o n s i d e r a t i o n of 

ease of on s i t e e r e c t i o n and sa lvage v a l u e . 

- C a p i t a l and opera t ing cos ts w i l l be kept to a minimum 

due to grade and tonnage p ro jec ted f o r the ore body. 

3.2.1 Comparison S u b - l e w l v s . Block Caving - Sub - l eve l 

Caving i s p o s s i b l e in s o f t e r ore and- sma l le r ore bodies but 

should be cons idered where g r a v i t y cav ing may be ques t ionab le 
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because of sparse f r a c t u r i n g or where la rge p ieces may 

r e s u l t in high secondary b l a s t i n g c o s t s . The r e l a t i v e 

advantages of b lock cav ing inc lude the f o l l o w i n g - i t i s t r a d i t i o n a l l y 

cheaper , g i ves l a rge r d a i l y output from a g iven a r e a , requ i res 

less development per ton o r e , and v e n t i l a t i o n i s b e t t e r . 

3.3 Development P lan 

3.3.1 Sub - l eve l Caving Method, see drawing BM-200-1. The 

140 Level and the 47 Level i s developed s imu l t aneous l y . Both 

l e v e l s are d r i ven by t r a c k l e s s methods wi th dimensions of 4.0m 

wide and 3.0m h i g h . Grade i s p lus one h a l f of one pe rcen t . At 

t h i s s tage , the 47 Level i s d r i ven to a po in t approx imate ly 440 

meters which i s adequate from which to d r i v e two r a i s e s from the 

47 Level to the 140 L e v e l , a d i s t a n c e of 93 meters . One r a i s e 

i s used f o r an ore-pass and the o ther f o r manway and v e n t i l a t i o n 

purposes. The r a i s e s are 4 meters apar t w i th shor t c rosscu t s 

to a l l ow access from the manway to the ore-pass when necessary . 

The r a i s e s are d r i ven us ing Al imak equipment. An a i r operated 

chute gate on the ore-pass a l lows minimum s p i l l a g e when mine 

t ruck l o a d i n g . 

The 140 Level i s d r i ven 167 meters to the f o o t w a l l 

area of the Jenner S tock . A d r i f t 4.0 x 3.0 i s d r i ven in the 

f o o t w a l l on a bear ing g e n e r a l l y p a r a l l e l to the s t r i k e of the 

m i n e r a l i z a t i o n . From t h i s d r i f t a s e r i e s of c rosscu t s i s d r i ven 

across the ore body at 14 meter i n t e r v a l s . These c rosscu t s 

extend to the l i m i t s of the m i n e r a l i z a t i o n l . 

A ramp s t a r t s from the main c rosscu t p a r a l l e l to the 

access d r i f t at a s lope of 16 pe rcen t , i h i s a l lows an inc rease 

in e l e v a t i o n of 12.5 meters f o r each length of the ramp, from 
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which e n t r i e s to the mining area s u b - l e v e l s are made. On each 

s u b - l e v e l a s i m i l a r f oo twa l l d r i f t p a r a l l e l to the s t r i k e of 

the ore body from which working c rosscu ts are d r i ven across 

the ore body to the l i m i t s of the m i n e r a l i z a t i o n . An ore pass 

2.0 x 2.0 i s cons t ruc ted to a l low pass ing of development and 

product ion ore from each s u b - l e v e l down to the main ore pass 

on the 140 L e v e l . A 12" g r i z z l y i s loca ted on tha t l e v e l to 

reduce any o v e r s i z e en te r ing the main ore pass to the 47 

L e v e l . A 2.0 x 2.0 vent r a i s e i s d r i ven through to su r face 

to a s s i s t in p r o v i s i o n of adequate v e n t i l a t i o n in the mining 

a r e a . 

The ramp cont inues to prov ide access to the upper

most, near s u r f a c e , s u b - l e v e l s . In t h i s upper a r e a , some 

minor v a r i a t i o n s in the gene ra l i zed layout are r e q u i r e d . 

3 .3 .2 Block Caving Method - The b a s i c development p lan f o r 

the 140 Level and 47 Level haulages i s b a s i c a l l y s i m i l a r to 

tha t desc r ibed f o r the S u b - l e v e l Caving system. The ar range

ment of manway and ore-pass i s s i m i l a r . The main haulage 

140 Level i s cont inued to a po in t near the f o o t w a l l of the ore 

body from which a f oo twa l l d r i f t i s d r i ven p a r a l l e l to the 

genera l s t r i k e of the ore body, from which c rosscu ts are 

d r i ven to t r a v e r s e the des ignated m i n e r a l i z e d zone to i n t e r c e p t 

the hanging wa l l d r i f t . The foo twa l l d r i f t cont inues along 

the southern per imeter of the ore zone to become the hanging-

wa l l d r i f t con t i nu ing along the nor thern per imeter of the ore 

zone to connect wi th the o r e - p a s s . A connect ion i s made from 

the o re -pass back to the f oo twa l l d r i f t and to connect wi th 

the main 140 Level c r o s s c u t . These connect ions w i l l f a c i l i t a t e 

movement of scooptrams when hau l i ng ore to the main ore pass , 

.N. C. CROOME & ASSOCIATES LTD I 





or waste to the waste dump on sur face near the 140 Level a d i t . 

The c rosscu ts from the f oo twa l l d r i f t to the hanging 

wa l l d r i f t are on 24 meter c e n t r e s . F romthese c r o s s c u t , shor t 

stub d r i f t s 3.0 x 3.0 meters are d r i ven a d i s tance up to the 

undercut s u b - l e v e l , a v e r t i c a l d i s t a n c e of 10.5 meters . These 

drawpoints are r e i n f o r c e d and strengthened by a pa t te rn of 

rock b o l t i n g and shot c r e t i n g to avo id d e t e r i o r a t i o n due to 

la rge tonnages pass ing through and secondary b l a s t i n g of la rge 

p ieces of o r e . Access to the undercut s u b - l e v e l i s mainta ined 

from a 15 percent i n c l i n e d r i ven from the 140 Level c r o s s c u t . 

A f o o t w a l l s u b - l e v e l d r i f t i s l oca ted adjacent to the m i n e r a l 

i zed zone and runs p a r a l l e l to the general s t r i k e of the ore body. 

A s e r i e s of c rosscu t s on 12 meter cen t res t r a v e r s e the m i n e r a l i z 

a t i o n . These are connected at each end to f a c i l i t a t e access 

and v e n t i l a t i o n dur ing the development p e r i o d . 

3.4 Min ing P lan 

3.4.1 Sub - l eve l Caving - On complet ion of the development 

program f o r a minimum of 4 s u b - l e v e l s , fan ho le d r i l l i n g i s 

commenced on a v e r t i c a l bas is from the s t a r t i n g s l o t . D r i l l i n g 

i s done wi th an A t l a s Copco e l e c t r i c - h y d r a u l i c d r i l l us ing 2" 

b i t s , the fan angle i s approximately 80 degrees from the 

h o r i z o n t a l . Double fan b l a s t s were conducted at Craigmont 

us ing a 1 meter burden, however, p r a c t i c e in most mines 

i n d i c a t e s a burden 1.8 meters . Good f ragmentat ion and recovery-

are achieved in those c i rcumstance , a l though powder f a c t o r s 

may be h i g h . B l a s t i n g i s normal ly done one fan at a t ime . 

B l a s t i n g i s done wi th ANF0. Only the " s w e l l " or 40 percent 

of the broken ore i s mucked at t h i s t ime , l eav ing the remaining 

60 percent as a f i l l ma te r ia l u n t i l a l l the ore in the b lock i s 

broken and at tha t t ime the remaining ore i s e x t r a c t e d , thus 
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min im iz ing any p o t e n t i a l d i l u t i o n . The ore i s trammed 

us ing ST4 scooptrams, the d i e s e l engines de- ra ted to 105 hp 

to minimize v e n t i l a t i o n requ i rements , to the ore pass on each 

s u b - l e v e l . The ore i s passed through to the 140 Level where 

the o v e r s i z e ma te r i a l i s reduced to a minus 30 cent imeter 

dimension on a g r i z z l y on the 140 L e v e l . The ore cont inues 

down the orepass to the 47 L e v e l . 

3 .4 .2 Block Caving - On complet ion of the development p r e v i o u s l y 

o u t l i n e d , d r i l l i n g from the s u b - l e v e l to prepare cones over the 

draw r a i s e s i s commenced, us ing an e l e c t r i c hyd rau l i c d r i l l , 

d r i l l i n g 2 inch diameter ho les and b las ted wi th ANFO e x p l o s i v e s . 

The d i r e c t i o n of v e r t i c a l i s d i a g o n a l l y across the ore body, 

once s ta r t ed the undercu t t ing proceeding r a p i d l y as p o s s i b l e . 

Drawing of the ore from the f i n g e r r a i s e s u s u a l l y requ i res 

some secondary b l a s t i n g due to p o s s i b l e la rge s i z e d ore ma te r ia l 

from the caved a r e a . The ore i s t ranspor ted by ST4 scooptrams 

from the draw po in ts to the ore pass on the s u b - l e v e l . The 

ore i s reduced in s i z e to minus 30 cent imeters one d i r e c t i o n 

and passed through to the main ore pass to the 47 L e v e l . 

3.5 Ore T ranspor ta t i on 

* 3.5.1 Surface Crushing - The ore would be loaded from an a i r 

operated chute on the main ore pass on the 47 Level and t r a n s 

f e r r e d by d i e s e l mine t ruck to the 200 tonne capac i t y coarse 

ore b in on s u r f a c e , a haul d i s tance of 440 meters. 

Da i l y tonnage ore hauled - 1400 tonnes 

Tonnes per s h i f t M00 = 7 0 0 t o n p e s _ 
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Cyc le Time: load 2.0 minutes 

haul average speed 5 mph 

440 fee t per minute 

t r a v e l t ime 440 x 3.28 
440 

dump 

3.3 minutes 

1.0 minutes 

us ing 2 v e h i c l e s , t ime l o s t in 
pass ing at mid po in t 2.0 minutes 

re tu rn t r i p average speed 6 mph 
528 f e e t per minute 

t r a v e l t ime 440 x 3.28 
528 

To ta l c y c l e t ime 

2.7 minutes 

9.0 minutes 

A v a i l a b i l i t y 80% = 48 minutes 

Cyc les per hour 48 5.3 t r i p s per hour 
9 

Recommended v e h i c l e - J a r v i s C la rk JDT413, 13 ton end dump, 

c a p a c i t y = 11.80 tonnes 

Tonnes per v e h i c l e per s h i f t : 11.8 x 5.3 x 7.0 h r s . = 438 tonnes 

Tota l tonnage per day: 2 v e h i c l e s , 2 s h i f t s = 1752 tonnes 

* Due to environmental c o n s i d e r a t i o n s , a i r and no ise p o l l u t i o n , 

su r face c rush ing i s not being recommended at t h i s t ime . 

3 .5 .2 Underground Crushing - The ore i s t r a n s f e r r e d from the 

orepass through an a i r operated chute gate on the main o re -

pass on 47 L e v e l . The ore i s trammed in a d i e s e l powered 

rea r dump mine t ruck s i m i l a r to the J a r v i s C la rk JDT413, to 

the coarse ore b i n , a d i s t ance of 200 meters . 

use 2 t r ucks per s h i f t 

D a i l y tonnage per s h i f t 1500 
•2 = 750 tonnes 
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Cycle Time: Load 2.0 minutes 

haul average speed 5 mph 

440 f e e t per minute 

t r a v e l t ime 200 x 3.28 = 1.5 minutes 
440 

dump 1.0 minutes 

re tu rn t r i p average speed 6 mph 
528 f e e t per minute 

t r a v e l t ime 200 x 3.28 = 1.3 minutes 
528 

To ta l c y c l e t ime 5.8 minutes 
(say 6.0 minutes) 

A v a i l a b i l i t y 80% = 48 minutes 

Cyc les per hour 48 = 8 t r i p s per hour 
6 

Recommended v e h i c l e J a r v i s C la rk JDT413, 13 ton end dump 

capac i t y = 11.8 tonnes 

Tonnes per s h i f t 11.8 x 8 x 7.5= 755 tonnes per s h i f t 
use one t ruck per s h i f t 

The ore i s dumped in to a 1500 tonne c a p a c i t y coarse 

ore s torage b i n . The ore i s fed from the coarse ore s torage 

b in by a Ross cha in feeder i n to a 30" x 42" jaw c rushe r . 

