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1.0 INTRODUCTION 

Energex M inera l s L t d . (Energex) holds a 100 percent i n t e r e s t i n 565 
cont iguous c l a im u n i t s , known c o l l e c t i v e l y as the Toodoggone P r o j e c t . 
The c la ims are approximate ly 300 k i lomet res north o f Sm i the r s , B r i t i s h 
Columbia. Access to the Property i s by a i r us ing the Sturdee a i r s t r i p 
from which a 24-ki lometre road leads to the Baker Mine and Lawyers 
p r o p e r t i e s . A cat t r a i l i s used to reach Energex' p rope r t i e s from the 
end of t h i s road. 

The c la ims are l o ca ted 1,200 to 1,900 metres above sea l e v e l ; tempera­
tures range from minus 40 degrees C e l s i u s to p lus 30 degrees C e l s i u s . 
The t o t a l annual p r e c i p i t a t i o n i s repor ted to be approximate ly 1.0 
metre. 

The Toodoggone P ro j e c t c la ims owned by Energex have been d i v i d e d i n t o 3 
p r i n c i p a l a reas : the AL, JD and Moose P rospec ts . 

P rec ious metal values of s i g n i f i c a n c e have been found as a r e s u l t of the 
Company's i n t e n s i v e e x p l o r a t i o n programs in the a rea . In p a r t i c u l a r , 
the Thes is I I I Zone of the AL c l a im group o f f e r s the p o t e n t i a l to 
support an economica l l y-v i ab l e open-pit mining o p e r a t i o n . 

Energex commissioned K i l b o r n Engineer ing (B. C.) L t d . ( K i l bo rn ) to 
i n v e s t i g a t e the f e a s i b i l i t y o f heap l each ing 30,000 tonnes o f t h i s 
m a t e r i a l . K i l b o r n was requested to determine the range of gold p r i c e s 
and feed grades which would be requ i red to generate a p o s i t i v e cash 
f l o w . Through the adopt ion of standard grade con t ro l procedures and the 
s t o c k p i l i n g o f low grade m a t e r i a l , i t i s reported tha t grade o f the 
heaps could be w i t h i n the range 0.10 - 0.25 ounces o f gold per ton of 
o re . 

The mine product ion and cos t data used throughout t h i s Study were 
prepared by Ar thur T. F i she r & Assoc i a t es L t d . 
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2.0 SUMMARY 

A p r e l i m i n a r y e va l ua t i on of the economics of opera t ing a 30,000 tonne 
gold ore heap leach i n the Toodoggone area has been made. 

The P ro j e c t cost has been est imated to be as f o l l o w s : 

Cost 
$ Canadian 

Min ing 750,000 
P rocess ing 1,231,000 
Power Supply 20,000 
General and A d m i n i s t r a t i o n 75,000 

TOTAL 2,076,000 

At cu r ren t gold p r i c e s of (U.S.) $345 per t roy ounce, a p o s i t i v e cash 
f low w i l l be generated by the treatment of ore grading in excess of 0.21 
ounces of gold per t o n . This i s based on a treatment per iod of 3 months 
r e s u l t i n g i n an o v e r a l l recovery of gold of 69 percent . Any extens ion 
to the season and a d d i t i o n a l recovery i n subsequent seasons w i l l enhance 
these economics. 

Some l abo ra to r y column leach t e s t work should be conducted p r i o r to 
committ ing to the 30,000 tonne P r o j e c t . 

The mobi le equipment and process p l an t w i l l be leased f o r the per iods 
requi r ed . 
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3.0 PROCESS DESCRIPTION 

3.1 GENERAL 

Run-of-mine o r e , crushed to a nominal 19 m i l l i m e t r e s i z e , w i l l 
be leached on one of t h r e e , 10,000 tonne heaps. Gold w i l l be 
ex t r ac t ed from the pregnant s o l u t i o n us ing carbon adsorp t ion 
techn iques . Loaded carbon w i l l be s t r i p p e d and the gold 
ex t r ac t ed e l e c t r o l y t i c a l l y from s o l u t i o n . The go ld impreg­
nated s t ee l wool cathodes w i l l be smelted to produce bars of 
bul1 i o n . 

No m e t a l l u r g i c a l t e s t work has been performed to date f o r the 
heap leach p rocess . The c i r c u i t proposed i s i n common use , 
however, and based upon we l l proven technology . 

The s i z i n g and c o n f i g u r a t i o n o f process equipment have been 
se l e c t ed in accordance w i th the design c r i t e r i a descr ibed in 
Sec t ion 3.6 o f t h i s Study. S ince cons ide rab le f l e x i b i l i t y 
e x i s t s i n the design of such p l a n t s , m o d i f i c a t i o n s w i l l be 
made as requ i red dur ing more d e t a i l e d eng ineer ing to accommo­
date c rush ing and gold e x t r a c t i o n p lan ts which are a v a i l a b l e 
on a lease b a s i s . 

Three leach pads w i l l be c o n s t r u c t e d , each 50 metres by 50 
metres. 

Three i n d i v i d u a l leach pad areas are proposed f o r the heap 
l each ing of the 6.1 metre high heaps of minus 19 m i l l i m e t r e s 
crushed o r e , each being approximate ly 50 metres by 50 metres. 

3.2 SITE PREPARATION 

3.2.1 Leach Pad Cons t ruc t i on 
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The area se l e c t ed i n the f i e l d f o r the i n s t a l l a t i o n of the 
pads w i l l be c l ea red and grubbed to remove o r g a n i c s , then 
rough graded to a uniform s lope to permit sur face drainage to 
one s ide of the pad. The rough grade w i l l be sprayed w i th a 
ground s t e r i l a n t , then covered wi th a 150 m i l l i m e t r e t h i c k 
l a y e r o f compacted bedding sand (or s u i t a b l y graded l o c a l 
borrow m a t e r i a l ) . I f sand i s not r e a d i l y a v a i l a b l e , a 200 mil 
t h i c k g e o t e x t i l e may be s u b s t i t u t e d to prov ide puncture 
r e s i s t a n t bedding under the l i n e r . A 30 mil PVC l i n e r w i l l be 
p laced over the bedding l a y e r . On top of the l i n e r , a 200 mil 
g e o t e x t i l e cover w i l l be p laced to p ro tec t the l i n e r dur ing 
ore placement. 

