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An env i  r o n m n t a l  impact s tudy and a  m i n i  feasabi  l i t y  s tudy 
have been conp le ted  and documented. 

The env i ronnen ta l  s tudy focused on t h e  occurrence of GALIUM 
TRIFOLIUM and OSMORHIZA DEPAUPERATA, which a re  two smal l  p l a n t s  which 
do n o t  u s ~ ~ a l l y  occur  so f a r  no r t h .  They are,  hatever ,  no t  uncomnon 
p l a n t s .  As w e l l ,  a water  q u a l i t y  s tudy was done i n  o rde r  t o  have 
base l i ne  da ta  on t h e  watercourses b e f o r e  m in i ng  comences. 

The n i n e  feasibility s tudy  es t imates  and eva lua tes  p r o j e c t e d  
cos ts ,  o r e  reserves,  geol oqy and rni ne devel  opnent proceedu res. 
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Summary 

In -s i tu  measurements o f  water qual i ty parameters were conducted on the 

South Macmillan River and Hoodoo Creek in 1985 in the same manner as in 

previous years. Data recording water temperature, dissolved oxypen, sal ini ty,  

conductivity and pH were gathered. In addition, since we insta l led a graduated 

plate, water stage measurements were recorded f o r  the South Macmillan River. 

Measurements o f  water discharge were made on the South Macmillan River and 

Seke, Tom and Rat  Creeks and are re lated t o  stream stages as recorded from 

s t a f f  plates insta l led on each stream. Discharges in early August were 3.475, 

0.2331 0-129, 0.080 m3 respectively. Using government data and s ta f f  readings t o  

be gathered in la te  f a l l  o f  1985, good est imates o f  low f a l l  discharges w i l l  be 

possible. A t  our request, however, the Ross River federal land use of f icer  w i l l  

be making winter  measurements o f  the depth o f  the South Macmillan River, thus 

permit t ing a more direct indicat ion o f  the yearly low f l ow  volumes. 



JASON WATER STUDIES: 1985 

Introduct ion 

In 1985 water qual i ty records were made in the same manner as In 1983 and 

1984. In addition, records o f  stream discharge ivolume o f  stream f low) were made 

on four streams. The resu l ts  o f  these projects are described below. 

Water Qual i ty Records 

The water qual i ty measurements were continued in the manner established in 

1983. That is ,  in -s i tu  measurements were made in the South Macmillan River and 

in the Hess t r ibutary sometimes known as  Hoodoo Creek a t  locations previously 

established. Records o f  water temperature, dissolved oxygen content, sal ini ty,  

conductivity and pH were made as in previous years. Since a s t a f f  guage was 

insta l led t h i s  year, see below, the stage o f  South Macmillan River i s  also 

recorded w i th  the daily measurements. Measurements were taken daily in the 

early evening. For  addit ional deta i ls  o f  locations and techniques see Brown 

(1983). 



WATER QUALITY MEASUREMENTS : 1985 

Date L o c a t i o n  Temp D i s ' d O x y g e n  Temp S a l ' y  Cond ' t ' y  pH Stage 

South Macmi 1 lan R i v e r  

Aug 9 

Aug 10 

Aug 11 

Aug 12 

Aug 13 

Aug 14 

Aug 15 

Aug 16 

Aug 17 

Aug 18 

Upstream 
Br  i dge 
Upstream 
Br  i dge 
Upstream 
Br i dge 
Upstream 
Br  i dge 
Upstream 
Br  i dge 
Upstream 
Br  i dge 
Upstream 
B r  i dge 
Upstream 
Br  i dge 
Upstream 
Br  i dge 
Upstream 
Br  i dge 

Hoodoo Creek 

Aug 14 Upstream 6.5 9.9 
Downstream 7.0 5.5 

Aug 18 Upstream 6.0 8.1 
Downstream 6.0 8.0 



Discharse Measurements 

I n  August 1985 we insta l led s t a f f  p lates a t  one s i t e  on each o f  four streams 

in the Macmillan Pass area. These p lates permi t  reading water height, or  stage, 

a t  any time. Readings w i l l  be taken weekly by the camp caretaker until the plates 

are too frozen t o  be legible. These readings w i l l  be submitted when they are 

completed. 

To convert stage measurements i n to  the desired discharge measurements a 

series of direct measurements o f  water discharge must be made, a t  d i f fe ren t  

stages, t o  create a regression curve. The regression curve can then be used t o  

provide an estimate o f  discharge fo r  any given stage. Since we were only present 

a t  one time of year, during which stage varied l i t t l e ,  we can provide only one pai r  

o f  stage and discharge measurements. However, comparison w i th  data from Water 

Resources Div is ion (1984) can provide a regression curve f o r  the South Macmillan 

River, Sekie Creek and Tom Creek. (I have included as an appendix thei r  data on 

our streams. Sekie Creek and Tom Creek are referred t o  therein as Seke Creek # i  

and Sekie Creek #2 respectively .) 

A current meter and re lated equipment were provided by the Department o f  

Indian and Northern Affairs,  Water Resources Div is ion in Whitehorse. During our 

stay in Macmillan Pass we spoke w i th  John Jenning, o f  the Ross River DIAND 

office. When he indicated tha t  he would be taking winter  snow depth 

measurements in Macmillan Pass, we requested tha t  he also measure the depth o f  

the water in the South Macmillan River, depth being the only feasible 

measurement in mid-winter. He agreed. Thus by spring of 1986 we w i l l  have 

some di rect  measurement o f  the low f low o f  the South Macmillan River. Since the 

f a l l  discharge measurements recorded here were intended t o  estimate tha t  value, 

t h i s  government assistance w i l l  provide be t te r  data tha t  was expected. Jenning's 

data w i l l  be forwarded when received. 

The discharges o f  the streams measured are below. 



MACMILLAN PASS DISCHARGE MEASUREMENTS: 1985 

Date Locat ion  Stage* Discharge im3/secj 

Aug 9 Sekie Creek (by  Jason Carnpj 4 0 
Aug 9 Tom Creek (by  Can01 road)  2 5 
Aug 5 Rat Creek (by  N i p p l e  M t .  road)  30 
Aug 10 S. Macmi l lan R ( a t  A b e r f o r d B r . 1  70 

w measured i n  cm f rom an a r b i t r a r y  base 

L i t e r a t u r e  C i t e d  

Brown, G . ,  1983. Jason Water Q u a l i t y  S tud ies :  1583. Unpubl ished r e p o r t  
submi t t e d  t o  Abe r fo rd  Resources L t d .  by B i o l o g i c a l  Research 
Serv ices ,  Calgary .  

Water Resources D i v i s i o n ,  1984. Yukon Water Resources Hydrometr ic  
Program H i s t o r i c a l  Summary 1575-1983. Department o f  I n d i a n  and 
No r the rn  A f f a i r s ,  Whitehorse. 214 pp. 



APPENDIX 

DIAND STREAMFLOW DATA FOR THE SOUTH MACMILLAN RIVER,  

SEKIE  CREEK # 1  AND S E K I E  CREEK #2 
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29BB002 - South MacMillan River ,#2 at Km 43.6 North Canol Highway 

Location: 63'06 ' EJ 1 30'1 2 'Id 
Drainage -4rea: 1 g0 sq h 
Record Length: 1975 - 1980 C 

1981 - R 
F l w ~ :  Natural 

Crest Gauge Summary 

Year - 
1 975 

1 976 

1 977 

1 978 

Year - 
1 975 
1976 
1 977 
1978 
1 979 
1980 

Date - 
June 1 1  
JQ 6 
Aug 7 

June 8 
June 24 
Aug 28 

June 9 
July 23 
Sept 8 

June 1 
June 28 
JW 27 
Aug 23 
Sept 20 

Date Discharge ( c m  ) 

June 1 1  - July 5 38.53 
Before June 8 19-95 
Before June 9 22 .07 
June 1 - June 28 26.13 
June 29 - July 17 21.21 
Aug 8 - S e ~ t  14 11.45 

Discharge Summary 

Year Date 

1 979 June 29 
A% 3 
hug 13 
A 29 
Sept 10 

1 980 May 24 
June 22 
July 20 
u g  1 
Sept 14 

Plow (cm) 

16 .28O 
9 -894 
6 .O# 
3.21 5 
2.327 

7.291 
9 .OX 
8.184 
10.132 
3.281 



Year - 

Year - 

M a x i m  Instantaneous 

Date - 
June 8 
June 13 
June 1 

Maximum Daily 

Discharge ( c m  ) 

Date - 
J ~ Y  3 
June 14 
June 1 

Discharge (cms ) 

South MacMillan River ,#2 

Minimum Instantaneous f 
Date - Dischzrge ( c m  ) 

Sept 5 4 .cQ 
AW 31 
Sept 12 

M i n i m  Daily 

Date - Discharge (cnss ) 

Sept 6 
Sept 4 
Sept 12 



South MacXillan River #2 

1931 
DAILY DISCKNGE (CPS) 

DAY 

TOTAL 

MEAN 
MAX. 
MIN . 

MAY JTJNE JULY AUG SEPT OCT 



DAY 

TOTAL 

MEAN 
MAX. 
KIN. 

MAY JUNE JULY 

10.15 
10.08 
10.85 
9-17 
8.58 
7.86 
7 -39 
7.56 
7.08 
9.33 

11.38 
9.28 
7 -32 
6 -47 
6.25 
6.64 
6.94 
10.74 
8 -77 
6.90 
6.06 
5.66 
5 -42 
4.82 
4 -58 
4.56 
4 -31 
4 .O4 
3 -93 
3 -88 
4 -36 

220.33 

7.1 1 
1 1  .38 
3 -88 

AUG 

5 -84 
6.30 
5 -89 
5 .26 
4 -90 
5.50 
5.22 
4.82 
4.56 
4.29 
4 -56 
5.64 
5 -24 
4.72 
4 -35 
4.1 1 
4 -03 
4 *O7 
3 077 
3.56 
3 -46 
3.22 
3.1 5 
3.08 
2 -95 
2.81 
2.76 
2.67 
2.71 
2.67 
2.67 

128.79 

4.15 
6.30 
2.67 

Soutn MacPIillan River #2 

1 982 
DAILY DISCHARGE (CMS) 

SEPT OCT iTUJ'\T 



DAY 

TOTAL 

MEAN 
MAX. 
MIN . 

South MacYillan River #2 

1 983 
DAILY DISCXARGE (CNS)  

JULY 

19-65 
17.62 
15 -89 
14.20 
13 -42 
10.51 
8.10 
7.65 
7 -46 
6.99 
7.80 
9.37 

1 1  .85 
10.19 
8.19 
7-52 
6.97 
6.17 
6.01 
5 -71 
5.34 
5.60 
5 -52 
4.96 
4 .€3 
4.39 
4 -41 
4.94 
4 -90 
4.76 
4 -31 

255.03 

8.23 
19 -65 
4-31 

AUG SEPT OCT W 



29BE033 - Sekie Creek $1 at i(m 445.6 North Canol Hiaway 

Locat ion: 6908'~ 1 3 0 ~ 1 4 ' ~  
Drainage Area: 14.2 sq h 
Record Length: 1981 - 1982 C 
Flow: Natural 

Crest Gause S u m m a q  

Year Date Discharge (cms) 

*NOTE: Miscellaneous Data avai lable  

Discharge Summary 

Year Date - 
1981 June 8 

June 22 
J ~ Y  3 
J ~ Y  31 
Aug 13 

Flow (em ) 

1982 June 6 
June 18 
July  2 
July 30 
Aug 13 
A 26 
Sept 23 



29B9304 - South NacYillan River at Pan Ocem Bridge 

Locat ion: 53'1 O ' N  130°1 4 ' ~  
Drainage Area: 130 sq lan 
Record Length: 1981 - 1982 C 
Fl ow : Natural 

Crest Gauge Summary 

Year Date Discharge (cms ) 

1981 July 3 > 8.56 
1982 June 18 7 9.21 

NOTE: Miscellaneous Data Available 

Discharge Summary 

Year Date 

1981 June17 
July 3 
July 31 
Aug 13 

1982 June 6 
June 18 
July 17 
July 30 
Aug 13 
Aug 26 

Plow (cm) 



29Bm5 - ThcIntosh Creek at Km 448.3 North C a n 0 1  Highway 

Locat ion: 63O08'1~ 130°14'W 
Drainage Area: 1 -3 s q  km 
Record Length: 1981 - 1982 C 
Flaw: Natural 

Crest Guage Summarv 

NOTE : 

Year Date 

1981 Sept 3 
1982 June 18 

Discharge (cm ) 

Miscellaneous Data Available 

D is charge Summary 

Year Date 

1981 July 6 
July 31 
Aug 13 

1982 June 18 
July 2 
Aug 26 
Sept 10 

Flaw (cm) 



29- - Sekie Creek #2 at En 450 North Canol Highway 

Location: 63°10 '~  130~1 2 ' ~  
Drainage Area: 5.2 s q  Ian 
Record Length: 1981 - 1982 C 
Flow : Natural 

Crest Gauge Swnmav 

Year Date Discharge (cms ) 

1981 Sept 8 0.78 
1982 June 18-July 2 0.72 

NOTE: Miscellaneous Data Available 

Discharge Summary 

Year Date 

1981 June 8 
June 20 
July 6 
J ~ Y  30 

1982 June 7 
June 18 
July  2 
Aug 13 
A u g  26 
Sept 23 

Flow (cm) 
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SUM MARY 

Early  work in  t h e  Macmillan P a s s  a r e a  showed t h a t  two  r a r e  plant  spec ies  a r e  

found there.  Both spec ies ,  Galium t r i f lorum and Osmorhita depauperata  a r e  

s e v e r a l  hundred kilometres f a r t h e r  nor th  than  any previous discovered 

occurrence. Init ial ly they were  found t o g e t h e r t  only on south-facing s l o p e s  of a 

calcareous mountainside. Such s i t e s  provide condit ions favourable t o  nor thern 

occurrences of many p lan t  species .  Since t h e s e  p l a n t s  were  recorded on t h e  list 

of  Yukon r a r e  p l a n t s ,  t h e y  s e e m e d  l ike ly  t o  p r e s e n t  c o m p l i c a t i o n s  f o r  

development. 

Th i s  s tudy  w a s  in i t i a ted  because t h e  presence of s e v e r a l  o the r  south-facing 

calcareous s l o p e s  in  t h e  Macmillan P a s s  a r e a  o f fe red  t h e  possibil i ty t h a t  t h e  two  

spec ies  might be locally common, even if  they  were  r a r e  a t  t h e  scale  of t h e  

Terri tory.  Field work in  1985 revealed t h a t  t h e  two  spec ies  were both 

widespread,  although nowhere abundant,  on t h e  s i t e  of t h e  f i r s t  discoveryt Nipple 

Mountain. One of t h e  two, Galium w a s  a l s o  discovered on another  s i t e  s e v e r a l  

kilometres away. Given t h e  limited amount of t e r r i to ry  t h a t  w a s  examined and 

t h e  difficulty of finding small ,  r a r e  p l a n t s  in  dense  willow thickets,  t h e s e  r e s u l t s  

tend t o  confirm t h e  assumption t h a t  t h e  p l a n t s  a r e  locally common. While more 

deta i led  s tudy  would be des i rable  i f  development w a s  imminent, including 

ver i f ica t ion of Osmorhiza i n  ano ther  s i t e t  t h i s  conclusion is adequately supported 

f o r  t h e  present .  No addit ional work is needed i n  t h e  near  future .  



Introduction 

In  1983 I ident i f ied  t h e  presence of t w o  s p e c i e s  in  t h e  Macmillan P a s s  a r e a  

t h a t  were  on t h e  list of Yukon r a r e  s p e c i e s  (Douglas e t  a1 1981). These were  

Galium trif lorum Michx. (Sweet-Scented Bedstraw) and Osmorhiza depauperata  

Phill. (Sweet Cicely) (Figure i). Both p l a n t s  a r e  a l s o  s e v e r a l  hundred kilometres 

f a r t h e r  north than  previously recorded (Hulten 1968, Porsild and Cody 1980). The 

p l a n t s  were found very close together ,  in  t h e  same vegeta t ion type,  and in  only 

one place: on t h e  south-facing s lope of Nipple Mountain. With t h e s e  r a r e  p lan t s  

p r e s e n t  in  very small numbers and only in one place it w a s  c lear  t h a t  they could 

be a part icularly sens i t ive  e lement  of t h e  environment in t h e  case  of 

development. 

The s tudy  outlined here  w a s  designed t o  t e s t  t h e  poss ibi l i ty  t h a t  t h e  p l a n t s  

were  n o t  r es t r i c ted  only t o  one place on Nipple Mountain but  were more 

widespread. We hoped t h a t  by carefully examing a f e w  specia l  environments 

where t h e  s p e c i e s  were  likely t o  occur t h a t  we could find addit ional  populations. 

Such a find would reduce t h e  botanical  significance of t h e  original  d iscover ies  and 

t h u s  reduce t h e  likelihood t h a t  t h e  p l a n t s  would complicate development plans. 



11 3. Osmorhiza depauperita Phill. 
I Washingtonia obtusa Coult. & Rose; Osrnorhiza ol~iuso (Coul t .  6- Rose) Fen]. 
I' 

I/ Similar to 0. chilensis, but rays and pedicels divaricate; fruit clavate, with narrow 
base, densely hispid at base. 

Woods. Described from Valle de las Nieblas. Chile. 

4. Cilium triflbrum Michx. Siveet-Scented Bedstraw 

Dark-green plant; stems from creeping rhizome, more or less retrorsely scabrous, 
decumbent, simple or remotely forking; leaves elliptic-13nceolnte. cuspidate, 1- 
nerved. 6 in a whorl; peduncles axillary, mostly 3-flo\vered; flowers pedicellated. 
small, greenishwhite; fruit densely hooked, bristly. 

XIoist woods, thickets. Described from Canada. 
Coumarin-scented after drying. 

Figure 1: Galium triflorum and Osmorhiza depauperata 

From: Hulten 1968 



Likely Habi tats  and Areas Examined 

The a t t r ibu tes  o f  the s i t e  where both species were discovered are typical of those 

o f  plants a t  the northern edge o f  the i r  range. A south-facing slope provides a warmer 

microenvironment, representative o f  condit ions far ther  south, and i s  o f ten  a location 

f o r  northern outl iers. Furthermore, the calcareous nature o f  the so i l s  on Nipple Mtn. 

provides both a part icular ly nutr ient-r ich environment and a type o f  environment 

re lat ive ly  unusual in the eastern Yukon. Both  condit ions contribute t o  the l ikelihood 

tha t  the mountain would support species tha t  are not  common in the Macmillan Pass 

region. In  t ry ing  t o  f i nd  addit ional populations o f  the two  species, the f i r s t  step was 

t o  ident i fy  s i tes  which have simi lar characteristics. 

I t  seemed l ikely tha t  the hospitable condit ions provided by calcareous so i l s  were 

essent ial  t o  the growth o f  the two  species. In four  years o f  studies o f  the Jason 

property the p lants had been found nowhere else. So only calcareous s i tes  were 

J considered. The local geological map (Abbott  1983) provided an indicat ion o f  those 

outcropings o f  the Road River Group (limestones and calcareous shales-SlD1) where 

appropriate so i l s  could be expected just  downslope o f  the bare outcrops. Of a l l  such 

locations, those w i th  southfacing slopes and those tha t  were accessible t o  the ex is t ing 

road system were ident i f ied. 

In  the available time, four d i f fe ren t  s i t es  were examined (Figure 2). Fi rs t ,  Nipple 

Mountain was examined in greater deta i l *  since the p lants were known t o  be present 

there bu t  the pa t te rn  o f  d is t r ibu t ion  was no t  known. A south-facing exposure on Jason 

Mountain and another on the mountain just t o  the west o f  Nidd Creek* w i th in  the 

Cominco claims, were visited. The other accessible calcareous area, just  o f f  the Can01 

Road near the NWT border, did n o t  have any south facing slopes but offered a large 

amount o f  t e r r i t o ry  and a var iety  o f  po ten t ia l  habitats. A l l  s i tes  were reached by 

walk ing and were inspected by h i k ing  w i t h i n  appropr ia te  vege ta t i on  t y p e s  

) 
(willow-dominated slopes w i t h  herbaceous understory). The extreme d i f f i cu l ty  o f  

movement w i th in  wi l low stands made progress slow and thus reduced the amount o f  

t e r r i t o ry  tha t  could be examined. 



Calcareous Outcrop 

u Possible Habitat 



Populations Found and Probable Habi tats  

The discovery o f  p lants in a s i t e  i s  posi t ive evidence tha t  the habi tat  there 

supports them. Fai lure t o  f i nd  them in a sampled por t ion o f  a large area 

otherwise typical o f  s i t es  o f  thei r  presence does no t  prove tha t  they are not  

there somewhere. Our studies were not  detailed enough t o  make tha t  second 

conclusion, especially in l i gh t  o f  the sparseness w i th  which the two species grow 

on Nipple Mt. The chart (Table 1) summarises the pr incipal data collected a t  the 

s i t es  studied. From the locations where p lants were found, a map o f  potent ia l  

habi tat  has been prepared (Figure 3). The potent ia l  habi tat  i s  tentat ive ly  

ident i f ied based upon the locations of ident i f ied populations, the existence of 

simi lar overstory vegetation and other s i t e  characteristics as ident i f ied from 

base maps and by the s i t e  v is i ts .  

Table 1: C h a r a c t e r i s t i c s  o f  P o t e n t i a l  Galium and Osmorhiza S i t e s  

Spec. Pres S i  t e  Aspect Eleu'.n Slope Top .Posn Seed/Flower(#S Veg.Rep. 

Osm/Gal 
0 sm 
O m  
Osm/Gal 
Osm/Gal 
O d G a  1 
Osm 
None 
None 
Ga 1 
  one‘ 
None . 

N ipp le  180 
N ipp le  220 
N ipp le  164 
N ipp le  114 
N ipp le  106 
N ipp le  100 
N ipp le  92 
N ipp le  84 
N ipp le  28 
Cominco 210 
Jason 210 
Canol 270 

up/m i d s,F - - 
up/m i d S(1) Yes 

S(31) mid Yes 
mid  S(200+)/F(20+) Yes 
mid s ,F Yes 
mid s,F Yes 
mid S Yes 
mid 0 0 
mid  0 0 
mid  F Yes 
u p/m i d 0 0 
m id  0 0 



The vegeta t ion a t  a l l  sites of Galium and Osmorhiza occurrence w a s  dominated by 

willow (Salix spp.# including Salix qlauca and Salix l a n a t d t  since only such s i t e s  were  

searched.  The two  s p e c i e s  seem t o  p r e f e r  t h e  unders tory  although in th ree  locat ions  

Osmorhiza w a s  found in smal l  openings and in  one place Galium w a s  found in  a n  

open-grown patch of Epilobium. A smal l  percentage of f i r  Abies  lasiocarpa is common a t  

most s i t e s  of occurrence. Common assoc ia ted  h e r b s  a r e  Valeriana s i t chens i s ,  Mertensia 

paniculata,  Epilobium anaustifolium, Rubus arc t icusp Viola epips i la  and Hieracleum 

lanata.  

The two spec ies  seem t o  p r e f e r  very s imilar  h a b i t a t s t  with Osmorhira found in  a 

sl ightly g r e a t e r  l a t i tude  of conditions. Most occurrences were around 1400 meters  in  

elevation.  Even though t h a t  is t h e  e levat ion of t h e  Nipple Mountain roadt  near  which 

most of t h i s  year 's  obse rva t ions  were  made, l a s t  year ' s  observat ions  and t h e  

occurrences away from t h e  road were a l s o  about  t h a t  elevation.  All occurrences were  on 

fair ly deep d e p o s i t s  (over I m wherever measurements  were  possible) of loose  mate r ia l s  

downslope from exposures  of calcareous bedrock. Aspec t s  varied from south-west  t o  

almost directly east-facing. 

Except f o r  t h e  Cominco s i t e t  where only a s ing le  Galium p lan t  w a s  foundt Osmorhiza 

w a s  found wherever Galium w a s  found and w a s  significantly more abundant than  Galium 

in  each of t h e s e  locations. Nowhere w a s  e i t h e r  s p e c i e s  abundant. They exceeded 5Y0 of 

t h e  ground cover only in  one microsite of about  one by f ive  mete r s t  where both s p e c i e s  

occurred and toge ther  accounted f o r  50% o r  more of cover. 





Conclusions and Recommendations 

I t  is clear  t h a t  t h e  t w o  spec ies  exist over  a much wider a rea ,  and in  much g r e a t e r  

numbers on Nipple Mountain than  w a s  expected from t h e  condit ions a t  t h e  s i t e s  of t h e i r  

original discovery. I t  appears  t h a t  Osmorhiza is subs tan t i a l ly  more common than  Galium 

in locat ions  where they occur toge ther  and is more widely dis t r ibuted on Nipple 

Mountain. However, t h e  only occurence off t h a t  mountain w a s  of Galium and t h a t  w a s  of 

a s ingle  plant. Both spec ies  were  r a r e  p l a n t s  in  a l l  p laces  where found. Thus it can be 

concluded t h a t  t h e  p l a n t s  a r e  predictibly p r e s e n t  i n  t h e  Macmillan P a s s  a r e a  over  a n  

a r e a  of a t  l e a s t  a square  kilometer, including a range of exposures  and e levat ions .  In 

t h e  l ight  of the i r  r e la t ive  abundance and h a b i t a t  l a t i tude  on Nipple, it is likely t h a t  they 

both e x i s t  on o ther  s i t e s  nearby a s  well. Confirmation of t h i s  only e x i s t s  f o r  Galium 

t h u s  f a r ,  but  in the l ight  of t h e  very limited t ime avai lable  f o r  f ield checkstit s e e m s  very 

likely t h a t  Osmorhiza would be found if s u i t a b l e  e f f o r t  w a s  devoted t o  t h e  search.  Both 

spec ies  probably e x i s t  in  a var ie ty  of locat ions  in  t h e  Macmillan P a s s  a rea .  

Having ascer ta ined t h a t  t h e  p l a n t s  e x i s t  i n  re la t ively  s u b s t a n t i a l  numbers and over a 

var ie ty  of landscape conditions, t h e  immediate concern h a s  been addressed.  I t  is not  

likely t h a t  t h e  presence of t h e s e  p l a n t s  would be a major complication t o  development of 

t h e  J a s o n  property. This  conclusion d o e s  n o t  mean t h a t  they should no longer be 

considered: they should be a n  element i n  t h e  environmental  planning if  a mine is 

developed and more deta i led  s t u d i e s  would be necessary  t o  permit  such planning. 

However, t h i s  s tudy provides a l l  t h e  information t h a t  seems needed a t  t h i s  t ime and no 

f u r t h e r  inves t iga t ions  of t h e s e  spec ies  seem warranted without f u r t h e r  p r o g r e s s  in  

development plans. 
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2.1 GEOLOGY AND ORE RESERVES - - .- - -- -. - - -- - -- 

2.1.1 - INTRODUCTION 

The Tom and Jason deposits  cons i s t  of massive t o  
laminated sulphides and sulphates which are  rich i n  l ead ,  
z inc ,  s i l ve r ,  barium and iron.  I t  i s  believed t h a t  the  
deposits accumul ated syndeposi t i  onal ly  on the sea f l  oor during 
t he  Late Devonian and were precipi ta ted  from exhaled 
hydrothermal brines near the margins of a small graben. 