The ore i s crushed to minus 4 " , and fed to a 32 conveyor 

b e l t , length 27 meters . Conveyor No. 1 i s 27 meters long 

and d ischarges in to a 4V2 foot shor t head cone c rushe r . The 

ore i s reduced to minus V and fed onto a 30 inch conveyor . 

Conveyor No. 2 t r anspo r t s the f i n e ore up a 17 degree i n c l i n e 

and d ischarges in to the f i n e ore b i n . The f i n e ore b in has 

10,000 capac i t y of which 3,000 tonnes are i n l i v e s to rage . 
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3.6 Mine V e n t i l a t i o n 

3.6.1 Sub - l eve l Caving - In the s u b - l e v e l cav ing method, 

v e n t i l a t i o n i s r e l a t i v e l y s imp le . Primary mine v e n t i l a t i o n 

i s prov ided by 75,000 cfm vane a x i a l fan exhaust ing from the 

d e c l i n e where i t connects through to s u r f a c e . V e n t i l a t i o n in 

the va r ious s u b - l e v e l working area i s mainta ined by fans and 

vent p ipes to the working faces and b l a s t i n g a r e a s . A vent 

r a i s e i s loca ted on the 140 Level which cont inues through to 

s u r f a c e , a 25,000 cfm fan loca ted on Level 140 w i l l p rov ide 

a d d i t i o n a l v e n t i l a t i o n to the working a r e a s . The main haulage 

w i l l thus be i ncas t and contaminated a i r removed from the 

workings as e x p e d i t i o u s l y as p o s s i b l e . 

3 .6 .2 Block Caving - In the b lock cav ing mining method, the 

adequate v e n t i l a t i o n becomes more d i f f i c u l t as a l l o p e r a t i o n s , 

b l a s t i n g and tramming, takes p lace on the 140 Level and the 

undercut s u b - l e v e l . Pr imary mine v e n t i l a t i o n i s prov ided by 

a 75,000 cfm a x i a l vane fan loca ted at the p o r t a l of the 140 

Level which i s c l osed by doors f o r c i n g the a i r i n to the draw 

po in t areas where secondary b l a s t i n g of o v e r s i z e muck i s t ak i ng 

p l a c e . Contaminated a i r i s d ischarged through to su r face 

through a vent r a i s e equipped wi th a 75,000 cfm a x i a l vane 

fan loca ted on s u r f a c e . 

3 .6 .3 Underground Crushers - The underground c rushers are 

equipped wi th dust c o l l e c t o r s w i th contaminated a i r pass ing 

being fo rced out the conveyor d e c l i n e by an a x i a l vane fan 

loca ted on the 47 Level at the access r a i s e from the pr imary 

c rush ing chamber. 
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3.7 Manpower Requirements Mine 

3.7.1 Sub - l eve l Caving  

S t a f f 

Mine Super intendent 1 
S h i f t Boss 2 
Maintenance Foreman 1 
Ch ie f Mine Engineer 1 
Mine Surveyor 1 
Technic ian 2 
Ch ie f Geo log i s t 1 
Sampler 1 
Mine C lerk 1_ 

Sub Tota l 11 

Mine Operat ing Labor , hour ly ra te 

Development miners 8 
Long Hole D r i l l e r s & B l a s t e r s 4 
Mucking Crew 8 
Tramming Crew 2 

Sub Tota l 22 

Mine Maintenance & Se rv i ce Labor 

E l e c t r i c i a n s 2 
D iese l Mechanics 2 
Welder l 
Timber men 2 
Changehouse & Lamproom 1 

Sub Tota l 8 

Crushing 

Operators 4 

Sub Tota l 4 

Tota l Underground Manpower Requirement 
Sub - l eve l Caving 45 
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3 .7 .2 Block Caving 

S t a f f 

Mine Super intendent 1 
S h i f t Boss 2 
Maintenance Foreman 1 
Ch ie f Mine Engineer 1 
Mine Surveyor 1 
Techn ic ian 2 
Ch ie f Geo log is t 1 
Sampler 1 
Mine C le rk 1 

Tota l 11 

Mine Operat ing Labor , hour ly ra te 

Development miners 
B l a s t e r s draw hole 
Mucking Crew 
Tramming Crew 

Sub Tota l 

Mine Maintenance & Se rv i ce Labor 

E l e c t r i c i a n s 
D iese l Mechanics 
Welder 
Timber men 
Changehouse & Lamproom 

Sub Tota l 

Crushing 

Crushermen 

Sub Tota l 

Tota l Underground Manpower Requirement 
Block Caving 

20 

2 
2 
1 
6 

__1_ 

12 

4 

47 
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4.0 MILLING 

4.1 Review of M e t a l l u r g i c a l Informat ion 

During 1986, l abo ra to ry m e t a l l u r g i c a l t e s t i n g was 

performed on diamond d r i l l c o r e . 

This i n v e s t i g a t i o n , conducted by Coastecn Research, of 

North Vancouver, determined tha t ma te r i a l from the depos i t i s 

amenable to p rocess ing us ing convent iona l technology c o n s i s t i n g 

of g r a v i t y and f l o t a t i o n c o n c e n t r a t i o n , as we l l as c y a n i d a t i o n . 

The t e s t i n g i n d i c a t e d th ree t e c h n i c a l o p t i o n s , as 

f o l l o w s : 

(1) g r a v i t y concen t ra t i on fo l l owed by cyan ida t i on 

(2) g r a v i t y concen t ra t i on fo l l owed by f l o t a t i o n 

concen t ra t i on and s a l e of the f l o t a t i o n concent ra te 

(3) g r a v i t y concen t ra t i on fo l l owed by f l o t a t i o n 

concen t ra t i on fo l l owed by cyan ida t i on of the f l o t a t i o n 

concen t ra te . 

This work determined tha t Au recovery in the high 80 ' s 

to low 90 ' s i s a t t a i n a b l e , and there d id not appear to be any 

t e c h n i c a l de te ren ts to the p rocess ing of t h i s m a t e r i a l . 

Par t of t h i s study inc luded a 50 kg t a b l e g r a v i t y con

c e n t r a t i o n t e s t performed at Sando Research, D e l t a , B . C . , under 

the d i r e c t i o n of Kerr Addison and r e s u l t s reviewed by Coas tecn . 

The t e s t i n g c o n s i s t e n t l y i n d i c a t e d tha t a g r a v i t y recovery 

of +50% was a c h i e v a b l e , a l though the r a t i o s of concen t ra t i on were 

qu i t e low, as t e s t e d . 

During the p e r i o d , August to November, 1987, approx imate ly 

1,000 tonnes of " o r e " from the underground development was processed 

through a g r a v i t y + f l o t a t i o n p i l o t m i l l . Th is p l a n t , owned and 
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operated by Coastech Research, cons i s t ed of c r u s h i n g , g r i n d i n g , 

and recovery c i r c u i t s which u t i l i z e d g r a v i t y and f l o t a t i o n 

c o n c e n t r a t i o n . 

P i l o t i n g was performed in an attempt to de r i ve a c o r r e l 

a t i on between the grade e s t a b l i s h e d by underground sampling based 

upon diamond d r i l l , f a c e , and muck samples and a grade determined 

by c a l c u l a t i o n from m e t a l l u r g i c a l p roduc ts . The e x c l u s i o n of 

cyan ida t i on was based upon environmental pe rm i t t i ng pragmation 

ra the r than any apparent s u p e r i o r i t y of the other un i t o p e r a t i o n . 

The p i l o t p l a n t , which operated at 700 k g / h r , was sampled r e g u l a r l y , 

and m e t a l l u r g i c a l statements were prepared f o r each of the 9 t e s t 

samples. 

S u r p r i s i n g l y , al though the o v e r a l l gravi t> + f l o t a t i o n 

recovery was c o n s i s t e n t wi th the r e s u l t s p red i c ted from the 

bench sca le t e s t i n g , the d i s t r i b u t i o n in recovery was s i g n i f i c 

an t l y d i f f e r e n t , as f o l l o w s : 

JJnit Operat ion Bench Sca le Pi l o t i n g 

Grav i t y recovery 55 20 
F l o t a t i o n 37 72 

Tota l 92 * * 92 

* * - Based upon an est imated 3.0 g / t feed grade. 

In summary, the p lan t opera t ing meta l lu rgy i s a n t i c i p a t e d 

to be as f o l l o w s : 

Product Wt % Au g / t Au D i s t r i b u t i o n 

Grav i t y concent ra te 20 
Cyan ida t ion B u l l i o n 68.2 (1) 

Tota l Sa leab le 88.2 
T a i l i n g - cyan ida t i on 2.0 5.4 3.6 

T a i l i n g - f l o t a t i o n 98.0 .25 8.2 

Feed 100.0 3.0 100.0 
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Samples of the p i l o t p lan t f l o t a t i o n concent ra te have 

been leached by the Hawthorn Labora to ry . Th is i n v e s t i g a t i o n 

determined tha t the ma te r i a l responded we l l to c y a n i d a t i o n , wi th 

recove r i es of 95%". 

As expec ted , the f l o t a t i o n concent ra te which i s p re 

dominant ly p y r r h o t i t e , o x i d i z e s r e a d i l y . The p lan t w i l l need to 

be operated in a manner so tha t the f l o t a t i o n concent ra te i s not 

exposed to a i r , s i nce there i s a s i g n i f i c a n t r i s k of spontaneous 

combust ion. Even minor o x i d a t i o n w i l l i nc rease both the l ime and 

cyanide consumption seve ra l f o l d . 

4.2 Process Design C r i t e r i a 

4.2.1 Produc t ion C r i t e r i a 

Annual p rocess ing ra te 350,000 mt 
Average d a i l y tonnage 1,000 mt 
Annual opera t ing t ime 350 days 
P lan t a v a i l a b i l i t y 96 % 
Average head grade (assumed) 3.0 g / t Au 
Recovery 

Grav i t y 20 % 
F l o t a t i o n + Cyan ida t ion 68.2 % 
Tota l 88.2 % 

Product ion 
D a i l y 2.6 kg Au 

85.2 oz Au 
Annualy 927.5 kg Au 

29,800 oz Au 
P lan t t a i l i n g grade 

F l o t a t i o n t a i l i n g .25 g / t Au 
Leach t a i l i n g 5.4 g / t Au 

F l o t a t i o n concent ra te grade 107 g / t Au 

4 .2 .4 Crushing 

Mine ore pass ing s i z e 600 mm 
24 mm 

Ore mois ture 5 % 
Ore s p e c i f i c g r a v i t y 2.8 
Ore bulk dens i t y 1.9 mt/ cu m 

100 #/cu f t 
Coarse ore s torage 1,500 mt 
Crushing ra te 250 mth 
Crushing schedule 1 s h i f t / day / 5 days / week 
Crushing product s i z e 80% pass ing 12 mm 

0.5 mm 
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4 . 2 . 3 Fine Ore Storage 
Capac i ty - l i v e 
Capac i ty - Tota l 

4 .2 .4 Gr ind ing 

Work Index - rod m i l l * * * 
Work Index - b a l l m i l l * * * 

* * * sub jec t to con f i rma t i on 
Product s i z e - rod m i l l 
Product s i z e - cyc lone over f low 

4 .2 .5 Grav i t y C i r c u i t 

Au recovery 
Au produc t ion - d a i l y 

- annual 

Concentrate grade 
Concentrate product ion 

4 .2 .6 F l o t a t i o n 

Feed dens i t y 
Retent ion t ime 
Cleaner stages 
Reagent requirements 

Potassium amyl xanthate (PAX) 
Methyl i s o b u t y l c a r i n o l (MIBC) 

Rat io of concenta t ion 
Concentrate p roduc t ion - d a i l y 

- annual 
Concentrate grade 
Concentrate SG 

4 . 2 . / Cyan ida t ion 

Schedule 7 days / week: 52 wk/year 
Au recovery 
Au produc t ion - d a i l y 

- annual 

Reagent requirements 
Sodium cyanide (NaCN) 