To f a c i l i t a t e the drainage of pregnant s o l u t i o n i n t o the 
c o l l e c t i o n t r e n c h , a 100 m i l l i m e t r e s l o t t e d co r ruga t ed , high 
dens i t y po lyethy lene d ra in pipe w i l l be p laced i n a 5 metre by 
5 metre g r i d over the g e o t e x t i l e . F i n a l l y , the pipes w i l l be 
covered w i th a 300 m i l l i m e t r e l a ye r of minus 38 m i l l i m e t r e 
o v e r s i z e o re . 

The base of the pad w i l l be s loped toward the pregnant s o l u ­
t i o n c o l l e c t i o n t rench which w i l l be l i n e d w i th 30 mil PVC. 

D i v e r s i on d i t ches w i l l be excavated around the leach pads to 
minimize the i n f l u x of na tura l sur face run-o f f . 

3.2.2 Heap Cons t ruc t ion 

The heaps w i l l each conta in 10,000 tonnes o f m a t e r i a l , and 
w i l l be 6.1 metres high (see F igure 3 .2 .2-1 ) . They w i l l be 
b u i l t us ing a f ront-end loader and a t r u c k . Care w i l l be 
exe r c i s ed to avo id the unnecessary compaction of the mate r i a l 
(or phys i ca l damage to the l i n e r ) . Where necessary , a dozer 
w i l l be used to r i p the sur face of the heap a f t e r one p l a c e ­
ment or dur ing l each ing i f ponding occu rs . 
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3.2.3 S o l u t i o n Pond Cons t ruc t i on 

The pregnant and barren s o l u t i o n ponds w i l l each be 20 metres 
by 20 metres by 5 metres deep. Berms w i l l be used, i n p a r t , 
to cons t ruc t s ides o f the ponds to op t im ize cut and f i l l 
expenses. The s lopes of the ponds w i l l be graded, compacted 
and s t e r i l i z e d p r i o r to cover ing wi th a double l i n e r of 30 mil 
PVC, 150 mil g e o t e x t i l e and 30 mil Hypalon. 

D i v e r s i on d i t ches w i l l p ro tec t the ponds from natura l sur face 
d ra inage . 

Once a l l 3 heaps are being l eached , approximate ly 37.4 cubic 
metres per hour o f pregnant s o l u t i o n w i l l be produced. The 
s o l u t i o n ponds w i l l each be capable of con ta i n i ng one day 's 
inventory o f s o l u t i o n . In a d d i t i o n , the ponds w i l l accommo­
date a 50 m i l l i m e t r e r a i n f a l l assumed to f a l l i n a 24-hour 
p e r i o d . A one metre f reeboard al lowance w i l l be inc luded i n 
each pond. 

The carbon a d s o r p t i o n , carbon s t r i p p i n g and e l e c t r o l y t i c go ld 
e x t r a c t i o n processes w i l l be conducted us ing l e a s e d , modular ­
i zed p l a n t s . Apart from the supply of the normal se r v i ces and 
a graded s i t e , no major s i t e p repara t ion w i l l be r equ i r ed . 

Ore w i l l be d e l i v e r e d from the open-pit to a 460 m i l l i m e t r e by 
910 m i l l i m e t r e jaw crusher by means of a Volvo BM t r u c k . 
A l t e r n a t i v e l y , the t ruck may dump onto the run-of-mine ore 
s t o c k p i l e from which a 1 oader-backhoe w i l l t r anspo r t the ore 
to the c rusher . 

3 .2.4 Carbon Adsorpt ion and Gold E x t r a c t i o n 

3.3 CRUSHING 
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The jaw crusher w i l l be covered by a 460 m i l l i m e t r e s l o t t e d 
g r i z z l y . The 100 m i l l i m e t r e crusher d ischarge w i l l be 
d e l i v e r e d by conveyor to a 910 m i l l i m e t r e by 1820 m i l l i m e t r e 
v i b r a t i n g sc reen . The nominal 19-mi l l ime t re screen unders ize 
f r a c t i o n w i l l be d e l i v e r e d by conveyor b e l t to the crushed ore 
s t o c k p i l e . The screen o v e r s i z e w i l l feed a 600 m i l l i m e t r e 
cone c ru she r , the d ischarge o f which w i l l be fed onto the 
v i b r a t i n g screen by means of 2 conveyor b e l t s . 

A c i v i l c on t r a c to r i n Smithers owns a l a r g e r p l an t than tha t 
desc r ibed above. He would be able to lease the p l an t f o r a 
3-month p e r i o d , g iven s u f f i c i e n t n o t i c e . The p l an t would be 
w e l l - s u i t e d f o r the work. 

3.4 HEAP LEACHING 

S o l u t i o n w i l l be app l i ed to the sur face and s ides of the heaps 
us ing Senninger No. 12 Wobblers. Based upon a des ign f a c t o r 
of 10 l i t r e s per hour per square metre dump base, the average 
s o l u t i o n f low f o r each heap w i l l be 12.5 cub ic metres per 
hour. To f a c i l i t a t e c i r c u i t c o n t r o l , each dump w i l l be 
se r v i c ed by one s o l u t i o n feed pump. S o l u t i o n w i l l be d i s ­
t r i b u t e d to the Senninger Wobblers through high dens i t y 
po lye thy lene p i p e . 

The pregnant s o l u t i o n w i l l d r a i n to one corner o f the heap, 
and hence through the s l o t t e d pipes i n to the c o l l e c t i o n d i t c h . 

Subject to the r e s u l t s o f column l each ing t e s t work, i t i s 
p o s s i b l e tha t each p i l e w i l l not be leached con t i nuous l y . 
I ns tead , an i n t e r m i t t e n t opera t ion w i l l be adopted whereby 
per iods of time w i l l be a l lowed f o r the heap to d r a i n and l i e 
dormant. 