The Tom and Jason deposits are  located near the  eastern 
margin of the Selwyn Basin, a large  northwest s t r ik ing  trough 
which contains a several thousand metre thickness of 

Proterozoic through Middle Paleozoic sedimentary rocks (Figure 

1 ) . These lead-zi nc-sil  ver deposits a re  1 ocal ized w i t h i n  the 
Macmillan Fold Be1 t, a west-trending feature  30 x 60 

k i l  ometres i n  s i z e  which t ransects  the regional northwest 

s t ructura l  trend (Figure 2 ) .  

The s t ruc tu re  and strat igraphy of the Macmillan Fold Be1 t 
a re  shown i n  s implif ied form i n  Figure 2. The map area is 
underlain by a diverse assemblage of sedimentary, and t o  a 

l e s s e r  extent  volcanic rocks, ranging i n  age from Hadrynian t o  
Tr iass ic .  The Tom and Jason propert ies,  a s  we1 1 as  a number 
of s t ra t i form ba r i t e  deposits ,  occur i n  the Central Block of 
t he  Macmillan Fold Be1 t. The Central Block is  distinguished 
from the adjacent blocks because i t  contains a much th icker  
sequence of Road River and Lower Earn Group rocks, and because 

coarse c l a s t i c  t u rb id i t e  sequences of the Lower Earn Group and 
volcanic rocks of the Upper Road River Group a re  r e s t r i c t ed  t o  
i t .  
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The geological features suggest t ha t  the Central Block i s  
a submarine fan complex localized within a f a u l t  bounded 
basin. Localization of the Tom and Jason deposits within t h i s  
graben appears t o  have genetic significance,  as  
syndeposi t i  onal f au l t s  w i t h i n ,  and bounding the basin probably 
acted as 1 oci f o r  the movement of hydrothermal f lu ids .  The 
s t r a t i  form deposits are under1 a i  n by cross-cutt i  ng, 

discontinuous zones of brecciated, s i l i c i f i e d  and carbonatized 
rock cut  by vei n l e t s  of quartz, ankeri t e ,  and t o  a l e s se r  
extent ,  galena, sphal e r i  t e ,  chalcopyrite and pyrrhoti t e .  

Five di s t i  nct mineral i zed zones have been di scovered on 
the two properties: the West Zone and East Zone a t  Tom; and 
the  South Zone, Mai n Zone and End Zone a t  Jason (Figure 2 ) .  

A l l  of the mineralized zones conform t o  strat igraphy, d i p  

steeply and are crudely t o  well laminated. The Tom East and 
West Zones occur i n  a southerly pl unging antic1 i ne (Figures 3 ,  

4 ,  5 and 6 )  ; the  Jason Main and South Zones occur i n  an 
eas ter ly  plunging syncline (Figures 7 ,  8 and 9) ; and the Jason 
End Zone occurs i n  a steeply dipping s l i c e  of rocks bounded by 
f au l t s .  The re la t ive  s t ra t ig raph ic  position of the f i ve  zones 
i s  d i f f i c u l t  t o  determine because of 
structural  complexities. 

Two principal ore mineral facies  
both a t  Jason and Tom: a sulphide fac 

i trat igraphic and 

have been identi  f i ed 
es  which is high grade 

and a chert-bari t e  facies  which comprises the bulk  of the 
tonnage. These fac ies  vary considerably both between zones 
and w i t h i n  a given zone. In addition t o  the two principal 

facies ,  a cher t  fac ies  which is similar  i n  character  t o  t h e  
cher t -bar i te  facies occurs i n  the Main Zone and a zone of 
footwall a1 t e r a t i  on occurs s t r a t i  graphically be1 ow the West, 
South and End Zones. 
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The sulphide facies  i s  highly variable,  massive t o  banded 
and contains varying amounts of sul p h i  des, i ron-rich 
carbonate, ba r i t e  and quartz. Sul ph i  de mineral s are  
re1 a t i  vely coarse grained (commonly 500-1000 um) and consi s t  
of galena, sphal e r i  t e ,  pyri t e ,  pyrrhoti t e ,  chal copyri t e  and 
te t rahedr i  t e .  Gangue m i  neral s i ncl ude quartz, b a r i t e ,  
ankeri t e ,  s ider i  t e ,  kaol i n i  t e  and i l l  i t e .  The sul phide faci e s  
provides the bulk of the h i g h  grade, s i lve r - r i ch  tonnage i n  

the  Tom East Zone, the south portion of the Tom West Zone and 
e a s t  portion of the Jason South Zone. 

The cher t -bar i te  fac ies  i s  the most extensive and 
th ickes t  fac ies  i n  the Tom West Zone, the Jason South Zone and 
i t  comprises about 50% of the Jason Main Zone; i t  is absent i n  

the Tom East Zone and the Jason End Zone. The fac ies  i s  

characterized by interbeds of chert  and ba r i t e  containing we1 1 
defined 1 ayers of d i  ssemi nated, f i ne grai ned, predomi nantly 
i ron-poor sphaleri t e  w i t h  m i  nor galena, pyr i te  and pyrrhoti t e .  
Individual laminae are  para1 l e l  t o  mildly convoluted and are  
1 ocal l y  interbedded w i t h  argi 11 i t e .  

Ore reserve cal cul a t i  ons were carr ied  out by determining 
areas  of inf l  uence around di amond d r i  11 hole in tercepts  on 
1 ongi t u d i  nal sections constructed on the various ore 1 enses . 
Areas of influence were calculated by measuring the areas of 
polygons around each d r i l l  hole piercement point.  The 
polygons were constructed by connecting the internal  
perpendi cul a r  b i  s e c t r i  ces of 1 i nes joi  n i  ng adjacent d r i  1 1 
holes. The areas of influence around d r i l l  in tercepts  of the 
various zones a re  shown on Figures 10 t o  17. 



Table 2 .l-1 summarizes the  geological reserves on both 

the  Jason and Tom Proper t ies .  A t o t a l  o f  21.9 m i l l  i o n  tons o f  

proven, probable and poss ib le  ore grading 6.91% lead, 7.76% 

z inc  and 2 .29 op t  s i l v e r  has been del ineated. 

2.1.2 TOM WEST ZONE 

The Tom West Zone i s  a s l i g h t l y  fo lded tabu lar  body 

d ipping 70" t o  the west (F igures 4 and 5 ) .  It i s  up t o  4 1  

metres t h i c k  (averages about 24 metres), 600 metres long and 

extends from surface t o  360 metres down d i p  where i t i s  open 

(Figures 10 and 11) .  The Tom West Zone conformably over l  i e s  

p y r i t i c  sand banded shale and i s  conformably over l  a i n  by 

1 aminated cherty  shale. The zone contains two p r i n c i p a l  

fac ies :  a sulphide fac ies  a t  i t s  southern end which i s  h igher  

grade and presumed t o  be proximal t o  the  source o f  

hydrothermal f l u i d s ,  and a more d i s t a l ,  lower grade b a r i  ti c 

f a c i e s  which comprises the m a j o r i t y  o f  the mineral i zat ion .  

The sulphide fac ies  cons is ts  o f  massive sulphides a t  t h e  

base ove r la in  by laminated sul phides. The basal sect ion i s  

massive t o  poor ly  laminated anhedral galena and spha le r i t e  o f  

v a r i a b l e  g ra i  n size, commonly 500-1000 um, w i t h  subordi nate 

b a r i t e .  Small euhedral p y r i t e  gra ins  occur as a m i  nor phase. 

S t ra t i g raph ica l  l y  h igher i n  the  sul phide fac ies  the  g ra in  s i ze  

decreases (200-400 um) and b a r i t e  becomes more abundant. The 

s t r a t i g r a p h i c  top o f  the sulphide fac ies  o f  the West Zone 

cons is ts  o f  laminated c h e r t  w i t h  t h i n  1 aminae o f  spha le r i t e ,  

minor f i n e  grained galena and laminae o f  spheriodal p y r i t e .  



TOM AND JASON 
GEOLOGICAL RESERVES 

TONNAGE ( Short  Tons) 
Zone Proven Probable Poss ib le  

TOM EAST 2,576,217 

TOM WEST 
Footwall 3,764,523 

2,008,010 
Hangi ng wall 1,030,730 

507,916 

TOM TOTAL 9,887,396 

JASON SOUTH 
Upper Lens 
Middle Lens 
Lower Lens 

JASON 

Grade 
% Pb % Z n  o p t A g  

JASON MAIN 5,011,516 2.08 9.75 0.06 

JASON END 605,619 10.30 2.78 2.34 

JASON TOTAL 11,977,572 6.76 7.12 2.25 

COMBINED 

TOTALS 
Proven 7,371,470 7.46 8.43 2.60 
Probable 11,863,213 5.92 8.44 2.06 
Possi bl e 2,710,285 9.72 2.96 2.43 -- 

GRAND TOTAL 21,864,968 tons  6.91 7.76 2.29 

TABLE 2.1-1 
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The chert-bari t e  fac ies  comprises the bu lk  of the Tom 
West Zone mineral iza t ion.  Bari te i s  the dominant mineral ; 
che r t  is abundant a t  the s t ra t ig raph ic  base and top of the 
zone. Bari te generally occurs as  equant grains up  t o  150 urn 
i n  s i ze  e i t he r  i n  monomineralic bands or w i t h  galena and 
sphal e r i  te grains.  Where fol ded, the ba r i t e  commonly exh ib i t s  
a preferred shape or ienta t ion axial planar t o  the folds .  
Galena (50-250 urn) occurs as is01 ated grains or  patches i n  a 
bari t i c  matrix or  rarely as monogranul a r  laminae. Sphaleri t e  
is generally pale honey coloured and shows a s imi lar  
d i s t r ibu t ion  t o  galena b u t  occurs more frequently as 
monomi neral i c  1 ayers. Mi nor euhedral grai ns of pyr i t e  a r e  
commonly associated w i t h  cher t  layers.  Wi the r i  t e  i s  commonly 
found associated w i t h  cher t  1 ayers, pa r t i cu la r ly  towards the 
s t r a t i g r aph i c  top of the West Zone. I t  is dominantly 
i n t e r s t i t i a l  t o  the quartz and chalcedonic spheriods of t he  
cher t .  Large i d i  obl a s t i c  cel s i  an crystal  s which overgrow and 
d i  spl ace the bedding fabr ic  a re  spectacul ar ly  devel oped i n  t h e  
b a r i t i c  fac ies .  A t  the s t ra t ig raph ic  top of the cher t -bar i te  
fac ies  pyr i te  occurs i n  cher t  layers .  The pyr i te  occurs 
pri nci pal l y  as ma1 1 (<6O um) spheroids commonly di s p l  ayi ng 

radi a1 and concentric zoning w i t h  incorporated sphal e r i  t e  and 
galena. These textures ,  together w i t h  the large cel si an 
c ry s t a l s  a t t e s t  t o  s ign i f i can t  diagenetic growth of both 

sul phi de and sil i c a t e  phases. 

The Tom West Zone has been tes ted  by 49 d r i l l  holes and 

about 550 metres of underground workings. The reserves a r e  
sumnarized i n  Table 2 .l-1. In view of the apparent geological 

continuity and pers i s t en t  d i s t r ibu t ion  of metal values i n  the 
West Zone, the reserves are c l a s s i f i ed  as proven where the  
d i  stance between pi ercement poi nts of i ntercepts of acceptabl e 
width and grade is 60 metres or l e s s  and probable where the  



distance i s  60 t o  90 metres. A cut-off grade of 7% lead plus 

zinc has been used in the West Zone. In the high grade 

(proximal), southern portion of the West zone, the metal 

values are generally well above cut-off and the zinc t o  lead 

r a t i o  i s  about 1 :l. Further to the north, lead values are 

markedly lower while zinc values gradually decrease. This 

r e su l t s  in zincllead r a t i o s  of approximately 3.5:l  a t  the 7% 

cut-off boundary. The northern portion of the West Zone has 

higher grade values concentrated near the hanging wall and 

footwall contacts separated by a lower grade section which 

generally grades 3-4% zinc and minor lead. As a resul t, 
separate tonnages have been calculated fo r  the footwall and 

hanging wall portions of the West Zone (Figures 10 and 11). 

The lower grade section has been included in the reserve when 

i t  would be impractical to  leave i t  behind during mining. 

2.1.3 TOM EAST ZONE 

The Tom East Zone i s  a se r ies  of intensely contorted, 

f a u l t  bounded pods of high grade laminated bar i t e ,  cher t ,  

spha le r i t e  and galena. The East Zone i s  i n  the s t ruc tura l ly  

complex core of the antic1 ine where i t  i s  i n  f a u l t  contact 

w i t h  sand banded shale and cher t  pebble conglomerate (Figures 

3,  4, and 6 ) .  The zone has a s t r i k e  length of 325 metres and 

dips  ver t ica l ly .  Dri l l ing on the 1,450 level has cut  off 

mineralization a t  depth. The East Zone has an average width 

of about 10 metres and has been tes ted by 32 diamond d r i l l  

holes and about 140 metres of l a te ra l  development on the 1,450 

1 eve1 (Figures 6 and 12) .  

East  Zone mineralization consists  of laminae and bands of 

bar i t e ,  sulphides and cher t  which are  highly folded and 

contorted. The bar i t e  occurs as f ine  to  medium, equant to  
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elongate gra ins e i t h e r  i n  monomineral i c  bands o r  w i t h  

i n t e r s t i t i a l  galena and sphal e r i  te .  Galena va r ies  i n  s i z e  

from 50 um i n t e r s t i t i a l  gra ins i n  a b a r i t i c  ma t r i x  t o  coarse 

r e c r y s t a l l i z e d  masses i n  monomineralic bands o r  remobi l ized 

i n t o  f rac tures .  Sphaler i  t e  occurs as pale honey coloured t o  

vermi 11 i o n  co l  oured f i ne gra ins  ( <I00 um) i n  monomi nera l  i c 

bands and laminae, or  as i s o l a t e d  anhedral g ra ins  i n  a b a r i t i c  

ma t r i x .  P y r i t e  occurs as v a r i a b l y  s ized (up t o  500 um) 

euhedral gra ins o r  as ma1 1 (<30 um) spheroidal c l us te rs .  

The same parameters were used t o  c l a s s i f y  ore reserves as 

those used i n  the  Tom West Zone r e s u l t i n g  i n  the de l i nea t i on  

o f  2.6 m i  11 i o n  tons o f  h igh  grade proven reserves (Tab1 e 2 . l - 1 )  

w i t h  a z inc  t o  lead r a t i o  o f  about 0 .7 : l .  

2.1.4 JASON SOUTH ZONE 

The Jason South Zone cons is ts  o f  a ser ies  o f  up t o  three 

moderately fo lded tabu la r  bodies w i t h  a maximum s t r i k e  l e n g t h  

o f  400 metres and a down d ip  extension o f  600 metres. It dips 

about 85" no r th  near surface b u t  f l a t t e n s  t o  about 60°N a t  

depth (F igure  9 ) .  True thickness var ies  from l e s s  than 2 

metres near surface t o  over 50 metres i n  m u l t i p l e  zones a t  

depth. The South Zone has been i n te rsec ted  by 18 d r i l l  holes 

a t  a spacing o f  roughly 100 metres. It i s  open i n  a l l  

d i r e c t i o n s  except near surface where i t has been tes ted  along 

s t r i k e .  The South Zone cons i s t s  o f  a h igh  grade proximal 

massive sulphide fac ies  and a lower grade che r t -ba r i  t e  fac ies;  

bo th  s i m i l a r  i n  many respects t o  the fac ies  described above 

f o r  the  Tom West Zone. It i s  hosted by a se r ies  o f  slumped 

shales. 



The massive sulphide facies  occurs on the ea s t  side of 
the South Zone (Figure 13) .  I t  i s  textural ly  variable b u t  i  n 
general i s  massive to  banded in character and contains varying 
amounts of sul phi  des, i  ron-rich carbonates and quartz. 
Sul phide mi neral s are re1 a t i  vely coarse grai ned and incl ude 
galena, i ron-rich sphal e r i  t e ,  pyr i te ,  pyrrhoti t e  and minor 
chal copyri t e .  The only s i l  ver-beari ng mi neral which has been 
posit ively ident i f ied  i s  te t rahedr i  t e .  The massive sul phi de 
fac ies  i s  rich i n  lead and s i l ve r  and contains the highest 
grade mi nerl i zation i n the South Zone. The facies  i  s 
under1 ai  n by a cross-cutt i  ng footwall a1 t e r a t i  on zone. Rocks 
w i t h i n  t h i s  a1 tera t ion zone are s i l i c i f i e d  and carbonatized 
and are cut by a stockwork of quartz, s i de r i t e ,  ankeri t e ,  

pyr i t e ,  sphal e r i  t e ,  gal ena, pyrrhoti t e  and chalcopyrite. 

The chert-bari te fac ies ,  on the west side of the South 
Zone, i s  more extensive and thicker than the sulphide f ac i e s .  
The chert-bari te facies  i s  characterized by interbeds of cher t  
and bar i te  containing we1 1 1 ami nated 1 ayers of d i  ssemi nated, 
predominantly iron-poor sphal e r i  t e  with m i  nor galena, pyr i te  
and pyrrhoti t e .  These sul phide mineral s are re1 a t ively  f i n e  
grai  ned. T h i n  argi 11 i t e  i nterbeds occur 1 ocal l y  in th i  s 
fac ies .  The cher t -bar i te  fac ies  i s  zinc-rich, poor i n  s i l v e r  
and generally lower i n  grade than the massive sulphide 
facies .  

The three tabular lenses which comprise the South Zone 
are  referred t o  as  the upper, middle and lower lenses (Figure 

9 )  . Varying thicknesses of barren sedimentary rock separate 

the three lenses.  The upper lens of the South Zone i s  the 
bes t  developed lens in the d r i l l  tes ted area (Figure 13 ) .  The 

lower two lenses are developed a t  depth b u t  are  absent near 
surface (Figures 14 and 15) .  
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I n  the South Zone, a c u t - o f f  grade o f  8% Pb + Zn 

equ iva len t  over a t r u e  w id th  o f  3 metres was used, Hol t 

( 1979) . Seventeen d r i  11 i n t e r c e p t s  through the upper lens  

exceed the minimum grade requirements; s i x  holes through t h e  

deeper, p o r t i o n  o f  the middle lens are ore grade; and one 

d r i l l  ho le  through the deepest, most eas te r l y  p o r t i o n  o f  t h e  

lower South Zone lens  s a t i s f i e s  the grade requirements. 

Po ten t i a l  f o r  add i t i ona l  ore grade mater ia l  a t  depth i n  t h e  

middle and lower lenses i s  considered t o  be excel l e n t .  The 

breakdown i n  tonnage est imates f o r  the  South Zone i s  shown i n  

Table 2.1-1. 

The average distance between d r i l l  holes c u t t i n g  the  

South Zone 1 ong sec t ion  i s  90 metres. The tonnage i n  t h e  

upper lens, which has good grade c o n t i n u i t y  and i s  we1 1 

bedded, i s  c l a s s i f i e d  as Probable. The middle and lower  

1 enses are geo log i ca l l y  continuous b u t  have poorer grade 

c o n t i n u i t y  than the upper l e n s  and the tonnage def ined by them 

i s  there fore  c l a s s i f i e d  as Possible. 

2.1.5 JASON MAIN ZONE 

The Jason Main Zone i s  a tabu la r  body which d ips 85" 

south and i s  roughly 700 metres i n  s t r i k e  l eng th  by 500 metres 

down dip. It var ies  i n  th ickness from 3 t o  18 metres, 

averaging about 8 metres and i s  t h i c k e s t  near the surface. It 

i s  hosted by sand banded shale w i t h i n  a f a u l t  bounded block. 

The Main Zone i s  comprised o f  c h e r t - b a r i t e  f a c i e s  s i m i l a r  t o  

t h a t  found i n  the  Jason South Zone and the  Tom West Zone and a 

c h e r t  f ac ies  which i s  s l i g h t l y  h igher  i n  grade and i s  unique 

t o  the Main Zone. 



The chert  fac ies  which occurs a t  the ea s t  end of the Main 
Zone comprises most of the "ore grade" portion of t h i s  zone. 
I t  is textural ly  similar  t o  the chert-bari t e  facies  b u t  

contains only minor bar i t e .  The cher t  fac ies  i s  cut  by 
numerous bedding plane f a u l t s  and has a punky character .  I t  
grades about 5% higher i n  1 ead plus zinc than the Main Zone 
chert-bari t e  facies . 

The higher grade portion of the Main Zone i s  re la t ively  
uniform i n  metal values averaging between 10 and 13% 1 ead plus  
zinc with a Zn:Pb r a t i o  of about 5 : l .  A cut-off grade of 8% 

Pb+Zn over a t rue  width of 3 metres was used for  determining 
in te rva l s  t o  be included i n  the tonnage calculations.  Fifteen 
d r i l l  intercepts through the higher grade cher t  fac ies  of the 
Main Zone exceed the cut-off grade (Figure 16) .  The tonnage 
defined by this area of the Main Zone i s  summarized i n  Table 
2.1-1. 

The Main Zone has been tes ted by 30 diamond d r i l l  holes 
and is  open a1 ong s t r i k e  t o  the e a s t  and west (Figure 16).  
The average distance between adjacent d r i l l  holes i n  t h i s  area 
is  95 metres. Due t o  the continuous, uniform, well bedded 
nature of the Main Zone mineralization, the tonnage i s  
c l  ass i  f ied  as Probabl e. 

2.1.6 JASON END ZONE 

The Jason End Zone is a tabular galena-rich massive 
sul phi de lens which dips a t  about 85" t o  the north and has 

been traced for 150 metres on surface by trenching and t o  a 
depth of 150 metres by diamond d r i l l i n g .  I t  var ies  i n  
thickness from l e s s  than one metre t o  about 11 metres (Figure 
17).  Testing of t h i s  zone has been 1 i m i  ted t o  4 diamond d r i  1 1 
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holes and as a consequence i t i s  open i n  a l l  d i rec t i ons .  The 

End Zone occurs i n  Lower Earn Group sandy and s i l t y  shales 

near t h e i r  contact  w i t h  the Road R iver  Group. 

The End Zone has a massive, poo r l y  laminated charac ter  

and poor geological  c o n t i n u i t y ,  and the re fo re  the tonnage i s  

c l  ass i  f i e d  as Possi b l  e. The tonnage c a l  cu l  a t i  ons a re  

summarized i n  Table 2 .l-1. 

2.1.7 POTENTIAL FOR ADDITIONAL RESERVES 

The po ten t i  a1 f o r  the  del i n e a t i  on o f  add i t i ona l  reserves 

a t  Tom and Jason i s  exce l l en t .  O f  the  f i v e  zones discovered 

t o  date, only  two, the Tom East  and the  Jason Main, have been 

ex tens ive ly  d r i l l  tes ted  along s t r i k e ;  the o ther  th ree  are 

open i n  a t  l e a s t  one d i r e c t i o n .  I n  add i t ion ,  the prospect ive 

package i s  poor ly  exposed and l e s s  than 50 percent  o f  i t s  

s t r i k e  length  has been tes ted  by reconnai ssance diamond 

d r i l l  ing. Fur ther  exp lora tory  d r i  11 i n g  w i l l  very 1 i k e l y  

r e s u l t  i n  the  discovery o f  new zones i n  areas covered by 

overburden. Numerous promi s ing  t a r g e t s  def i ned by geology , 
geochemi s t r y  and geophysics remai n t o  be tested. 

I n  the Tom West Zone, a t  the  southern end, p o t e n t i a l  

e x i s t s  f o r  an est imated f o u r  m i l l i o n  tons o f  ore between the  

900 and 1,200 metre 1 eve1 s i n  the  main ore  shoot (F igu re  10) . 
Th is  area could be tes ted  from underground d r i l l  i n g  s t a t i o n s  

on the e x i s t i n g  hangingwall development on the  1300 metre 

l e v e l .  The Tom East  Zone i s  c u t  o f f  by f a u l t s  and a1 though 

the area t o  the no r th  o f  t he  East Zone has been t e s t e d  

ex tens ive ly ,  po ten t i a l  does e x i s t  f o r  t he  discovery o f  

add i t i ona l  f a u l t  bounded blocks, especi a1 l y  t o  the  south  

(F igu re  12).  



A t  Jason, The South Zone has excel lent  potential  t o  
provide additional reserves. The South Zone has been t e s t ed  

along s t r i ke  near surface without success (Figure 13) b u t  i t  
i s  open a t  depth i n  a l l  d i rec t ions .  T h i s  potential  should be 

investigated from underground drill s t a t ions  ra ther  than 
surface. The End Zone has only been t es ted  by f ive  diamond 

d r i l l  holes. Systematic d r i l l i n g  both along s t r i k e  and a t  
depth i s  warranted. The Main Zone i s  a l e s s  promising t a r g e t  
f o r  additional reserves because i t  is "cut  off"  i n  a l l  
d i rec t ions  by low grade in tercepts .  However, i t  i s  

geologically open i n  a l l  d i rec t ions  and could provide 
additional ore reserves i f  the grade increases again along 
s t r i k e .  
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2.2 MINING 

2 .2.1 SUMMARY - 

All mining a t  Tom and Jason wil l  u t i l i z e  high 

productivi ty track1 ess  underground mi ni ng methods. The Tom 
orebodies and the Jason South Zone orebody wil l  be mined by 

the ver t ica l  c r a t e r  r e t r e a t  system without backf i l l  i ng. 
Poorer ground conditions i n  the Jason Main Zone wil l  require 

backf i l l ing and sublevel r e t r e a t  m i n i n g  will be employed w i t h  

f i l l  provided from borrow p i t s .  

All crushing will be done underground. Tom ore wil l  be 

conveyed t o  the concentrator through an a d i t  serving as  the 

main mine access. The Jason South Zone will be serviced by a 

sha f t  and access t o  the Jason Main Zone will be by decline. 

A1 1 Jason ore will be truck hauled 5 km t o  the concentrator. 

Major surface faci  1 i t i e s  w i  11 be central  i zed a t  the 

concentrator/power pl ant lservi  ce complex w i t h  services and 
faci  1 i t i  e s  provided a t  the individual mine si t e s  kept t o  a 

min imum.  Care has been taken t o  ensure adequate provision fo r  

mine drai  nage and venti 1 at ion.  

Production will commence from the  Tom East  orebody i n  

Project  Year 2 and ful l  annual production of 1,575,000 tons  
wi l l  be a t ta ined i n  Year 3 .  



2.2.2 MINING METHODS 

.1 Vertical Crater  Retreat  M i n i n g  -- 

The Tom and Jason South orebodies will be mined by the 
ver t ica l  c r a t e r  r e t r e a t  ( V C R )  mining method. Despite 
requiring a considerable amount of preproduction 
development, this min ing  system is  very cos t  e f fec t ive  a s  
the  open stoping production m i n i n g  i s  both low cos t  and 

safe .  Avantages inherent i n  the VCR system are:  

o Breaking can proceed well ahead of extraction so the 
production ra te  can easi ly be maintained. 

o The stope can be kept fu l l  of broken ore thus 
minimizing wall sloughing and d i lu t ion .  

o Good fragmentation i s  achieved t h u s  reducing secondary 
blast ing.  

o No backfi l l  i s  required. 