3,000 mt 
10,000 mt 

25 kwh/mt 
25 kwh/mt 

1,500 micron 
75 micron 

20 % 
.6 kg 

19.3 oz 
210 kg 

6,800 oz 
30,000 g / t Au 

20 kg/day 

40 % s o l i d s 
20 minutes 

1 

15 g / t 
100 g / t 
50:1 
20 mt 

7,300 mt 
107 g / t Au 
4 .5 

95 % 
2.05kg 

65.8 oz 
716 kg 

23,000 oz 

10 kg / t cone 
.2 k g / t ore 
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Lime (CaOH2) 

Retent ion t ime 
Stages 

Carbon load ing - Au 

- Ag 

Screen type -

10 kg / t cone 
.2 kg / t ore 

36 hr 
6 

/ ,000 g / t 
200 o z / t 

g / t 
o z / t 

launder 

4 . 2 . 8 Carbon S t r i p p i n g 

Type pressure 
Schedule 5 days/wk 
Au removal 2.05 kg 

65.8 oz 
Batch s i z e .41 mt 
Cyc le t ime al lowance 24 hr 
S t r ipped carbon 240 g / t Au 

7 o z / t Au 

4 .2 .9 E lec t row inn ing 

C e l l type 
Cathodes 
S o l u t i o n r e t en t i on t ime 
Schedule 

4 .2 .10 Carbon Regenerat ion 

Furnace type 
Capac i ty 
Temperature 
Schedule 

4.2.11 T a i l i n g D isposa l 

Terminal dens i t y 

Rec tanyu la r /Zadra 
+12 

60 minutes 
To s u i t s t r i p p i n g 

v e r t i c a l / t u b e / e l e c t r i c 
25 kg /h r 

600-700 deg C 
As requ i red 

75% s o l i d s 
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4.3 Process D e s c r i p t i o n 

Because of the p r e l i m i n a r y nature of t h i s i n v e s t i g a t i o n , 

i t i s premature to suggest on ly a s i n g l e f lowsheet o p t i o n . 

The environmental and r e c r e a t i o n a l s e n s i t i v i t y of the 

m i n e s i t e , almost c e r t a i n l y w i l l n e c e s s i t a t e some compromises in 

both cos ts and gold recovery . 

If the s i t e was somewhat more remotely l o c a t e d , and had 

the a v a i l a b i l i t y of an i dea l t a i l i n g d i s p o s a l s i t e , the optimum 

process f lowsheet would c o n s i s t of g r a v i t y concen t ra t i on .?.nd 

s t r a i g h t c y a n i d a t i o n . 

Although t h i s c i r c u i t would maximize go ld recove ry , at 

an acceptab le c a p i t a l and opera t ing cos t i t would do so on ly by 

i gnor ing seve ra l m i n e r a l o g i c a l and s i t e c o n s t r a i n t s , as f o l l o w s : 

(1) The ore con ta ins p y r r h o t i t e , a r e a d i l y o x i d i z e d i ron su lph ide 

m i n e r a l , which i s poor ly viewed from the pe rspec t i ve of a c i d 

genera t ion p o t e n t i a l . 

(2) The i n s t a l l a t i o n of a cyan ida t i on p lan t on the edge of Har r ison 

Lake, a l though t e c h n i c a l l y f e a s i b l e , w i l l l i k e l y meet wi th 

cons ide rab le p o l i t i c a l and s o c i a l o p p o s i t i o n . 

(3) The use of Har r i son Lake f o r t a i l i n g d i s p o s a l i s l i k e l y to be 

t e c h n i c a l l y f e a s i b l e . However, from a pragmatic v iewpo in t , i t 

w i l l be much e a s i e r to ob ta in pe rm i t t i ng f o r the d i s p o s a l of 

t a i l i n g from a f l o t a t i o n concen t ra to r than from a s t r a i g h t 

cyan ida t i on p lan t no matter how many assurances can be o f f e red 

to the p u b l i c and the government. 

The a l t e r n a t i v e of us ing a t a i l i n g s i t e o ther than Har r i son 

Lake i s n e i t h e r t e c h n i c a l l y a t t r a c t i v e nor i nexpens i ve . The 

on ly s u i t a b l e land s i t e s would i nvo l ve e i t h e r su r face ore 

haulage or t a i l i n g pumping through a des ignated park . 
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There fo re , the recommended process f lowsheet c o n s i s t s 

of g r a v i t y and f l o t a t i o n concen t ra t i on at the m ines i t e fo l l owed by 

concent ra te cyan ida t i on at a second s i t e in the Aggasiz area in a 

l o c a t i o n which prov ides a h igher l e v e l of environmental p r o t e c t i o n 

than does the proposed m i l l s i t e ad jacent to Har r i son Lake. 

I t i s our op in ion tha t t h i s p r o p o s a l , a l though somewhat 

more c o s t l y from a c a p i t a l and opera t ing pe rspec t i ve than the 

p re fe r red g r a v i t y + s t r a i g h t c y a n i d a t i o n , g i ves due r e c o g n i t i o n to 

the s i t e c o n d i t i o n s . I t i s a n t i c i p a t e d tha t the proposed f lowsheet 

w i l l r e s u l t in a l oss in go ld recovery of approx imate ly 5% ($2.80/ 

tonne) , but a s i g n i f i c a n t po r t i on of t h i s w i l l be recovered in 

decreased opera t ing cos ts assoc ia ted wi th the supply of NaCN, and the 

opera t ion of the i n e v i t a b l e cyanide d e s t r u c t i o n c i r c u i t . 

From a comminution p e r s p e c t i v e , a l though the ore can be 

r e a d i l y processed in a g r i nd i ng c i r c u i t c o n s i s t i n g of a rod m i l l 

and a b a l l m i l l , the ore appears to have p h y s i c a l c h a r a c t e r i s t i c s 

which may make semi-autogenous g r i n d i n g (SAG m i l l + b a l l m i l l ) an 

a t t r a c t i v e a l t e r n a t i v e . At t h i s p o i n t , the proposal recommends 

the i n s t a l l a t i o n of a rod m i l l - b a l l m i l l g r i n d i n g c i r c u i t . However, 

as the p ro j ec t advances, the op t ion of SAG m i l l - b a l l m i l l g r i nd i ng 

must be cons ide red , s i nce t h i s op t ion can p o t e n t i a l l reduce the 

c a p i t a l cos t and may reduce opera t i ng cos ts somewhat. 

The proposed process f l owshee t , t h e r e f o r e , i s as f o l l o w s : 

The as-mined ore w i l l be crushed underground to -12mm 

(Ik"), and b e l t conveyed to a covered c o n i c a l f i n e ore s t o c k p i l e 

loca ted on s u r f a c e . Al though the c l ima te does not i n d i c a t e a 

need f o r cover ing the p i l e , i t s use i s recommended to reduce 

d u s t i n g . 

F ine ore w i l l be withdrawn from the p i l e us ing tube 

feeders onto a b e l t conveyor which w i l l feed the g r i n d i n g c i r c u i t . 

The rod m i l l - b a l l m i l l c i r c u i t w i l l operate wi th the rod m i l l i n 

open c i r c u i t and the b a l l m i l l c l o s e d c i r c u i t e d wi th hydrocyc lones . 

A . C. CROOME & ASSOCIATES LTD 1 



42 

A minera l j i g w i l l be i n s t a l l e d at the d ischarge end of 

the b a l l m i l l f o r pr imary g r a v i t y go ld recove ry . A W i l f l e y t a b l e 

w i l l be used f o r upgrading the j i g concent ra tes i n to e i t h e r a s a l e 

able product or one which c^.n be smelted o n - s i t e i n to b u l l i o n . 

The cyc lone over f low d ischarges to a f l o t a t i o n c i r c u i t 

which w i l l c o n s i s t of a rougher and s i n g l e c leane r s tage . S ince 

the concent ra te w i l l be cyanided nearby, the emphasis on the 

f l o t a t i o n c i r c u i t w i l l be to maximize go ld recovery ra the r than 

maximum concent ra te grade. 

The d a i l y 20 tonnes of f l o t a t i o n concent ra te w i l l be 

dewatered in a t h i c ken ing + f i l t r a t i o n c i r c u i t and t rucked to 

a second s i t e f o r c y a n i d a t i o n . I t i s a n t i c i p a t e d tha t the 

cyan ida t i on p lan t w i l l be loca ted w i t h i n 10 km of the m i n e s i t e . 

P a r t i c u l a r a t t e n t i o n must be pa id to main ta in the p y r r h o t i t e 

concent ra te in an a l k a l i n e s t a t e to avo id o x i d a t i o n and p o s s i b l e 

spontaneous combust ion, e i t h e r of which w i l l s u b s t a n t i a l l y i nc rease 

the consumption of NaCM and l ime , and the cos t of cyanide d e s t r u c t i o n . 

The cyanide c i r c u i t w i l l u t i l i z e c a r b o n - i n - l e a c h (CIL) 

cyan ida t i on to produce b u l l i o n . Al though the d a i l y p roduct ion 

of f l o t a t i o n concent ra te i s s u f f i c i e n t l y smal l t ha t the c i r c u i t 

cou ld be operated f o r on ly 5 days per week, the need f o r s e c u r i t y 

i n d i c a t e s tha t cont inuous coverage be prov ided at the s i t e . I t 

i s , t h e r e f o r e , suggested tha t the cyan ida t i on p lan t be operated 

c o n t i n u o u s l y , and tha t cons ide rab le a t t e n t i o n be g iven to p lan t 

s e c u r i t y . Th is would l i k e l y c o n s i s t of both a secure compound, and 

camera s u r v e i l l a n c e to the m i n e s i t e . 

The proposed f lowsheet i s as f o l l o w s : 

The dewatered f l o t a t i o n concent ra te w i l l be d ischarged 
to a 50 ton surge hopper, from which the concent ra te can be 
con t i nuous l y drawn and fed to a p reae ra t i on tank immediately ahead 
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of the f i r s t leach ing tank . The 6 CIL tanks i n s t a l l e d in s e r i e s 

w i l l p rov ide a t o t a l of 36 h r . of con tac t t ime . Th is i s a n t i c i p a t e d 

to be s u f f i c i e n t f o r both go ld leach ing and carbon a d s o r p t i o n . 

The leached res idue w i l l be con t i nuous l y f i l t e r e d on a 

d i sk f i l t e r so tha t the barren s o l u t i o n can be r e c y c l e d , and the 

dewatered leached t a i l i n g be passed through a cyanide d e s t r u c t i o n 

c i r c u i t . 

A f t e r cyanide d e s t r u c t i o n , the f i l t e r cake w i l l be back-

hauled to the m i l l s i t e us ing the concent ra te haulage t r u c k . At the 

m i l l s i t e , the leached t a i l i n g w i l l be d ischarged to a b in from 

which i t w i l l be b e l t conveyor fed in to the f l o t a t i o n t a i l i n g l i n e 

f o r d ischarge in to Har r i son Lake below the 50 m. e l e v a t i o n . 

The labora to ry t e s t i n g has i n d i c a t e d tha t p r o v i d i n g , the 

concent ra te i s kept from o x i d i z i n g i n s t o r a g e , and i s preaerated 

p r i o r to c y a n i d a t i o n , the d i s s o l u t i o n of i r on can be c o n t r o l l e d . 

It i s a n t i c i p a t e d tha t by avo id ing the o x i d a t i o n of 

p y r r h o t i t e , the d i s s o l u t i o n of Fe can be kept under c o n t r o l , in 

which case there w i l l be no need to d i scharge s o l u t i o n s from the 

p l a n t . The on ly chemical b leed w i l l be in the form of leached 

t a i l i n g cake mo is tu re . I f t h i s does not occu r , the p o s s i b i l i t y 

of needing to d i scharge a f u r t h e r 7% on the s o l u t i o n d a i l y w i l l 

be prov ided by the i n s t a l l a t i o n of an evapora tor w i th a capac i t y 

of 2 mt/day. 

E v e n t u a l l y , i t may be p o s s i b l e to demonstrate to the 

s a t i s f a c t i o n of the env i ronmen ta l i s t s tha t t h i s p lan t can be 

operated wi thout any s i g n i f i c a n t envi ronmental r i s k , in which 

case i t may be p o s s i b l e to t r a n s f e r the p lan t and equipment to 

the m i l l s i t e , to reduce opera t ing c o s t s . 