The time requ i red to e f f e c t i v e l y leach the minus 19 m i l l i m e t r e 
mate r i a l i s not y e t known. The times scheduled f o r t h i s 
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purpose are shown below, based upon the t e rm ina t ion of l e a c h ­
ing opera t ions at the end of September. 

Tota l Time 
Heap Number A v a i l a b l e f o r Leaching 

I and II 92 Days 
I I I 61 Days 

3.5 GOLD EXTRACTION 

Gold w i l l be recovered from the pregnant s o l u t i o n us ing the 
convent iona l carbon a d s o r p t i o n , carbon s t r i p p i n g and e l e c t r o ­
l y t i c e x t r a c t i o n processes . The cathodes produced w i l l be 
melted on-s i t e to produce gold b u l l i o n . 

P r e l im ina r y des ign c a l c u l a t i o n s i n d i c a t e that f i v e , 760 
m i l l i m e t r e diameter by 244 m i l l i m e t r e high carbon adsorp t ion 
columns w i l l be r e q u i r e d . Once a l l 3 heaps are i n o p e r a t i o n , 
approximate ly 374 cub ic metres per hour o f pregnant s o l u t i o n 
w i l l be pumped to the towers. The amount o f carbon to be 
t r a n s f e r r e d on a d a i l y bas i s w i l l v a r y , sub jec t to the 
o r i g i n a l grade of the heap and the s ta tus o f the leach c y c l e . 
The maximum carbon movement w i l l be in the order of 555 - 700 
ki lograms per day. 

I t i s assumed that 6,800 grams o f go ld w i l l be adsorbed on 
each tonne o f carbon. A heated s o l u t i o n o f cyanide and sodium 
hydroxide w i l l s t r i p the prec ious metal from the carbon. The 
enr i ched s o l u t i o n w i l l then c o n s t i t u t e the e l e c t r o l y t e in a 
c e l l us ing s t ee l wool as the cathode. M e t a l l i c gold w i l l be 
depos i ted on the wool which w i l l subsequent ly be charged w i th 
f l u x i n t o a reve rbera to ry furnace to produce bars of go ld 
bul1 i o n . 

The des ign o f c e r t a i n go ld recovery p l an t s prov ides f o r the 
carbon load ing and s t r i p p i n g operat ions to be c a r r i e d out i n 

0€0[U!©IMfcO 
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the same columns. The schedu l ing of these independent a c t i v i ­
t i e s would be determined by the grade of the mate r i a l i n the 
heap. Sec t ion 3.6 of t h i s Report prov ides p r e l im ina r y des ign 
c r i t e r i a which could be used to s i z e equipment and f a c i l i t i e s 
f o r a new p l a n t . In f a c t , the f i n a l s e l e c t i o n of process 
equipment w i l l depend i n l a rge par t upon the cost and a v a i l ­
a b i l i t y o f s u i t a b l e mobi le p l an t s which may not conform 
e x a c t l y to the f o l l o w i n g design c r i t e r i a . 

3.6 DESIGN CRITERIA 

Ore 

Quant i ty to be Leached 
Grade of Ore 

30,000 tonnes 
Va r i ab l e 3.4 - 8.6 
gms/tonne (0.10 - .25 
ozs/ton 

Crushing 

Crushing Rate 
Crushing Schedule 

10,000 tonnes/month 
12 h o u r s / s h i f t 
2 s h i f t s / d a y 
6 days/week 
9 hours 

80 percent 
460 mm 

E f f e c t i v e Time Per S h i f t 
P l an t A v a i l a b i l i t y 
Feed S i ze (Maximum) 
Product S ize (Nominal) Minus 19 mm 

Leaching 

Number of Heaps 
S ize of Heaps 
Durat ion of Leach: 

3 
10,000 tonnes 

Heaps I and II 92 days 
61 days Heap I I I 
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Bulk Dens i ty of Ma te r i a l 
Slope of P i l e s 
Leachant A p p l i c a t i o n Rate 

Gold Recovery 

Pregnant and Barren So l u t i on Ponds 

Number of Ponds 
Capac i ty 

R a i n f a l l 
Evaporat ion Rate 
Barren S o l u t i o n Flow Rate 

Gold E x t r a c t i o n 

Schedule 
Carbon Column S o l u t i o n Flow 
Carbon Loading 

Carbon Trans fe rs (Maximum) 
Carbon Bed Expansion Factor 
Number o f Columns 
Number of E l e c t r o l y t i c C e l l s 

Gold Re f i n i ng 

Schedule 

1,415 kg/m 3 

45° 
10 l i t r e s / h o u r / m e t r e 2 

(0.004 gpm/SF) 
Va r i ab l e 
(see ' M e t a l l u r g y ' ) 

One each 
One day 's inventory 
each plus emergency 
f reeboard 
50 mm in 24 hours 
Assume zero 
12.5 m3/h 

Continuous opera t ion 
73.4 m 3/h/m 2 

6,800 gm gold/tonne 
carbon 
4 d a i l y 
250% 
5 
2 

One sh i f t/week 
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Meta l lu rgy 

Go ld* 
Feed Grade Recovery 

Ozs/Ton Gm/Tonne % 

0.25 8.57 75 
0.20 6.86 71 
0.15 5.14 63 
0.10 3.43 48 

Recovery achieved i n 92 days , i . e . J u l y , August and 
September. 

3.7 GOLD PRODUCTION 

P r e l im ina r y gold product ion est imates have been prepared based 
upon 4 feed grades: 

Feed Grade 
Ozs Gold/Ton 

0.25 
0.20 
0.15 
0.10 

Gm Gold/Tonne 

8.57 
6.86 
5.14 
3.43 

I t i s repor ted that 30,000 tonnes of ma te r i a l could be s e l e c ­
t i v e l y mined to produce heaps w i t h i n t h i s range of grades. 