The orebody is  divided in to  30 metre long stopes 

extending from footwall t o  hangingwall and separted by 15 
metre p i l l a r s .  A footwall d r i f t  driven 15 metres from the 
ore provides access t o  drawpoints a t  10 metre in te rva l s  
along the stope length. The stope is  completely undercut 

a t  the drawpoint level and the back taken down t o  an 8 

metre height. 



Drill sub1 evel s are  driven a t  40 metre ver t ica l  
in te rva l s  and slashed out from footwall t o  hangi ngwa11 . 
From these sublevels a 3 metre x 3 metre pattern of 6 112" 
para1 1 el  subverti cal b l  asthol es a re  d r i  11 ed t o  the opening 
below. Blasting is  done w i t h  h i g h  density s lurry  explosive 
and each b l a s t  breaks off the bottom 2.5 metres of ore i n  

the  stope. Scooptraus load the ore a t  the stope bottom 
drawpoints and then t ranspor t  i t  t o  a crushing s t a t i on  
orepass. 

Subl evel Retreat Mining 

Extensive faul t ing in the Jason Main Zone will 

necess i ta te  a m i n i n g  system employing f i l l  t o  ensure 

adequate ground support. Subl evel r e t r e a t  mining was 
selected as i t  is  productive, well sui ted  t o  the  10 metre 
average ore w i d t h  and borrow pits t o  provide f i l l  can be 
readi ly establ  i shed nearby. 

Dr i f t s  are driven the f u l l  length of the ore a t  15 
metre ver t ica l  in te rva l s  and s l o t s  cu t  a t  the ext remit ies .  
The ground between d r i f t s  is d r i l l ed  w i t h  2 inch upholes 
and broken while re t rea t ing  t o  the entry cross cut .  As 

blas t ing and mucking proceeds, the void is f i l l e d  w i t h  

coarse waste which is  passed down the f i l l  r a i s e  and placed 

i n  the stope by scooptram. 

M i n i n g  proceeds from the top down. The sequence, 
level by l eve l ,  i s  development, d r i l l  ing, b las t ing,  mucking 

and f i l l i n g .  Several l eve l s  can be i n  production a t  the 
same time by keeping each upper level ahead of the  one 
be1 ow. 



Devel opment and mining  w i  11 be highly mechanized and 
very productive. Development w i  11 be predominantly w i t h  

hydraul i c  jumbos, 3-112 o r  5 yd3 scooptrams, and 13 o r  27 
ton trucks. Production will depend on hydraulic d r i l l  

wagons, 5 yd3 scooptrams and 27 ton trucks. Auxi 1 i ary 
equipment i ncl udes Anfo trucks,  roof bol t e r  and grader. 

2.2.3 TOM MINE DESIGN -- 

.1 Mine Layout 

The Tom orebodies are  located i n  a mountain e a s t  of 
the Macmill an River Val 1 ey. Access for  mining will be v i  a 
a 10' x 12' a d i t  2775 metres i n  length. The portal will be 
located i n  the valley near the mill a t  elevation 1225 

metres. As well as safe  entry f ree  from avalanche danger, 
the a d i t  will provide gravity mine drainage, an ore 
conveyorway and a good 1 ocation fo r  fu r the r  exploration. 

The steeply d i p p i n g  configuration of the ore zones 
p lus  competent ground conditions permits the use of the 
highly productive ver t ica l  c r a t e r  r e t r e a t  ( V C R )  mining 
system described i n  Section 2.2 - 2 .  Scooptrams will 

t ranspor t  the ore from the stopes t o  orepasses feeding 42" 
x 48" jaw crushers. There wil l  be three  crusher s t a t i ons  
located so as t o  minimize haulage distances.  The crushed 
o r e  (-10") will discharge i n to  surge pockets and then onto 
conveyors which will t r ans fe r  i t  t o  the main conveyor 
system i n  the  adi t. T h i s  system will employ 42" s tee l  cord 

be1 ts  and the conveyor s t ructure  will be suspended from the  
adi t back. The crushed ore wil l  be discharged t o  the  
coarse ore storage p i l e  outside the portal adjacent  t o  the  
mi l l .  



.2 Venti lat ion 

Venti lat ion fo r  i n i t i a l  development will be provided 

by surface fans and p l a s t i c  ducting. For the main 

conveyorway t h i s  system will be employed fo r  almost a year 

so a small individual heating plant  will be required. 

The permanent vent i la t ion system will u t i l i z e  the 1440 

metre exploration a d i t  t o  Tom Valley as the a i r  intake. 

Each of the ore zones will be fed a i r  by an 84" fan; t h a t  

f o r  the East Zone located on the 1440 cross-cut while the 

West Zone fan will be s i tua ted  on the  main decline exi t ing 

the  1440 level .  The c i r c u i t s  wi 11 be compl eted w i t h  r a i s e s  

t o  surface and from the 1310 level  t o  the  1440 level  w i t h i n  

the West Zone. 

A building a t  the  1440 level adi t wil l  contain two 

di rec t - f i red  propane a i r  heating units. Each heater wi l l  

have a capacity of 20 mil 1 ion BTU/hr and be capable of 

heating incoming a i r  from -40°C to  +lO°C. 

. 3  Drainage 

While the exploration decline was being driven from 

the  1440 leve l ,  serious problems were created by water 

flows par t icular ly  in the  conglomerate formation. I t  is  

not known how s ign i f i can t  water flows will be during 

production but the  1% gradient  on the main conveyorway 

provides a gravity drainage system with the capabil i ty o f  

hand1 i ng 1 arge volumes. 

The exis t ing decline t o  the West Zone is  f u l l  of 

water. After this i s  pumped out w i t h  portable pumps a 



permanent sump and pump s t a t i o n  wi l l  be e s t a b l i s h e d  on t h e  

1310 l eve l  wi th  300 USGPM pumps d ischarg ing  t o  t h e  Tom 

Valley v ia  t h e  1440 ad i  t. 

Pumping wi l l  be requi red  i n  t h e  Eas t  Zone during 

devel opment bu t  t h i s  w i  11 be rep1 aced with g rav i ty  d ra i  nage 

once t h e  conveyorways a r e  completed. 

Grouting wi l l  probably provide adequate water  con t ro l  

during development but  water problems during s top ing  could 

be more s e r i o u s .  Hydro1 ogi cal s t u d i e s  shoul d be undertaken 

a s  soon a s  a c t i v i t y  resumes i n  o rder  t o  a n t i c i p a t e  

p o t e n t i a l  probl ems and pl an remedial a c t i  on. 

.4 F a c i l i t i e s  and Se rv i ce s  

Changehouse and o f f i c e  f a c i l i t i e s  f o r  250 crew and 25 

s t a f f  a r e  provided i n  t h e  main concentrator/power 

pl a n t / s e r v i  c e  bui 1 di ng. A1 1 machine shop, e l e c t r i c a l  and 

mobile equipment r e p a i r  f a c i l  i t i e s  a r e  a1 so  l oca t ed  i n  t h i  s 
bui 1 d i  ng. 

Compressed a i r  w i l l  be suppl i 1 ed from a compressor 

room loca t ed  on t h e  1440 metre l e v e l .  Two 3500 CFM 

compressors will be i n s t a l l e d .  High pressure  (250 PSI) a i r  

f o r  t h e  ITH s top ing  d r i l l s  w i l l  be suppl ied  by ind iv idua l  

compressors near each d r i  11 . 

Mine development w i l l  i n i t i a l l y  be done using po r t ab l e  

d i e se l  gene ra to r s  i n  t h e  main conveyorway and t h e  1440 ad i  t 

p o r t a l  . Once t h e  main power p l a n t  i s  ope ra t i ona l ,  

e l e c t r i c i t y  w i  11 be suppl i ed t o  underground s u b s t a t i o n s  a t  

13.8 kV be fo re  being transformed t o  4.16 kV and 600 V f o r  

consumpti on. 



All water  f o r  d r i l l i n g  and o t h e r  opera t iona l  uses  will 

be provided by d r i l l  ho les .  Potable  water  will be suppl ied  
t o  underground from t h e  su r f ace  p l an t .  

.5 Mining Equipment 

Devel opment w i  11 be done using hydraul i c jumbos, 5 

yd3 scooptrams and 27 ton  t rucks .  Stope d r i l l i n g  will 

employ ITH d r i l l  s and 8 yd3 scooptrams will t r a n s p o r t  
broken ore  t o  the  crushing s t a t i o n s .  

2 .2 .4  JASON SOUTH ZONE MINE DESIGN 

.1 Mine Layout 

The Jason orebodi e s  1 i e  west of the Macmil 1 an River on 
the oppos i te  s i d e  of the North Canol Road from the  Tom o re  
zones.  Jason o re  will be t rucked t o  t h e  concen t r a to r  v i a  a 
new road 1.8 km long,  ac ros s  a Bai ley br idge on the r i v e r  
and along a 3.0 km s ec t i on  of the North Canol Road. 

Access t o  t h e  Jason South orebody will be provided by 

a s h a f t  cons i s t i ng  of t h r e e  6 '  x 6 '  compartments, two f o r  
ho i s t i ng  and one f o r  a manway, s e rv i ce s  and v e n t i l a t i o n  
duc t .  One ho i s t i ng  compartment will con ta in  a s k i p  only 
and the o the r  a s k i p  and cage i n  bal ance. The s h a f t  w i  11 
be  s e rv i ced  by an 1800 HP drum h o i s t  which will be used f o r  
both the s h a f t  s inking and development phase and f o r  l a t e r  
product ion.  S h a f t  cons t ruc t ion  will be w i t h  6" x 8" and 8" 

x 8" B.C. f i r .  

The s h a f t  c o l l a r  will be a t  1220 metres and t h e  bottom 
a t  490 metres .  The c rushe r  w i l l  be l oca t ed  a t  the 550 



level and the loading pocket a t  the 520 1 evel . The mi n 
min ing  l eve l s  a r e  500, 600, 700, 800, 900 and 966 metres. 
The 500 level  will be accessed by a decline from the 600 
1 evel . 

As the steeply dipping ore configuration is  sui table  
and the ground conditions a re  expected t o  be s imi lar  t o  
those a t  Tom, the Jason South orebody will a1 so be mined by 
the ver t ica l  c r a t e r  r e t r e a t  method. Broken ore from the 
stopes will flow by gravity t o  the crushing s ta t ion  where 
i t  will be passed through a 42" x 48" jaw crusher. The 
crushed ore will be t ransferred by conveyor t o  the loading 
pocket, hoisted t o  surface and dumped i n to  one of two 750 
ton ore b i n s .  The b in s  will discharge the ore in to  35 ton 
rear  dump trucks fo r  the haul t o  the concentrator. 

.2 Venti lat ion 

The 200,000 CFM vent i la t ion fan is located on surface 
and suppl i e s  a i r  t o  the mine via a central  ly-located 
ven t i l a t ion  ra ise .  Distr ibution of a i r  t o  the working 
areas is  controlled by doors on each of the l eve l s .  
Exhaust r a i ses  a t  the extremities of the orebody carry the 
a i r  upward, eventual ly  t o  the  966 level and from there  

through a single ra i se  t o  surface.  

Mine a i r  heating is  provided by 20 mil 1 ion BTU/hr 

propane heaters on surface. The system is  identical  t o  

t h a t  f o r  Tom and will be 1 ocated i n  a small building 

adjacent t o  the shaf t .  



.3  Drainage 

Underground water conditions a t  Jason South are not 
known, b u t  i n  view of the problems experienced a t  Tom 
a1 lowance has been made for substantial  volumes. Sumps 
will be cut  on the 550 and 900 levels  and three pumps 
ins ta l  led in each sump. Capacity of each pump will be 800 

USGPM a t  1500 f t  of head and i t  i s  hoped t ha t  normally one 
pump will be able to  handle the load. 

.4 Facil i t i e s  and Service 

Jason personnel will use the changehouse and of f ice  
f a c i l i t i e s  in the concentrator/power plant/service complex. 
All major maintenance f a c i l i t i e s  are a lso  located in t h i s  
complex. Underground equipment which cannot be readily 
taken to  surface will be serviced and repaired i n  an 
underground maintenance shop. 

As we1 1 as the ho is t  the headframe b u i l d i n g  will 
contain e lec t r i ca l  d i s t r ibu t ion  panel s ,  the mine a i r  
compressors and a small shop area. 

E lec t r i c i ty  from the main power plant  will be 
transmitted by overhead pole l ine  t o  a substation near the 
shaf t  where i t  will be transformed down from 13.8 kV t o  
4.16 kV and 600V fo r  d is t r ibut ion.  

Water fo r  both surface and underground will be 

provided by a pressure system operating from a small 
pumphouse on the Macmillan River. 



-5 Mining Equipment - 

Development d r i l l  ing will be done w i t h  pneumatic jumbos. 

Stope d r i l l i n g  wil l  employ ITH d r i l l s  with individual high 

pressure compressors. Mucking will be done w i t h  3 1/2 yd3 

scooptrams or  pneumatic mucking machines. Development 

ra i s ing  will be done conventionally on timber and with 

A1 imak r a i s e  timbers. 

2.2.5 JASON MAIN ZONE MINE DESIGN 

.1 Mine Layout 

The Jason Main Zone which outcrops j u s t  under surface 

overburden will be accessed by a decline from surface. 

T h i s  will lead down to  the crushing s ta t ion  a t  elevation 

1125 metres. From th is  point  both an incl ine  and a decl ine  

wil l  provide access t o  mining sublevel s .  Top of the 

inc l ine  will be the 1245 level which  will be driven in both 

waste and ore. A f i l l  r a i s e  will be carried through t o  

surface from the waste d r i f t .  

Surface d r i l l i n g  indicates  a considerable amount of 

fau l t ing  i n  the Main Zone and the ground is  expected t o  be 

l e s s  competent than t h a t  i n  the other ore zones. This 

s i tua t ion  dic ta ted  a mining method employing f i l l  and l e d  

t o  the selection of the sublevel r e t r e a t  system described 

in Section 2.2.2. 

.2 Venti lat ion 

The 200,000 CFM vent i la t ion fan is located i n  a 

building on surface and del ivers  f resh  a i r  t o  a ven t i l a t ion  



r a i s e .  After di s t r i  bution t o  the working places the a i r  is  

exhausted up  r a i ses  a t  the ore extremities t o  the  900 level  

and from there up the decline t o  surface.  

Air heating i s  by 20 mil 1 ion BTU/hr propane hea te r s  

ident ica l  t o  those a t  Tom and Jason South. 

.3 Drainage 

The Main Zone mine will have one permanent sump on the 

720 level .  Three pumps will be i n s t a l l ed  in the sump each 

capable of del ivering 800 USGPM a t  1500 f t  of head. 

.4 F a c i l i t i e s  and Services 

There will be a small service garage a t  the Main Zone 

mine. All other maintenance, changehouse and o f f i c e  

fac i  1 i t i e s  w i  11 be provided by the concentrator/power 

plant/service complex. E lec t r i c i ty  a t  4.16 kV wil l  be 

provided from the substation a t  the Jason South mine and 

transformed local ly  t o  600 V .  Water will be provided from 

the  Macmillan River pumphouse. 

.5 Mining Equipment 

Hydraulic jumbos, 3 112 o r  5 yd3 scooptrams and 13 

o r  27 ton trucks will be used fo r  development. Production 

wi l l  employ hydraulic d r i l l  wagons, 5 yd3 scooptrams and 

27 ton trucks. 

Equipment fo r  quarrying f i l l  wil l  include a blasthole 

d r i l l ,  front-end loader and dump trucks. 



2.2.6 PRODUCTION -- SCHEDULE 

The cu r ren t  p r o j e c t  schedule assumes t h a t  ore  

production commences from the  Tom East  zone i n  P r o j e c t  Year 

2 ,  Month 6 .  Full  annual production of 1,575,000 tons  i s  

achieved from Tom i n  Year 3 .  Production from t h e  Jason 

South mine begins i n  Year 4 and t h a t  from t h e  Jason Main 

Zone i n  Year 9. P ro j ec t  l i f e  i s  a minimum of 15 yea r s .  



TomIJason M in ing  Schedule --- 

Note: Jason SHW = Jason South Hangingwal l  
Jason SM - Jason South Midd le  Lens 

Year 2 - Tom East  
Tom West 

To ta l  

Year 3 - Tom Eas t  -- 
Tom West 

To ta l  

Year 4 - Tom Eas t  
Tom West 
Jason SHW 

Tota l  

Year 5 - Tom East  -- 
Tom West 
Jason SHW 

Tota l  

Year 6 - Tom East  -- 
Tom West 
Jason SHW 

Tota l  

Year 7 - Tom East  
Tom West 
Jason SHW 

To ta l  

Year 8 - Tom West 
Jason SHW 

Tota l  

Year 9 - Tom West 
Jason SHW 
Jason Main 

To ta l  

Tonnage 
(103 tons)  -- 

513 .O 
143 .O 
656 .O 

848.7 
726.3 

1575.0 

350 .O 
893.8 
331.2 

1575.0 

350 .O 
700.0 
525 -0 

1575.0 

350 .O 
700.0 
525 .O 

1575 .O 

255 .O 
795.0 
525 .O 

1575.0 

1050 .O 
525 .O 

1575 .O 

965.9 
525 .O 

83.1 
1574 .O 

Ore Produc t ion  
Grade 

Pb % Zn % Aa o ~ t  

TABLE 2.2-1 
Sheet 1 

2 - 45 



Year 1 0  - Jason SHW 
Jason SM 
Jason Main 

Total 

Year 11 - Jason SHW 
Jason SM 
Jason Main 

Total 

Year 12 - Jason SHW 
Jason SM 
Jason Main 

Total 

Year 1 3  - Jason SHW 
Jason SM 
Jason Main 

Total 

Year 14  - Jason SM 
Jason Main 

Total 

Year 15 - - Jason SM 
Jason Main 

Total 

Ore Production --- 
Tonnage €Fade 

TABLE 2.2-1 
Sheet 2 
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2.3 MILLING 

2 .3.1 SUMMARY 

Mineralogical examinations of the Tom and Jason ores 

reveal t h a t  they a re  f i  nely-grai ned massive sul ph i  des w i t h  

re1 a t ive ly  simp1 e i ntergrowth patterns w i t h i n  the mineral 

assemblage. T h i s  would indicate  t h a t  they should be amenabl e 

t o  treatment by di  f f e ren t i  a1 f l o t a t i on .  Individual f1 o t a t i  on 
testwork on the two ores proved t h a t  th is  was the case and 
provi ded data for  a prel imi nary commerci a1 pl an t  design. 

Testwork done on Tom ore only indicated t ha t  i t  was amenable 
t o  autogenous grinding and this was incorporated in to  the 
preliminary flowsheet. Further testwork on both f l o t a t i on  and 

grinding is  necessary to  provide information fo r  deta i led  
design and permit improved metallurgical r e su l t s  t o  be 
forecas t .  

As the design currently stands the concentrator i s  a 5000 

tons/day plant  w i t h  ful  ly-autogenous primary grinding and 
secondary pebble mil 1 i n g .  The grinding units could be 
converted t o  semi-autogenous and ball  mil l ing operating mode 
respectively i f  required. Coarse lead f l o t a t i on  i s  
incorporated i n  the grinding c i  rcui t t o  prevent overgri ndi ng 
of galena. The other f l o t a t i on  c i r c u i t s  and dewateri ng 

c i r c u i t s  a re  standard 1 ead/zi nc pract ice .  

Average annual production a t  f u l l  operating r a t e  i s  
119,000 tons of Pb concentrate (68% Pb, 23 opt  Ag) and 160,000 

tons Zn concentrate (56% Z n ) .  Overall forecas t  recoveries are 
91, 79 and 79 f o r  Pb, Zn and Ag respectively.  



MINERALOGICAL INVESTIGATIONS 

Microscopic examinations of Tom ore samples were made by 
Michigan Tech while samples of Jason ore were studied by Hazen 
Research. Their findings were s imi lar  and the key r e su l t s  are  
summari zed be1 ow. 

o The predominant sul phide mineral s are sphaleri t e ,  galena 
and pyr i te .  Tetrahedri t e  is  a1 so commonly present w h i l  e 
chalcopyri te,  marcasite and pyrrhot i te  are  found l e s s  
frequently. 

o While qui te  coarse i n  some higher grade samples, the 
sul p h i  des are general ly f ine  grai ned. The sphal e r i  t e  i s 
typ ica l ly  i n  the 30-40 urn p a r t i c l e  s i ze  range while the 
galena varies widely from 5 t o  300 um. Despite t h e i r  
f ineness,  the sul phide par t i c les  exh 
simple intergrowth patterns.  

o The major gangue mineral s are quartz 
s i de r i t e .  

o The gangue mineral s are coarser than 

b i t  r e la t ive ly  

ba r i t e  and 

the sul phides w i t h  

p a r t i c l e  s i zes  generally i n  the range of 150 - 300 um. 

o A l l  of the major minerals except quartz have good 

c1 eavages, are b r i t t l e  and re1 a t ively  so f t .  

o Samples of Jason Main Zone ore contain carbonaceous 
material ,  usually as s t r ingers  i n  the gangue but 

occasional l y  intermingled w i t h  pyri te-  sphal e r i  t e  
i ntergrowths. 



o There i s  a1 so some evidence of oxidation i n  the Jason 
Main Zone samples. 

In summary, the mineralogical investigations indicate  an 
ore which will need t o  be f ine ly  ground i n  order t o  1 ibe ra te  

the  minerals b u t  which should then be amenable t o  d i f fe ren t ia l  
f1 o t a t i  on. The presence of carbonaceous materi a1 and 
oxidation i n  the Jason Main Zone will l ike ly  make this ore the 
most d i  f  f  i cul t from which t o  obtain acceptable metal 1 u r g i  cal 
resul t s .  

2 . 3 . 3  FLOTATION TESTWORK 

.1 Tom Ore -- 

I n i t i a l  f l o t a t i on  t es t ing  of Tom ore was done i n  1979 
by Hudson Bay Mining  and Smelting a t  F l  i n  Flon. The 
flowsheet developed u t i l i z ed  a lime -SO2 treatment t o  
depress zinc while f loa t ing  1 ead. Metal 1 urgical r e s u l t s  
were not acceptable w i t h  the principal problems being low 

concentrate grades and h i g h  losses  of zinc t o  the lead 

concentrate. 

In 1981 the  I n s t i t u t e  of Mineral Research a t  Michigan 

Tech was commissioned t o  do fu r the r  f l o t a t i on  t es t ing  of Tom 
ore. A to ta l  of f ive  samples, two from Tom West and three 
from Tom East, were submitted and t es ted  t o  varying 
degrees. 

The flowsheet developed by Michigan Tech is  unusual f o r  
a leadlz inc  c i r c u i t  i n  t h a t  no 1 ime or  other pH modifier is  
used. Zinc depression during lead f l o t a t i on  is  accomplished 
w i t h  high dosages of zinc sul phate (2.2 1 blton) and sodium 

s u l p h i  t e  (2.5 1 bl ton) . 



TO14 ORE BENEFICIATION 

(Developed By Michigan Tech. U n i v e r s i t y )  

FEED 

PRIMARY G R I N D  

PRIMARY LEAD 
ROUGHER FLOTATION 

NO. 1 LEAD 
CLEANER FLOTATION-] 

NO. 2 LEAD 
CLEANER FLOTATION 

I -1 
1 REGRIND 

Reagent 

Lead Na2 SO3 
C i r c u i t  NaCN 

ZnSO4 
AX-325 
M.1 .B.C. 

Z inc  CuSO4 
C i  r c u i  t AX-325 

AF-25 
M.I.B.C. 

Dosage 
( I  b l t o n )  

REGRIND Z I N C  ROUGHEZ 
FLOTATION - FLOTATIOW 7 

FINAL LEAD 
CONCENTRATE 

FINAL Z I N C  ZINC CL. FINAL 
CONCENTATE TAILINGS TAIL I fJGS 

F igure  2.3-1 

2 - 52 



The best  resu l t s  achieved by Michigan Tech were w i t h  
the 1 a s t  two samples tes ted,  ident i f ied  as  East #3 and West 
#2. Resul t s  of these t e s t s  are  summarized be1 ow: 

Grind Assays Distr ibution ( % )  

Composite ( %  -325M) Pb % Zn % Ag opt  Pb Zn -- - - - -- Ag -- 

East #3 

Feed 88 12.2 10.5 4.03 100 100 100 
Pb Conc. 65.5 10.8 18.1 92.5 17.6 77.8 
Z n  Conc. 1.99 59.2 2.21 76.2 

West #2 
Feed 8 6 12.3 10.8 4.75 100 100 100 
Pb Conc. 68.6 8.35 24.5 91.1 13.8 80.8 

Z n  Conc. 3.16 53.4 3.12 64.6 

Mercury in the ore was found to  be associated with the  
spha le r i t e .  Cleaned zinc concentrates from the  above t e s t s  
contained 344 and 850 ppm Hg respectively 

- 2  Jason Ore 

o Bulk Flotat ion 

In  1981 and 1982 Bacon Donaldson & Associates of 
Vancouver performed i n i t i a l  f l o t a t i on  t e s t s  on Jason 
ore.  The main focus of t h e i r  work was on producing a 
bu lk  concentrate followed by depression of spha le r i t e  
i n t o  a separate concentrate. A1 though t h i s  method did 
yie ld  good 1 ead concentrate grades a t  f a i r l y  reasonabl e 
recoveries, the  zi nc metal 1 urgy was unacceptable i n  
terms of both concentrate grades and recoveries. This 
approach was not pursued fur ther .  



o Jason South Zone 

In  April 1982 two composite samples of Jason 

South Zone ore were submitted t o  Hazen Research of 

Go1 den Col orado. Fol 1 owi ng mi neral ogi cal exami nation 

they concluded t ha t  d i f fe ren t ia l  f l o t a t i on  was 

feas ib le  and they devised a flowsheet which 

incorporates coarse 1 ead f l o t a t i on  between two s tages  

of grinding. The ore  i s  i n i t i a l l y  ground t o  -200M and 

the coarse 1 ead t a i  1 ings are thickened and reground t o  

-400M. The reagent balance fo r  t h i s  flowsheet follows 

conventional 1 eadlzi nc pract ice  and employs 1 ime fo r  

pH control .  Results of Hazen's testwork on the  two 

Jason South composites are  summarized below: 

Gri nd Assays Distr ibution (%) 

Composite Mesh Pb % Zn % Ag opt Pb Zn Ag 

1-1 - 
Feed -2001-400 3.04 5.10 1.05 

Pb Conc. 55.3 

Z n  Conc. 57.3 

1-2 - 
Feed -2001-400 13.10 2.67 3.77 

Pb Conc. 76.4 

Z n  Conc. 52 .O 

1-1 & 1-2 

Feed -2001-400 8.19 3.93 2.41 

Pb Conc. 71.6 18.5 

Zn Conc. 61.3 4.1 



Lead concen t r a t e  from the combined feed  composite 
contained 300 ppm As and 600 ppm Sb. The z i n c  

concen t r a t e  contained 900 ppm Hg. 

o Jason Main Zone 

I n i t i a l  tests using the South Zone f lowshee t  f o r  
Main Zone ore  y i e lded  s a t i s f a c t o r y  z inc  metal lurgy b u t  
the l ead  concen t r a t e  grade (19% Pb) and recovery (50%) 
were unacceptably low. In a d d i t i o n ,  t he  consumption 
o f  c o l l e c t o r  was unusually h i g h .  Fu r the r  study 
i d e n t i f i e d  the  p r inc ipa l  problem t o  be the presence o f  
s o l u b l e  f e r r o u s  su lpha t e  formed by the p a r t i a l  
oz ida t ion  of sul phides i n  t he  ore .  Hazen showed t h a t  
t h e  f e r r o u s  su lpha t e  could be p r e c i p i t a t e d  and i t s  

e f f e c t  negated by a i r  ox ida t ion  of the  ground pulp 
p r i o r  t o  l ead  f l o t a t i o n .  However t h e  z i n c  dep re s san t s  
a1 so  tended t o  p r e c i p i t a t e  during the  a i r  ox ida t ion  s o  
the f l o t a t i o n  procedure was modified t o  add t h e s e  
a f t e r  gr inding and oxida t ion  r a t h e r  than before  

g r i  ndi ng a s  previously done. 