The process f lowsheets are i l l u s t r a t e d in d e t a i l in 

drawings BM-400-1 and BM-400-2 by 6. Hawthorn, P . E n g . , M inera l 

Process ing Engineer , Kerr Addison Har r i son Lake Gold P r o j e c t , 

Bear Mounta in, B .C . 
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4.4 M a t e r i a l Balance and Equipment S i z i n g 

See Drawings BM-400-1 and BM-400-2 by G. Hawthorn, 

P . E n g . , M inera l P rocess ing Eng ineer , e n t i t l e d Kerr Addison 

Har r i son Lake Gold P r o j e c t , Bear Mountain, B .C . 

4.5 P lan t S i t e Locat ion and Desc r [p t i on 

The proposed s i t e f o r the g r a v i t y and f l o t a t i o n 

concen t ra t ion f a c i l i t i e s would be loca ted near the m ines i te at 

an e l e v a t i o n of 45 meters above tha t of Har r i son Lake. The 

d i s tance from the i n t e r s e c t i o n of Har r i son Hot Spr ings road and 

Rockwell S t ree t to the m i l l s i t e i s es t imated at 5.3 k i l o m e t e r s . 

The m i l l s i t e i s loca ted on a r e l a t i v e l y f l a t area adjacent to 

the paved road , approx imate ly 100 meters from Har r i son Lake, 

see Drawing BM-100-1. The cyan ida t i on of the concent ra te would 

be accompl ished at a second s i t e in the Agass iz area in an un

des ignated l o c a t i o n , which prov ides a h igher l e v e l of e n v i r o n 

ment p r o t e c t i o n than does the proposed m i l l s i t e adjacent to 

Har r i son Lake. Both p rope r t i e s must be acqu i red by purchase 

from o t h e r s . 

4.6 T a i l i n g D isposa l 

The i dea l l o c a t i o n f o r the d i s p o s a l of t a i l i n g from 

the opera t ion i s in Har r i son Lake. 

P r i n c i p a l l y , t h i s has occurred because the conta ined 

p y r r h o t i t e in both the ore and the t a i l i n g w i l l tend to make the 

ore ac i d g e n e r a t i n g . To prevent t h i s c o n d i t i o n from ever being 

r e a l i z e d , the t a i l i n g w i l l need to be d isposed of in an oxygen 

dep le ted environment. 

Har r ison Lake prov ides t h i s environment s ince the lake 
is very deep w i t h i n 1 km of the m ines i t e and prov ides almost 
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i n f i n i t e d i s p o s a l c a p a c i t y . In tha t smal l po r t i on of the lake 

shown in F igure BM 405-1 there i s s u f f i c i e n t capac i t y to impound 

+50 m i l l i o n tonnes of t a i l i n g below the 50 meter dep th . This 

i s s u b s t a n t i a l l y in excess of the p o t e n t i a l reserves of the mine. 

The a l t e r n a t i v e of on- land d i s p o s a l i s u n a t t r a c t i v e 

s ince i t would invo lve sur face t ruck haulage of s l u r r y pumping 

through Sasquatch P r o v i n c i a l Park . 

Even though the proposed use of Har r i son Lake f o r 

t a i l i n g d i s p o s a l w i l l meet wi th some r e s i s t a n c e , we are s a t i s f i e d 

tha t i t s use i s both t e c h n i c a l l y f e a s i b l e , and ought to be reason

ab le we l l rece ived by the pe rm i t t i ng agenc ies . 

The use of f r esh water lake t a i l i n g d i s p o s a l in B .C. 

has been t e c h n i c a l l y demonstrated wi th the use of Kootenay Lake 

by both the Cominco B l u e b e l l opera t ion (+1,000,000 tonnes 

processed) and Yale Lead and Z inc (A inswor th , +1,000,000 tonnes ) . 

I t i s proposed tha t the t a i l i n g be d ischarged as a 

s l u r r y us ing a submerged po lye thy lene l i n e at a c o n t r o l l e d 

g rad ien t of approximately \% to te rminate approx imate ly 1 km 

from the shore at a depth of 10 meters at a l o c a t i o n in the lake 

where the depth exceeds 50 meters . The l i n e should be graded to 

tha t from the s h o r e l i n e i t drops q u i c k l y to a depth below which 

i t w i l l not be a n a v i g a t i o n a l hazard . 

The l o c a t i o n of the l i n e w i l l need to be we l l marked 

on sur face so tha t i t w i l l not i n t e r f e r e e x c e s s i v e l y wi th spor ts 

f i shermen, or v i c e v e r s a . 

4 .7 Cyanide Des t ruc t i on 

Laboratory leach ing of f l o t a t i o n concent ra te has 

i n d i c a t e d tha t p r o v i d i n g : 
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(1) the concent ra te i s prevented from o x i d i z i n g 

(2) p reae ra t i on i s inc luded in the leach ing c i r c u i t 

(3) the s o l u t i o n i s changed a f t e r p reae ra t i on 

the cyan ida t i on c i r c u i t w i l l operate w e l l , and the s o l u t i o n 

w i l l not s u f f e r from excess i ve f o u l i n g . 

f o l I O W J 

The a n t i c i p a t e d barren s o l u t i o n a n a l y s i s i s as 

M a t e r i a l A n a l y s i s 

Fe 1900 ppm 
Cu 2 ppm 
CN t 4000 
CN Fe 3800 
CN wa < 100 
CN f r e e 100 
pH 10.5 

The i n e v i t a b l e cyanide d e s t r u c t i o n c i r c u i t to t r e a t 

on ly the dewatered t a i l i n g f i l t e r cake , w i l l use e i t h e r S 0 2 / A i r 

or hydrogen perox ide (H202), e i t h e r one of which w i l l dest roy 

the r e l a t i v e l y s t a b l e i r on cyan ide . A l k a l i n e c h l o r i n a t i o n , 

which w i l l not dest roy Fe cyan ide , cannot be u^ed. 

No t e s t i n g has been done wi th e i t h e r o p t i o n , but 

there has been s u f f i c i e n t i n d u s t r i a l a p p l i c a t i o n of both of 

these systems, tha t success can be i n s u r e d , at a cost which 

can be supported by the o p e r a t i o n . 

4 .8 Ac id Generat ion P o t e n t i a l 

A s i n g l e ac i d genera t ion p o t e n t i a l t e s t , us ing the 

ac i d / base account ing system, was performed on p i l o t p lan t f eed . 

This t e s t determined tha t the sample was not p o t e n t i a l l y ac id 

g e n e r a t i n g , as f o l l o w s : 
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S 1.26% 
Ac id p o t e n t i a l 42.5 * 
N e u t r a l i z a t i o n p o t e n t i a l 54.3 
Net p o t e n t i a l 11.8 n e u t r a l i z i n g 

* tons ca lc ium carbonate per 1,000 tons m a t e r i a l . 

A d d i t i o n a l sampling and t e s t i n g w i l l be requ i red to 

determine whether t h i s c h a r a c t e r i s t i c a p p l i e s to the e n t i r e 

d e p o s i t . The p i l o t p lant opera t ion i n d i c a t e s tha t t h i s i s 

the c a s e . 

I f the depos i t as a whole i s not a c i d gene ra t i ng , the 

i m p l i c a t i o n f o r mine opera t ion and s i t e abandonment are 

s i g n i f i c a n t and f a v o u r a b l e . The regu la to r y a u t h o r i t i e s w i l l 

be much more r e c e p t i v e to an a p p l i c a t i o n i f the o r e , waste, 

and t a i l i n g can be demonstrated to be not a c i d gene ra t i ng , 

s i nce there w i l l be no r i s k of envi ronmental damage a f t e r the 

s i t e has been abandoned. 

4 .9 Manpower Requirements - M i l l 

For purposes of t h i s d i s c u s s i o n , i t i s assumed tha t 

the m i l l opera t ion w i l l extend from the f i n e ore p i l e to the 

t a i l i n g d i s p o s a l system, and that the mine department w i l l 

operate the underground c rush ing p l a n t . 

P o s i t i o n Number 

M i l l Super intendent 1 
M i l l Foreman 1 
Gr ind ing Operator 4 
F l o t a t i o n Operator 4 
Leaching P lan t Operator _4 

Tota l d i r e c t opera t ions - 14 

Assayer 1 
A s s i s t a n t Assayer 1 
Mechanical Trades 3 
E l e c t r i c a l Trades J L 

Tota l 20 
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5.0 SERVICES 

5.1 E l e c t r i c a l 

B. C: Hydro w i l l supply 25KV 3 phase power from i t s 

s u b - s t a t i o n at the i n t e r s e c t i o n of Highways 7 and 9 west of 

A g a s s i z . Th is w i l l e n t a i l some s u b - s t a t i o n m o d i f i c a t i o n s 

and c o n s t r u c t i o n of approximately 7.0 m i les of overhead 

l i n e . The i r s e r v i c e w i l l te rminate at the proper ty boundary. 

They w i l l r equ i re the c l i e n t to p rov ide a c i r c u i t r e c l o s e r 

(a type of c i r c u i t breaker) at t h i s po in t to co -o rd ina te wi th 

t h e i r system p r o t e c t i o n . This would be a po le mounted d e v i c e . 

B .C. Hydro meter ing would be i n s t a l l e d at t h i s p o i n t . 

The c l i e n t w i l l b u i l d a shor t 25KV overhead l i n e to 

the m i l l s i t e and mine a d i t a r e a . The main t rans former s t a t i o n 

w i l l be outdoors ad jacent to the m i l l b u i l d i n g . Power w i l l 

be t ransformed from 25KV to 4.16KV wi th a c a p a c i t y of 2000 KVA. 

Three s i n g l e phase t ransformers w i l l be used wi th a spare un i t 

i n s t a l l e d to ensure c o n t i n u i t y of s e r v i c e . 

Power d i s t r i b u t i o n and motors, 250 hp or l a r g e r , w i l l 

be 4160 v o l t s w i th un i t subs ta t i ons p rov id i ng 600 v o l t power 

f o r sma l l e r l o a d s . An overhead l i n e at 4160 v o l t s i s inc luded 

f o r the m i l l water supply pumphouse. 

5.2 Water Supply 

Har r i son Lake w i l l p rov ide an adequate supply source 

f o r the p lan t s i t e process and domestic water due to i t s 

p rox im i t y to the demand area and i t s r e l i a b i l i t y as an economic 

supply sou rce . The water w i l l be pumped from the lake to a 

tank at an e l e v a t i o n capable of p rov id i ng g r a v i t y supply to 

the p ro j ec t a r e a . A water l i c e n c e a p p l i c a t i o n w i l l have to be 
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made and the Heal th Branch of the M i n i s t r y of Environment 

w i l l have to approve the water des ign system. A l l water 

supp l i ed w i l l be d i s i n f e c t e d by c l o r i n a t i o n p r i o r to d e l i v e r y 

to the demand a reas . Domestic and f i r e water supply from the 

storage tank w i l l be prov ided through a combinat ion of 8 inch 

and 6 inch l i n e s . The 8 inch s e c t i o n of the p i p e l i n e w i l l be 

requ i red f o r the M i l l S i t e f i r e supply system and w i l l be 

extended to form a f i r e l oop , complete w i th hydran ts , around the 

p lan t b u i l d i n g s . The f i r e pump f o r s p r i n k l e r a p p l i c a t i o n w i l l 

draw suc t i on from t h i s 8 inch f i r e l oop . 

5.3 Maintenance F a c i l i t i e s 

Maintenance f a c i l i t i e s f o r the su r face opera t ions w i l l 

be housed in an adjunct to the m i l l b u i l d i n g . This shop w i l l 

be equipped to main ta in the m i l l equipment. Due to the p rox im i ty 

of l a r g e r communities wi th ex tens i ve shop f a c i l i t i e s , the on-

s i t e f a c i l i t i e s w i l l be kept to a minimum. 

Maintenance f a c i l i t i e s f o r the underground opera t ions 

w i l l be loca ted at the 47 Level p a t i o . I t w i l l be adequate to 

do the r e p a i r and maintenance on the underground equipment. 

Major r e b u i l d work on the mobi le equipment w i l l be performed 

o f f s i t e , however, a smal l s e r v i c e garage w i l l be prov ided f o r 

normal maintenance. 