No heap leach or column leach t e s t work has been conducted to 
date . A c c o r d i n g l y , go ld product ion es t imates are p red i ca ted 
upon assumed gold r e c o v e r i e s . For t h i s purpose, i t i s assumed 
that a 75 percent gold e x t r a c t i o n w i l l be achieved when 0.25 
ounces o f go ld per ton (8.57 grams of go ld per tonne) o f 
ma te r i a l i s leached dur ing the 92-day p e r i o d , J u l y -
September, i n c l u s i v e . Est imates of gold e x t r a c t i o n s at lower 
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feed grades are de r i ved us ing the assumed t a i l i n g s values 
shown in Table 3 .7-1 . 

TABLE 3.7-1 
ASSUMED TAILINGS VALUES AND GOLD RECOVERIES 

Feed Grade Nominal Gold 
T a i l i n g s Recovery 

Ozs Au/Ton Gm/Tonne Gm/Tonne % 

0.25 8.57 2.1 75 
0.20 6.86 2.0 71 
0.15 5.14 1.9 63 
0.10 3.43 1.8 48 

Assumed Gold E x t r a c t i o n versus Time Curve p r o f i l e s , F igures 
3.7-1 to 3.7-4, are used to develop p ro jec ted gold r ecove r i es 
by p e r i o d . A summary of the t o t a l gold product ion i s shown in 
Table 3.7-2. 

TABLE 3.7-2 
GOLD PRODUCTION SUMMARY 

Tota l Gold 
Feed Grade Tota l Product ion E x t r a c t i o n 
Ozs/Ton Ozs of Gold % 

0.25 5,425 72.3 
0.20 4,120 68.7 
0.15 2,730 60.7 
0.10 1,380 45.9 

3.8 EFFLUENT TREATMENT 

Due to the lack o f me te ro log i ca l data on p r e c i p i t a t i o n , a 
d e t a i l e d s o l u t i o n balance has not been c a l c u l a t e d f o r the 
process . 
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I t i s probable that a l l conce ivab le measures should be taken 
to minimize the gain i n s o l u t i o n inventory due to p r e c i p i t a ­
t i o n . Such items would i n c l u d e : 

(a) S i t i n g the heaps on e leva ted ground to prevent the 
ingress of natura l sur face run-of f water . 

(b) Cover ing the s o l u t i o n c o l l e c t i o n d i t ches and areas of the 
heaps which are not being sprayed. 

(c) Cover ing the heaps dur ing the w in te r season. 

(d) Cover ing s o l u t i o n ponds. 

(e) M in im iz i ng i n i t i a l inventory o f s o l u t i o n and a l l o w i n g 
system to b u i l d up s o l u t i o n over the l each ing per iod by 
gains from p r e c i p i t a t i o n . 

S ince the amount of e f f l u e n t which might be generated cannot 
be q u a n t i f i e d at t h i s t ime , no p r o v i s i o n i s i nc luded f o r 
e f f l u e n t t reatment . However, i t i s proposed tha t sodium 
hypoch lo r i t e would be added to the barren pond decant . A 
small aging pond would be requ i red to a l l ow f o r the complet ion 
of the cyanide d e s t r u c t i o n process . Discharges would be 
p e r i o d i c r a the r than cont inuous . The a ssoc i a t ed c a p i t a l and 
opera t ing costs would l i k e l y f a l l w i t h i n the o v e r a l l est imates 
un less some e x t r a o r d i n a r y m e t a l l u r g i c a l problems were to be 
encountered. 
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4.0 DEVELOPMENT SCHEDULE 

4.1 RECOMMENDED PROGRAM 

The p r e l i m i n a r y development schedule i s shown in bar char t 
form i n F igure 4 . 1 - 1 . 

The camp and general i n f r a s t r u c t u r e requirements w i l l be 
e s t a b l i s h e d i n A p r i l . Access routes w i l l be prepared , and the 
l and ing s t r i p made o p e r a t i o n a l . While some supp l i e s w i l l be 
d e l i v e r e d by Hercules a i r c r a f t , the major items of mobi le and 
process equipment w i l l be t r anspor ted to the s i t e by cat 
t r a i n . In view of the s i t e l o c a t i o n , i t i s important tha t the 
l o g i s t i c s of m o b i l i z a t i o n and d e m o b i l i z a t i o n be s tud i ed in 
depth as an i n t e g r a l par t o f subsequent and more d e t a i l e d 
s t u d i e s . 

Open-pit pre-product ion s t r i p p i n g w i l l commence i n l a t e A p r i l , 
and be completed by mid-May. Open-pit mining w i l l commence on 
A p r i l 1, and cont inue u n t i l the end of J u l y . Crushing opera ­
t i o n s w i l l be c a r r i e d out c o n c u r r e n t l y . 

The s o l u t i o n ponds, drainage d i t ches and leach pads f o r 2 
p i l e s w i l l a l l be cons t ruc ted dur ing May and June. During 
t h i s p e r i o d , f r e sh water supply systems and p ip i ng and reagent 
feed ing c i r c u i t s w i l l a l s o be prepared. The modular ized go ld 
e x t r a c t i o n p l an t w i l l be set up and commissioned i n p repara ­
t i o n f o r the commencement of l each ing opera t ions on J u l y 1. 
The l each ing of p i l e s I and II w i l l s t a r t at t h i s time and 
proceed u n t i l September 30. 

The p repara t ion o f the No. I l l pad and leach p i l e w i l l take 
p lace dur ing J u l y . Leaching of t h i s p i l e w i l l commence 
August 1 and cont inue u n t i l September 30 , at which time a l l 
l each ing opera t ions w i l l be t e rmina ted . Residual s o l u t i o n s 
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which may conta in cyanide w i l l then be t r ea ted w i th l i q u i d 
sodium h y p o c h l o r i t e . 