Organic carbon i n  t he  Main Zone ore  was a l s o  
i d e n t i f i e d  a s  a problem. In o rde r  t o  reduce i t s  

e f f e c t  a composite of two p a r t s  South Zone o re  and one 
p a r t  Main Zone o re  was blended. Using the modified 

f l  owsheet s a t i  s f ac to ry  f l o t a t i o n  r e s u l t s  were ob ta ined  
from the composite sample. 



JASON COMPOSI-TE B E N E F i C  I A T I O N  

(Developed by Hazen Research ( I n t e r n a t i o n a l  1, Inc., 1983) 

FEED 

Dosage 

PRIMARY G R I N D  Reagent ( 1 b/ ton)  
TO 2 0 0 - M E S H  

1. Lead Lime 0 - 4  

O X I D A T I O N  (14 Hrs.) C i r c u i t  NaCN 
0.2 

I ZnSOq 0.9 
i 

C O N D I T I O N  
S.E.X. 0.12 
M.1 .B.C. 0.14 

PRIFlARY L E A D  
Z inc Lime 1.4 

ROUGHER F L O T A T I O N  C i r c u i t  CuS04 0.5 

4 S.E.X. 0 .14 
M.1 .B.C. 0.06 

REGRIRD TO 
325-f.?ESH 

I r 
SECONDARY LEAD 

ROUG;{ER F L O T A T I  O~ 

d 
F I R S T  L E A D  C L .  + C 0 ; l D I T I O N  

F L O T A T I O N  

d d 
Z I N C  ROUGHER F I R S T  Z I N C  C L .  

SEC. L E A D  C t .  

$ 
F L O T A T I O N  F L O T A T  10;: 

F L O T A T I O N  I 
I 

SEC. Z I N C  CL .  

I- F L O T A T I O N  

F I N A L  LEAD i F I N A L  Z I N C  
1 
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Composite 

2 : l  Blend 

South Zone 

t o  Main Zone 

Grind 

Mesh 

Assays D i s t r i b u t i o n  (%) 

Pb % Zn % Ag o p t  Pb Zn Ag 

Feed -2001-400 6.70 7.23 1.55 100 100 100 

Pb Conc. 61 -0 15.5 87.6 80.5 

Zn Conc. 56.8 1 .15 88.8 6.8 

The z inc  concen t r a t e  from the  Main ZoneISouth 

Zone composite assayed 400 ppm Hg, i n d i c a t i n g  t h e  Main 

Zone t o  be lower i n  mercury con ten t  than t h e  South 

Zone. 

2 .3  -4 GRINDING TESTWORK 

.1 Fineness  of Grind 

The optimum g r ind  f o r  t r e a t i n g  Tom and Jason  o r e s  has 

y e t  t o  be determined. In l i m i t e d  t e s t i n g  of Tom ore  a t  

v a r i o u s  gr inds  Michigan Tech achieved t h e i r  b e s t  r e s u l t s  a t  

86-88% -325M. f o r  t h e  two s t a g e  gr inding of Jason o re  

Hazen normally used a -200M i n i t i a l  g r ind  followed by a 

-400M regr ind  ( e x a c t  percentages passing not  s t a t e d ) .  

However, t e s t s  run using a -325M reg r ind  y i e lded  r e s u l t s  

only s l i g h t l y  i n f e r i o r  t o  those run a t  -400M. Fu r the r  

testi  ng wi l l  be requi  red t o  determine with confidence t h e  

re1 a t i onsh ip  between gr ind ,  concent ra te  grades and 

recoveries and hence e s t a b l  i sh t h e  most economic gr ind .  



.2 Autogenous - Grinding - 

With s ign i f i can t  capi ta l  and operating cos t  savings 

potenti a1 ly avai 1 able from ful  ly or semi -autogenous 

grinding, t e s t s  were r u n  t o  determine the v i ab i l i t y  of 

e i t he r  approach. The t e s t s  were performed by Aerofall 

Mills (U.S.) Inc. under the direction of A.R. MacPherson 

Consultants Ltd. Three samples were t es ted ;  one each of 

Tom East ore, Tom West ore and conglomerate material from 

near the Tom deposit.  Small scale  continuous grinding 

t e s t s  were run on each sample and Autogenous Work Indices 

calcul ated. From compari son w i t h  hi s t o r i  cal commerci a1 

data Comnerci a1 Work Indices were derived. These compared 

favourably with Bond Work Indices obtained on the same 

samples : 

Tom West 10.44 10.4 12.53 

Tom East 4.46 4.5 7.36 

Congl omerate 27.15 18.2 Not t e s t ed  

Experience has shown t h a t  an ore with an Autogenous 

Work Index of about 10 kwhlton, such as  Tom West, i s  

i deal l y  sui ted  t o  ful l y  autogenous gri ndi ng. The markedly 

low index fo r  Tom East indicates  t h a t  i t  is  s o f t  and e a s i l y  

ground and t h a t  i f  ground alone fully-autogenously, 

insuf f i c ien t  1 arge pieces may survive 1 ong enough t o  break 

medium sized peices. Mixing i t  w i t h  a harder ore such as 

Tom West would e l  imi nate this problem and ful ly-autogenous 

grinding woul d proceed unhindered. 



Congl omerate i s  except ional l y  hard and would n o t  g r i n d  

compl e t e l y  f u l l  y-autogenousl y  . A1 though 1  arge chunks coul d  

be fed  t o  the m i l  1  t o  a i d  i n  g r i nd ing  the s o f t e r  ore, t h i s  

would in t roduce unwanted d i l u t i o n  and i s  t he re fo re  n o t  

recommended. 

RECOMMENDATIONS FOR FUTURE TESTWORK 

Testwork t o  date has success fu l l y  demonstrated the  

feas i  b i  1 i t y  o f  t r e a t i n g  Tom and Jason ores w i t h  convent ional  

f l o t a t i o n  techniques. S u f f i c i e n t  in fo rmat ion  has been 

generated t o  a r r i v e  a t  a  p re l im ina ry  p l a n t  design and p e r m i t  

t he  se lec t ion ,  s i z i n g  and cos t i ng  o f  major equipment items. 

However, before a  d e f i n i t i v e  p l a n t  design can be es tab l i shed  

f u r t h e r  me ta l l u rg i ca l  testwork i s  requi red.  The major p o i n t s  

t o  be addressed by t h i s  testwork are summarized below: 

Blending o f  Tom and Jason Ore 

To date Tom and Jason ores have been i nves t i ga ted  w i t h  

separate testwork programs and i n  most cases the i n d i v i d u a l  

o re  zones have been t rea ted  separately.  Future testwork 

shoul d  use composite sampl es as representa t ive  as possi  b l  e  

o f  the ore mixtures and grades envisaged by the mining 

plan. 

.2 Fineness o f  Gr ind  ----- 

The optimum f ineness o f  g r i n d  has y e t  t o  be 

establ ished. A l l  testwork t o  date i nd i ca tes  t h a t  Tom and 

Jason ore needs t o  be ground t o  a t  l e a s t  80% -325M. The 

b e n e f i t s  o f  g r i nd ing  f i n e r  than t h i s  should be assessed and 

weighed aga ins t  the costs. The number o f  stages i n  which 

the f i n a l  g r i n d  i s  achieved a l so  requ i res  f u r t h e r  study. 



. 3  -- Grind ing  Type and Configuration 

The autogenous g r i n d i n g  t e s t s  done by Aerofall i n  

t h e i r  18 inch laboratory mil 1 were successful and gave an 

indication of the overall power requi rements for  g r i n d i n g  

Tom ores e i t he r  ful ly or  semi -autogenously . However, 

before the commercial plant  design i s  f inal ized i t  i s  

essen t ia l  t h a t  fu r the r  grinding t e s t s  be done, preferably 
i n  a continuous p i l o t  plant .  As well as determining the 

type,  s ize  and configuration of the primary and secondary 
grinding units, t h i s  testwork must invest igate  the 
g r i  ndi ng charac te r i s t i c s  of the various ore mixtures t o  be 
t rea ted .  

. 4  Reaaent Balance 

The separate testwork programs devel oped d i  f f e r en t  

reagent balances f o r  Tom and Jason ores.  A s ingle  bas ic  
system s i l l  have t o  be established fo r  the commercial 
p l  a n t  w i t h  provi si ons fo r  any modi f i c a t i  ons requi red by 
t h e  various ore blends. I t  is recommended t h a t  fu ture  
f l o t a t i on  t es t ing  focus on a conventional 1 ead/zi nc 
reagent balance s imi lar  t o  t h a t  employed by Hazen. The 

scheme devised by Michigan Tech fo r  Tom appears t o  be both 
expensive and one which makes the f l o t a t i on  control 

d i f f i c u l t .  

.5 Dewatering 

As y e t  no thickening o r  f i l t e r i n g  t e s t s  have been 
done on Tom or  Jason f l o t a t i on  products. These will be 
required t o  provide plant  design data. 



2.3.6 PREDICTED METALLURGICAL -- PERFORMANCE 

The head grades of samples on which the laboratory 

f l o t a t i on  tes t ing was done deviated s ignif icant ly  from ore 

reserve grades in some cases. In order t o  use the laboratory 

r e su l t s  to  predict  the metallurgical performance for  each ore 

zone a t  i t s  projected mining grade, the fo l l  owing re1 at ionshi p 

was used: 

Predicted % Recovery = Lab Test % Recovery X P F ~  

where PF = Projected mining feed grade 

TF = Lab t e s t  feed grade 

and A and B are constants as follows: 

A B -- -- 
Pb % Recovery in  PbIZn Ore 0 . l 8  0.8 

Zn % Recovery in PbIZn Ore 0.32 0.6 

Ag % Recovery i n  Pb/Zn Ore 0.40 0.6 

The above formula i s  a modi f i ca t ion  of tha t  pub1 i shed by 

T.A. O'Hara i n  "Quick Guide t o  the Evaluation of Orebodies" i n  

the  CIM Bullet in.  

I t  i s  not suggested t ha t  t h i s  procedure is considered a 

sui table  subs t i tu te  for  t es t ing  representative samples but i t  

was considered t o  be within the accuracy of t h i s  study. 

The predicted metal 1 urgi cal performance derived i n  t h i  s 
manner for  the average reserve grade of each ore zone i s  shown 

i n  Table 2.3-1. 



Ore Zone 

PREDICTED METALLURGICAL PERFORMANCE 

(For Average Reserve Grade of Each Zone) 

Assays Dis t r ibut ion (%) 

P b %  Z n %  Agopt  Pb Zn A g 

Lead Concentrate 

Tom West - Hangingwall 68 .O tr .  80 .O 0 

Tom West - Footwall 68 .O 14.7 89 .O 65 .O 

Tom East  65 .O 2 1  .O 92 .O 78 .O 

Jason South Zone 72 .O 30 .O 93 .O 83.3 

Jason Main Zone 61 .O t r .  81.3 0 

(blended with South zone) 

Zinc Concentrate 

Tom West - Hangingwall 53.0 

Tom West - Footwall 

Tom East 

Jason South Zone 

Jason Main Zone 
(blended w i t h  South Zone) 

Table 2.3-1 



CONCENTRATOR DESIGN - 

.1 Basis of Design 

The Tom/Jason r has a d esign cap aci ty  
5000 tons/day w i t h  throughput limited by the grinding 
c i r c u i t .  The design i s  conservative inasmuch as  the 
grinding equipment i s  sized fo r  the hardest ore while t he  
design of the  f lo ta t ion  and dewateri ng c i r c u i t s  makes 
allowance for  the highest grade of ore. As i t  cur ren t ly  
stands the preliminary process design i s  based largely on 
the  Tom metallurgical testwork. However. changes 
necessi tated by information gai ned from the  Jason testwork 
and future tes t ing of ore mixtures can be readily 

i ncorporated. 

.2 Crushed Ore Storaqe 

Crushed ore, del ivered from Tom by conveyor and from 
Jason by truck, i s  stored i n  a 10,000 ton underground 
pocket excavated in the  h i l l  behind the concentrator. This 
system minimizes the requirement for  protection against  ore 
freezing.  

.3 Grinding 

Foll owing screening t o  separate m i n u s  3 112" plus 
1 112" pebbles fo r  secondary grinding, the crushed ore i s 
fed t o  a 24' dia.  x 11' fully-autogenous mill fo r  primary 

grinding. I f  necessary t h i s  mill can be operated 
semi-autogenously with a ball charge of up t o  8%. The 
primary mill power draw i s  2400 HP. The primary mill 

operates i n  closed c i r c u i t  w i t h  cyclones which make a s p l i t  



a t  80% -100 mesh. A t  t h i s  fineness a considerable 
proportion of the galena i s  l iberated so a coarse lead 
f lo ta t ion  stage has been incorporated i n  the flowsheet i n  

order t o  prevent overgrinding of the galena. 

The primary cyclone overflow and the secondary m i l  1 

discharge i s  combined and fed t o  the coarse lead rougher 
f lo ta t ion  ce l l s .  The rougher concentrate i s  cleaned i n  a 
single u n i t  ce l l  and the cleaned concentrate sent  t o  e i t h e r  
the  lead th i rd  cleaners or f inal  product, depending upon 
grade. 

Tail ings ' from the coarse lead f lo ta t ion  are pumped to  
the secondary cyclones from which the overflow a t  80% -325 
mesh passes to  the lead f lo ta t ion  c i r cu i t .  Cyclone 
underfl ow i s  fed to  two 14' x 22' secondary pebble mil 1 s 
each w i t h  a 1500 HP drive.  Feed t o  the mil ls  i s  6-10% 
pebbles and any pebble chips are removed by discharge 
trommel screens. 

-4 Flotation 

The secondary cycl one overflow i s  condi t i  oned w i  t h  

reagents and then fed t o  three 1350 f t 3  f l o t a t i on  c e l l s  
for  lead roughing and two such c e l l s  fo r  scavenging. Lead 
rougher concentrate i s  upgraded i n  three cleaning stages of 
four  600 f t 3  c e l l  s each. F i r s t  and second cleaner 
t a i l i ngs  are reground i n  a 9' dia. x 12 '  overflow ball m i l  1 
i n  closed c i r c u i t  w i t h  cyclones. The cyclone overflow i s  

sent  t o  a separate rougherlcl eaner f l o t a t i on  c i  rcui t w i t h  

the  concentrate produced directed to  the lead scavenger 
feed. 



Lead scavenger t a i l i ngs  are conditioned and then a zinc 
rougher concentrate i s  f loated in three 1350 f t 3  c e l l s .  
The concentrate i s  upgraded i n  four 350 f t 3  second cleaners 
and three 300 ft3 th i rd  cleaners. The t a i l i ngs  from the 
zinc scavengers are the f inal  t a i l i n g s  from the process and 

are  pumped t o  the disposal area. 

.5 Reagent Balance 

The reagent balance assumed for the preliminary plant 
design i s  t ha t  developed during the testwork on Tom ore. 
I t  i s  somewhat unusual for a leadlzinc c i r c u i t  in t ha t  lime 
i s  not used for pH control in  the d i f fe ren t ia l  f lo ta t ion .  
This reagent scheme with the quant i t ies  allowed for  i n  the 
operating cost  estimate i s  shown i n  Table 2.3.2. There i s  no 
a1 lowance for lime m i  xi ng and dis t r ibut ion i n  the current  
design b u t  t h i s  could readily be incorporated a t  a 1 a t e r  
date.  I t  i s  l ikely  tha t  future f lo ta t ion  testwork on Tom and 
Jason ore mixtures will indicate t ha t  1 ime i s  required. 
Reduction i n  the consumption of other reagents, par t icular ly  
cyanide and zinc sul phate, should o f f s e t  the additional 
costs .  

.6 Dewaterim. Storaqe and Loadout 

Concentrates are thickened using conventional thickeners 
located w i t h i n  the concentrator building. The diameters a re  
70 f t  and 60 f t  for  lead and zinc respectively. The 
thickened concentrates are f i 1 tered using pressure f i 1 t e r s  
which of fe r  the advantage of producing cake moisture low 
enough tha t  fur ther  drying is  not required. There are  two 
990 f t 3  f i 1 t e r s  for each concentrate which will provi de 
ample capacity fo r  even the highest grade of ore ant ic ipated.  

After f i l  t e r i  ng the concentrates are conveyed t o  

separate domed storage buildings 100 f t  i n  diameter. Each 



Reagent 

Z nSO4 

N a2 SO3 

Na2Si02 

NaCN 

AX-325 

MI BC 

AF-99E 

C us04 

Xanthate 

AF-25 

Amount 

Use 1 b/ ton -- 

Zn depressant 1.65 

Zn depressant 1.88 

Sl imes dispersant  0 .28 

Zn & Pyri te  

depressant 

Pb promotor 

f ro ther  

f ro ther  

Zn ac t iva to r  

Zn promotor 

f ro ther  

Strength,  

% w t .  Addi t i  on Points  

Pb conditioner 

/ f l  o t a t i  on/ 

regr i  nd c i r c u i t  

Pb conditioner 

/regrind c i  rcui t 

Pb condi t ioner  

Pb conditioner 

/ f l  o ta t ion/  

regrind c i  rcui t 

Pb conditioner 

/ regr i  nd 

Pb & Zn f l o t a t  ion 

Pb & Zn f l o t a t i on  

Zn conditioner 

Zn condit ioner 

Zn f l o t a t i on  



building is equipped w i t h  a reclaim system and scale f o r  
weighing the highway t ranspor t  t rucks as they are  loaded. 
Total capacity of each concentrate storage building i s  a t  
1 e a s t  14 days production a1 though only a small portion of 

this  is l i v e  storage as i t  is assumed shipments are made 
dai ly .  

.7 Tai 1 i ngs D i  sposal 

A f ive  stage centrifugal  pumping system pumps t a i l  
from the concentrator t o  the t a i l i n g s  impoundment area 
Rat Lake on the western portion of the Jason property. 
Here a natural basin sealed off by two re la t ive ly  small 
dams can provide a storage area more than adequate f o r  

i ngs 
a t  

the 

t a i l i ngs  volume from the known ore reserves. The i n i t i a l  
dam height will provide su f f i c i en t  capacity for  10 years of 
operation. Pr ior  t o  deposition t a i l  ings a r e  thickened i n  a 
200 f t  diameter thickener w i t h  the excess water recycled t o  

the concentrator. 

.8 F a c i l i t i e s  and Services 

A1 1 major mi ntenance faci 1 i t i e s ,  off ices  and the  
power plant  are  located i n  the same building complex as  t h e  
concentrator. 

E l ec t r i c i t y  is generated by f ive  diesel  generators of 
3.8 MW w i t h  one u n i t  normally on standby. The generation 
voltage and d i s t r ibu t ion  voltage w i t h i n  the concentrator i s  
4.16 KV.  

Water supply, both fo r  process make-up and potable 
water, is from the South Macmillan River. From a pumphouse 
a t  a pond near the r ive r  two 500 USGPM pumps supply water 

t o  a 1,000,000 USGPM storage tank near the Tom mine 
por ta l .  



2.3.8 PLANT PERFORMANCE AND PRODUCTION SCHEDULE 

For t h i s  study the concentrators overall metal 1 urgi cal  

performance with Tom and Jason ore blends was assumed t o  be 

the equivalent of t rea t ing  the ore from each zone separately 

and summing the resul t s .  The predicted metal 1 urgi cal resul t s  

fo r  each zone were adjusted on a year-by-year bas is  according 

t o  the zone's projected mining grade and the gradelrecovery 

re1 a t i  onship derived in Section 2.3.6. Applying these r e s u l t s  

t o  the Mining Schedule i n  Table 2.2-1, the overall 

metal 1 urgi cal performance i s  predicted as f o l l  ows i n  Tab1 e 

2.3-3 and 2.3-4. 



MILL FEED GRADES AND RECOVERIES 

P r o j e c t  

Year 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 
15 

Mill Feed Grades 

P b %  -. Z n %  A g o p t  
12.65 7.99 4.00 

8.06 8.13 2.77 

9.26 8.00 3.75 

9.08 6.84 3.87 

8.74 7.40 3.44 

7.20 6.95 2.60 

3.71 6.51 1.14 

4.46 6.42 1.78 

5.91 7.76 2.51 

4.73 7.16 2.06 

2.98 7.26 1.19 

1.67 6.14 0.56 

1.85 8.43 0.68 

1.56 7.33 0.47 

Table 2.3-3 

2 - 69 

Recoveries 

Pb Zn Ag ----- 

92.0 72.3 77.4 

90.8 69.8 73.9 

91.8 70.4 81.0 

92.3 73.8 82.6 

91.8 73.6 79.9 

90.9 72.9 76.4 

88.5 72.7 65.3 

89.8 72.2 74.7 

92.2 89.6 86.2 

91.2 89.0 85.7 

88.5 89.0 77.9 

83.0 87.6 69.3 

83.5 89.3 72.9 

82.3 88.1 67.5 



P r o j e c t  

Year 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

CONCENTRATE PRODUCTION - 

Lead Concentrate Zinc Concentrate  

Tonnage 

( tons)  

116,900 

174,200 

197,200 

193,000 

186,700 

l52,lOO 

75,100 

91,300 

123,300 

99,200 

61,600 

33,400 

37.700 

14,100 

Grades 

Pb % Ag o p t  
65.3 17.4 

66.1 18.5 

67.9 24.3 

68.4 26.1 

67.7 23.2 

67.8 20.6 

68.8 15.6 

69 .O 22.9 

68.6 27.3 

68.4 28 .O 

67.4 23.7 

65.4 18.3 

64.5 20 -7 

65.3 16.1 

Tonnage 

( t o n s )  

66,500 

159,900 

160,900 

142,100 

153,700 

143,500 

l35,lOO 

l32,5OO 

188,200 

174,700 

177,200 

147,900 

207,200 

81,000 

Grade 

Zn % 

57 .o 
55.9 

55.2 

56.0 

55.9 

55.6 

55.1 

55 .O 

57.5 

57.4 

57.4 

57.3 

57.2 

57.1 
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2.4 ENVIRONMENTAL IMPACT - - - - - - .- 

2.4.1 INTRODUCTION 

This sec t ion  provides a desc r ip t i on  and summary o f  

environmental programs r e l a t e d  t o  the  Jason and Tom 

p rope r t i es .  The focus i s  on how environmental issues cou ld  

a f f e c t  the process o f  developing a mine i n  Macmill an Pass. 

F i r s t  i s  a desc r ip t i on  o f  the evo lu t i on  and c u r r e n t  s ta tus  o f  

the regu la tory  framework, then fo l l ows  a b r i e f  summary o f  t h e  

h i s t o r y  o f  environmental s tudies i n  the  area, the main r e s u l t s  

o f  the studies completed t o  date and a d iscussion o f  the main 

issues l i k e l y  t o  be ra i sed  i n  the fu tu re .  

Enough work has now been done i n  Macmillan Pass t o  show 

t h a t  environmental concerns by themselves are no t  l i k e l y  t o  be 

s i  gni f i  cant  enough t o  prevent o r  s i g n i f i c a n t l y  del ay the  

development o f  a mine. However, envi ronmental i ssues coul d 

i nvo l ve  considerable publ i c  and governmental p a r t i c i p a t i o n .  

Such involvements can be t ime consuming and, w i t h  poor 

p lanning o r  bad 1 uck, s i g n i f i c a n t l y  del  ay development. Given 

t h e  major f i  nanci a1 consequences o f  unexpected del ays and 

changes i n  schedule, the  major r e s u l t  o f  environmental i ssues  

may no t  be f i e l d  surveys o r  abatement technology, b u t  

meetings, po l  i t i c s  and publ i c  re1 a t ions .  This  sec t ion  w i l l  

g i v e  i n s i g h t  i n t o  both the s c i e n t i f i c  and p o l i t i c a l  issues 

involved.  

REGULATIONS AND GOVERNMENT POLICY 

Primary responsi b i  1 i t y  f o r  ensuring t h a t  t h e  

environmental impact o f  the pre-operat ional , operat ional  , and 

abandonment phases o f  any nor thern mine development a re  



adequately assessed, i s  vested i n  the  Federal Government 
through the Department of Indian and Northern Affa i rs  (DINA) , 
by means of the Environmental Assessment and Review Process 
( E A R P ) .  This l eg i s l a t i on  applies not only t o  potential  impact 
upon biological systems, b u t  a l so  addresses the  
physical /chemi cal envi ronment, aes the t i cs ,  and socio-economi c 
aspects  of the projects .  A1 though the Federal Government has 
retained i t s  1 ead role  i n  assessments, DINA has delegated 
respons ib i l i ty  for  socio-economic matters t o  the  Yukon 
Te r r i t o r i a l  Government ( Y T G ) .  The f i r s t  fomal  step i n  

i n i t i a t i n g  EARP i s  the formation of an Environmental Review 
Committee ( E R C )  . There was no ERC i n  pl ace i n  Yukon i n  the  
ea r ly  1980's .  Proponents were expected t o  undertake s tudies ,  
on t h e i r  own i n i t i a t i v e ,  t o  document the physical and 

b i  01 ogi cal base1 i ne condi t i  ons on thei  r propert ies.  Both 
Abemin ( a s  Pan Ocean Oil L t d . )  and HBM&S commenced and 
continued such s tudies  whi  1 e the regulatory mechanisms were 
being devel oped. 

In January of 1981 a meeting of representat ives from 
industry,  the Federal Government and the Ter r i to r ia l  
Governments (NWT was involved because the  Mactung and Howard' s 
Pass areas were a lso  being considered) was convened i n  

Whitehorse. This was the  f i r s t  of f ive  meetings of the 
Macmill an Pass Development Task Force held during 1980. The 
Task Force 's  purpose, s t a ted  i n  a l e t t e r  from the  Honourable 
Dan Lang, Minister of Tourism and Economic Development fo r  
YTG,  t o  Pan Ocean on December 17, 1980, was t o  "provide a 
forum f o r  senior executives and o f f i c i a l s  t o  continue the  

process of industry-government discussion and cooperation". 

An Environmental Sub-comnittee was a1 so proposed a t  t ha t  time 
t o  "es tabl ish  a mechanism fo r  developing a s ingle  
comprehensive environmental plan fo r  the en t i  r e  Macmi 11 an/ 



Howard's Pass area". However, the Environmental Sub-commi t t e e  
never met. I t s  responsibil i t i e s  were assumed by the Task 
Force representat ives.  