5.4 O f f i c e and Changehouse 

The o f f i c e and changehouse f a c i l i t i e s w i l l be loca ted 

in semi -po r tab le b u i l d i n g s i n the m i l l complex a r e a . The o f f i c e 

f a c i l i t i e s w i l l house the management and a d m i n i s t r a t i o n group, 

mine s u p e r v i s i o n and mine e n g i n e e r i n g . The o f f i c e b u i l d i n g w i l l 

be s i n g l e s to rey and w i l l house the mine e n g i n e e r i n g , mine 
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super in tendents and manager's o f f i c e in one wing. The 

second wing w i l l con ta in the pe rsonne l , s a f e t y , purchas ing 

and account ing group. The mine s h i f t bosses and t imekeeper 

w i l l be loca ted adjacent to the changehouse. O f f i c e s f o r the 

m i l l s t a f f w i l l be loca ted w i t h i n the m i l l b u i l d i n g . 

The mine changehouse w i l l be separate from the o f f i c e 

b u i l d i n g and w i l l be equipped wi th s torage and d ry ing f a c i l i t i e s 

f o r both c lean c l o thes and work c l o t h e s . This f a c i l i t y w i l l be 

adequate to prov ide accommodation f o r both mine crews and s e r v i c e 

pe rsonne l . Adequate f a c i l i t i e s f o r employees to shower and 

change w i l l be p rov ided . Separate f a c i l i t i e s f o r m i l l personnel 

w i l l be loca ted i n the m i l l b u i l d i n g . 

5.5 Warehousing 

A warehouse f a c i l i t y w i l l be par t of the main o f f i c e 

b u i l d i n g . I t w i l l have an area of 1000 square f e e t . I t w i l l 

serve as s torage f o r maintenance and smal l items used in oper

a t i o n . Larger items and bulk s u p p l i e s w i l l be s to red in t h e i r 

r e s p e c t i v e areas about the p rope r t y . 

Exp los i ves w i l l be s tored in p r e f a b r i c a t e d magazines 

l i c e n s e d to hold 15 t o n s . These magazines w i l l be loca ted to 

conform wi th government r e g u l a t i o n s . 

Bulk m a t e r i a l s such as p ipe and t imber used w i t h i n 

the mine w i l l be s tored at the mine p o r t a l s . Items such as 

d r i l l s t e e l , rock b o l t s , v e n t i l a t i o n duc t ing p ipe f i t t i n g s 

w i l l be s to red in p ro tec ted areas near the mine p o r t a l s . 

Major consumables f o r the m i l l , such as g r i n d i n g 

media and reagen ts , w i l l be s to red in the m i l l . Major spare 

par ts f o r the c rush ing p lan t w i l l be s to red in t h e i r r espec t i ve 
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a reas . Small items used w i t h i n the m i l l w i l l be kept in 

the warehouse. 

A s torage tank w i l l be loca ted behind a berm 

near the m i l l to s to re 15,000 g a l l o n s of f u e l o i l f o r p lan t 

h e a t i n g . 

5.6 P lan t Heat ing 

The m i l l and o f f i c e b u i l d i n g s w i l l be heated by a 

low pressure hot water heat ing system, opera t ing through 

r a d i a t o r s and un i t fan hea te rs . Heat w i l l be generated by a 

package b o i l e r l oca ted in a s e c t i o n of the m i l l b u i l d i n g . The 

process operates at ambient temperature and t he re fo re no heat 

i s requ i red f o r the p rocess . B o i l e r c a p a c i t y w i l l be 750,000 

BTU per hour. 

5.7 F i r e P r o t e c t i o n , Safe ty and F i r s t A id 

A g a s o l i n e engine equipped f i r e pump w i l l be loca ted 

at the f r esh water pumphouse, connected in p a r a l l e l w i th the 

mine water supply pump. This pump w i l l be capable of supp ly ing 

500/GPM f o r as r e q u i r e d . Stand p ipes and hoses w i l l be prov ided 

at s t r a t e g i c l o c a t i o n s in and around the b u i l d i n g s . Po r tab le 

f i r e e x t i n g u i s h e r s w i l l be i n s t a l l e d throughout the main su r face 

complex as we l l as the requ i red l o c a t i o n s underground. 

A stench warning system w i l l be i n s t a l l e d in the 

compressed a i r l i n e s and v e n t i l a t i o n in take to be used under 

emergency c o n d i t i o n s to adv ise the miners to evacuate the mine 

workings in case of emergency. 

The f i r s t a id room w i l l be loca ted in the o f f i c e 

b u i l d i n g ad jacent to and under c o n t r o l of the gateman. This 
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f i r s t a id room w i l l be equipped to prov ide i n i t i a l t reatment 
in the event of an acc ident on the p rope r t y . 

A mine rescue room w i l l be loca ted in the mine change-

house. 

A te lephone system w i l l p rov ide communications between 

the var ious sur face f a c i l i t i e s and underground l o c a t i o n s as 

r e q u i r e d . 

5.8 Laboratory and Assay F a c i l i t i e s 

An a n a l y t i c a l l abo ra to ry w i l l be loca ted separate from 

the process b u i l d i n g to p rov ide rou t i ne assay f a c i l i t i e s f o r the 

mining and m i l l i n g o p e r a t i o n s . The labo ra to ry w i l l have f a c i l i t i e s 

f o r the c rush ing and g r i n d i n g of coarse rock samples. Equipment 

w i l l be prov ided f o r f i r e assay ing and f o r atomic absorp t ion 

spect rophotometry . F a c i l i t i e s f o r m e t a l l u r g i c a l i n v e s t i g a t i o n s 

w i l l be loca ted in a t e s t room w i t h i n the m i l l b u i l d i n g . 

5.9 Manpower Requirements A d m i n i s t r a t i o n 

S t a f f 

Manager 1 
Accountant 1 
Purchas ing Agent and Warehouse 1 
C le rk Stenographers 2 
Safe ty and T r a i n i n g 1 
Environmental and Personnel J_ 

Sub To ta l 7 

Hourly Rate 

Truck d r i v e r 1 
Equipment Operator 1 
Laborers . 2 
Gateman - F i r s t A id 4 

Sub To ta l 8 

Tota l A d m i n i s t r a t i o n 15 
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6.0 CAPITAL COSTS MINING 

6.1 Sub - l eve l Caving Method (Upper Mine Phase I) t o t a l mining 

6.1.1 Main Level Development 

47 L e v e l , length 445 meters i n c l u d i n g 
rock b o l t i n g and ground suppor t , 
$ l ,450 /mete r $ 645,250 

Po r ta l p repara t ion 5,000 

140 L e v e l , length 170 meters x 
$ l ,450 /mete r 246,500 

6 .1 .2 Raises (ore pass and manway 47 Level 
to 140 Leve l ) 
Al imak r a i s e s 2.0 x 2.0 length 93 meters 
x 2 = 186 meters , p la t forms and ladders 
in manway 186 x 1,050/meter $ 195,300 

Al imak access c rosscu t s 2 x 12 x 1,250 30,000 

Al imak access r a i s e s 2.0 x 2.0 length 
10 m x 1,050/meter 10,500 

Access c rosscu t s between r a i s e s 
20 m x 1,500 21,000 258,800 

Chute on ore pass ( a i r operated 
s t e e l gates) 6,000 

Manway t imber and supp l i es 1,300 7,300 

Ore pass and manway 140 Level to 
s u r f a c e , length 75 meters 

2 x 75 x $ l ,050 /mete r 157,500 

6 .1 .3 I n c l i n e from 140 Level to su r face 
6 s u b - l e v e l s 
3.0 x 4 .0 m length 800 m x $1,350 1,080,000 

6 .1 .4 S u b - l e v e l Development, develop 4 
l e v e l s to commence p roduc t ion 
mining 675 meters per l e v e l 

3.0 x 4 .0 m length 2700 x $1,250 3,375,000 

Sub To ta l Development Cost $ 5,775,350 
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6 .1 .5 Mobi le T rack less Equipment 

3 - LHD u n i t s , d i e s e l powered 
3 r e q u i r e d , 3.5 cub ic yard 
c a p a c i t y , $170,800 each $ 512,400 

1 - s i n g l e boom jumbo wi th 
h y d r a u l i c d r i l l 245,100 

1 - e l e c t r i c h y d r a u l i c rock d r i l l 
f o r fan d r i l l i n g i n s u b - l e v e l s , 
d i e s e l power f o r tramming and 
e l e c t r i c f o r d r i l l i n g 330,000 

1 - Personnel c a r r i e r / s e r v i c e t ruck 65,000 

1 - Exp los i ves t ruck 57,000 

1 - 1 3 ton ore t ruck (1 requ i red 
us ing underground c rush ing) 
(2 requ i red us ing haulage to 
su r face) 155,000 $ 1,364,500 

6 .1 .6 Pneumatic D r i l l Equipment 

4 - Jack leg d r i l l s w i th l e g , hoses 
and s t e e l 16,616 

4 - S tope rs , complete wi th hoses 
and s t e e l 15,704 

4 - U t i l i t y h o i s t s 18.740 

3 - Po r tab le pumps 4,800 55,860 

6 .1 .7 Mine Shop Equipment 

1 - 1000 cfm compressor, 100 ps i 
125 hp e l e c t r i c motor and 
a i r r e c e i v e r 60,000 

1 - Assortment we lde rs , g r i n d e r s , 
h o i s t s , po r tab le e l e c t r i c t o o l s 45,000 105,000 

6 .1 .8 V e n t i l a t i o n 

1 - Vane a x i a l fan 75,000 cfm 
48" d iam. w i th 60 hp motor 14,000 

4 - Van a x i a l fans 20,000 cfm 40 hp 40,000 

1 l o t - Vent p ipe and a c c e s s o r i e s 14,000 

4 - Vent doors 12,160 80,160 
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6 .1 .9 M isce l laneous Equipment 

1 l o t - Survey equipment $ 10,000 

1 l o t - Stench warning equipment 5,070 

5 - Mine rescue apparatus and 

assor ted equipment 27,900 

1 l o t - Communications 6,500 

1 l o t - Mine Lamps & Chargers 11,800 

1 l o t - Tools 6,000 $ 67,270 

6.1 .10 Mine E l e c t r i c Power Se rv i ce 

5 KV underground feeder system (sum) : 68 ,660 

Uni t subs ta t i on - dry t y p e , 500 KV 
4160 V - 600 V 3-phase 65,380 
Underground f a n s , pumps, l i g h t i n g 138,000 372,040 

Equipment C a p i t a l Cos t , Sub - l eve l I Caving $ 2,044,830 

6 * 2 Est imated Development Cost (Lower Mine Phase I I ) t o t a l mining 

Min ing w i l l cont inue down from the 140 Level to the 47 Level 

w i th the f o l l o w i n g development r e q u i r e d : 

6.2.1 I n c l i n e and S u b - l e v e l access from 
the 47 Level through to the 140 
L e v e l , 3.0 x 4 .0 m, length 1,870 
meters , $1,350/meter i n c l u d i n g 

ground support and rock b o l t i n g $ 2,524,500 

Tota l Development Cost Lower Mine Phase II $ 2,524,500 

Summary 

Upper Mine Phase I Development $ 5,775,350 

Lower Mine Phase II Development 2,524,500 

Equipment C a p i t a l Cost 2,044,830 

Sub - l eve l Cav ing , Tota l Min ing 

To ta l C a p i t a l Cost $ 10,344,680 
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6.3 Block Caving Mining Method (Upper Mine Phase I) t o t a l mining 

6.3.1 Main Level Development 
4 .0 x 3.0 m, 47 Level length 
445 meters , $ l ,450 /mete r 
i n c l u d i n g rock b o l t i n g and 
ground support $ 645,250 

P o r t a l p repara t ion 5,000 650,250 

6 - 3 - 2 140 Level length 170 meters 
$1,450/meter i n c l u d i n g 
rock b o l t i n g and roof support 246,500 

6 .3 .3 Raises (ore pass and manway, 
47 Level to 140 Leve l ) Al imak 
r a i s e s (2.0 x 2 . 0 ) , length 93 
meters x 2 = 186 meters , p l a t 
forms and ladders in manway 
186 x $ l ,050 /meter 195,300 

Alimak access c rosscu t s 2x l 2x$ l , 250 30,000 

Alimak access r a i s e s (2.0 x 2.0 rn) 
length 10 x $ l ,050 /mete r 10,500 

Access c rosscu ts between r a i s e s 
20 x $ l ,050 /mete r 21,000 256,800 

Chute on ore pass ( a i r operated 
s t e e l gates) 6,000 

Manway t imber and supp l i es 1,500 7,500 

6 .3 .4 Level Haulage System 

(4.0 x 3.0 m), length 760 meters 
x $ l ,450 /mete r 1,102,000 

6 .3 .5 Undercut and Sub - l eve l P repara t i on 

Haulages 4.0 x 3.0 m, length 940 
meters @ $ l ,250 /mete r 1,175,000 
Ore passes 42 , 9m l e n g t h , 
2.50 x 2.50 m 
378 x $1,050/meter 396,900 
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6 .3 .5 C o n t ' d . 