The d e m o b i l i z a t i o n o f the equipment and f a c i l i t i e s w i l l take 
place dur ing September and October. I t i s a n t i c i p a t e d that 
cat t r a i n s w i l l have l i t t l e d i f f i c u l t y l e av ing the s i t e by the 
end of September. 
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5.0 PROJECT COST ESTIMATE 

5.1 SUMMARY 

5.2 

The P ro j ec t c o s t s , by p r i n c i p a l area o f expense, are shown 
below i n Table 5 .1-1. 

TABLE 5.1-1  
PROJECT COST SUMMARY - $(000) 

Area of 
Expense A p r i l May June J u l y Aug. Sept. Oct . Tota l 

Min ing 250 250 250 750 
P rocess ing 44 242 204 267 218 222 34 1,231 
Power Supply 4 8 8 20 
General and 
Admin. 15 24 9 9 9 9 75 

TOTAL 59 516 463 530 235 239 34 2,076 

MINING 

The Mine Operat ing Costs used in t h i s Study have been deve l-
oped by Ar thur T. F i she r & Assoc i a t es L t d . i n a repor t dated 
June 27 , 1986. 

The data shown i n Table 5.2-1 o v e r l e a f , ex t r a c t ed d i r e c t l y 
from Mr. F i s h e r ' s r e p o r t , summarize the Mine Operat ing Cos t s . 
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TABLE 5.2-1 
MINE OPERATING COST SUMMARY 

Item Per iod 

Heavy Equipment 3 Months 
Consumables 

Labour 3 Months 

SUBTOTAL 
Plus Contingency 
Al lowance at 10% 

TOTAL REQUIRED BUDGET 

Say 

Tota l Cost 
$ 

258,000 
300,000 
135,000 

683,000 

68,300 

751,300 

750,000 

Cost/Tonne of 
Ore Mined 
($/Tonne) 

8.60 
10.00 
4.50 

22.10 

24.31 

24,31 

25.00 
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5.3 PROCESSING 

5.3.1 P rocess ing Cost Summary 

The Process ing Cost Est imate i s summarized in Table 5 .3 .1-1, 

TABLE 5.3.1-1  
PROCESSING COST SUMMARY - $(000) 

Area of 
Expense A p r i l May June J u l y Aug. Sept. Oct . Tota l 

Labour 14.4 33.8 47.2 48.7 33.8 33.1 33.8 244.8 
Equipment 
Lease Cos t s : 
a) Mobi le 

Equipment - 64.4 49.9 60.9 10.9 14.9 - 201.0 
b) Crushing 

P l an t 30.0 35.0 35.0 35.0 25.0 - - 160.0 
c) Gold 

E x t r a c t i o n - 47.0 22.0 22.0 22.0 47.0 - 160.0 
Cons t ruc t ion 
Supp l ies - 62.0 50.0 15.9 - - - 127.9 
Operat ing 
Supp l ies - - - 84.4 126.6 126.6 - 337.6 
TOTAL 44.4 242.2 204.1 266.9 218.3 221.6 33.8 1231.3 

5.3.2 Labour 

For t h i s purpose, i t i s assumed that a l l opera t ing personnel 
w i l l work a 12-hour s h i f t on a '2-week on - 2-week o f f 
schedule which r e s u l t s i n a 42-hour work week. Continuous 
coverage w i l l be ma in ta ined , 24 hours per day, 7 days per 
week. 

Over t ime, at the ra te of 1.5 m u l t i p l i e d by the base rate w i l l 
be pa id f o r a l l hours i n excess of 40 hours per week. 
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The weighted average base rate w i l l be $13.50 per hour. A 20 
percent l oad ing i s prov ided to cover Workmen's Compensation 
Premiums, Unemployment Insurance and Canada Pension payments. 

Employees w i l l be housed in exp lo ra t i on- t ype t e n t s . The room 
and board charge w i l l be $35 per man day. 

The re tu rn a i r f a re from Smithers to the Sturdee a i r s t r i p w i l l 
be $97. 

The deduct ion of a composite wage ra te i s shown in Table 
5 . 3 . 2 - 1 , based upon the fo rego ing assumptions. 

TABLE 5.3.2-1 
COMPOSITE WEIGHTED AVERAGE WAGE RATE 

Cost 
Item $/Hour Worked 
Base Rate 13.50 
Scheduled Overtime 0.32 
Loading: 20% of Base 2.70 
Room and Board: $35 Per Day 2.92 
T ranspo r t a t i on to S i t e 0.58 

TOTAL 20.02 

One M e t a l l u r g i s t w i l l be on s i t e throughout the dura t ion of 
the P r o j e c t . He w i l l r ece i ve a loaded monthly s a l a r y of 
$4,000. Two Equipment Operators w i l l prepare the heap pads, 
cons t ruc t the heaps and b u i l d the s o l u t i o n ponds dur ing May, 
June and J u l y . T h e r e a f t e r , one Equipment Operator w i l l be 
r e t a ined on s i t e to prov ide general s i t e s e r v i c e s . 

Two Process Operators w i l l work in June to a s s i s t i n the 
i n s t a l l a t i o n of pumps and p i p i n g systems and the set-up of the 
gold e x t r a c t i o n p l a n t . The two o p e r a t o r s , one per s h i f t , w i l l 
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monitor the leach p i l e s and operate the gold e x t r a c t i o n p l an t 
dur ing J u l y , August and September. One operator w i l l a s s i s t 
in the decommissioning of the f a c i l i t i e s i n October. 

One U t i l i t y Labourer w i l l be on s i t e dur ing the per iod A p r i l -
J u l y , i n c l u s i v e , to a s s i s t in s e t t i n g up the process equipment 
and s i t e p r epa r a t i on . 

One M e c h a n i c / E l e c t r i c i a n w i l l be on s i t e throughout the 
P ro jec t to s e r v i c e a l l equipment assoc i a ted w i th the p r o c e s s ­
ing a c t i v i t i e s . 

The labour cost est imate i s shown ov e r l e a f in Table 5 .3 .2-2 . 