The meetings were almost exclusively devoted t o  
discussion and debate concerning development options,  
proposals t o  industry from YTG t o  contr ibute  funds towards 
socio-economic studies and cos t  sharing arrangements fo r  
regional b i  01 ogical work. These i ssues were never ful ly  
resolved. Nonetheless, regional w i  1 dl i f e  work was i n i t i a t e d  
under the  direction of the Renewable Resources Division of 
YTG. Eash of the four indust r ia l  members of the task 
force-Abermi n ,  HBM&S, Amax and Placer Devel opment-contri buted 
$2,000 each towards a l i t e r a t u r e  review of socio-economic 
imp1 ica t ions  of Macmi 11 an Pass development, prepared by 

Stan1 ey and Associates. 

The federal ly const i tu ted Environmental Review Committee, 
mentioned previously, was appointed i n  December 1981 and began 
t o  assume the  lead role i n  environmental assessment. A s e t  of 
d r a f t  requi rements for  the expected I n i  t i  a1 Environmental 
Evaluation (IEE) was d i s t r ibu ted  i n  spring of 1982 w i t h  a 
request f o r  response. The declining economy of the time 
resu l ted  i n  no fu r the r  act ion by Abermin o r  HBM&S. However, 
the Amax property has continued along the assessment pathway, 
w i t h  work now being reviewed by government o f f i c i a l s  i n  

Yellowknife. 

As of 1986, the  ERC i n  Whitehorse i s  chaired by Bob 

Friesen of DINA. Socio-economic issues,  the perview of Tony 
Hodge of DINA, are  rea l ly  administered by the Yukon 
Government. The person now i n  charge there  i s  Bruce Demchuk, 



Director of Major Projects .  The probable sequence of events 
f o r  a revived MacPass development project ,  according t o  Mr. 
Friesen,  follows. 

The f i r s t  s tep would be t o  notify the committee of the 
project  and t o  request a formal review. They would ask fo r  a 
p ro jec t  description and time frame, su f f i c i en t  t o  ident i fy  
issues and permit requirements. They may follow t h i s  w i t h  a 
request  for  an IEE, i f  more information was needed on spec i f i c  
issues.  The ERC now tends t o  focus on spec i f i c  i ssues  ra ther  
than on the general approach of former years.  Given the 
amount of information avai 1 abl e ,  the i n i  t i  a1 submission and 
even an IEE could probably be prepared from exis t ing data,  
without additional f i e l d  work. Mr. Friesen could not say t h a t  
a MacPass development would not proceed t o  the fu r the r  
evaluations possible under EARP ( i e .  a f u l l  Environmental 
Impact Statement (EIS) via the complex process run by the 
Federal Environmental Assessment and Review Off i ce  (FEARO) , 
b u t  noted t h a t  recent projects  have not gone beyond the IEE 
stage.  He suggested t h a t  the pattern es tabl ished by the Amax 
Project  has been very sa t is factory  and t h a t  a Macmil lan  Pass 
project  t ha t  followed t h e i r  example would 1 i kely be well 
received. Amax has accumulated and provided a great  amount of 
environmental information and has invited much public 
pa r t i c ipa t ion ,  almost cer ta in ly  more than the  m i n i m u m  required 
by regul a t i  ons. 

Soci o-economi c issues st i  11 remain the responsi b i  1 i t y  of 

the YTG. The formal guide1 ines  f o r  project  proponents t h a t  
were being developed i n  1981 were never accepted by 

t e r r i t o r i a l  cabinet.  There is  a t  present no defined method 
f o r  evaluating project  consequences. There i s  the Yukon 
Benefits Committee, a federal I t e r r i  t o r i  a1 group formed i n  m i  d 



1984 mainly for Beaufort Sea projects, which s i t s  on the ERC 

Committee. They are concerned with socio-ecnomic issues, b u t  

Mr. Demchuk suggests that  should a major project be proposed 
before formal guide1 ines are developed, an ad-hoc review woul d 

be arranged, w i t h  a l l  Yukon departments being asked to  review 
the project using their  own c r i t e r i a  as appropriate to the i r  
responsibi l i t ies .  Further, a new federal l terr i  to r i  a1 process 
is  about to  begin. The Northern Land Use Planning process i s  
now being developed which will almost certainly play a role i n  

future development proposal s .  

The focus of part  of the review process will be the 
1 ikel ihood that  the project will meet existing legal 
requirements. However, actually addressing those requirements 

i s  a separate process. Aquatic issues come under the federal 
Northern Inland Waters Act and Fisheries Act. An application 
for water use licence must be made under the Northern Inland 
Waters Act. This i s  an important task. The process may 
require data, a public hearing and the establishment of s i t e  
specif ic  terms. This process can take over a year. 
Requirements under the Fisheries Act are generally included i n 
the  licence terms. Air emissions are dealt  w i t h  under the 
Clean Air Act. No permit i s  required b u t  submission and 
approval of a i r  emissions plans will be necessary. 

2.4.3 HISTORY 

The f i r s t  environmental work i n  the Macmil lan Pass was 
the i rregul a r  coll ection of water samples by Cordi 11 eran 

Engi neeri ng and Hudson Bay Mi ni ng and Smel t i  ng personnel 
between 1976 and 1980. A variety of government water studies 
were also completed. In 1980 Beak Consultants prepared an 
overview environmental review for Abermin, based upon exis t ing 



l i t e r a t u r e  and a b r i e f  f i e l d  t r i p .  The same year A r t  Pearson 

and Associates prepared a l i t e r a t u r e  review o f  the 

envi  ronmental charac ter i  s t i c s  o f  the  Macmi 1 1 an Pass area f o r  

HBM&S. 

I n  ea r l y  1981 the  Yukon T e r r i t o r i a l  Government formed a 

Task Force t o  he1 p coordinate envi ronmental requ i  rements i n  

t h e  area, since ea r l y  development was ant ic ipa ted.  Based upon 

Beak's recommendations, in-house eval uat ions and the deci s i  ons 

o f  t he  Task Force, Abemin i n i t i a t e d  several p r o j e c t s  i n  1981. 

Monenco Consultants conducted a survey o f  aquatic b io logy  o f  

t h e  Macmillan Pass area and the  water sampling program was 

consol idated and expanded by company s t a f f .  A ser ies  o f  

in-house reclamation s tud ies  began along w i t h  a study o f  the  

vegetat ion and f l o r a  o f  both Jason and Tom Proper t ies  ( t h e  

l a t t e r  i n  r e t u r n  f o r  HBM&S support o f  other  water s tudies) .  

HBM&S commissioned Ken Weagle t o  study the waters o f  Macmil lan 

Pass i n  1981, and both companies con t r i bu ted  money t o  

government agencies t o  support regional  b i r d ,  mammal and 

soc i  o-economi c studies. 

I n  1982, plans f o r  expanded studies were cancel led as 

were the 1 arger par ts  o f  the reclamation studies, a1 though 

funding f o r  government p r o j e c t s  and ons i te  work continued. I n  

1983 and subsequent years the  i n i t i a l  revegetat ion studies, 

vegeta t ion  maps and reg iona l  f l o r a  were completed as we l l  as a 

b r i e f  study o f  two ra re  p l a n t s  i d e n t i f i e d  dur ing  the botan ica l  

survey. Aquatic s tudies have cont inued b u t  on a very reduced 

basis. These 1 a t e r  s tudies have been funded by Abermin and 

t h e  Federal Government. The t e r r i t o r i a l  government has 

compl eted i t s  regional  w i  1 d l  i f e  work. 



2.4.4  - RESULTS OF WORK 

The Macmill an Pass area has three mineral propert ies 
which have, a t  various times, seemed l i ke ly  prospects f o r  
devel opment: Amax' s MacTung Property, about 8 k i l  ometres t o  
the northwest on the Yukon-N.W.T. border as well as Jason and 
Tom. Each has sponsored envi ronmental s tudies .  In addit ion,  
biological s t u d i  es  were undertaken a t  C i  rque Lake, near 
MacTung , by the International  Biological Program, and a 
var ie ty  of regional s tudies  have been completed by Yukon and 
Northwest Te r r i t o r i e s  Government bi 01 ogi sts.  DINA has 
compl eted hydro1 ogy, water chemi s t r y  and snow surveys which 
include the Macmil lan Pass area. ( I t  should be noted t ha t  the 
work t ha t  has been sponsored has examined those subjects  t h a t  
government agencies and the pub1 i c  tend t o  feel are  important. 
While those studies a re  r e l e v a n t  there a r e  subjects  w h i c h  some 

s c i e n t i s t s  may feel are  s ign i f i can t ,  such as ecosystem 
processes or  soi l  mychorhiza, t h a t  have not been s t u d i e d .  I t  

i s  unlikely t ha t  the focus of applied s tudies  will change i n  

the near fu ture ,  and t h u s  the l imi ta t ions  placed on this work 
a r e  probably appropriate) . The principal r e su l t s  from the 
MacPass s tudies ,  excluding Amax's, which a re  not ava i l ab le ,  
a r e  assembl ed be1 ow. 

BIOLOGICAL STUDIES 

No wild1 i f e  s tudies  have been conducted speci f ic  t o  just 
the Tom or  Jason propert ies,  although some casual observations 
have been recorded. Environmental overviews of the Jason and 

Tom propert ies by Beak Consultants and Art Pearson and 
Associates and onsi te  observations support the view tha t  the 
s i t e s  support w i l  d l  i f e  typical of a wilderness, mountain a rea .  



Of the  larger  mammals, caribou, moose, grizzly bear, black 
bear, wolf and wolverine are a l l  known on s i t e .  Several 
observations suggest t ha t  there may be separate,  small caribou 
herds i n  the mountains t o  the west and ea s t  of the Macmill an 
V a1 1 ey , around Enigma and Seki e Mountai ns, respectively . No 
sheep have been reported from e i ther  the Jason or  Tom s i  t e s ,  
b u t  there are sheep known from studies i n  the  MacTung area and 
geologists  have seen sheep i n  mountains west of Nidd Creek. 

The regional mammal studies completed by YTG have 

augmented the data base for  the area, although they do not add 
much deta i l  about the  project  s i t e s .  They do indicate  some of 
the potential significance of development to  the 1 arge animal 
popul a t ions  of the North Canol /Macmil 1 and Pass area. 

The b i r d  populations of the MacPass area i t s e l f  have 
received l i t t l e  special a t tent ion t o  date,  a1 though two of the 
YTG regional surveys examined the North Canol /Macmi 11 an Pass 
area.  They noted re la t ive ly  l i t t l e  waterfowl use of the 

Macmillan Pass area i t s e l f  and noted a recently abandoned 
golden eagle nest  near the  MacPass a i r f i e ld .  That study 
concl uded t ha t  expl oration ac t i v i t y  was probably responsi b l  e 

f o r  the  displacement of one gyrfalcon pa i r  and possibly two 
go1 den eagle pai rs  from the Macmi 11 an Pass area. 

Si te-speci f i c  aquat ic l f i  sheri e s  s tudies  have been done on 
the  Jason Property by Monenco Consultants and on the Tom 
Property by Ken Weagle. Monenco found a few small Arctic 
grayling on s i t e  i n  July i n  the more downstream par ts  of t he  
Macmillan River within the  property, b u t  none i n  June. They 
f e l t  t ha t  the MacPass area of the r iver  offered 1 imited 
f i s h e r i e s  potential . Weagl e '  s r e su l t s  are  simi 1 a r .  Monenco 

found no salmon during the he1 icopter survey of the upper 



regions of the Hess River drainage t o  the  west of the  Jason 
Property, b u t  noted the potential  s ignificance of such 

popul a t i  ons. Regional f i sheri  e s  work by the  Yukon Government 

provides support fo r  those concerns. 

Monenco' s s tudies  of stream insec t s  found populations 
s imi lar  t o  other Yukon locales .  There was 1 i t t l e  biological  
a c t i v i t y  noted i n  several streams of very h i g h  natural 
ac id i ty  . 

A regional vegetation survey of the  e a s t  central  Yukon, 
including the Macmillan Pass area, was completed by the 
Ecological Land Survey (ELS) . S i t e  spec i f i c  vegetation maps 

have been completed and a survey of local p lants  species was 
completed. The f o r e s t  and alpine communities seem typical  f o r  

the region. Two rare  p lant  species were iden t i f i ed ,  b u t  a 
f 01 1 ow-up study showed moderately large  local popul a t ions  and 

good chances t ha t  other populations e x i s t  i n  the area. 
Revegetation s tudies  show tha t  f e r t i l  i z e r  i s  essent ia l  f o r  the 

area. The t e s t s  a1 so resul ted i n  development of two species 
mixes t h a t  may be useful and revealed a native grass t h a t  
shows excel 1 en t  potential fo r  1 ocal reclamation use. 

CLIMATE, GEOMORPHOLOGY AND SOILS 

Amax maintained a weather s t a t ion  a t  the Tsichu River 
a i r s t r i p  f o r  a number of years and f o r  some time reported 
t h e i r  readings i n  Environment Canada's pub1 ica t ion Monthly 
Record f o  Meteorological Observations. Hudson Bay had some 

weather instruments a t  t h e i r  base camp, although the cur ren t  
locat ion of the records is not known. Temperature and 
r a i  nfa l l  were recorded a t  Jason du r i  ng the surrmer of 1982. 



The regional  ELS study has some d iscuss ion  of t h e  
geomorphology and s o i l s  of t he  a r ea ,  bu t  no l i m i t e d  f i e l d  work 
was done a t  Jason and Tom. Some f e a t u r e s  of note ,  discovered 
during vege ta t ion  s t u d i e s ,  a r e  patches of permafrost  i n  t he  

f o r e s t e d  p a r t  of the north-faci  ng s lope  of t h e  Tom Prope r ty ,  
above the Can01 Road, and the  permafrost-cored pal s a s ,  i n  t h e  
wet lands of the va l ley .  

2.4.7 HYDROLOGY AND WATER CHEMISTRY 

Data accumulated by DINA's water  survey branch show the 

streams o f  Macmillan Pass and Jason t o  have typ ica l  mountain 

hydrographs, w i t h  peak flows due t o  sp r ing  runoff  and autumn 
r a i  n f a l l  . Snow survey resu l  ts a r e  a1 so  avai  1 ab l e  from DINA. 

There has been more study of the water  chemistry of the 

Jason and Tom a reas  than of any o the r  f e a t u r e .  S tud i e s  have 
been undertaken by HBM&S, Abermin and t h e  In land  Waters Branch 
and Environmental P ro t ec t i on  Serv ice  of the federa l  
government. These s t u d i e s  show stream chemistry t o  be normal 

f o r  t he se  a r ea s .  There a r e  occasional high concen t r a t i ons  of  
some elements,  but  this is  no t  unusual i n  minera l ized  a r ea s .  
The n a t u r a l l y  ac id  na ture  of several  streams i s  well 

documented. 

ARCHAEOLOGICAL, SOCIAL AND ECONOMIC ISSUES 

A regional  archaeol ogical  study was completed i n 
a s s o c i a t i o n  w i t h  the ELS study. There was r e g u l a r  b u t  
i n f r equen t  human use of t h e  a rea  i n  p r e h i s t o r i c  times. 
Apparently t h e  Macmil l a n  Pas s  was used mostly a s  a t r a v e l  
r o u t e  and there were no r egu la r  r e s i d e n t s .  No major 

a rchaeologica l  sites were di scovered. 



The only formal study of a social issue has been the  
Stanley overview of housing options fo r  Macmill an Pass: f ly - i  n 
versus permanent settlement. The YTG study of furbearers in  
the region a1 so has a soci o-economic context. 

2.4.9 CONCLUSION 

The major biological , chemical and his tor ical  issues have 
a l l  been addressed. While more work on a l l  of them i s  
possible and even probable, i t  i s  unlikely t ha t  these areas 
will o f fe r  suprises. These subjects do not appear l ike ly  t o  
o f f e r  prospects of serious,  unexpected delay t o  development of 
a mine i f  the appropriate studies are undertaken and 
appropriate environmental protection measures are  adopted. 
These things do take time and cannot be added on a t  the end, 
b u t  i f  addressed continuosly and simultaneously with the  
evol u t i  on of development p l  ans, environmental i ssues can be 
successful ly  incorporated in to  p l  ans w i t h  1 i ttl e di srupti on of 
schedules. In pr inciple  t h i s  is a lso  t rue  for  socio-economic 
mat ters ,  b u t  two special problems e x i s t  i n  t h i s  area. Not 
only i s  there l i t t l e  accumulated data from the f i r s t  round of 
i n t e r e s t  i n  MacPass development, b u t  there i s  s t i l l  no 
organized governmental mechanisms for  deal i ng w i t h  such 
i ssues. These two circumstances o f fe r  potential  fo r  
s ign i f ican t  confusion and delay, and appropriate ea r ly  
a t t en t ion  shoul d be paid t o  coordi nation of soci o-economic 
projects  should development be considered. 

The matters t ha t  a re  l ike ly  t o  be discussed i n  a 

contemporary review of issues and IEE are  those t ha t  have 
a1 ready been raised and s tudies  in  the  e a r l i e r  discussions: 
they a re  s t i l l  important. The main issues will probably be 
1 arge mammal s ,  par t icular ly  caribou and grizzly bear; water 



qua1 i ty  i n  general w i t h  special concern t o  salmon i n  

par t icul  a r ;  social i ssues w i t h  regional economic impact and 
1 ocal soci a1 impact being the  main points (note  t h a t  local  
i ssues  will include native issues)  ; and land reclamation and 
post  mining s i t e  management. I t  i s  impossible t o  say what 
will happen, b u t  the best  guess i s  t ha t  the exis t ing data base 
wi l l  be su f f i c i en t  t o  make general pol icy ( w i t h  the  exception 

of socio-economic i ssues) . 
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3.1 CAPITAL COST ESTIMATE 

3.1 .I INTRODUCTION 

The following estimate of capital cost  covers the scope and 
qua1 i ty  of those facil  i t i e s  described in Sections 3.5 through 
3.12 hereafter,  required for the complete grass-roots mine, 
processing plant and ancill  a r ies  to  process 4500 tons per day 
of ore from the Tom and Jason mines. The f a c i l i t i e s  and 
systems described represent a "Base Case" workable project ,  
developed from 1 imi ted data and assumptions, applying best 
judgement and prel iminary engineering. I t  i s  recognized tha t  
prior to proceeding with implementation of the project ,  the 

assumptions must be veri f i  ed and additional data obtained. 
Locations of the various f a c i l i t i e s ,  equi went  selections , 
etc .  , may be optimized from t h i s  Base Case as further 
information i s  developed, with the objective of reducing the 
capital cost. 

The report has been prepared generally using English units or 
measurement. In some instances metric units have been used, 
primarily for  distance and elevation , for  consistency and ease 
of reference to  available topographic maps which had been 

prepared i n  t ha t  system. 

Estimated project cost are tabulated i n  Section 3.2, which 
contains an overall summary, a schedule of capi tal  
expenditures from Notice t o  Proceed through Year 5 ,  cost  
sheets for each f a c i l i t y  a t  the d i rec t  1 eve1 , construction 

d i s t r i  butabl e summaries , and contingency analyses. A1 so 

incl uded are  a1 1 - i n  estimates of cos t  for the Hai nes Terminal 
and, for possible future appl i cation , a conveyor haul age 
option for ore from Jason mine to  the concentrator. 



Major q u a n t i t i e s  have been prov ided f o r  the  f o l l o w i n g  

comnodi t i e s  and/or ca tegor ies  o f  work: 

Equi pmen t 

Earthwork 

Concrete 

Steel 

S id ing  & Roofing 

A r c h i t e c t u r a l  & B u i l  d ing  F i n i s h  

Wire and Cable 

Raceway 

P i  p ing  

The d e f i n i t i o n  o f  var ious  d i r e c t  and i n d i r e c t  ( d i s t r i b u t a b l e )  c o s t  

ca tegor ies  i s  prov ided 1  a t e r  i n  t h i s  sect ion.  

METHODOLOGY 

This est imate has been prepared us ing  procedures , techniques 

and data sources normal ly  employed by Bechtel. I n  b r i e f  t h i s  

invo lves  : 

o S i t e  v i s i t  t o  evaluate 1  oca t i on  cond i t i ons  - s i t e  access 

and topography, sources o f  power and water ,  mater i  a1 and 

1  abour , e t c  . 

o De f in ing  work content  (scope). 



o Estimating the  d i r e c t  c o s t  applicable t o  each f a c i l i t y  by 
work category: 

a )  Developing material and equi p e n t  quan t i t i e s  t o  be 
purchased and ins ta l  1 ed. 

b )  Developing current  pricing fo r  materials  and 
equi pment by sol i c i  t i  ng quotations from suppl i e r s  
and/or Bechtel ' s in-house data. 

c )  Establishing manual 1 abour co s t  per hour f o r  
materials  and equipment i n s t a l l  a t i o n ,  us ing  cur ren t  
union wage r a t e  agreements fo r  applicable c r a f t s  a s  
gui del i nes , and appropriate crew m i  x requi red t o  
perform the work. 

d )  Evaluating manual labour manhours t o  i n s t a l l  
material s and equipment. 

o Estimating the  i nd i r ec t  ( o r  d i s t r i bu t ab l e )  co s t  such as :  

Temporary construction f ac i l  i t i e s ,  power, water ,  
fuel , e t c . ;  construction equipment and tools ;  
material hand1 ing , warehousing, general clean-up , 
s a f e t y ,  medical and secur i ty  , e t c .  

I 

Construction o f f i c e  non-manual s t a f f  payroll , taxes , 
insurances and f r inge benef i ts  and cos t  of operating 
the  o f f i ce .  

Engineering and project  services  cost .  



A t  1 eas t  three methods are normal 1 y used, independently o r  i n  

combination, i n  preparat ion of a c o s t  estimate. The choice 

depends on est imate ob jec t i ves  and t h e  nature o f  t he  f a c i l  i t y  

t o  be eval uated. The th ree methods a re  d i r e c t  p r i c i n g  , u n i t  

cos t ,  and indexing. 

An appropr iate method from t h e  aforementioned was selected 

depending upon t h e  qua1 i t y  of t he  informat ion and data 

a v a i l a b l e ,  and uniqueness of t h e  i t em being evaluated. 

DEFINITION OF COST CATEGORIES 

.I D i r e c t  Costs 

D i r e c t  c o s t  comprise a1 1 permanent equipment, ma te r ia l s  , 
i n s t a l  1 a t i  on , 1 abour and se rv i  ces: 

o B l a s t i n g  agents, concrete forming and cu r ing  

ma te r ia l s ,  ma te r ia l  hand l ing  from storage t o  p o i n t  

o f  i n s t a l  1 a t i  on , d i  r e c t l  y re1 ated c l  eanup and 

surveying, vendor's e r e c t i o n  superv is ion , sales 

taxes and duty. 

o C lear ing  t h e  property o f  bush, t rees ,  debr is  , and 

obstruct ion;  sur face and road drainage; slope 

pro tec t ion ;  s t r i p p i n g  and rough grading; f i n i s h  

grading; landscaping; fencing and gates f o r  

permanent p l  a n t  and substat ions; roads; parking; 

road s igns and guardrai 1 s; power d i s t r i b u t i o n  



inc lud ing  s u b s t a t i o n s  o u t s i d e  bui 1 dings; water  
l i n e s ;  cons t ruc t ion  g a t e  guardhouse; communications 
network; e t c .  

o Mass and d e t a i l  excavat ion and disposal  f o r  
bu i l  ding , equi pment and tank foundat ions;  
b a c k f i l l i n g  and compacting; shor ing  and dewatering; 
conc re t e  inc lud ing  formwork, r eba r  and embeds f o r  
f o o t i n g s ,  pi  e r s  , grade , basement o r  p i t  wall s; wall s 
and f1 oor  s l a b  spec i a l  f i n i s h i n g s .  

o S t r u c t u r a l  steel f o r  columns , g i r t s  , purl i n s ,  s ag  
rods  , t r u s s e s  , c rane  beams , e t c .  , and m i  s c e l l  aneous 
s t e e l  f o r  pi a t forms , walkways , 1 andi ngs , s t a i  rs , 
f l o o r  decking , and suppor t  framework; e l eva t ed  f l  oor  
conc re t e ;  s i d i n g  and roof ing ;  e x t e r i o r  block wall s; 
bu i l t -up  roof ing  and roof suppor t  decking. 

o Ex te r io r  doors  and windows, 1 ouvres , i n t e r i o r  
wall  s l p a r t i  t i o n s  , d o o r s ,  fa1 s e  c e i l  ing  , bui l  t - i n  
c a b i n e t s  and cupboards,  f i n i s h e s  and coverings f o r  
wall s , f l o o r s  , and ce i  1 ings .  

o Light ing  - panel s , t r ans fo rmer ,  f i  x tu re s  , wire and 
c a b l e  and condui t ;  HVAC - h e a t e r s ,  f a n s ,  b o i l e r s ,  
compressors,  roof  exhaus te rs lven  t i  1 a t o r s  , a i r  
cond i t i one r s  and ductwork ; pl  umbing/sewer/servi c e  
water  - f i x t u r e s  , i n s t rumen t s ,  suppor t  and 
i n s u l a t i o n ;  f i r e  p r o t e c t i o n ,  e t c .  



o Mechanical equi pment such as grinding m i  11 s , tanks , 
cranes ,  a i r  compressors, sewage and water treatment 
pl a n t ,  r i ve r  water pumps,  e t c .  

.2 Construction D i  s t r ibu tab l  e s  

Construction di s t r ibu tab l  e s  incl ude those cos t  which 
cannot be d i r ec t l y  o r  conveniently i denti f i ed  w i t h  

speci f i  c permanent fac i  1 i ty  o r  s t r u c t u r e ,  b u t  a r e  

incurred i n  constructing the f a c i l i t y  o r  s t ruc tu re :  

o Temporary construction f a c i l i t i e s  such as work areas  
and bays, roads and parking, temporary o f f i ces  , 
fabr ica t ion shops; construction plants - batch 
pl an t  , aggregate pl a n t ,  e t c  . ; temporary power, 

l i g h t ,  communication, water ,  a i r ,  steam and 
san i ta ry ;  weather protect ion,  general scaffol ding. 

o General and f i  nal cl ean-up , materi a1 hand1 i ng and 
warehousing, c r a f t  t r a i n ing  and t e s t i n g ,  secur i ty  , 
f i r s t  a i d ,  so i l  invest igat ions  , s i t e  surveys , 
operation and maintenance of construction 
f aci  1 i t i e s  , pre-op t e s  t i  ng , manual 1 abour a1 1 owances. 

o Construction equi pment , tool s and consumabl e s  and 
t h e i r  maintenance, f r e i gh t  and transportat ion.  

o Construction camp, camp maintenance and catering.  



.3 Engineering and Project Services 

Engineering and project services include: 

o Cos tof  p r o j e c t o f f i c e s t a f f  a n d s e r v i c e s s u c h a s  
project management, engineering, cos t  and 
schedul i ng  , procurement, construction support , 
f i  nance and accounting , 1 egal and insurance , 1 abour 
relat ions and safety. 

o Costs related to construction non-manual s ta f f  and 
operating cost of the construction office.  