Loading s l o t s 42 x 6 x $1,250 
i n c l u d i n g drawpoint r e i n f o r c i n g , e t c . $ 315,000 

Undercut p repara t ion 
d r i l l i n g and b l a s t i n g , $400 per 
l i n e a l meter of c r o s s c u t , 696 
meters 278,400 

6 .3 .6 V e n t i l a t i o n Raise 

2.5 x 2.5 m l e n g t h , 110 meters 
Alimak r a i s e 110 x $1,050/meter 
i n c l u d i n g rock b o l t i n g and ground 
support 115,500 

6 .3 .7 G r i z z l y and Raise at ore pass (sum ) 15,000 

Est imated Development Cos t , Upper Mine Phase I $ 5,060,744 

6 .3 .8 Mobi le T rack less Equipment 

3 - LHD u n i t s , d i e s e l power 3.5 
c u . y d . capac i t y $170,800 each $ 512,400 

1 - S i n g l e boom jumbo wi th h y d r a u l i c 
d r i l l 245,100 

1 - Personnel c a r r i e r 65,000 

2 - Se rv i ce t rucks 57,000 
1 - 13-ton ore t ruck (1 requ i red 

us ing underground c rush ing or 
2 requ i red f o r haulage to 
su r face ) 155,000 1,034,500 

6 .3 .9 Pneumatic d r i l l equipment 

6 - Jack leg d r i l l s w i th l e g , hoses 
and s t e e l 24,924 

6 - Stopers complete wi th hoses 
and s t e e l 23,556 

4 - U t i l i t y h o i s t s 18,739 

3 - Po r tab le pumps 4,800 72,019 
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6 .3 .10 Mine Shop Equipment 

2 - 1000 cfm compressors 
100 ps i 125 hp e l e c t r i c 
motors $ 120,000 

1 l o t welders g r i n d e r s , h o i s t s 
po r tab le e l e c t r i c t o o l s 45,000 $ 165,000 

6.3.11 V e n t i l a t i o n 

2 - Vane a x i a l fan 75,000 cfm 
4" d iam. 60 hp motor 28,000 

4 - Vane a x i a l fans 20,000 cfm 
40 hp 40,000 

1 l o t vent p ipe and a c c e s s o r i e s 14,000 

4 - Vent doors 12,160 94,160 

6 .3 .12 M isce l laneous Equipment 

1 l o t survey equipment 10,000 

1 l o t stench warning system 5,070 

5 - mine rescue apparatus and 

assoc ia ted equipment 27,900 

1 l o t communications 6,500 

1 l o t mine lamps and chargers 11,800 

1 l o t t o o l s 6,000 67,270 

6 .3 .13 Mine E l e c t r i c Power Se rv i ce 

5 KV underground feeder system sum 168,660 

Uni t s u b s t a t i o n , dry t y p e , 
4160-600V 3-phase 65,380 

Underground f a n s , l i g h t i n g swi tchgear 138,000 372,040 
Equipment C a p i t a l Cost Block Caving 1,804,-989 

Tota l C a p i t a l Cost Block Caving Phase II 
Upper Mine $ 6,865,733 
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6.4 Est imated Development Cost Block Caving (Lower Mine Phase I I) 

t o t a l mining between 47 Level and 140 Level 

6.4.1 Development Cost Block Caving 

Level haulage system $ 1,102,000 
Undercut & s u b - l e v e l p repa ra t i on 1,175,000 
Muck r a i s e s 396,900 
Loading s l o t s 315,000 
Undercut p repara t ion 278,400 
V e n t i l a t i o n r a i s e 115,500 

Tota l Development Cost Lower Mine Phase II $ 3,382,800 

Summary 

Tota l Mine Development Cost Block Caving 

Upper Mine - Phase I Development $ 5,060,744 

Lower Mine - Phase I Development 3,382,800 

Equipment Cost 1,804,989 

Block Cav ing , Tota l Min ing C a p i t a l Cost 
Sub To ta l $ 10,248,533 

6.5 S u b - l e v e l Caving Method (Upper Mine Phase I) s e l e c t i v e mining 
area 

The development f o r the S u b - l e v e l Caving Mining to 

used in the Se lec ted Min ing Area would be s i m i l a r to tha t used 

in the Tota l Min ing Area wi th the excep t ion tha t the working 

c rosscu ts would be reduced in l e n g t h , t h e r e f o r e , the reduc t ions 

in the cost in the Upper Mine would be as f o l l o w s : 

Dele te 167.0 meters development per 
s u b - l e v e l , 4 s u b - l e v e l s p lus top l e v e l s 
of s p i r a l ramp 923 x $ l ,450 /mete r 1,338,350 

Est imated Development Cost Tota l Min ing 

Reduct ion in Development f o r S e l e c t i v e Min ing 

Est imated Development Cost Upper Mine Phase I 

6,004,950 

1,338,350 

$ 4,432,000 
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Mining in the lower s e c t i o n i s a con t i nua t i on of 

the s u b - l e v e l cav ing in the Upper S e c t i o n . There w i l l be no 

reduc t ion in p re l im ina ry development. 

Est imated Development Cosb 
Lower Mine Phase II $ 2,524,500 

Tota l Development Cost Sub - l eve l cav ing 
. S e l e c t i v e Mining 7,560,850 

Summary 

Sub - l eve l Caving - s e l e c t i v e mining 
C a p i t a l Costs 

Upper Mine Phase I Development $ 5,036,350 

Lower Mine Phase II Development 2,524,500 

Equipment C a p i t a l Cost 2,044,830 

Tota l Est imated Tota l C a p i t a l Cost 
s e l e c t i v e mining $ 9,605,680 

6.6 Block Caving Method (Upper Mine Phase I) s e l e c t i v e mining 

The development f o r Block Caving Min ing method, to be used 

in the S e l e c t i v e Min ing area would be s i m i l a r to tha t used 

in the Tota l Min ing areas w i th the excep t ion tha t the 

developed areas would be s m a l l e r . As a r e s u l t , the reduc t ion 

in cos t in p repara t ion of the Upper Mine i s as shown: 

Est imated Development Cost Upper Level 
Phase I $ 5,060,744 

Less : Haulage system 200 x $1,450 $ 290,000 
Undercut & s u b - l e v e l 
p repara t ion 255 meters 100,000 
Loading s l o t s & drawpoint 176,085 
Ore passes . 198,450 

Tota l reduc t ion in development f o r 
s e l e c t i v e mining 764,535 

Cost Development Upper Mine Phase I f o r B lock 
Caving S e l e c t i v e Min ing $ 4,296,209 
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Block Caving in the Lower Mine Phase II i s s i m i l a r 

to tha t in the Upper Mine, hence development cos ts w i l l be 

s i m i l a r l ess the f o l l o w i n g : 

Development Costs Upper Mine $ 4,296,209 

Less : 47 Main Level development $ 650,250 
140 Level development 246,500 
Raises 264,300 

Sub To ta l 1,161,050 

Cost of development Lower Mine Phase II 
f o r Block Caving s e l e c t i v e minine $ 3,135,159 

Summary 

Block Caving S e l e c t i v e Min ing 

Upper Mine Phase I Development $ 4,296,209 

Lower Mine Phase II Development 3,135,159 

Equipment C a p i t a l Cost 1,804,989 

Block Caving S e l e c t i v e Min ing C a p i t a l Costs $9,236,357 

6.7 C a p i t a l Costs Underground Crushing  

Conveyor #3 

From f i n e ore b in to rod m i l l 
length 75 meters 
30" b e l t , 50 hp motor 
i n s t a l l e d p r i c e per meter $738 $ 55,350 

Fine Ore Storage Bin 

Est imated t o t a l c a p a c i t y 
10,000 tonnes l i v e c a p a c i t y 
30% - 3,000 tonnes , c o n i c a l 
b u i l d i n g , concrete r i n g w a l l & 
roof support pack, concre te 
conveyor g a l l e r y w i th 2 draw • 
po in ts wi th b e l t feeders 

Est imated t o t a l cos t 325,000 
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Conveyor #2 

From gyra to ry c rusher to f i n e 
ore b i n , length 180 meters 
speed 300 ' /m inu te , 30" wide 

I n s t a l l e d cos t per meter $640 $ 115,200 

Gyratory Crusher 

Short head 41/2 f oo t cone 
opening feed s ide 4 1/8" 
d ischarge opening 1/2 ' 
motor 200 hp motor and 
c o n t r o l s 

Chutes, l i n e r s , walkways e tc 

I n s t a l l e d cos t 

250,000 

30,000 

!80,000 

Conveyor #1 

From jaw crusher to gy ra to ry 
c r u s h e r , length 27.0 meters 
32" w ide . 27 x $640 17,280 

Jaw Crusher 

30" x 42" wi th 150 hp motors 
and c o n t r o l s 

Chutes, walkways, l i n e r s , e t c . 

150,000 

27,600 177,600 

Chain Feeder 

Ross cha in feeder i n s t a l l e d sum 

Chutes , walkways 

35,000 

12,000 47,000 

Coarse Ore Bin 

Capac i ty 1,500 tonnes 
Cost of excava t ion 

G r i z z l y , s t e e l & concre te 

83,952 

11,048 95,000 
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Jaw Crusher S t a t i o n 

31,770 c u . f t . 
Cost of excava t ion $ 95,310 

Shot c r e t e & b o l t i n g 19,062 $ 114,372 

#1 Conveyor G a l l e r y 

3.0 x 3.0 m 
length 14.0 m @ $300 / f t 13,776 
Rock b o l t i n g 1,377 15,153 

Access Tunnel 

Jaw c rusher s t a t i o n to 
Gyra t ing c rusher s t a t i o n 
length 13.0 m @ $300 / f t 12,792 

Rock b o l t i n g & sho tc re te 2,000 14,792 

Gyra t ing Crusher S t a t i o n 

25,416 c u . f t . 
Cost of excava t ion 75,248 
Rock b o l t i n g & sho tc re te 15,249 90,497 

Conveyor #2 G a l l e r y 

3.0 x 3.0 m, length 180 meters 
d e c l i n e grade, minus 25% 
cos t @ $ 3 2 5 / f t . or $1,070/meter 192,600 

Rock b o l t i n g 9,630 202,230 

Access Raise 

Crusher s t a t i o n to haulage l e v e l 
2.0 x 2 . 0 , 20 meters 13,120 

Dust C o l l e c t i n g System 
f o r c rush ing area 5,000 cfm 

complete f o r both c rushers 31,060 

Monora i l Hoi sit 
over c r u s h e r s , hand operated 
2 requ i red 6,300 
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Support Gantry f o r monorai l $ 5,900 

Inst rumentat ion sum 11,500 

P i p e s , Valves & F i t t i n g s 

s e r v i c e and washdown 5,800 

Machine and Dr ive Guards 2,200 

Anchor b o l t s and Grout 2,800 

E l e c t r i c a l Power S e r v i c e sum 104,000 

Sump Pump and Discharge L ine 7,500 

Est imated To ta l Cost of Underground Crushing $ 1,739,654 
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7.0 CAPITAL COST - MILL 

7.1 Process ing 

7.1.1 Summary 

Funct ion 
S i t e p repara t ion 
B u i l d i n g (1) 
Equipment - concen t ra t i on 

- cyan ida t i on 
Equipment i n s t a l l a t i o n 

- concen t ra t i on (2) 
- c yan ida t i on (2) 

E l e c t r i c a l (3) 
P i p i n g 

To ta l d i r e c t c o n s t r u c t i o n 

$ 100,000 
750,000 
752,000 
215,500 

2,030,000 
538,800 
200,000 
100,000 

$ 4,686,300 

7 .1 .2 Overheads 

Cons t ruc t i on management 300,000 
Engineer ing - s t r u c t u r a l 150,000 
Engineer ing - e l e c t r i c a l 60,000 
Engineer ing - process 20,000 
Purchas ing 20,000 
F re igh t 40,000 
Taxes (4) 3u0,000 
A d m i n i s t r a t i o n 50,000 

Tota l i n d i r e c t s 940,000 

Tota l $ 5,626,300 

Notes: 

(1) 15,000 s q . f t . x 5 0 / s q . f t . 