TABLE 5.3.2-2 
LABOUR COST ESTIMATE 

TOTAL 
ITEM APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER COST 

LABOUR REQUIREMENT ON-SITE: 
M e t a l l u r g i s t / S u p e r v i s o r - 1 1 1 1 1 1 
Equipment Operator - 2 2 2 1 1 1 
Process Operator - - 2 2 2 2 1 
Labourer 1 1 1 1 - - -
M e c h a n i c / E l e c t r i c i a n 1 1 1 1 1 1 1 

TOTAL MANPOWER ON-SITE 2 5 7 7 6 6 5 

LABOUR COSTS ($ ) : 
M e t a l l u r g i s t / S u p e r v i s o r - 4,000 4,000 4,000 4,000 4,000 4,000 24,000 
Equipment Operator - 14,895 14,414 14,895 7,447 7,447 7,447 66,545 
Process Operator - - 14,414 14,895 14,895 14,414 14,895 73,513 
Labourer 7,207 7,447 7,207 7,447 - - - 29,308 
M e c h a n i c / E l e c t r i c i a n 7,207 7,447 7,207 7,447 7,447 7,207 7,447 51,409 

TOTAL LABOUR COSTS 14,414 33,789 47,242 48,684 33,789 33,068 33,789 244,775 
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5.3.3 Equipment Lease and Operat ing Costs 

(a) Mobi le Equipment 

The f o l l o w i n g items of mobi le equipment w i l l be requ i red 
to prepare the s i t e and cons t ruc t the heap leach pads: 

Item Quant i ty D e s c r i p t i o n 

1 1 D-6 or Equ iva len t B u l l d o z e r 
2 1 Rubber-Tired Loader-Backhoe - JCB-3D 
3 1 Volvo BM Truck 

A p r e l i m i n a r y est imate of the assoc i a t ed costs i s shown 
ove r l e a f i n Table 5 .3 .3-1 . 

(b) Crushing P lan t 

A c rush ing p l an t i s c u r r e n t l y a v a i l a b l e i n Smithers which 
would be capable of c rush ing the run-of-mine mate r i a l to 
19 m i l l i m e t r e s . The owner of the equipment would be 
w i l l i n g to lease the p l an t f o r $20,000 per month, and 
would wish to prov ide 2 of h i s employees to operate and 
mainta in the equipment. 

An approximate est imate of the c rush ing p l an t cos ts i s 
shown ove r l e a f i n Table 5 .3 .3-2 . 

(c) Gold E x t r a c t i o n P lant 

Skid-mounted, modular ized go ld e x t r a c t i o n p l an t s are 
a v a i l a b l e f o r l e a s e . A budget quota t ion reviewed f o r a 
p l an t of r equ i red capac i t y has been rece ived f o r a p p r o x i ­
mately $22,000 per month. I t i s probable tha t t h i s cost 
cou ld be reduced once f i n i t e product ion plans have been 
e s t a b l i s h e d . 



TABLE 5.3.3-1 
EQUIPMENT LEASE AND OPERATING COSTS ($) 

ITEM APRIL MAY JUNE JULY AUGUST SEPT. OCT. TOTAL 
1. B u l l d o z e r - D-6 Cat 

Mobi l i z a t i on/Demob i1 i za t i on - 6,000 - 6,000 - - 12,000 
Fuel/Lube - 2,500 2,500 2,500 - - 7,500 
Lease Cost 20,000 20,000 20,000 - - 60,000 

2. Loader-Backhoe - JCB-3D 
M o b i l i z a t i o n / D e m o b i 1 i z a t i o n - 4,500 - - - 4,500 9,000 
Fuel/Lube - 1,875 1,875 1,875 1,875 1,875 9,375 
Lease Cost - 7,500 7,500 7,500 7,500 7,500 37,500 

3. Truck - Volvo BM 
Mob i l i z a t i on/Demob i1 i z a t i on - 5,000 - 5,000 - - 10,000 
Fuel/Lube - 3,500 3,500 3,500 - - 10,500 
Lease Cost - 12,000 12,000 12,000 - - 36,000 

SUBTOTAL _ 62,875 47,375 58,375 9,375 13,875 - 191,875 
Repai r Supp l ies - 1,500 2,500 2,500 1,500 1,000 9,000 
TOTAL - 64,375 49,875 60,875 10,875 14,875 - 200,875 

F1 

m 

ITEM 
Crusher M o b i l i z a t i o n / 

Demobi1izat ion 
Operat ing Labour 
Lease Payments 
TOTAL CRUSHING PLANT COSTS 

TABLE 5.3.3-2  
CRUSHING PLANT COSTS ($) 

APRIL MAY JUNE JULY 

20,000 

10,000 
30,000 

15,000 
20,000 

15,000 
20,000 

15,000 
20,000 

AUGUST 

20,000 

5,000 
35,000 35,000 35,000 25,000 

SEPT, OCT. TOTAL 

40,000 
45,000 
75,000 

160,000 

on l 00 
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The p l an t inc ludes 5-stage carbon columns, t r a s h , carbon 
and sa fe t y sc reens , a l l i n t e r connec t i ng p i p i n g and pumps. 
A complete carbon s t r i p p i n g and e l e c t row inn ing p lan t and 
a reve rbera to ry furnace i s a l so i n c l u d e d . 

M o b i l i z a t i o n and d e m o b i l i z a t i o n costs are assumed to be 
$25,000, r e s p e c t i v e l y . 

5.3.4 Cons t ruc t ion Suppl ies 

The Cons t ruc t ion Supply Cos t s , shown ove r l e a f i n Table 
5 . 3 . 4 - 1 , w i l l be i n c u r r e d , based upon the S i t e P lan t shown in 
F igure 5 .3 .4-1 . For t h i s purpose, i t i s assumed tha t a l l 
c o n s t r u c t i o n supp l i e s are purchased by Energex. 

5.3.5 Operat ing Suppl ies 

Sodium cyanide w i l l be used to leach go ld from the heaps and 
to ' s t r i p ' gold from the loaded carbon. 