.4  Contingency 

All estimates involve the application of pricing for  

equipment , material s and labour to  a given scope which i s  
described i n  terms of quantity and qua1 i ty. This scope 

description general l y  includes three 1 eve1 s of definit ion: 

o Expl i c i  t definit ion which incl udes quotations, 

drawings , e tc  . 

o Impl ic i tdef in i t ionwhichinc ludes i temsnormal ly  

encountered on a project b u t  not expl ici t ly  defined. 

o No defini t ion,  which includes special project 
developments which cannot 1 ogi call y be defined or 
foreseen. 



Contingency i s  the  amount of money included i n  an 
est imate o r  fo recas t  based on h i s to r ica l  experience t o  
cover the following: 

o Errors o r  omissions in t he  evaluation of e x p l i c i t  
de f in i t ion .  

o Errors o r  omissions i n  the  evaluation of imp1 i c i  t 

def in i t ion .  

o Special project  developments which may be 

encountered b u t  a r e  d i f f i c u l t  or  impossible t o  
quantify a t  the  time the  est imate i s  prepared. 
Typical i tems i ncl ude: 

Labour stri kes/wal koffs 
Schedule del ays 

Labour avai 1 abi 1 i t y  

Poor soi 1 condit ions 

Equipment and material de l ive r ies  
(Sub )contract  cl aims. 

The contingency allowance is  added t o  the  estimated c o s t  
t o  y i e ld  ant ic ipated t o t a l  project  cost.  I t  i s  an amount 
which i s  expected t o  be used. 

I t  i s  t o  be noted t h a t  contingency i s  not an allowance 
fo r  changes i n  t h e  defined scope of a project  o r  an 
a1 1 owance fo r  c i  rcurnstances beyond normal experience 

and/or control .  Contingency does not cover c o s t  

associated w i t h :  ac t ions  taken by regulatory agencies; - 
force majeures such as  wars, crimes,  sabotage, 



catas t rophies  , pol i t i c a l  influences , and major f i r e s  o r  
accidents;  commercial changes such a s  changes i n  federal 
o r  s t a t e  , or  1 ocal taxes , i n t e r e s t  r a t e s  , e tc .  ; 
extraordinary monetary f luctuat ions  such as  major changes 
i n  escala t ion and foreign currency exchange ra tes .  

3.1.4 ESTIMATE PREPARATION 

.1 Quanti t y  Devel opmen t 

Quanti ty take-offs  were made from the  drawings prepared 
for the  study fo r  earthwork, major bui ld ings ,  s id ing and 
roof ing,  tanks and b i n s ,  power cable and yard p i  ping. 

The balance of bulk material quan t i t i e s  were developed by 

applying appropriate h i s to r ica l  f a c to r s  t o  unique s i z e s  
and spec i f i ca t ions  es tabl ished fo r  this  project .  

.2 Pric ina  

The est imate i s  expressed in  Canadian do l la r s  and 
r e f l e c t s  1 s t  Quar ter  1985 pricing level and market 
conditions. Since project  execution is  not scheduled , 
escala t ion does not form pa r t  of this  estimate. 

Quotations were received on the  major mechanical and 
mobile equipment comprising 60% of the  to ta l  equipment 
do1 1 ars .  All other mechanical equipment was priced using 

current  in-house data. El  e c t r i  cal equi pment was priced 
from cata l  og data w i t h  appropriate di  scounts considered. 



Quotations were received on selected ci v i  1 b u l k  

material s , i .e. cement, rebar,  concrete batching. A1 1 
other b u l k  material pricing i s  from current in-house 
sources. 

Cost o f  the accomnodation complex was estimated based on 
historical and current data. (Refer to  Section 3.1 1 ) 

Manual labour rates  are  based on a seventy 17 x 10) hour 
work week, non union equivalent wage r a t e ,  time and one 
half for  overtime a f t e r  forty hours. 

Where appl icable , taxes and duties have been included i n  

the body of the estimate. 

. 3  Construction Distributables 

Temporary construction faci 1 i ty requirements were 
established based on previous Arctic projects. 

Construction support services were calculated based on a 
nominal 21 month construction program. 

A 350 bed construction camp is  i ncl uded , w i t h  c red i t  for 
existing faci 1 i t i e s  considered i n  pricing. 

Construction equi pment requi rements were eval uated and 
durations es tab1 i shed to  develop pricing. 

Quotations were received on catering, fuel and 
comnunications services. 



Quotations were received for road freight  cost from 
various southern points to Ross River. Costs for a 
staging area to  consol idate  freight  a t  Ross River and 
transportation from Ross River to  jobsi t e  are  incl uded. 

Personnel movement cost were based on commercial ai r fare  
to Whitehorse and charter a i r  services between Whitehorse 
and Macmil lan Pass. A rotation schedule of 45 days was 
used for cal cul a t i  ng number of t r ips .  

Costs for contractor supervision have been included as a 
percent of total  d i rec t  and distributable cost  using 
historical experience. 

.4 Engineering and Project Services 

Project services,  compri sing design engineering , 
procurement, cost and schedule control and project 
management, have been incl uded as a percent of total  
f i e ld  cost. 

.5 Contingency 

The contingency analysis i s  shown on page 3-31. 



.6 Estimating Responsibl i t i  es 

The capital cost of estimates which follow i n  Section 3.2 were 
prepared by Bechtel . They include a portion of the total  cost  

estimates for the Tom mine and for the Jason mine. The 

ba1 ance of the estimates for the mines were prepared by Hudson 
Bay Mining and Smelting's Mining department. The division of 

responsibi l i t ies  in this respect i s  shown i n  the tabulation 

be1 ow : 

Tom Mine 

Underground mine devel opmen t i ncl udi ng tunnel 
Concrete for tunnel portal 
Crusher s t a t i  on excavation 
Crusher & conveying - mechanical 

Crusher s ta t ion foundations and steel 
Power distribution and lighting 

Water, a i r ,  dewatering pi ping 
Mine a i r  compressors 
Mine a i r  heater 
Mine ventilation fans 
Temporary power generation 
M i n i n g  equi pment 
Camp cater ing,  mine devel opment personnel 

Jason Mine 

HBM&S 
HBM&S 
HBM&S 
Bechtel 
Bechtel 
HBM&S 
HBM&S 
Bechtel 
Bech tel  
HBM&S 
HBM&S 
HBM&S 
HBM&S 

Headframe and hoisting f a c i l i t i e s  

Shaft sinking and col la r  

Underground mine devel opment 

Crusher & conveying - mechanical 

Bech tel  

HBM&S 

HBM&S 
HBM&S 



Jason Mine (Cont ' d l  

Crusher s t a t i o n  c i v i l  HBM&S 

Power d i s t r i b u t i o n  and 1 i g h t i n g  HBM&S 

Water, a i r  , dewatering p i  p i  ng HBM&S 

Mine a i r  compressors Bechtel 

Mine v e n t i l a t i o n  fan & heater  Bechtel 

Power generat ion equipment - from permanent p l a n t  Bechtel 

Min ing equipment HBM&S 

3.1.5 ESTIMATE QUALIFICATIONS 

o Ore ha'ul t r ucks  a re  i n c l  uded i n  the  base est imate. 

Conveyor system from Jason headframe t o  concentrator  i s  

shown as an opt ion.  

o Mobi le equipment requ i red  f o r  permanent p l a n t  opera t ion  

w i l l  be purchased e a r l y  and u t i l i z e d  f o r  cons t ruc t i on  

purposes. 

o E x i s t i n g  camp f a c i l i t i e s  have been considered i n  p r i c i n g  

t o t a l  cons t ruc t i on  needs. 

o Due t o  1 i m i  t e d  geotechnical data a v a i l a b l e  competent rock 

was assumed f o r  foundat ion design. 

o North Can01 Road ongoing upgrading program t o  enable 

normal highway (44,000 1 bs)  pay1 oads w i  11 be completed 

p r i o r  t o  cons t ruc t i on  s t a r t .  



o Manual labour est imate i s  based on non-union ra tes .  
Should project  be executed by unionized labour,  there  
wil l  be an addit ional  c o s t  of $14.0 mill ion t o  the  
project .  

o Tail ings impoundment dams a r e  s u f f i c i e n t  f o r  10 years  of 
operation. 

o Estimate r e f l e c t s  f i r s t  quar ter  1985 economic and market 
conditions. 

o Estimate r e f l e c t s  programme shown i n  3.3 Project  Schedule. 

o Haines Terminal arrangement and est imate a re  derived from 
a study performed by others  f o r  another Yukon minerals 
p ro j ec t ,  and presented t o  the  City of Haines. 

3.1.6 ESTIMATE EXCLUSIONS 

Upgrading c o s t  f o r  North Canol Road (Government). 
Maintenance of the North Canol Road during construction 
(Government) . 
Concentrate haul trucks.  
Propane tanks (by vendor). 
Working capi t a l  . 
Financing cost .  
Project  insurance , permits , 1 icenses , approval s. 
Cost of preparing this o r  any other s tudies .  
Items iden t i f i ed  a s  HBM&S responsibl i ty  on page 3-13 of 
this presentation. 
Escalation. 
Property acquis i t ions .  



3.1.7 ESTIMATE ACCURACY 

This est imate i s  considered t o  have an ove ra l l  accuracy o f  

p l  us 15%, minus 10% a t  the  90% probabi l  i t y  1 eve1 . Stated 

d i f f e r e n t l y ,  there  i s  a 90% p r o b a b i l i t y  t h a t  t h e  c o s t  w i l l  

f a l l  w i t h i n  the  range extending 15 percent more, and 10 

percent  l e s s  than the  t o t a l  est imated c o s t  shown on t h e  

p r o j e c t  c o s t  summary, f o r  t h e  described scope o f  work. 



TABLE NO. 

3.2 ESTIMATE SUMMARIES 

CONTENTS 

DESCRIPTION 

P r o j e c t  Cost  Summary 

Expenditure By Year 

F a c i l i t y  Cost Summaries a t  Direct Level 
Tom Mine 
Jason Mine 
Coarse Ore S torage  
Concentrator  
Power P l  a n t  & Serv i ce  Buil ding 
Yard Faci 1 i t i  es 
Airstri p 

Construct ion D i s t r i b u t a b l e  Cost  Sumnary 
Construct ion Faci l  i t ies 
Cons t ruc t ion  Support 
Cons t ruc t ion  Camp 
Cons t ruc t ion  Equi p e n t  

Con t i  ngency Analysis  

Option To Convey Ore From Jason 

Hai nes Terminal 



PROJECT COST SUMMARY 

Faci 1 i t i e s  

Tom Mine 
Jason Mine 
Coarse Ore Storage 
Concentrator 
Power Pl a n t  & Service Bl dg . 
Yard F a c i l i t i e s  
A i  rstri p 

Subtotal Faci 1 i t i  e s  - Direct Costs 

Construction D i  s t r ibu tab l  e s  

Construction Faci 1 i t i e s  
Construction Support 
Construction Camp 
Construction Equipment 

Subtotal Construction Dis t r ibutables  

Accommoda t i  on Com~l ex 

General A1 1 ocat i  ons 

Mobi 1 e Equi p e n t  
I n i t i a l  F i l l  o f  Lubricants & Glycol 
Geotechnical Investigations 
Plant  S t a r t  Up Assistance 
Capital Spares 

Subtotal General A1 1 ocati  ons 

Engineering and Project  Services 

Con t i  ngency 

Total Estimated Cost - S i t e  F a c i l i t i e s  

Estimated Cost - Haines Terminal 

Manhours 
x 1000 

$ x 1000 
Materi a1 

Labour 8 Equi  p. Total 

TABLE 3.2-1 



EXPENDITURE BY YEAR 

Year A Year 1 Year 2 Year 3 Year 4 Year 5 
To ta l  Apr-Mar Apr-Mar Apr-Mar Apr-Mar Apr-Mar Apr-Mar 

Tom Mine 

Jason Mine 

Coarse Ore 

Concentrator  32,040 16,500 15,540 

Power P l a n t  & Serv ice B ldg  20,360 13,820 6,540 

Yard F a c i l  i t i e s  18,130 7,760 10,370 

A i  r s t r i  p 

Const ruc t ion  Faci 1 i t i e s  

Const ruc t ion  Support 

Cons t ruc t ion  Camp 

Const ruc t ion  Equi pment 

Accommodation Compl ex 

Mob i 1 e Equi pmen t 

I n i t i a l  F i l l s  

Geotechni c a l  Inv.  

P l a n t  S t a r t  Up Ass is t .  

Cap i ta l  Spares 

Eng. & P ro j .  Services 

Con ti ngency 

Tota l  - S i t e  F a c i l i t i e s  

Hai nes Terminal 

TABLE 3.2-2 



FACILITY COST SUMMARY 
AT DIRECT LEVEL 

Q x 1000 
Mater i  a1 

Q u a n t i t y  U n i t  Labour & Equip. Tota l  - 

TOM MINE 

Crusher S t a t i o n  (3  ea) 
- Concrete 
- Steel  
- E l e c t r i c a l  Room 

Conveyor Supports 
Feeder Supports 
Conveyor Gal 1 e ry  
Heater Housing 
Be1 t Conveyor ( 6  ea) 
A i  r Compressor 
Mine A i  r Heater Sys tem 
Jaw Crusher 
Water Treatment System 
Tramp I r o n  Magnet 
Dust Col 1 e c t o r  
V i b r a t i n g  Feeder 
Serv ice  Crane 
Chutework 
Explos ives Magazine 

Subtota l  Tom Mine 

90 C Y 22 
195 Ton 187 

1 L o t  2 2 
1 ,600 Ea 3 8 

8 Ton 7 
240 LF 55 

1 L o t  12 
12,050 LF 1 ,582 

2 Ea 9 4 
1 L o t  10 
3 E a 37 
1 L o t  2 
3 E a 11 
3 E a 7 
7 Ea 17 
3 Ea 15 

66 Ton 6 8 
1 E a 

2 $1 86 

TABLE 3.2-3 



FACILITY COST SUMMARY 
AT DIRECT LEVEL 

$ x 1000 
Mater ia l  

Q u a n t i t y  U n i t  Labour & Equip. Tota l  - 

JASON MINE 

Headframe/Hoist House C i v i l  1 
Fan/Heater Foundations 5 0 
Mine H o i s t  1 
Mine A i  r Compressor 2 
Mine V e n t i l a t i o n  Fan & Heater 1 
B in  Gates 2 
Water Treatment Systems 1 
Repair Shop Equipment 1 
El e c t r i  ca l  Equi p e n t  1 
Raceway 1 ,100 
Wire & Cable 26,800 
Grounding 1 ,000 
L i  gh t i ng  1 
HVAC 1 
P i  p i  ng 2,000 
F i r e  P ro tec t i on  1 

Subtota l  Jason Mine 

L o t  3 89 
C Y 10 
Ea 168 
E a 94 
L o t  3 7 
Ea 2 
L o t  2 
L o t  
L o t  51 
LF 2 6 
,LF 64 
LF 8 
L o t  5 7 
L o t  22 
L F 6 7 
L o t  10 

1 ,007 

TABLE 3.2-4 



COARSE ORE STORAGE 

Excavation , Rock 
Concrete 
Steel 
S i  ding/Roofing 
Shut t l  e Conveyor 
Recl aim Conveyor 
Ho is t  
V ibra t ing Feeder 
Chutework 
Misc. Mechanical 
El e c t r i  cal  
L igh t ing  
P i  p i  ng 
Instrumentat ion 
F i r e  Protec t ion 

Subtotal Coarse Ore Storage 

FACILITY COST SUMMARY 
AT DIRECT LEVEL 

$ x 1000 
Materi  a1 

Quan t i t y  

13,500 
600 
237 

1 9,000 
50 

450 
1 
3 

20 
1 
1 
1 

1 ,500 
1 
1 

Un i t  - 

C Y 
CY 
Ton 
SF 
LF 
L F 
Ea 
Ea 
Ton 
Lo t  
Lot  
Lo t  
L F 
Lo t  
Lo t  

Labour 

259 
101 
156 
41 
17 
67 

2 
6 

2 0 
2 

7 5 
34 
31 
5 
5 

& Equip. Total 

TABLE 3.2-5 



FACILITY COST SUMMARY 
AT DIRECT LEVEL 

Q u a n t i t y  

CONCENTRATOR 

U n i t  

Excavation, Rock 
Back f i  11 
Concrete 
Steel  
S id ing  & Roofing 
A rch i tec tu ra l  F in ishes 
Storage Dome 
M i  11 , Primary 
Mi11 , Pebble 
M i  11 , Regrind 
Pressure F i  1 t e r  
F l  o t a t i  on Ce l l  
Thickener & Mechanism 
Cyclone 
Onstream Analyzer 
Reagent Sys tems 
Pump 
A i  r Bl ower 
Ai  r Compressor 
Be1 t Conveyor (1 3 Ea) 
Be1 t Feeder 
Tanks & Bins 
Chute & Platework 
Crane 
Sampl e r  
A g i t a t o r  
Pebbl e Screen 
Be1 t Scale 
Vendor Rep' s 
Misc. Mechanical 
HVAC 
Pi  p ing  

C Y 
C Y 
C Y 
Ton 
SF 
L o t  
E a 
E a 
E a 
Ea 
Ea 
E a 
Ea 
E a 
L o t  
L o t  
Ea 
E a 
E a 
LF 
E a 
Ea 
Ton 
E a 
E a 
E a 
Ea 
Ea 
Days 
L o t  
L o t  
LF 

$ x 1000 
Mater i  a1 

Labour & Equip. Tota l  

TABLE 3.2-6 
Sheet 1 



FACILITY COST SUMMARY 
AT DIRECT LEVEL 

$ x 1000 
Mater i  a1 

Q u a n t i t y  Uni t Labour & Equi p. To ta l  - 

CONCENTRATOR (cont  ' d )  

F i  r e  P ro tec t i on IDe tec t i  on 
Swi tchgear & Transformer 
Motor Contro l  Centre 
H.V. S t a r t e r  
Other E l  e c t r i c a l  Equi p. 
Raceway 
Wire & Cable 
Grounding 
L i  g h t i  ng 
Communications 
Ins t rumenta t ion  

Subto ta l  Concentrator 

L o t  
L o t  
E a 
E a 
L o t  
LF 
L F 
LF 
L o t  
L o t  
L o t  

TABLE 3.2-6 
Sheet 2 



FACILITY COST SUMMARY 
AT DIRECT LEVEL 

POWER PLANT & SERVICE BUILDING 

Excavation, Rock 
Backfi  11 
Concrete 
Steel 
Sid ing & Roofing 
F i reproof ing 
I n t e r i o r  F i n i sh  
Of f i ce  Furnishings 
Warehouse Shelving 
Diesel Generator 
Vendor Rep. 
Crane 
A i  r Compressor 
Water Treatment, F i  1 t e r  , Chl or .  
Shop Equi pment 
Lab Equi pmen t 
Pump 
Service E l  evator 
Hot Water System 
Exhaust Stacks 
Misc. Mechanical Equip. 
HVAC 
Pi p i  ng 
F i r e  Protect ion/Detect ion 
Communications 
Swi tchgear & Transformer 
Motor Control Centre 
Other E lec t r i ca l  Equi p. 
Raceway 
Wire & Cable 
Grounding 
L igh t ing  

Subtotal Power P lant  & 
Service Bui 1 d ing 

Quan t i t y  

7,000 
5,200 
4 ,I 00 
1 ,000 

1 35,000 
1 

50,000 
1 
1 
5 

300 
3 
2 
1 
1 
1 

10 
1 
1 
1 
1 
1 

16,000 
1 
1 
1 
4 
1 

6,300 
1 57,000 

3,000 
1 

Un i t  - 

CY 
C Y 
C Y 
Ton 
SF 
L o t  
SF 
Lo t  
Lot  
E a 
Days 
E a 
Ea 
Lo t  
Lot  
Lo t  
Ea 
Ea 
Lo t  
Lo t  
Lo t  
Lo t  
L F 
Lo t  
Lo t  
Lo t  
E a 
L o t  
L F 
L F 
LF 
Lo t  

$ x 1000 
Mater ia l  

Labour 

101 
19 

638 
456 
254 
3 6 

240 

124 

20 
7 
5 

13 
3 7 
5 

10 
2 

242 
4 50 
105 
30 
33 
2 5 
7 6 

136 
32 9 

8 
300 

& Equip. Total - 

TABLE 3.2-7 



FACILITY COST SUMMARY 
AT DIRECT LEVEL 

$ x 1000 
Materi a1 

Quantity Unit Labour & Equip. Total 

YARD FACILITIES 

Clear & Grub 8 5 
Si t e  Earthworks 
- Jason Headframe Area 102,000 
- Concentrator/Power Pl an t  300,000 
- Roads & P i  pel i nes 1 1 6,000 
- Water Supply Pond 22,000 

* - Tail ings ThickenerIRecl aim 71 ,000 
* - Tai 1 i ngs Containment 430,000 
*Impervious Liner 240,000 
*Recl aim Pumphouse/Intake 1 
*Surge Tank Encl osure 1 
*Dump Valve Encl osure 1 
*Tailings Overflow Structure  1 
*Tailings Pumphouse 1 
*Thickener Weather Cover 1 
*Thickener Tank & Mechanism 1 
*Tai 1 i ngs Overfl ow Treatment 1 

Bri dge Crossing 50 
Drainage Control 1 
Fenc i ng 2,600 
Concrete 520 
Water Pumphouse/Intake 1 
Fuel Oil Pumphouse 1 
Fi re/Ambul ance/Securi t y  1 
Diesel Fuel Tank 2 
Water Storage Tank 2 
Other Tanks 3 
Pump 10 
Truck Scale 3 
Sewage Treatment Pl an t  1 
Emergency Diesel Generator 1 
Heat Tracing Load Centre 36 
Other El e c t r i c a l  Equip. 1 
Raceway 2,300 

CY 156 
C Y 41 1 
CY 2 54 
CY 3 1 
C Y 128 
C Y 1,138 
SF 54 
E a 77 
Ea 2 4 
E a 5 
Ea 5 
E a 3 
Ea 24 
Ea 9 6 
Ea 5 
LF 9 
Lot 2 4 
L F 24 
C Y 86 
E a 72 
Ea 10 
Ea 2 9 
E a 9 9 
Ea 1 54 
E a 12 
Ea 25 
Ea 3 7 
E a 12 
Ea 10 
E a 28 
Lot 11 
L F 51 

"Denotes Tailings System 

TABLE 3.2-8 
Sheet 1 



FACILITY COST SUMMARY 
AT DIRECT LEVEL 

$ x 1000 
Mater i  a1 

Q u a n t i t y  U n i t  Labour & Equip. Total  - 

YARD FACILITIES (con t  'd )  

Wire & Cable 
Grounding 
Pole L ine  
P i  pe l  i nes - Tai 1 i ngs 

- Reclaim 
- Water 
- Other 

Subtotal  Yard F a c i l i t i e s  

TABLE 3.2-8 
Sheet 2 



FACILITY COST SUMMARY 
AT DIRECT LEVEL 

$ x 1000 
Mater i  a1 

Q u a n t i t y  U n i t  Labour & Equip. To ta l  - 

A1 RSTRI P 

C lear  & Grub 
Earthworks 
Surface Treatment 
B u i l d i n g  
L i  gh t i ng  & Navigat ion 

Subtota l  Ai  r s t r i  p 

15 Ac 12 21 33 
100,000 CY 204 720 924 

35,000 SF 2 4 35 59 
800 SF 24 50 74 

1 L o t  50 4 50 500 

TABLE 3.2-9 



CONSTRUCTION DISTRIBUTABLE COST SUMMARY 

$Xl 000 
Manhours Sub 

Xl 000 Labour Materi a1 Con t r a c t  Total 
CONSTRUCTION FACILITIES 

Temporary Roads & Laydown 
Temporary Buil dings 
Temporary Power 
Temporary Mechani cal 
Concrete Batch Pl an t  
Communications 
Temporary Heati ng/Hoardi ng 
Scaffolding 

Sub-Total Construction Facil i t i e s  

TABLE 3.2-10 

CONSTRUCTION SUPPORT 

General & Final Cl ean-up 
Materi a1 Hand1 i ng & Warehousing 
Craf t  Training/Testing 
Fuel Distr ibution 
Operate/Maintai n Faci 1 i t i  e s  
Road/Ai rstri p Maintenance 
Surveying 
Pre-Operation Testing (Manual ) 
Manual Labour A1 1 owances 
Commercial Air Transport 
Air Charter Whi tehorse/Si t e  
Freight  
Stagi ng/Frei ght Consol i dat i  on 
Contractor Supervision 

Sub-Total Construction Support 220.0 6,427 13,673 

TABLE 3.2-11 



CONSTRUCTION CAMP 

CONSTRUCTION DISTRIBUTABLE COST SUMMARY 

$XI 000 
Manhours Sub 

X1000 Labour Ma te r i  a1 con t r a c t  Tota l  

Temporary Camp 
Camp Maintenance 
Cater ing  

Sub-Total Cons t ruc t ion  Camp 137.0 42 5 2 40 5,735 6,400 

TABLE 3.2-12 

CONSTRUCTION EQUIPMENT 

Const ruc t ion  Equi p e n t  - Purchase 1 .O 24 1 ,390 
- Rental 61 3 

Tool s/Consumabl es 1 ,710 
Equipment Maintenance 60.0 1,416 1,120 
Fuel & Lubr ican ts  4,327 

Sub-Total Cons t ruc t ion  Equipment 61 .O 1 ,440 9 ,I 60 

TABLE 3.2-13 



Faci 1 i t i e s  

Tom Mine 
Jason Mine 
Coarse Ore Storage 
Concentrator 
Power Pl an t  & Service Bl dg . 
Yard Area 
A i  r s t r i  p 

Subtotal Facil i t i e s  

Construction D i  s t r ibu tab l  es  

Construction Facil i t i  e s  
Construction Support 
Construction Camp 
Constructi on Equi pment 

Accommodati on Compl ex 

General A1 1 ocations 

CONTINGENCY ANALYSIS 

Mob i 1 e Equi pmen t 
I n i t i a l  F i l l  
Geotechnical Investigations 
Plant  S t a r t  Up 
Capital Spares 

Subtotal Allocations 

Engineering, Procurement & 
Construction Servi ces 

Total 

Estimated 
Cost 

x 1000 

10,230 
5,390 
2,550 

32,040 
20,360 
18,130 

1 ,590 

90,290 

5,400 
20 ,I 00 

6,400 
1 0,600 

42,500 

9,900 

2,340 
100 
500 

1 ,000 
1 ,000 

4,940 

17,500 

Average 
% 

Con t i  ngency 

14 
11 
14 
12 
11 
14 
15 

12.5 

11 
11 

9 
11 

Contingency 
Amount 
x 1000 

1 ,432 
5 93 
357 

3,845 
2,240 
2,538 

2 38 

11 ,243 

5 94 
2,211 

576 
1 ,168 

4,549 

1 ,188 

234 
15 
7 5 

150 
150 

TABLE 3.2-1 4 



OPTION TO CONVEY ORE FROM JASON 

DESCRIPTION 

C i v i l  
Mechanical 
E l e c t r i c a l  
L i  g h t i  ng 
Ins t rumenta t ion  

Subto ta l  D i  r e c t  Costs 

Const ruc t ion  D i  s t r i  butabl  es 

Engineering, Procurement, 
Cons t ruc t ion  Serv ices 

Con ti ngency 

Tota l  Est imated Cost 

$ x 1000 
Manhours Mater i  a1 

x 1000 Labour & Equip. To ta l  

TABLE 3.2-1 5 



HAINES TERMINAL 

DESCRIPTION 

Concentrate  Storage Bui 1 ding 

Se rv i ce s  Bui 1 ding 

Ship  Loader 

Truck Unl oader  

Conveyors , Sampl ers , Feeders 

Shi pl oader  , Be1 t Scal e 

Mechanical and E l e c t r i c a l  I n s t a l  1 a t i o n s  

Mobile Equipment 

Ship Fender Extension 

Total Fie1 d Cost 

Engineering and Contingency @ 25% 

Total Estimated Cost  

TABLE 3.2-16 



3.3 PROJECT SCHEDULE 

CONTENTS 

3.3.1 INTRODUCTION 

3.3.2 BASIS OF SCHEDULE 

Fig. 3.3-1 P re l im ina ry  P r o j e c t  Schedule 

F ig.  3.3-2 Const ruc t ion  Schedule 



3.3 PROJECT SCHEDULE 

3.3.1 INTRODUCTION 

The p r o j e c t  schedule which i s  covered by t h e  c a p i t a l  c o s t  

est imate i s  depicted on t h e  Pre l im inary  P r o j e c t  Schedule, and 

t h e  Construct ion Schedule inc luded i n  t h i s  sect ion. For t h i s  

presentat ion,  the  t ime scale i s  given as years A ,  1  , 2,  3. 