(2) 2.5 x equipment cos t 

(3) 36 d r i v e s + g r i n d i n g m i l l s 

(4) 6% of d i r e c t s 
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7.2 Equipment Cost D e t a i l s 

7.2.1 Concent ra t ion 

D e s c r i p t i o n HP 
S l o t feeder conveyor 

24" x 150 10 $ 45,000 
Rod m i l l (7 ' x 10 ' ) 200 100,000 
J i g (24" x 36") 2 15,000 
B a l l m i l l (10 ' x 11 ' ) 1,000 400,000 
Table (4 ' x 8 ' ) 1 8,000 
Sump pump (2 .5" ) 5 3,500 
Cyclone feed pumps 

(2 - 8" x 6") 50 12,000 
Cyclones ( 2 - 18") - 8,000 
Rougher f l o t a t i o n machine 20 75,000 
F l o t a t i o n blower 50 20,000 
Cleaner f l o t a t i o n machine 5 17,000 
Concentrate pump 2 2,500 
Thickener (10 ' d i a . ) 2 15,000 
Thickener underf low pump 1 8,000 
Disc f i l t e r (6" d i a . x 2 d i s c ) 3 15,000 
Vacuum pump (500 cfm) 25 8,000 

Sub t o t a l concen t ra t i on 1,381 $ 752,000 

72 .2 . Cyan ida t ion 

Feed hopper - 5,000 
Feed conveyor (24' x 15 ' ) 2 4,500 
P reae ra t i on tank 

( 7 . 5 " d i a . x 8 ' ) 10 9,000 
Trash screen (24" d i a . ) 1 4,000 
Leaching tanks 

(6 - 7 . 5 ' d i a . x 8 ' ) 60 66,000 
Safe ty screen (24" d i a . ) 1 4,000 
F i l t e r (6 ' d i a . x 2 d i s c ) 3 15,000 
Vacuum pump (500 cfm) 25 8,000 
Cyanide d e s t r u c t i o n 2 10,000 
Loadout b in - 5,000 
Carbon s t r i p vesse l 60 9,000 
Carbon r e a c t i v a t i o n 10 50,000 
E l e c t r o l y t i c c e l l & r e c t . 5 15,000 
M isce l l aneous pumps 5 3,000 
Heat exchangers - 3,000 
Re f ine ry furnace - 2,500 
Sump pump _2 2,500 

Sub t o t a l cyan ida t i on 3 86 
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8.0 CAPITAL COSTS - ANCILLARIES 

8.1 E l e c t r i c a l Se rv i ces 

E l e c t r i c power supply from Agass iz 
to mine s i t e . 25 KV overhead power 
l i n e from subs ta t i on loca ted at 
i n t e r s e c t i o n B .C. Hwy 7 and 9 to 
mine s i t e , d i s t ance 7.0 m i l e s , 
cos t $60,000/mi le $ 420,000 

C i r c u i t r e c l o s e r at B .C . Hydro 
Terminal at p lan t s i t e 18,000 

Subs ta t ion at p lan t s i t e 48,000 

Transformers , s i n g l e phase 
25 to 4.16 KV 57,600 

Main swi tchboard and meter ing 65,200 

L ine to m i l l water supply 15,000 

L i g h t i n g , e t c . 5,000 

Sub Tota l $ 628,800 

8.2 Water Supply & Sewer D isposa l 

Pump s t a t i o n Har r i son Lake and 
6" water supply l i n e 35,000 

C l o r i n a t i o n f a c i l i t i e s 6,250 

D iese l powered standby water 

supply pump 18,500 

Sewage p lan t and d i s p o s a l 125,000 

Sub To ta l 184,750 

8.3 Maintenance F a c i l i t i e s 

Shop f o r smal l r e p a i r s of mining 
and su r face equipment, concre te 
f l o o r and s t e e l frame b u i l d i n g 
30 x 40 and t o o l s 65,000 

Sub Tota l * 65,000 

.N. C. CROOME & ASSOCIATES LTD I 
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8.4 O f f i c e , Changehouse and Warehouse 

An a l lowance f o r p r e f a b r i c a t e d u n i t s 
assembled i n to o f f i c e , changehouse, 
p lan t warehouse, i n c l u d i n g founda t i ons , 
u t i l i t y s e r v i c e s and f u r n i t u r e $ 450,000 

Sub To ta l $ 450,000 

8.5 P lan t Heat ing 

( Inc luded in M i l l i n g F a c i l i t i e s ) 

8.6 F i r e P r o t e c t i o n & F i r s t A id 
Lot f i r s t a i d room and s u p p l i e s 15,000 

Ambulance 25,000 

Hydrants loca ted as requ i red on 
p lan t s i t e 36,000 

Sub To ta l 76,000 

8.7 Laboratory and Assay F a c i l i t i e s 

Assay lab f u r n i t u r e and equipment 75,000 

Sub To ta l 75,000 

8.8 Mobi le Equipment 

1 - Personnel bus 20 seat c a p a c i t y 35,000 
1 - Front end loader Vk cu yd 83,300 
1 - B u l l d o z e r D7 and b lade 167,400 
1 - P i ck -up t ruck 4x4 crew cab 18,000 
3 - p i ck -up t rucks 4x4 51,000 
1 - 5- ton t ruck wi th h iab l i f t 40,000 

Sub Tota l 394,700 

8.9 Cons t ruc t i on I nd i r ec t Account 

Course and c o n s t r u c t i o n insurance 60,000 
Temporary power f o r c o n s t r u c t i o n 20,000 
Temporary w in te r hea t ing • 32,000 
O f f - l o a d and .s to re process equipment 40,000 
F i n a l c lean-up 5,000 

Sub To ta l 157,000 

C a p i t a l Cost A n c i l l a r i e s $ 2,031,250 

..V. C. CROOME & ASSOCIATES LTD. 
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9.0 OPERATING COSTS - MINE 

9.1 Operat ing Cost Summary 

Sub - l eve l Caving  

Mine 

Supe rv i s i on 
Techn ica l S t a f f 
Labor 
Maintenance and Superv i s ion 
Mine Incen t i ve Bonus 
Operat ing Supp l ies 
Maintenance M a t e r i a l s 

Sub Tota l 

Block Caving  

Mine 

Supe rv i s i on 
Techn ica l S t a f f 
Labor 
Maintenance and Supe rv i s i on 
Mine Incen t i ve Bonus 
Operat ing Supp l ies 
Maintenance M a t e r i a l s 

Sub Tota l 

220,500 
287,910 
006,596 
531,802 
615,359 
693,252 
511,000 

$ 3,866,419 

Cost 
Annual Cost Per Tonne 

$ 207,900 $ 0.59 
288,410 0.82 

1,230,531 3.52 
360,200 1.03 
636,291 1.82 

1,119,308 3.20 
330,600 0.94 

; 4,173,240 $ 11.92 

0.63 
0.82 
2.87 
1.52 
1.76 
1.98 
1.46 

$ 11.04 
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9.2 Sca le of Labor Rates 

These labor ra tes are 

loca ted in a s e m i - i s o l a t e d area 

in the Har r i son Lake area cou ld 

l e s s . 

Miner -$17.66 

E l e c t r i c i a n - Lead hand 

M i l l w r i g h t - Lead hand 

Sur face - Lead hand 

Journeyman - wi th 
t i c k e t 

E l e c t r i c i a n 

Mi 1 lwr igh t 

Carpenter 

Maintenance Mechanic 

Equipment Operator 

M i l l Equipment Operator 

M i l l Operator 

Labour 

Sample bucker 

cu r ren t at an opera t ing mine, 

in B r i t i s h Columbia. The ra tes 

be s l i g h t l y , but not m a t e r i a l l y 

per hour, p lus 26% f r i n g e b e n e f i t s 
and 60 % bonus 

•$20.59 per hour , p lus 26% f r i n g e b e n e f i t s 

$20.59 per hour, p lus 26% f r i n g e b e n e f i t s 

$20.59 per hour, p lus 26% f r i n g e b e n e f i t s 

- $17.63 per hour, p lus 26% f r i n g e b e n e f i t s 

- $16.63 per hour , p lus 26% f r i n g e 

- $16.47 per hour , p lus 26% f r i n g e 

- $11.77 per hour , p lus 26% f r i n g e 

- $14.71 per hour , p lus 26% f r i n g e 

.N. C. CROOME & ASSOCIATES LTD. 
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9.3 Bas is of Est imate 

Manpower ra tes are based on ra tes c u r r e n t l y in 

use in a mining opera t ion loca ted in the Car ibou Min ing D i s t r i c t . 

A l l f r i n g e b e n e f i t s are inc luded in the es t imate as f o l l o w s : 

Table of P a y r o l l Burdens 

(a) Unemployment Insurance 2 .1% 
(b) Vacat ion Pay 6 .3% 
(c) S ta tu to ry Ho l idays 2 .1% 
(d) Workers Compensation 6 .2% 
(e) Canada Pension P lan 1 M 
( f ) Medica l 2 .0% 
(g) Pension and L i f e Insurance 4 .0% 
(h) Unscheduled Overtime 2 .3% 

Tota l 26 .0% 

In the mine and c rush ing p lan t s (underground c rush ing) 

cos ts are based on a 40-hour work week. 

M i l l i n g opera t ions are based on a 40-hour work week 

wi th a d d i t i o n a l personnel as requ i red to operate on a 56-hour 

work week. 

M a t e r i a l cos ts are based upon budget quota t ions 
rece ived from s u p p l i e r s . 

Energy cos ts are based on average ra tes of power 
from B. C. Hydro. 

Cost per tonne i s based on an annual p roduc t ion 

ra te of 350,000 tonnes. 

N. C. CROOME & ASSOCIATES LTD I 
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9.4 Mine 

9.4.1 Sub - l eve l Caving 

9 .4 .1 .1 Mine Superv i s ion  

P o s i t i o n 
Mine Super intendent 
S h i f t Boss 
Maintenance Foreman 

Sub Tota l 

P a y r o l l burden 26% 

Tota l Annual Cost 

Cost per tonne m i l l e d 

9 . 4 . 1 . 2 Mine Techn ica l & C l e r i c a l S t a f f 

P o s i t i o n No Annual Cost 

Ch ie f Mine Engineer 1 $ 45,000 
Mine Surveyor 1 37,500 
Techn ic ians 2 56,000 
Ch ie f Geo log i s t 1 40,000 
Sampler I 24,000 
Mine C le rk J_ 26,000 

Sub To ta l 1 228,500 

P a y r o l l burden 26% 59,910 

Tota l Annual Cost $ 288,410 

Cost per tonne m i l l e d $ 0.82 

No Annual Cost 
1 $ 55,000 
2 70,000 

_I 40,000 

4 165,000 

42,900 

$ 207,900 

$ 0.59 
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9 . 4 . 1 . 3 Mine Operat ing Labor 

The cos ts of the upper fou r s u b - l e v e l s were inc luded 

in preproduct ion or c a p i t a l development cos ts by c o n t r a c t o r . 