Sodium hydroxide w i l l prov ide the necessary s o l u t i o n a l k a ­
l i n i t y dur ing the heap l each ing and carbon s t r i p p i n g 
processes . Carbon w i l l be requ i red i n i t i a l l y to charge the 5 
carbon columns. T h e r e a f t e r , on ly a small quan t i t y of carbon 
w i l l be requ i red to rep lace the f i n e s which w i l l be removed in 
the gold e x t r a c t i o n p l a n t . 

Fuel o i l w i l l be consumed to heat the carbon r e a c t i v a t i o n k i l n 
and the reverbera tory fu rnace . The costs of o i l requ i red f o r 
general heat ing purposes are assumed to be inc luded in the 
camp c o s t . An a l lowance i s inc luded to cover the cost of 
f l u x , f ue l o i l f o r the reverbera tory furnace and other m i s c e l ­
laneous opera t ing s u p p l i e s . 
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TABLE 5.3.4-1 
CONSTRUCTION SUPPLIES 

AREA OF 
EXPENSE ITEM 

Leach Pad G e o t e x t i l e 200 mi l 
PVC L i n e r 30 mi l (Pad 
and Trenches) 
100 mm d i a PVC S l o t t e d 
Drain Pipes 
50 mm d i a HDPE Spray 
S o l u t i o n Headers 
25 mm d i a HDPE Spray 
S o l u t i o n L a t e r a l s 
S p r i n k l e r Heads complete 
w i th Pressure Regulators 
- Senninger No. 12 

QTY. [ITS 

8,250 m2 

9,000 m2 

1,500 m 

180 m 

1,650 m 

300 Each 

COST 
PER 
UNIT 

$ 

3.50 
4.25 

9.50 

2.50 

TOTAL 
COST 

$ 

28,875 
38,250 

14,250 

450 

1.90 3,135 

12.00 3,600 

S o l u t i o n 
Ponds 

PVC L i n e r 30 mil 
Hypalon L i n e r 30 mil to 
S o l u t i o n Ponds 
G e o t e x t i l e - 200 mil 
Pregnant S o l u t i o n Pump 
Pregnant So l u t i on Va l ves , 
Pipe F i t t i n g s 
Barren S o l u t i o n Pump 
Barren S o l u t i o n Va l ves , 
Pipe F i t t i n g s 

960 m2 

960 m2 

960 m2 

2 Each 
1 Lot 

4.25 
7.00 

3.50 
3,500.00 
2,000.00 

2 Each 3,500.00 
1 Lot 2,000.00 

4,080 
6,720 

3,360 
7,000 
2,000 

7,000 
2,000 

Fresh 
Water 
Pond 

PVC L i n e r 30 mi l 400 m2 4.25 1,700 
Pump 1 Each 2,500.00 2,500 

Fresh Water Va l ve s , P i p e , 1 Lot 500.00 500 
F i t t i n g s 

Other 

TOTAL 

Fuel S to rage , 37,000 l i t r e 
Capac i ty (Used) 

1 Lot 2,500.00 2,500 

127,920 
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The p r i c e s of supp l i e s are based upon cur ren t 'budget ' quo ta ­
t i o n s on an FOB, Vancouver b a s i s . I t i s assumed that the 
supp l i e s w i l l then be t ranspor ted to Smithers ($248 per 
tonne ) , and hence to the s i t e by a i r ($662 per tonne) . The 
t o t a l f r e i g h t cost from Vancouver to the Sturdee a i r s t r i p w i l l 
be $910 per tonne ($0.91 per k i l og ram) . 

For t h i s purpose, the cost of opera t ing supp l i e s i s assumed to 
vary d i r e c t l y w i th the tonnage to be leached. The u n i t cost 
( d o l l a r s per tonne leached) i s der i ved i n Table 5 .3 .5-1 . 

TABLE 5.3.5-1 
OPERATING SUPPLY UNIT COSTS 

P r i c e P r i c e Uni t Cost 
Consumption $/Kg $/Kg $/Tonne 

Item Kg/Tonne FOB Vane. FOB Si te Leached 

Sodium Cyanide 0.85 1 74 2. 65 2. 25 
Sodium Hydroxide 0.85 0. 88 1. 79 1. 52 
Carbon 0.05 3 51 4. 42 0. 22 
Other - Al lowance - - - 0. 23 

TOTAL 4. 22 

5.4 POWER SUPPLY 

5.4.1 Power Requirement 

The incremental power requirement i s es t imated to be one 
k i l o w a t t hour per tonne. 

The power w i l l be produced by means of a d i e s e l - e l e c t r i c 
generator which w i l l produce approximate ly 3 k i l o w a t t hours 
per l i t r e of fue l o i l . The cos t of fue l o i l i s assumed to be 
$0.66 per l i t r e ($3.00 per g a l l o n ) . 

0€0[L[l@«fl 
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I t i s assumed tha t the power generator requ i red f o r the 
e x p l o r a t i o n camp w i l l be of s u f f i c i e n t s i z e to generate the 
minimal amount of incremental power requ i red f o r the p rocess ­
ing o p e r a t i o n s . These cos ts do not i nc lude power f o r the 
c rush ing p l an t which w i l l be a s e l f - con t a i ned u n i t , complete 
w i th an i n t e g r a l d i e s e l - e l e c t r i c generator . 

The u n i t cos t of energy w i l l the re fo re be: 

1.0 x 0.66 = $0.22 per tonne. 
3 

5.5 GENERAL AND ADMINISTRATIVE 

The General and A d m i n i s t r a t i v e costs are summarized i n Table 
5.5-1. 

TABLE 5.5-1  
GENERAL AND ADMINISTRATIVE COSTS 

Item A p r i l May June J u l y Aug. Sept. Oct . Tota l 

Consu l t i ng 
Serv i ces - 5,000 5,000 5,000 5,000 5,000 - 25,000 
Assay 
F a c i l i t i e s 15,000 15,000 _ _ _ _ _ 30,000 
Assay 

Labour - 4,000 4,000 4,000 4,000 4,000 - 20,000 

TOTAL 15,000 24,000 9,000 9,000 9,000 9,000 - 75,000 

No a d d i t i o n a l management personnel w i l l be requ i red on-s i t e as 
a r e s u l t of the Heap Leach P r o j e c t . 