The ove ra l l  32 month schedule , from "Decision t o  Proceed" i n  

May o f  Year A through January 2  o f  Year 3  when the  p l a n t  i s  

ready t o  rece ive  feed, i s  an achievable schedule .with some 

po ten t i  a1 f o r  reduct ion. Time has been al lowed a t  t h e  f r o n t  

end o f  t h e  schedule f o r  engineering t o  progress s u f f i c i e n t l y  

p r i o r  t o  commencement o f  f i e l d  cons t ruc t i on  t o  ob ta in  good 

q u a l i t y  cons t ruc t i on  con t rac t  b ids.  It i s  intended t o  

maximize cons t ruc t i on  progress dur ing  the  favorabl e  summer 

seasons. I n  a d d i t i o n  i t  i s  considered advantageous t o  be ab le  

t o  commit procurement o f  major i tems such as t h e  g r ind ing  

m i l l  s  and the  power generators i n  t ime t o  have them i n s t a l l e d  

p r i o r  t o  f i n a l  c los ing  i n  o f  t h e  b u i l d i n g s  f o r  w in te r  o f  

Year 1. 

3.3.2 B A S I S  OF SCHEDULE 

o F i e l d  cons t ruc t i on  work t o  be done w i t h i n  a  21 month 

per iod,  assuming s t a r t  o f  f i e 1  d work A p r i l  1. 

o  A 70 manhour work week (7 x  10 hour s h i f t )  has been 

assumed, w i t h  45 days t u r n  around f o r  manual workers. 



Personnel transportation to  the jobsite will be by 

comnerci a1 f l  i g h t s  from Vancouver/Edmonton to Whitehorse 
and from Whitehorse to  s i t e  by charter. Because the 
unreliable weather conditions a t  the existing a i r s t r i p  
wi 11 make i t  impossible to  adequately schedule personnel 
rotation f l igh t s  , a new a i r s t r i p  will be constructed as 
an i n i t i a l  ac t iv i ty  i n  Year 1.  

The North Can01 Road will have been improved a t  l e a s t  
through the phase 1 pl an of the Government. 

Construction and plant materials and equipment will be 
transported by land from Vancouver/Edmonton via highway 
to a staging area a t  Ross River. 

A t  Ross River, materials and equipment will be shipped 
across the Pelly River by ferry from May to October, and 
by the ice bridge from December to March. There are no 
scheduled shipments across the Pelly River in April and 
November, which are considered the ice thawing and ice  
freeze-up periods respectively. 

Tom mine underground development will s t a r t  in Spring of 
Year 1 and will take place concurrently with surface 
plant construction so tha t  there i s  an adequate ore 
supply available a t  time of start-up. 

Jason mine permanent surface f a c i l i t i e s  will be 
constructed concurrently w i t h  other surface p l  ant 
construction, w i t h  shaf t  sinking to  commence when the 
process plant s t a r t s  up. 

Geotechnical studies t o  be completed i n  the year or years 
prior to Year A ,  so tha t  f i e l d  survey for construction 
may be done in the summer of Year A and engineering may 
s t a r t  effect ive design work. 



The detailed early construction plan shoul d be done in 
Year A so tha t  construction equipment and materials and 
camp may be purchased and shipped across the ice  bridge 

of Year A. in the winter 

The construct 
the spring of 
devel opmen t w 

ion camp and f a c i l i t i e s  will be erected in 
Year 1. Mass earthwork and new a i r s t r i p  

i l l  commence. Rock excavation for the ore 
storage will a1 so be s tar ted.  

Major construction a c t i v i t i e s  such as mass earthwork, dam 
construction, yard faci l i t i  es instal  1 ation and concrete 
pouring are t o  be concentrated during the summer months. 
Steel erection will foll  ow immediately to  permit the 
closure of the concentrator and power plant by mid 
December of Year 1. Architectural work will continue 
into the winter and spring season. I t  i s  planned to  
order the generating se t s  and mills ear ly ,  to  s e t  them in 
pl  ace before bui 1 ding closure. 

Major mechanical instal la t ion will commence i n  early Year 
2 , foll  owed by electr ical  and pi ping. 

Pre-operational tes t ing of systems will be done in the 
l a s t  three months of the construction period. Training 

of plant operational personnel i s  expected t o  take place 

prior t o  and during th i s  period. 

Plant will be mechanically complete and ready to accept 

feed on Jan. 2 of Year 3. 
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Table 3.4-1 

Table 3.4-2 

3.4 PRODUCTION STATISTICS 

CONTENTS 

Product ion Schedule 

Summari es 



Year 2 

Tom East 
Tom West 
Jason SHW 
Tota l  

Year 3 

Tom East 
Tom West 
Jason SHW 
Tota l  

Year 4 

Tom East 
Tom West 
Jason SHW 
Tota l  

Year 5 

Tom East 
Tom West 
Jason SHW 
Tota l  

Year 6 

Tom East 
Tom West 
Jason SHW 
Tota l  

PRODUCTION SCHEDULE - TOM CLAIMS AND JASON 

(By HBM&S Min i  ng Department) 

TONS GRADE 
X 1000 I n ,  % Pb, % Ag - - , o z / t  

PRODUCTION ( X  1000) 
Zn. t Pb. t 

Table 3.4-1 
Sheet 1 



Year 7 

Tom East 
Tom West 
Jason SHW 
Tota l  

Year 8 

Tom East 
Tom West 
Jason SHW 
Tota l  

Year 9 

TONS 
X 1000 

255.0 
795.0 
525.0 

1 ,575.0 

1 ,050.0 
525.0 

1 ,575.0 

Tom East 
Tom West 
Jason SHW 
Jason SM 
Tota l  

Year 10 

Tom East  
Tom West 
Jason SHW 
Jason SM 
Jason Mn 
Tota l  

Year 11 

GRADE 
Zn, % Pb, % Ag - - , o z l t  

Tom East  
Tom West 
Jason SHW 525.0 5.05 10.74 5.03 
Jason SM 283.0 9.44 1.71 2.02 
Jason Mn 765.0 7.77 1.72 0.03 - -- 
Total  1573.0 7.16 4.73 2.06 

PRODUCTION ( X  1000) 
Zn, t Pb , t Ag, 02 - - 

Table 3.4-1 
Sheet 2 



Year 12 

Tom East 
Tom West 
Jason SHW 
Jason SM 
Jason Mn 
Tota l  

Year 13 

Tom East  
Tom West 
Jason SHW 
Jason SM 
Jason Mn 
Tota l  

Year 14 

Tom East  
Tom West 
Jason SHW 
Jason SM 
Jason Mn 
To ta l  

Year 15 

Tom East 
Tom West 
Jason SHW 
Jason SM 
Jason Mn 
Tota l  

TONS 
X 1000 

525.0 
283.0 
765.0 

1,573.0 

90.4 
485.0 

1 ,000.0 
1 ,575.0 

575.0 
1 ,000.0 
1 ,575.0 

230.9 
485.5 
716.4 

GRADE 
Pb, % Ag , o z l t  

PRODUCTION ( X  1000) 
Ln, t Pb, t - - Ag , oz 

Table 3.4-1 
Sheet 3 



SUMMARIES 

TONS GRADE PRODUCTION ( X  1000) 
X 1000 - rn, % - Pb, % Ag , oz / f  'Zn,  t Pb, t Ag, 02 

TOTAL PRODUCTION 

Tom East 2,666.7 
Tom West 5,974.0 
Jason SHW 4,621.6 
Jason SM 2,223.0 
Jason Mn 4,761 .O 

Total Tom 8,470.7 

Total Jason 11 ,605.6 

Total 20,246.3 

Tom East 2,963.0 
Tom West 6,638.0 
Jason SHW 5,135.0 
Jason SM 2,470.0 
Jason Mn 6,013.0 

Total Tom 9,601 .O 

Total Jason 13,618.0 

Total 23,219.0 

Tom East 
Tom West 
Jason SHW 
Jason SM 
Jason Mn 
Total Tom 

Total Jason 

Total 

TOTAL RESERVES 

MINING RECOVERIES 

Table 3.4-2 
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3.5 SITE INVESTIGATIONS AND SITE PREPARATION 

3.5.1 SITE INVESTIGATIONS 

In the course of previous investigations by Hudson Bay 
Mining and Smelting in to  the Tom claims, preliminary 
geotechnical surveys were performed by Thompson 
Geotechnical Consultants of Vancouver i n  the  areas on both 
s ides  of Sekie Creek No. 2 (Tom Creek) a t  t he  mouth of the  
Tom Valley, t o  iden t i fy  areas su i tab le  fo r  construction of 
a minerals processing f a c i l i t y .  Another survey was carr ied 
out  in the  area on the  north s ide  of the South Macmillan 

River va l ley ,  north e a s t  of t he  ex i s t ing  a i r s t r i p ,  t o  
determine i t s  s u i t a b l i t y  a s  a townsite. Sumnary data from 
these surveys i s  contained . i  n Thompson reports  dated 
January , 1981 and December 1984. 

Both investigations indicated t h a t  there  a r e  s i t e s  in these 
areas which appear su i tab le  fo r  the  s t a t ed  purposes. The 
investi  gations were f a i r l y  general i n  scope , though did 

include digging of t e s t  p i t s .  Equi pment const ra ints  
prevented excavation t o  a depth which would confirm 
bedrock, so the  findings must be considered preliminary and 
must be confirmed by in-depth investigations pr ior  t o  

making f inal  decisions as  t o  t he  s i t i n g  of f a c i l i t i e s ,  or  
commencing deta i led c i v i l  / s t ructural  designs fo r  

construction purposes. 

I t  i s  understood t h a t  s imilar  investigations have not been 
carr ied out  on the  Jason property. 



Topographic maps, prepared by McEl hanney Survey and 

Engineering Ltd. and Thompson Geotechnical Consul t a n t s  Ltd. 
from a e r i a l  photographs , were made avai 1 a b l e  f o r  the s tudy  
and form the b a s i s  o f  the p l o t  and s i t e  plans.  I t  i s  

understood t h a t  survey and mapping d i sc r epanc i e s  e x i s t  , a s  
r epo r t ed  by Thompson i n  his r e p o r t  o f  March 1983. However, 
t h e s e  a r e  no t  considered t o  be s u f f i c i e n t l y  s i g n i f i c a n t  t o  
i n f luence  t h e  accuracy o f  th is  s tudy.  

3.5.2 SITE VISIT 

For p repa ra t i on  o f  t h i s  s t u d y ,  both the Tom and the Jason 
p r o p e r t i e s  were v i s i t e d  by an engineer ing  team. The team 
was accompanied by Mr. Brian Thompson of  Thompson 
Geotechnical Consul t a n t s  t o  ob t a in  the b e n e f i t  of  his 

e a r l i e r  work, s i n c e  no comprehensive r e p o r t  o f  t h e  e a r l i e r  
work had been completed. Summary geotechni cal  da t a  , 
compiled from f i e 1  d d a t a  ob ta ined  dur ing  a 1980-81 program 
was l a t e r  supp l i ed  by Mr. Thompson covering the s i t e  

s e l e c t e d  f o r  the process  p l a n t  and s e r v i c e  f a c i l i t y .  This  
r e p o r t  i s  e n t i t l e d  "Geotechnical Condi t ions , Proposed 
M i l l s i t e  Area" da ted  December 1984. Mr. Thompson a1 s o  

provi ded a p r i n t e d  map i dent i  f y i  ng severa l  sites consi dered  
s u i t a b l e  f o r  a camp development t o  the nor th  of the 
e x i s t i n g  a i r s t r i p .  

The team a1 s o  i nc l  uded the fol lowing:  

Mr. M. J . Smith , HBM&S , Study Coordinator  , Metal 1 urgi  s t 
Mr. A. L. Weishar, Bechtel , Study Manager 
Mr. J .  Fliehmann, Bech te l ,  Chief Civi l  Engineer 

Mr. W.  Somerv i l l e ,  Bechtel , P r o j e c t  Cost  S p e c i a l i s t  
Mr. R. J .  Ba i l e s  , Aberford Resources ,  Geologis t  



They a1 so met Mr. Glenn Brown, Biological Research 
Services , a t  the s i  te .  

The objective of the v i s i t ,  i n  addition to  familiarization 
w i t h  s i t e  conditions , was to  make preliminary decisions as 
to  the: 

o Locations of process, services ,  and accomnodations 
faci 1 i t i e s .  

o Location of t a i l  ings disposal s i t e .  
o Source of water for the project. 

and to  assess the condition of the North Can01 Road to 
support the project development and the shipment of 
products . 

Various di scussions were he1 d concerning project concepts. 
The team was guided extensively by the knowledge of Messrs. 
Thompson and Bai 1 es  concerning area soi 1 condi t i  ons , snow, 
permafrost, water and overburden. 

The following are  observations and conclusions from the 
tri p: 

.1 Pl ant  Location 

Permafrost ex is t s  in the area. I t  i s  e r r a t i c  b u t  

generally prevalent on the north-facing slopes and i n  

valley areas which do not get suff ic ient  sun 
exposure. Major faci l  i t i  es shoul d be 1 ocated on rock 
or i n  permafrost-free areas. 



Avalanches o r  snow s l i d e s  occur on some slopes. The 
ex i s t ing  Tom expl orat ion camp and adi t area i s  
exposed t o  this  hazard. 

The South Macmillan River ( a  minor stream a t  t h i s  
point )  is  reported t o  g lac ia te  d u r i n g  winter and 
wander a l l  over the  valley such t h a t  i c e  bui 1 d-ups 

occur. I t  was reported t h a t  the  ex i s t ing  a i r s t r i p  
located i n  the  vall ey a t  the  mouth of the  Tom Valley 
has been covered on occasion w i t h  several f e e t  of 
ice .  ( T h i s  phenomenon may a l so  have been due t o  
g lacia t ing from the Tom Creek). 

Because of the  above 1 imi t a t i  ons and i n  view of t he  
r e l a t i ve  posit ions of the  ore  bodies and other  
topographical considerat ions,  i t  was judged t h a t  the  
most su i t ab le  locat ion fo r  the  concentrator 
f a c i l i t i e s  i s  a t  the  mouth of the  Tom Valley just 
south of Tom Creek and e a s t  of t h e  Can01 Road on a 
generally barren,  gently sloping rock area. I t  i s  
a1 so w i t h i n  reasonable distance f o r  conveyor haul of 
the  Tom ore  from the  mine t o  the  mil l .  

An area across the  South Macmillan valley and the  
area north of Tom Creek o f f e r  sui tab1 e a1 t e rna t i  ve 
s i t e s  for  the  accommodations complex and possibly 

other support f a c i l i t i e s .  

Tai l ings  Disposal 

The reconnaissance of t he  area showed t h a t  the re  i s  
no "ideal " t a i  1 ings disposal s i t e .  Neither i s  the re  
adequate s o i l s  o r  foundation data t o  f u l l y  support 



any s i t e  se lec ted  a t  t h i s  time. The apparent ly  most 

reasonable s i t e s  a r e  t h e  Rat Lake area on the  Jason 

proper ty  and another area immediately t o  t he  west o f  

Rat Lake. The Rat Lake area i s  a t t r a c t i v e  from t h e  

p o i n t  o f  view o f  min imiz ing  t h e  earthwork requ i red  

f o r  t h e  impoundment dam. This s i t e  i s  approximately 

100 metres h igher  e l e v a t i o n  than the  proposed p l a n t  

s i t e  and a t  t h e  h e i g h t  o f  l a n d  between two v a l l e y  

systems so i s  t raversed by fewer water courses and 

has minimum r u n - o f f  considerat ions.  Areas o f  t h e  

South Macmill an R ive r  v a l l  ey , a1 though a t  a 1 ower 

e l  eva t ion  , have t h e  disadvantage of be ing  1 ess 

a t t r a c t i v e  environmental ly.  

For t h e  above reasons, i t  was concluded t h a t  t he  

study proceed on t h e  b a s i s  o f  us ing  the  Rat Lake area 

fo r  t a i l i n g s  disposal.  (See Sect ion 3.8 f o r  f u r t h e r  

discussions r e  T a i l  ings  Disposal. ) 

. 3  Water Supply 

The p rope r t i es  a re  l o c a t e d  i n  t h e  head waters area o f  

the South Macmillan River .  A t  t h i s  p o i n t ,  i t  i s  

1 ittl e more than a creek and the re  i s  no extended 

knowledge o f  t h e  re1 i a b i l  i t y  o f  stream f low. It i s  

j o i n e d  by var ious  creeks f l ow ing  from the  mountains, 

w i t h  Sekie Creek No. 1 j o i n i n g  t h e  r i v e r  a t  t h e  s i t e  

o f  t h e  Jason exp lo ra t i on  camp. This  creek adds 

consi derab 

subs tant i  a  

p l a n t  w i l l  

p o i n t .  It 

y t o  the  t o t a l  f low. There are  no 

lakes  i n  t h e  area so water supply f o r  t he  

have t o  come from t h e  r i v e r  a t  some 

i s  be l i eved  t h a t  t h e  r i v e r  downstream o f  



Sekie Creek No. 1 may have suf f ic ien t  flow to  support 

the operation. Shoul d there not be adequate flow a t  
this point ,  i t  may be necessary to  go several miles 
downstream and build an impoundment there. I t  has 
been assumed tha t  an a r t i f i c i a l  lake can be dug 
adjacent t o  the stream path to  a depth of 20 f ee t  to  
maintain water depth which will not freeze over 
during winter. This can be constructed just 
downstream of the Sekie Creek No. 1 junction. 

I t  was noted tha t  waters from the Tom Valley area 
have a very low pH, i n  the 4 t o  4-112 range, and 
water encountered i n  the mine ranged from very low to 
nearly neutral . 

See Section 3.9 for  further discussion re  water 

supply 

.4 S i te  Access 

Access to  the s i t e  is  via the North Canol Road from 
Ross River, or by a i r .  

Currently, the North Canol Road i s  15 to  18 fee t  
wi de , sing1 e 1 ane. A1 though Pub1 i c  Works Canada has 
been doing some upgrading work a t  the southern end, 
the majority of the road i s  inadequate t o  handle the 
heavy t r a f f i c  which will be experienced w i t h  the mine 
development. T h i s  includes the future trucking of 
concentrates to  market, as  we1 1 as haul age of 
construction material s. The government has pl ans for  
upgrading t h i s  road to  serve mineral developments i n  

the area. 



There i s  an e x i s t i n g  gravel a i r s t r i p  on the  Tom 

proper ty  l oca ted  i n  t h e  r i v e r  va l ley .  It i s  s u i t a b l e  

f o r  Twin O t te rs  o r  s i m i l a r  sho r t  t ake -o f f  a i r c r a f t .  

See Sect ion 3.13 f o r  f u r t h e r  d iscussion r e  

Transportat ion. 

.5 Observations 

I n  t h e  general s i t e  area may be found f e r r i c r e t e  and 

c a l c r e t e ,  bo th  o f  which are c rus t - type deposits 

o v e r l y i n g  so i  1  and o ther  overburden mate r ia l  s. 

Caution should be taken i n  any d r i l l  program t o  avoid 

m i  s tak ing  e i t h e r  f e r r i c r e t e  o r  ca l  c re te  f o r  bedrock. 

Ca lc re te  i n  p a r t i c u l a r  may be 2 t o  3  f e e t  t h i ck .  

The area i s  sub jec t  t o  heavy snow i n  t h e  h i l l s  so 

designs must a l l ow  f o r  h i g h  snow l o a d  on roo fs  and 

f o r  considerable d r i  f t i  ng i n p ro tec ted  areas. 

3.5.3 SITE PREPARATION AND DEVELOPMENT 

The o v e r a l l  development o f  t h e  p r o j e c t  i s  shown on t h e  S i t e  

P l  an C-1 , and i n  1  arger  scale , on t h e  P l o t  Plan C-3. The 

major elements o f  s i t e  prepara t ion  and development i n c l  ude: 

o  C lear ing  o f  vegeta t ion  from t h e  process p l a n t  area, 

t h e  t a i l i n g s  disposal area and t h e  Jason s h a f t  area. 



o Mass excavation (and f i l l  where required) t o  develop 

firm rock foundation condit ions i n  the  process p lant  
a r ea ,  p lant  yard a r e a ,  concentrate storage a r ea ,  Tom 

Mine yard a r e a ,  Jason Mine yard area and the  
accommodations area. The amount of excavation and 
f i l l  may be optimized a t  t he  de ta i l  design s t a g e ,  
when b e t t e r  knowledge of so i l  and rock conditions is 

available.  
o Construction of a two lane  road from the  Can01 Road 

over t o  the  Jason s h a f t  1 ocation , including provision 
of a s ing le  lane  Bailey type bridge across the  South 
Macmi 11 an.  R i  ver. 

o Construction of a two lane  road from the  Can01 Road 
t o  the  accommodations s i t e .  

o Construction of a s i ng l e  l ane  access road from the  
Jason sha f t  area t o  the  t a i l i n g s  disposal area. 

o Excavation of the water  supply pond. 
o Construction of a creek control channel i n  the p lant  

area t o  contain t he  flow of the  Tom Creek pas t  the  
p l a n t ,  and t o  prevent g lacia t ion.  

o Construction of minor access roads around the  process 
pl an t  area , and a t  t he  water supply pond. 

The design bas is  f o r  s i t e  development work i s  as  follows: 

o Roads: Wi dth , shoul der t o  shoul der 20 f t  

, ( t ruck hau l age ,p l an t  s i t e )  20 f t  

, (along pi pel i ne s )  
Surfaces 
Maximum grade,  access 

, haul age 

w i t h  3 f t  
shoulders 
on each 
si de 
12 f t  

gravel 
1 0% 

8% 



o Yard: Surfaces 

Drainage 

Pi ping , above ground 

bur ied  

gravel 

open 

d i t c h i n g  

s tee l  and 

ABS t r a c e d ,  

and i nsul a ted  

N/A 
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3.6 MINING 

3.6.1 INTRODUCTION 

The f o l l  owing data and descriptions a r e  intended t o  supplement 

Section 2 of the  r epo r t ,  and describe the "permanent p lant"  of the  

two mines. 

3.6.2 DESIGN CRITERIA 

.1 Operating Parameters 

Desi gn Capaci t y  , ds tpd 

Nomi nal Capaci t y  , dstpd 

Operating - hours per s h i f t  

- s h i f t s  per day 

- hours per day ( e f f ec t i ve )  

- days per week 

- days per year 

Design Capacity, dstph 

Nominal Capaci t y  , dstph 

Annual Capacity , ds t  

.2 Ore Reserves 
Tom East ,  d s t  

Tom West, d s t  

Jason South HW , d s t  

Jason South M ,  d s t  

Jason Main, d s t  

Comb i ned Total Reserves , ds t 
Combined Total Production, d s t  

Operating Years 



.3  Run-of-Mine Ore Character is t ics  

Feed Size , 80% passing , inches 

Moisture Content, nominal , % 

, range , % 

Ore Specific Gravity, (design) 

Bulk Density , average, pcf (vol ume) 

.4 Primary Crushing and Ore Conveying 

Primary Crushing (Per Crusher) 
Design Capacity , dstpd 

Operating Hours per Day ( e f f ec t i ve )  

Ava i lab i l i ty ,  % 

Desi gn Capacity , ds tph 

Crusher Type 

Crusher Size , inches 

Discharge Se t t i ng ,  inches 

Crusher Capacity , 
dstph @ 6" s e t t i n g ,  160 pcf 

dstph @ 8" s e t t i n g ,  160 pcf 

Product bulk densi ty ,  pcf (volume) 

Crushed Ore Conveying (Tom) 

Capaci t y  , nominal , ds tph 
, design,  dstph 

Max. Lump Size , inches 

, shape 

.5 Expl osives Storage 

Capacity , ANFO, 1 bs 

, detonators 

5000 

14 

9 0 

397 

Jaw 

42 x 48 

6 - 10 

321 
357 

10 

angul a r  



3.6.3 TOM MINE 

.1 Access 

The main access t o  t h e  Tom mine w i l l  be v i a  a new adi t , t h e  

p o r t a l  o f  which w i l l  be l oca ted  immediately south o f  and a t  an 

e l e v a t i o n  h igher  than t h e  concentrator ,  a t  t he  mouth o f  t h e  Tom 

Val ley. A roadway w i  11 connect the  concentrator ya rd  area t o  a 

mine ya rd  area a t  t h e  p o r t a l .  

The new adi  t w i  11 be approximately 2775 metres 1 ong , and have a 

cross sec t ion  o f  20 f t  x 12 f t ,  s u f f i c i e n t  f o r  a veh ic le  

roadway , conveyorway, e l e c t r i c a l  cab1 es , ven t i  1 a t i  on d u c t i  ng , 
serv ice  a i r  l i n e s  and drainage d i t c h ,  and sloped a t  1% towards 

the  concentrator  t o  f a c i l i t a t e  mine drainage. 

Mine devel opment access w i  11 be v i a  the  ex i  s t i n g  expl o r a t i o n  

ad i  t 1 ocated near the  head o f  Tom Val 1 ey , and v i a  t h e  new 

adi  t. Road access t o  t h e  exp lo ra t i on  adi t w i l l  be maintained, 

t o  supply propane t o  the  mine a i r  heaters l oca ted  a t  t he  p o r t a l .  

The determinat ion t o  use the  1 ong adi t e n t r y  t o  t h e  Tom mine 

was based on the  f o l l o w i n g  fac to rs :  

o Weather protected,  secure from heavy snow accumulation and 

avalanche hazard i n  Tom Val l ey .  

o Ore haul age t o  concentrator  by sing1 e f l i g h t  o f  be1 t 

conveyor w i t h i n  a combined roadwaylconveyorway. 

o Grav i t y  drainage o f  mine water. 



Ore Crushing and Transportation 

Run-of-mine ore will be hauled by scooptrams to the nearest of 
three underground crushing s t a t ions ,  each capable of handling 
the total  required mine output of 5000 t p d ,  thence by a 
conveyor system to the coarse ore storage pocket a t  the 
concentrator. Three s tat ions have been provided in order to  
minimize ore haulage by the mobile equipment from the 
widespread workings and to  take advantage of lower operating 
cost of be1 t conveyor haul age. 