Pos i t i o n No. 
Average 

Hourly Wage 
Annual 

Wage 
Annual 

Cost 

Development Miners 8 $ 19. 12 $ 39,865 $ 318,920 
Longhole D r i l l e r s 

and B l a s t e r s 4 19. 12 39,865 159,460 
Mucking Crew 8 17. 66 36,821 294,568 
Tramming Crew 2 17. 66 36,821 73,642 
Crusher Operators _4 15. 59 32,505 130,020 

Sub Tota l 26 976,610 

P a y r o l l Burden 26% 253,919 

Tota l Annual Cost $ 1,230,529 

Cost per tonne mi 1 led $ 3.51 

9 . 4 . 1 . 4 Mine Maintenance & S e r v i c e s Labor 

Average Annual Annual 
P o s i t i o n No. Hour ly Wage Wage Cost 

E l e c t r i c i a n 1 $ 19. 12 $ 39,865 $ 39,865 
E l e c t r i c i a n 1 17. 66 36,821 36,865 
D iese l Mechanic 1 19. 12 39,865 39,865 
D iese l Mechanic 1 17. 66 36,821 36,821 
Welder 1 19. 12 39,865 39,865 
Timberman 1 17. 66 36,821 36,821 
Timberman's Helper 1 15. 00 31,275 31,275 
Changehouse & Lamproom 1 11. 77 24,540 24,540 

Sub Tota l 8 285,873 

P a y r o l l burden 26% 74,327 

Tota l Annual Cost $ 360,200 

Cost per tonne mi l led $ 1.03 
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9 . 4 . 1 . 5 Mine Incent ive Bonus (Sub- leve l Caving) 

Incent ive bonus 40 percent of opera t ing and main

tenance wages, to be d i s t r i b u t e d amcig mine personnel on an 

i ncen t i ve system developed w i t h i n the o p e r a t i o n . 

Operat ing Wages $ 1,230,529 
Maintenance Wages 360,200 
Tota l 1,590,729 

Annual Bonus Al lowance 636,291 

Cost per tonne m i l l e d $ 1.82 

9 .4 .1 .6 Mine Operat ing Supp l ies 

Item 

D r i l l s t e e l and b i t s 
- development 220,200 
- s top ing 136,550 

Exp los i ves - development 130,000 
- s top ing 290,400 

Rock b o l t s 10,000 
Timber 20,000 
V e n t i l a t i o n duc t ing 15,000 
T i r e s 50,200 
E l e c t r i c Power 181,958 
General consumables 65,000 

Tota l 1,119,308 

Cost per tonne m i l l e d $ 3.20 

A'. C. CROOME & ASSOC IATES LTD. 



9 .4 .1 .7 Mine Maintenance M a t e r i a l s 

Item 

D r i l l i n g equipment $ 82,500 
LHD Uni ts 116,400 
Ore haulage t rucks 26,700 
Crushing area 20,000 
V e n t i l a t i o n 10,000 
E l e c t r i c a l maintenance 25,000 
Misce l laneous 50,000 

Tota l Annual Cost $ 330,600 

Cost per tonne m i l l e d $ 0.94 

9 . 4 . 1 . 8 Mine E l e c t r i c Power Requirements (Sub- leve l Caving) 

Crushing & Conveying 

Item Hp 

Conveyor #3 35 
Be l t feeders 20 
Conveyor #2 60 
Gyratory c rusher 200 
Conveyor #1 30 
Jaw crusher 150 
Chain feeder 25 
Duct c o l l e c t i n g 30 
L i g h t i n g _J_0 

Tota l Hp 550 

Mining (Sub- leve l Stoping) 

Mine shop equipment 50 
Compressor 125 
V e n t i l a t i o n 140 
E l e c t r i c d r i l l 50 
L i g h t i n g , e t c . 25 

Tota l Hp 390 

Sub Tota l - 940 Hp 
Plus 25% 235 

Sub - l eve l Caving Tota l connected 
power 1,175 

1,175 x .746 - 877 KW 
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9 . 4 . 1 . 8 Cont 'd 

Assuming cont inuous opera t ion 240 days per year 

877 x 24 x240 x 0.036 = 

Tota l Annual Cost $ 181,958 

Cost per tonne m i l l e d $ 0.52 

9 .4 .2 Block Caving 

9 .4 .2 .1 Mine Superv i s ion  

P o s i t i o n 

Mine Super intendent 
S h i f t Boss 
Maintenance Foreman 

Sub Tota l 

P a y r o l l burden 26% 

Tota l Annual Cost 

Cost per tonne m i l l e d 

No 

1 
L 

1 

Annual Cost 

$ 55,000 
80,000 
40,000 

175,000 

45,500 

$ 220,500 

$ 0.63 

9 . 4 . 2 . 2 Mine Techn ica l & C l e r i c a l S t a f f 

P o s i t i o n 

Ch ie f Mine Engineer 
Mine Surveyor 
Techn ic ians 
Ch ie f Geo log i s t 
Sampler 
Mine C le rk 

Sub Tota l 

P a y r o l l burden 26% 

Tota l Annual Cost 

No. 

1 
1 
2 
1 
1 
1 

Annual Cost 

$ 45,000 
37,500 
56,000 
40,000 
24,000 
26,000 

228,500 

59,410 

$ 287,910 

Cost per tonne mi 1 led $ 0.82 

N. C. CROOME & ASSOCIATES LTD. 



9 . 4 . 2 . 3 Mine Operat ing Labor 

Average Annual Annual 
Pos i t i o n No. Hour ly Wage Wage Cost 

Development Miners 2 $ 19.12 $ 39,865 $ 79,730 
B l a s t e r s draw-hole 8 17.66 36,821 294,568 
Mucking Crew 6 17.66 36,821 220,926 
Tramming Crew 2 17.66 36,821 73,642 
Crusher Operators _4 15.59 32,505 130,020 

Sub Tota l 26 798,886 

P a y r o l l Burden 26% 207,710 

Tota l Annual Cost $ 1,006,596 

Cost per tonne m i l l e d $ 2.86 

9 .4 .2 .4 Mine Maintenance & Se rv i ces Labor 

Average Annual Annual 
P o s i t i o n No. Hourly Wage Wage Cost 

E l e c t r i c i a n 1 $ 19. 12 $ 39,865 $ 39,865 
E l e c t r i c i a n 1 17. 66 36,821 36,821 
D iese l Mechanic 1 19. 12 39,865 39,865 
D iese l Mechanic 1 17. 66 36,821 36,821 
Welder 1 19. 12 39,865 39,865 
Timbermen 3 17. 66 36,821 110,463 
Timbermen 3 15. 00 31,275 93,825 
Changehouse & Lamproom J _ 11. 77 24,540 24,540 

Sub Tota l 12 422,065 
P a y r o l l Burden 26% 109,737 

Tota l Annual Cost $ 531,802 

Cost per tonne m i l l e d $ 1.52 
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9 . 4 . 2 . 5 Mine Incent ive Bonus 

Incent ive bonus 40 percent of t o t a l opera t ing and 

maintenance wages to be d i s t r i b u t e d among mine personnel on 

an i n c e n t i v e system w i t h i n the mine o p e r a t i o n . 

Operat ing Wages $ 1,006,596 
Maintenance Wages 531,802 
Tota l $ 1,538,398 

Annual Bonus Al lowance $ 615,359 

Cost per tonne m i l l e d $ 1.76 

9 . 4 . 2 . 6 Mine Operat ing Supp l i es  

Item 

D r i l l s t e e l and b i t s 
- development $ 15,000 
- s top ing 10,000 

Exp los i ves - development 24,000 
- s top ing 262,500 

Rock b o l t s 15,000 
Timber 20,000 
V e n t i l a t i o n duc t ing 15,000 
T i r e s 50,200 
General consumables 65,000 
E l e c t r i c a l power 216,552 

Annual Cost $ 693,252 

Cost per tonne m i l l e d $ 1-98 
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Mine Maintenance M a t e r i a l s 

IJtem 
D r i l l i n g equipment $ 24,000 
LHD Un i ts 96,000 
Ore haulage t rucks 26,000 
Crushing area 30,000 
Drawpoint maintenance 250,000 
E l e c t r i c a l maintenance 25,000 
V e n t i l a t i o n 10,000 
M isce l laneous 50,000 

Tota l Annual Cost $ 511,000 

Cost per tonne m i l l e d $ 1.46 

9 . 4 . 2 . 8 Mine E l e c t r i c Power Requirements (Block Caving) 

Crushing & Conveying 

Item Hp_ 
Conveyor #3 35 
B e l t feeders 20 
Gyratory c rusher 200 
Conveyor #2 60 
Conveyor #1 30 
Jaw c rusher 150 
Chain feeder 25 
Dust c o l l e c t i n g 30 
L i g h t i n g 10 

Tota l Hp 560 

Min ing (Block Caving 

Mine shop equipment 50 
Compressor 125 
V e n t i l a t i o n 280 
L i g h t i n g , e t c . 25 

Tota l Hp 480 

Sub Tota l 1,040 
P lus 25% . 260 

Block Caving To ta l connected 
power 1,300 

\ . C. CROOME & ASSOCIATES LTD. 
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10.0 OPERATING COSTS - MILL 

Data - 350,000 tonnes per year 

- labour ra tes inc lude 26% p a y r o l l burden 

- opera tors ra te $16.50/hr 

- t rades ra te $17 .50 /h r . 

10.1 Labour 

Item $/tonne $ /year 

M i l l super in tendent .157 55,000 
M i l l foreman .114 40,000 
M i l l opera tors - 8 .826 289,000 
Leaching operators - 4 .416 144,500 
Trades - mechancis - 3 .312 109,200 
Trades - e l e c t r i c i a n s - 1 .104 36,400 
Assayer .114 40,000 
Assayer a s s i s t a n t .091 32,000 

2.134 746,100 
P a y r o l l burden .554 194,000 

Sub t o t a l - labour 2.69 

Supp l ies 

L i ne rs - jaw crusher (1) .040 14,000 
L ine rs - cone crusher (2) .040 14,000 
L ine rs - rod m i l l (3) .045 15,800 
L ine rs - b a l l m i l l (4) .052 18,200 
Media - rods (5) .441 154,400 
Media - b a l l s (6) .937 328,000 
Reagents - f r o t h e r (7) .250 87,500 
Reagents - c o l l e c t o r (8) .038 13,100 
Reagents - NaCN (9) .400 140,000 
Reagents - l ime (10) .030 10,500 
Reagents - CN d e s t r u c t i o n (11) .409 143,000 
Assay ing (12) .108 37,800 
M isce l l aneous opera t ing .250 87,500 
M isce l l aneous maintenance .500 175,000 

Sub t o t a l - supp l i es 

Power (13) 1.44 504,000 

$ 940,100 

1,238,800 

504,000 

Tota l Operat ing Costs M i l l $ 7.67 $ 2 , 6 8 2 , 9 0 0 
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(5) .15 kg/kwh x 4.2 kwh/t x $0.70/kg 

(6) .06 " x 22.3 " x 

(7) 100 g / t x $2.50/kg 

(8) 15 g / t x $2.50/kg 

(9) 200 g / t x $2.00/kg 

(10) 200 g / t x $0.15/kg 

(11) 389 g / t S02 x $0.55/kg + CuS04 (a $0 .20 / t ore 

(12) 2500 assays/month x $1.307assay = $3,250 

(13) 40 kwh/t x $0.36/kwh - $1 .44 / t 
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11.0 ADMINISTRATION COSTS 

11.1 S t a f f 
Annual 

P o s i t i o n No. Cost 

Manager 1 $ 70,000 
Accountant 1 50,000 
Purchasing and Warehouse 1 35,000 
Clerk Stenographers 2 44,000 
Safety and T ra in ing 1 32,000 
Environmental and Personnel 1 36,000 

Sub t o t a l 267,000 

P a y r o l l burden 26% 69,420 

Total Annual Cost $ 336,420 

Cost per tonne m i l l e d $ 0.96 

11.2 Hourly Rated 

Hourly Annual Annual 
P o s i t i o n No. Rate Wage Cost 

Truck d r i v e r 1 $ 16.47 $ 34,340 $ 34,340 
Equipment Operator 1 17.66 36,821 36,821 
Laborers 2 11.77 24,540 49,080 
Gateman - F i r s t A id 4 16.19 33,756 135,024 

Sub t o t a l 255,265 

P a y r o l l burden 26% 66,369 

Tota l Annual Cost $ 321,634 

Cost per tonne m i l l e d $ 0.92 

11.3 Supp l ies Annual Cost $ 87,500 

Cost per tonne m i l l e d $ 0.25 

Tota l Annual Admin i s t r a t i on Cost $ 746,054 

Cost per tonne m i l l e d $ 2.13 

• A7. C. CROOME & ASSOCIATES LTD I 
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