An al lowance o f $5,000 per month dur ing the per iod May to 
September i s inc luded f o r mine and process eng ineer ing con ­
s u l t i n g s e r v i c e s . 

[*0[L[IM» 
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I t w i l l be necessary to analyze pregnant and barren s o l u t i o n s 
f o r process con t ro l purposes throughout the l each ing program. 
Samples of b l a s t - h o l e d r i l l c u t t i n g s w i l l be assayed f o r ore 
con t ro l purposes. A temporary l abora to ry w i l l be e s t a b l i s h e d 
i n a ten t or i n a small t r a i l e r . An al lowance of $10,000 i s 
i nc luded to cover the cos ts of i n s t a l l i n g a v e n t i l a t i o n f a n , 
working bench and plumbing. In a d d i t i o n , a small o i l f r ee a i r 
compressor and dedicated power generator w i l l be r e q u i r e d . An 
atomic adsorp t ion ana l yze r w i l l be purchased f o r $20,000. The 
assayer w i l l set-up the l abo ra to r y i n May and operate the 
f a c i l i t y u n t i l the end of September. The a s saye r ' s loaded 
s a l a r y w i l l be $4,000 per month. 
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6.0 PROJECT ECONOMICS 

6.1 ASSUMPTIONS 

The purpose of the f o l l o w i n g c a l c u l a t i o n s i s to determine the 
range of feed grades and gold p r i c e s which w i l l permit Energex 
to heap leach 30,000 tonnes of mate r i a l and generate a p o s i ­
t i v e cash f l o w . For t h i s purpose o n l y , i t i s assumed tha t 
such favourab le cond i t i ons e x i s t when the value of the e s t i ­
mated gross value of product ion exceeds the p ro jec ted ope ra t ­
ing c o s t s . 

Gold product ion data i s der i ved i n Sec t ion 3.7 of t h i s Study. 
A base go ld p r i c e of $340 U.S. per ounce i s assumed. The 
s e n s i t i v i t y of P ro jec t economics to v a r i a t i o n s i n go ld p r i c e 
i s examined through the use of a l t e r n a t i v e gold p r i c e s . 

Gold P r i c e % o f 
$ U.S./Oz Base 

306 90 
340 Base 
374 110 
391 115 

The exchange ra te i s assumed to be: $1.00 U.S. equals $1.40 
Canadian. 

The opera t ing cost p r o j e c t i o n s are der i ved in Sec t ion 5.0 of 
t h i s Study. I t i s assumed that c e r t a i n overhead costs w i l l be 
charged to the normal e x p l o r a t i o n account . Thus, costs 
i n cu r red in ma in ta in ing access roads , p rov i d i ng adequate 
supp l i e s o f f r e sh wate r , general s i t e maintenance and head 
o f f i c e overhead are not inc luded i n these c o s t s . The Heap 
Leaching P ro j ec t i s no t , t h e r e f o r e , examined on a 
' s t and-a lone ' b a s i s . 
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To be c o n s i s t e n t w i th s tud ies performed by o t h e r s , i t i s 
assumed that l a rge items of process and mobi le equipment w i l l 
be moved to the s i t e over land by cat t r a i n . I t i s f u r t h e r 
assumed that the equipment w i l l leave the s i t e by the same 
r o u t e , once i t i s no longer requ i red f o r the heap leach 
o p e r a t i o n . A l t e r n a t i v e l y , some equipment may remain on-s i t e 
to be used i n the ongoing P ro j ec t development a c t i v i t i e s . 

The P ro j ec t economics are s imply examined on a 'Va lue of 
Product ion Less Cos t s ' b a s i s . No p r o v i s i o n i s i nc luded f o r 
i n t e r e s t expense, taxes and the other important elements which 
comprise a F i n a n c i a l E v a l u a t i o n . 

6.2 ANALYSIS OF RESULTS 

The r e s u l t s o f s t u d i e s , summarized in Table 6 . 2 - 1 , i n d i c a t e 
that at a gold p r i c e of $340 per ounce a p o s i t i v e cash f low 
can be generated at grades i n excess of about 0.2 ounces of 
go ld per ton (or 6.9 grams of gold per tonne ) . The data i s 
represented g r a p h i c a l l y i n F igure 2 . 1 , Sec t ion 2.0 of t h i s 
Report . 

I t should be pointed out that these economics are r e l a t e d to 
the shor t l each ing season assumed. Any extens ion o f t h i s 
season, or cont inued recovery i n subsequent seasons, w i l l 
improve the economics. Rest per iods f o r heaps between leaches 
are o f ten b e n e f i c i a l to o v e r a l l recovery . 



TABLE 6.2-1 
GROSS VALUE OF PRODUCTION 

EXCHANGE RATE: $1.00 U.S. = $1.40 CDN. 

FEED GRADE 
OZS AU/TON GMS AU/TONNE 

PRODUCTION 
OZS 

GOLD PRICE 
$ U.S./OZ 

GROSS VALUE 
OF PRODUCTION 

$ CDN 
VALUE OF PRODUCTION LESS PROJECT COSTS 

$ CDN $/TONNE LEACHED 

0.25 8.57 5,425 306 
340 
374 
391 

2,324,070 
2,582,300 
2,840,530 
2,969,645 

248,070 
506,300 
764,000 
893,645 

8.27 
16.88 
25.47 
29.79 

0.20 6.86 4,120 306 
340 
374 
391 

1,765,008 
1,961,120 
2,157,232 
2,255,288 

(310,992) 
(114,880) 

81,232 
179,288 

2.71 
3.72 

0.15 5.14 2,730 306 
340 
374 
391 

1,169,532 
1,299,480 
1,429,428 
1,494,402 

(906,468) 
(776,520) 
(646,572) 
(581,598) CTi 

I 
CO 
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