Each crushing s tat ion includes a chain gate vibrating feeder, 
jaw crusher, feeder conveyor w i t h  tramp iron magnet and cyclone 
dust collector. An overhead crane i s  included for  servicing 
the equipment. T h i s  arrangement i s  shown on Drawing M-110. 

Surge pockets between the crushers and the haulage conveyors 
permit crusher operation independent of the conveyor system 
operation. 

The conveyor haulage system comprises three 42" conveyors, 
f i t t e d  with catenary id l e r  loading s tat ions and steel cord 
b e l t s ,  w i t h  the main outhaul conveyor being fed direct ly  from 
one crusher, and from the other crushers via t r ibutary 
conveyors. Conveyors a re  suspended from the a d i t  back. 

The main outhaul conveyor will transport  the ore to  a coarse 
ore storage f a c i l i t y  located j u s t  beyond the adi t portal , and 
adjacent t o  the concentrator. The ore conveyors have been 
sized a t  42" to  accommodate ore chunks resulting from a 10" 
crusher discharge se t t ing ,  rather than to  accommodate the 357 

TPH flow rate .  T h i s  10" maximum set t ing has been allowed 



f o r  t o  maximize t h e  p o t e n t i a l  t o  u t i l i z e  autogenous gr ind ing  i n  

t h e  mil 1 .  Shoul d i t  be determined l a t e r  t h a t  t h e  c rushe r  

d i scharge  s e t t i n g  w i l l  range from 6" t o  8" , 36" wide haul age 

conveyors may be u sed ,  wi th  resu l  t i n g  1 ower c a p i t a l  c o s t s .  

. 3  Heating and Ven t i l a t i on  

V e n t i l a t i o n  a i r  w i l l  be  brought i n t o  t h e  mine through t h e  

e x i s t i n g  exp lo ra t i on  a d i t  a t  1440 m e l e v a t i o n ,  l oca t ed  near  t h e  

upper end o f  Tom Valley. Two main fan  i n s t a l l a t i o n s  are 
provided underground, each c o n s i s t i n g  of  one ope ra t i ng  and one 

standby u n i t .  

Heating w i l l  be provided by two 20,000,000 BTU/hr d i r e c t  f i r e d  

propane hea t ing  u n i t s ,  each capable  o f  hea t ing  incoming a i r  

from -40 '~  t o  +loOc. These units a r e  l o c a t e d  i n  a bu i ld ing  

a t  t h e  a d i t  po r t a l .  I t  ha s  been assumed t h a t  propane s t o r a g e  

tanks  and a u x i l i a r i e s  w i l l  be  provided by t h e  gas  vendor,  and 

1 oca ted  wi th in  100 f t  o f  t h e  p o r t a l .  

When d e t a i l  design i s  being c a r r i e d  o u t  f o r  cons t ruc t ion  

purposes ,  t h e  economic f e a s i b i l i t y  of  mine hea t ing  u t i l i z i n g  

waste  h e a t  from t h e  gene ra to r s  i n  excess  o f  t h a t  r equ i r ed  f o r  

pl a n t  purposes shoul d be  i nvesti gated.  

.4 Compressed Air 

The mine compressed a i r  p l a n t  wi 11 be a1 s o  1 ocated underground 

on t h e  1440 m 1 eve1 , n o t  f a r  from t h e  ad i  t po r t a l .  Two 3500 

CFM units have been provided. The l o c a t i o n  s e l e c t e d  i s  

convenient  t o  both Eas t  and West zones ,  r e s u l t i n g  i n  m i n i m u m  

pi pel i ne 1 engths  t o  a c t i  ve headi ngs. 



The major product ion d r i l l  i n g  w i  11 be accompl ished w i t h  h igh  

pressure d r i l l s  served by 250 p s i  compressors l oca ted  near each 

d r i l l .  

.5 Drainage 

For t h e  most p a r t ,  mine drainage w i l l  be achieved by g r a v i t y  

f l ow  i n  a d i t c h  down t h e  mine access a d i t .  For t h e  lowest  

areas o f  t h e  mine (be1 ow 1320 1 eve1 ) , pumps are provided which 

w i l l  pump t o  the  upper end o f  t he  d i tch .  The drainage water 

w i l l  be captured i n  a sump near t h e  tunnel p o r t a l  , from which 

i t  w i l l  p iped t o  a tank i n  t h e  concentrator  where any o i l  w i l l  

be skimmed o f f .  

The mine water w i l l  be j o i n e d  w i t h  t h e  t a i l i n g s ,  so t h a t  t h e  

h igher  pH t a i l i n g s  w i l l  n e u t r a l i z e  t h e  mine water. I n  

a d d i t i o n ,  d i s p o s i t i o n  i n  t h i s  manner has t h e  advantage t h a t  

conta ined heavy metals, i f  any, w i l l  be p r e c i p i t a t e d  and remain 

w i t h  t h e  t a i l  ings a t  t h e  disposal area. 

During the water moni to r ing  program conducted a t  Tom Mine from 

August 1981 - March 1982, t o t a l  mine discharge f lows ranged 

from 180 GPM up t o  539 GPM. It was considered t h a t  t h e  water 

was o f  surface o r i g i n .  The pH va r ied ,  ranging from 4.1 t o  

7.1. Apparent ly,  t he  exp lo ra t i on  group had some success , 
though w i t h  g rea t  d i  f f i c u l  t y  , i n  r e s t r i c t i n g  water i n f l o w  by 

g rou t ing  . 

It has been assumed t h a t  t h e  f l o w  can be r e s t r i c t e d  t o  100-150 

GPM. Should t h i s  n o t  be poss ib le ,  t he  concept o f  j o i n i n g  t h e  

mine drainage water w i t h  t h e  t a i  1 ings  w i l l  have t o  be 

re-eval uated , and a cos t lbenef  i t compari son c a r r i e d  o u t  between 

en1 a r g i  ng t h e  t a i l i n g s  system, and a separate mine discharge 

treatment f a c i l  i t y  . 



.6 Electric Power 

Power for both production and on-going mine development will be 
supplied by the permanent generators located i n  the main power 
plant. Mine development prior to  commissioning of the main 
power plant will require the use of temporary generators. 
Permanent power generation will be a t  4.16 k V ,  stepped u p  to  
13.8 kV for transmission t o  underground substations, then 
stepped down to  4.16 kV and 600 V for usage. 

.7 Service Faci l i t ies  

A small service shop i s provided underground on the 
1 eve1 . T h i  s shop w i  11 be equipped w i t h  a 15 ton capacity 
service crane. Daily routine maintenance only will be 
performed there. All major maintenance of mine equipment and 
vehicles will be performed i n  the shops of the main service 
b u i l d i n g .  

The mine changehouse and offices a re  also located i n  the main 
service buil d i n g  portion of the plant complex. These will 
serve the Jason mine as we1 1.  

Expl osives Storage 

An explosive storage'magazine, to  contain 50,000 l b s  of ANFO, 

i s  provided. I t  will be located remote from the concentrator 
and the portal , t o  prevent damage to  those f a c i l i t i e s  in case 
of accident. A separate storage for 100,000 detonators i s  a1 so 
provi ded . 



3.6.4 JASON MINE 

.1 Access 

The Jason mine w i l l  be reached from t h e  concentrator v i a  a new 

road approximately 1.8 km 1 ong , cross ing the  South Macmill an 

v a l l e y  from a p o i n t  on t h e  North Canol Road approximately 3 km 

south west o f  the  p lant .  This new road w i l l  be a two lane 

p r i v a t e  road, w i t h  a sing1 e 1 ane 50 f t  1 ong Bai 1 ey type br idge 

c ross ing t h e  r i v e r .  

The mine w i l l  be served by a v e r t i c a l  shaf t .  Shaf t  s i n k i n g  and 

mine development w i l l  be handled by an 1800 HP drum h o i s t ,  

which w i l l  a1 so serve as t h e  product ion and serv ice  h o i s t  

dur ing  the  opera t ing  phase. 

The Jason Main zone w i  11 be accessed by a decl i ne , t o  be 

c o l l  ared a t  e leva t ion  1170 m. 

.2 Ore Crushing and Transportat ion 

Ore w i l l  be crushed underground i n  a 42 x 48 inch  jaw crusher. 

The i n s t a l l a t i o n  i s  a dup l i ca te  o f  those a t  the Tom mine. The 

feeder conveyor w i l l  t r a n s f e r  t h e  o re  t o  a 42" wide 165 metre 

l ong  t r a n s f e r  conveyor which w i l l  discharge d i r e c t l y  i n t o  t h e  

s k i p  1 oadi ng o r e  pass. 

When ho is ted,  o re  w i l l  be discharged i n t o  e i t h e r  o f  two 750 ton  

ore b i n s ,  from which i t  w i l l  be fed  d i r e c t l y  i n t o  r e a r  dump ore 

t rucks  f o r  haulage t o  t h e  o r e  storage f a c i l i t y  a t  t h e  

concentrator.  Highway t rucks  o f  35 ton  capaci ty  are provided,  

t o  s u i t  1  oad 1 i m i  t s  o f  t h e  North 'Canol Road, since about 3 km 

o f  t he  haulage d is tance i s  over t h a t  road. 



Truck haulage was selected for the study in view of the 
relat ively low extraction r a t e  (1666 TPD design, 1500 TPD net)  
establ ished for Jason. Should the extraction schedul e be 
revised to the 5000 TPD design ra te  ea r l i e r  proposed, an 
overland be1 t conveyor system may be economical. This concept 
has been included in th i s  study as a "future option". (Refer 
to  Drawings C-2 and M-112.) I t  comprises a short feeder 
conveyor and a 42" wide , three f l  i g h t  over1 and conveyor sys tem , 
carried on concrete or timber sleepers on a road bed parall el 
to  the Jason access road and the North Can01 Road. The system 
would discharge onto the shut t le  conveyor over the coarse ore 
storage pocket. As w i t h  the Tom Mine ore haul age conveyors, 
these conveyors could also be reduced to  36" w i d t h  i f  the muck 
s ize  will permit, t h u s  reducing capital costs. 

.3 Heating and Ventilating 

A heating system identical t o  tha t  for the Tom Mine, i s  
provided for the Jason Mine. The propane f i red  heater ,  and the 
main mine ventilation fan are located a t  the top of the 

ventilation r a i s e ,  not f a r  from the shaft .  

.4 Compressed Air 

Compressed a i r  for Jason will be supplied from two main 
compressors (one operating and one standby) located i n  the 
hois t  house. Air will be piped down the shaft  to  the 
underground users. Separate 250 psi compressors are provided 
to  serve each high pressure d r i l l .  



.5 Drainage 

It i s  n o t  known a t  t h i s  t ime what water con1 di ti ons w 

encountered i n  the  Jason mine. However, i n  view o f  t he  

subs tan ti a1 water quan ti t i e s  encountered a t  Tom , i t i s 

reasonable t o  expect s imi  1 a r  q u a n t i t i e s  a t  Jason. Therefore , 
two sumps w i t h  two sets o f  t h ree  pumps each have been provided; 

one s e t  a t  the  550 m l e v e l  and the  o ther  a t  900 m l e v e l .  Each 

pump w i l l  be capable o f  d e l i v e r i n g  800 GPM aga ins t  a head o f  

1500 ft. Assuming one p a i r  o f  pumps capable o f  hand1 i n g  t h e  

normal load,  t h e  o ther  two sets w i l l  serve as standby. It has 

been assumed t h a t  t h e  water qua1 i t y  w i l l  be such t h a t  i t  need 

on ly  be passed through an o i l  skimner p r i o r  t o  re lease t o  t h e  

na tu ra l  drainage system. ' 

.6 E l e c t r i c  Power 

E l e c t r i c  power w i  11 be suppl i e d  from t h e  permanent generators 

l oca ted  i n  the  main power p lan t .  Power w i l l  be transmi t t e d  a t  

13.8 kV v i a  an overhead po le  l i n e  t o  a substat ion l oca ted  near 

t h e  Jason s h a f t ,  where i t  w i  11 be stepped down t o  4.16 kV and 

600 V f o r  d i s t r i b u t i o n  t o  t h e  sur face i n s t a l l a t i o n  and t o  

underground. 

.7 Service Faci 1 i t i e s  

There are  no major serv ice  f a c i l i t i e s  provided on sur face a t  

t he  Jason Mine a1 though a small "convenience" r e p a i r  shed w i  11 

be loca ted  adjacent  t o  t h e  h o i s t  house. A1 1 surface r e l a t e d  

maintenance o r  o the r  serv ices w i l l  be c a r r i e d  o u t  from t h e  main 

serv ice  bu i l d ing .  



There i s  , however, an underground maintenance shop, adequately 

o u t f i t t e d  t o  se rv i ce  and main ta in  t h e  underground equipment 

which cannot be r e a d i l y  taken t o  surface. A hoistman's comfort 

s t a t i o n  i s  provided i n  t h e  hoisthouse. 
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3.7 MILLING 

3.7.1 DESIGN CRITERIA 

.1 Operating Parameters 

Design Capacity , ds tpd 

Nomi nal Capacity , ds tpd 

Operating - hours per s h i f t  

- s h i f t s  per day 

- hours per day 

- days per week 
- days per year 

Design Capacity , dstph 

Avai labi l i ty  ,% 

Nominal Capacity , dstph 

Annual Capacity , ds t 

.2  Crushed Ore Storage 

Ore Size , 85% m i  nus , 
Angl e of Repose , degrees 

Drawdown Angle , degrees 

Ore Shape 

Coarse Ore Storage,  d s t  (1 ive) 

. 3  Ore Recl aim, Pebble Screening 

Ore Recl aim 

Operating Rate , design , ds t p h  

, m i n i m u m ,  dstph 

, maximum , ds tph 

10 inches 

37 

6 0 

angul a r  

2 days , 10,000 



M i l  1 Feed Conveyor 

Capacity , desi gn , ds tph  

, maximum, dstph 

Pebble Recovery 

Pebble Screen , type 

, decks, number 

, , upper, opening, i n .  

Y , lower ,  opening, i n .  

, feed r a t e ,  dstph (design) 

Pebble Recovery , r a t e  , dstph , ( 6  i n .  ROM) 

, r a t e ,  dstph, ( 8  i n .  ROM) 

Pebble Consumption, r a t e  , dstph , nominal 

, r a t e ,  dstph , range 

Pebble Storage , capaci ty  , ds t 

, bu lk  dens i ty  , p c f  

Ore Storage , capaci ty  , d s t  

, bu lk  dens i ty  , p c f  

.4 Gr inding,  C l a s s i f i c a t i o n  & Coarse Lead F l o t a t i o n  

Ore Feeding 

Operating r a t e ,  design , ds tph  

, minimum, dstph 

, maximum , ds tph  

v i b r a t i n g  

2 

3.5 

1.5 

208.3 

62.5 

43.7 

17.7 

14 - 20 

100 

130 

2 00 

130 



Primary Gr inding M i  11 

Mi11 , type autogenous , su i  tab1 e 

f o r  semi-autogenous 

opera t ion  

Speed, % c r i t i c a l  

Loading, autogenous, % by volume , o r e  

Loading, SAG, % by volume, o re  

% , , b a l l s  

, , , t o t a l  
Charge, % sol i d s  

Bond Work Index, kWh/dst, Tom East 

, Tom West 

Autogenous Work Index, kWh/dst, Tom East 

, Tom West 

Design Work Index, kWh/dst 

80% Passing Size , microns, feed 

, product  

Net Power Req'd. , kWh/dst 

, kW 

, HP 
, % losses 

C i r c u l a t i n g  Load, nominal , % 

, minimum, % 

, maximum, % 

M i  11 Discharge , type 

Trommel , type 

, opening, inches 

L ine rs  , mater i  a1 

B a l l s ,  s i ze ,  inches 

7 3 

30-35 

24 

6 

3 0 

70 

N/A 

12.53 

N/A 
10.44 

10.44 

150,000 

150 

8.25 

1718 

2300 

6 

100 

5 0 

1 50 

g ra te  

reverse s p i r a l  

0.25 

Cr-Mo 

4 



Mi 11 P roduc t ,  design , ds  tph ( so l  i d s )  

, minimum, dstph ( s o l i d s )  

, maximum, ds tph  ( s o l i d s )  

, % so l  i d s  

Primary Cl a s s i  f i  c a t i o n  

C l  a s s i  f i e r  , type  

, s ize ,  d iameter ,  inches  

, i n l e t  p r e s su re  , ps i  g  

, f e e d ,  d e s i g n ,  ds tph  ( s o l i d s )  

, range ,  dstph ( so l  i d s )  

, c i r c u l a t i n g  l o a d ,  nominal % 

, m i n i m u m  % 

, maximum % 

Cyclone Feed Pump 

, f l ow ,  USGPM, design 

, , , range 
, % sol  i d s  , nominal 

, pul p  dens i ty  , nominal 

3 type 

, d r i v e ,  type  

Secondary Grinding 

Feed Ra te ,  sol  i d s ,  d e s i g n ,  ds tph  ( t o t a l )  

, m i n i m u m ,  dstph ( t o t a l  ) 

, maximum, ds  tph ( t o t a l  ) 

Mi1 1  , type  

cyclone 

30 

6  

383 

300-450 

100 

50 

150 

1337 

l2OO-14OO 

63.5 

1.80 

hard metal 

1  ined  

d i r e c t  , 
f i  xed-speed 

629.9 

360 

760 

pebble , 
s u i t a b l e  f o r  

b a l l  m i l l i n g  



, speed ,  % o f  c r i t i c a l  

, 1 oading , % by volume , t o t a l  

, 1 iners, ma te r i a l  

, discharge  , type  

, trommel 

Bond Work Index,  kWh/dst , design 

80% pass ing  s i ze ,  microns,  f e e d  

, product  

Net Power Required,  kWh/dst 

¶ kW 

¶ HP 
, % Losses 

Pebbl e Feedi ng 

Pebble consumption, d e s i g n ,  % o f  p l a n t  feed  

, dstph 

, minimum, % of  pl a n t  feed 

, ds tph  

, maximum, % of  p l a n t  feed  

, ds tph  

Secondary Cl a s s i  f i  c a t i o n  

C1 a s s i  f i  er , t ype  

, i n l e t  p r e s s u r e ,  p s i  g 

, f e e d ,  d e s i g n ,  dstph ( s o l i d s )  

, range , ds tph  ( s o l  i d s )  

, c i r c u l a t i n g  l o a d ,  de s ign ,  % 

, m i n i m u m ,  % 

, maximum, % 

72 

4 0 

rubber 

over f l  ow 

no 

12.5 

149 

37 

10.0 

1042 

1400 

7 

cyc lones  

14 

817.6 

560-920 

300 

150 

400 



Cyclone Feed Pump, f l ow ,  USGPM, design 3545 

, USGPM, range 3000-3900 

, % so l  i d s  , nominal 56.0 

, pul p d e n s i t y  , nominal 1.65 

, type  hard metal 
1 i ned 

, d r i v e  , speed v a r i a b l e  

.5 Lead F l o t a t i o n  

Coarse Lead Fl o t a t i  on 

Roughers : 

Feed, 

primary cycl one O/F , ds  tph , design ( so l  i d s )  

secondary m i  11 d i s c .  , ds tph  , des i  gn(so1 i d s )  

t o t a l  , d s t p h ,  de s ign ( so1 ids )  

, USGPM , des i  gn ( pul  p ) 

, USGPM , range (pul p )  

, pulp d e n s i t y  

, % s o l i d s  

Coarse Pb Ro Cel l  s , r e t e n t i o n  time , minutes 
, 1 aunder s p r a y ,  USGPM , nominal 

C l  e ane r s  : 

Feed,  Ro conc. , ds  tph , design ( s o l  i d s )  11.8 

, USGPM, design ( p u l p )  121 

, range ( p u l p )  80-350 

, pul p dens i ty  1.30 

, % so l  i d s  30.0 

Coarse Pb Clnr. Cells , r e t e n t i o n  time, minutes 15 

, 1 aunder s p r a y ,  USGPM , nom 40.0 



Lead Rouaher and Scavenaer F l o t a t i o n  

Condit ioning 
Condi t i  oner  , arrangement 2 

, r e t e n t i o n  time, minutes , each tank 

Roughers 
Ro Feed , secondary cycl one O/F , ds  tph , nom. ( so l  i d s )  

, Pb scav. conc , ds tph ,  design ( so l  i d s )  
, t o t a l  , d s t p h ,  design ( s o l i d s )  

, range ( s o l i d s )  
Ro Cells, r e t e n t i o n  time, minutes 

, 1 aunder s p r a y ,  USGPM , nominal 

Scavengers: 
Ro Scav. Cell s , r e t e n t i  on time , minutes 

, 1 aunder s p r a y ,  USGPM , nominal 

Lead Cleaner  F l o t a t i o n  

1 s t  Pb C l  nr. Cell  s , r e t e n t i o n  time , minutes 
, l aunder  s p r a y ,  USGPM, nominal 

2nd Pb C l  nr .  Cell s , r e t e n t i o n  time , minutes 
, 1 aunder s p r a y ,  USGPM , nominal 

3 rd  Pb C l  nr .  Cell s , r e t e n t i o n  time , minutes 
,l aunder s p r a y ,  USGPM , nominal 

i n  s e r i e s  
5 

204.4 
10.9 



Lead Regrind F l o t a t i o n  C i r c u i t  

Regrinding 

Regrind Mill Feed, ds tph  , design ( s o l  i d s )  

, d s t p h ,  r ange ,  ( s o l i d s )  

, feed , % so l  i d s  , nominal 

Feed S i z e  , 80% pas s ing ,  microns 

Product S i z e ,  80% pas s ing ,  microns 

Power Requi r e d ,  kWh/ds t , des i  gn 

, kW, design 

, H P ,  des ign  

, % l o s s e s  

Mill , type  

, speed ,  % o f  cri  t i c a l  

, l o a d i n g ,  % by volume 

, 1 iners , mater ia l  

, discharge  , type  

C l  a s s i  f i  c a t i on  

Cl a s s i  f i e r  , type  

, i n l e t  p r e s su re  , ps i  g  

, f e e d ,  d e s i g n ,  ds tph  ( s o l i d s )  

, r ange ,  dstph ( so l  i d s )  

, c i r c u l a t i n g  1 o a d ,  nominal % 

, m i n i m u m ,  % 

, maximum, % 

Cyclone Feed Pump , f1 ow, USGPM , design 

, range 

, % s o l i d s  

, pulp dens i ty  

, d r i v e ,  t ype  

111.5 

75-1 70 

45.0 

37 

3 0 

2.86 

350 

470 

6.4 

b a l l  

75 

40 

rubber  

ove r f l  ow no 
trommel 

cycl ones 

10 

139.4 

90-220 

400 

200 

500 

1156.5 

750-1 800 

36.0 

1.34 

di rect , 
f i  xed-speed 



Cycl one O/F , des i  gn , ds tph ( so l  i d s )  

, % sol  i d s  

, % pass ing  325 mesh 

Lead Regrind Rougher F l o t a t i o n :  

Pb Regrind Ro Cell s , r e t e n t i o n  t i m e ,  minutes 7 
, 1 aunder s p r a y ,  USGPM , nominal 15.0 

Lead Rearind Cleaner F l o t a t i o n :  

Pb Regrind Cl nr Cell  s , r e t e n t i o n  time, minutes 1 5  

, 1 aunder s p r a y ,  USGPM , nominal 5.0 

.6 Zinc F l o t a t i o n  

Zinc Rougher and Scavenger F1 o t a t i  on 

Condi t i  oni ng 

Condit ioner  , arrangement 

, r e t e n t i o n  t i m e ,  minutes ,  each tank 

Roughers 

Ro Cell  s , r e t e n t i  on t ime , minutes 
, 1 aunder s p r a y ,  USGPM , nominal 

Scavengers 

Ro Scav. Cell s , r e t e n t i o n  time, minutes 

, 1 aunder s p r a y ,  USGPM , nominal 

2 i n  s e r i e s  

5 

11 

50.0 

8 

50.0 



Zinc Cl eaner  Fl o t a t i  on 

1 s t  Zn Cl nr. c e l l  s , r e t e n t i o n  t i m e ,  minutes 15 

, l aunder spray , USGPM , nominal 40.0 

2nd Zn C l  nr. Cell s , r e t e n t i o n  time , minutes 15 

, 1 aunder s p r a y ,  USGPM , nominal 40.0 

3rd Zn C l  nr. c e l l  s , r e t e n t i  on time , minutes 1 5  

, 1 aunder s p r a y ,  USGPM , nominal 40.0 

.7 Concentrate  Thickening,  F i l  t r a t i o n  & Loadout 

Lead Concentrate  

Thickening: 

Thickener ,  type 

, mechanism 

2 , a r e a ,  f t  I d s  tpd , des i  gn 

Fl occul a n t  a d d i t i o n  , 1 b /ds t  , design 

Thickener U/F , ds tph  , design 

, % s o l i d s  

Thickener O/F , USGPM , design 

F i l  t r a t i o n  

Feed t a n k ,  r e t e n t i o n  t i m e ,  minutes 

Fi l  ter  , type 
2 , f i 1 ter  a r e a  , f t  , each 

2 , f i l t e r  r a t e  , 1 b / f t  /hour 

, a v a i l a b i l i t y ,  % 

conventional 

b r i  dge- 

mounted 

5.0 
none 

31.5 

50.0 

251.6 

120 

p re s su re  

300 

123 

8 5 



F i l t e r  Cycle (Provisional ) 

, feed ,  minutes , design 

, range 

, cl ose , minutes , design 

, range 

, blow, minutes , design 

, range 

, disc  & mi sc. , minutes , design 

, range 

, t o t a l  , minutes, design 

, range 

Air Required, cfm, blow cyc l e ,  avg. 

, ps ig ,  i n i t i a l  

Fil t e r  Cake, dstph ( r a t e )  , each f i l  t e r  

, % moisture 

, bulk density 

, speci f i  c gravi ty  

Loadout: 

Concentrate Storage , capacity , 1 ive  

, capacity , to ta l  

Zinc Concentrate 

Thickening: 

T h i  ckener , type 

, mechanism 
2 , a rea ,  f t  /ds tpd 

Fl occul ant  Addition , 1 b/dst 

Thickener U/F , ds t p h  , design 

, % so l ids  

Thickener O/F , USGPM , design 

12 hours 

2 weeks 

conventional 

bri  dge-moun ted 

5.0 

none 

23.0 

50.0 

122.6 



Fil t rat ion:  

Feed Tank , retention time , minutes 
F i  1 t e r  , type 

2 , f i l t e r  a rea ,  f t  , each 
2 , f i l t e r  r a t e ,  1 b / f t  /hour 

, avai lab i l i ty ,  % 

Fil t e r  Cycle (Provi sional ) 
, feed,  minutes, design 

, range 
, close , minutes , design 

, range 
, blow, minutes , design 

, range 
, disc & misc. , minutes, design 

, range 
, total  , minutes, design 

, range 
Air Required, cfm , blow cycle , avg. 

, psig,  i n i t i a l  
F i l t e r  Cake, dstph ( r a t e ) ,  each f i l  t e r  

, % moisture 
, bulk density 
, specific gravity 

Loadout 
Concentrate Storage, capacity , 1 ive 

, total  

150 
pressure 

300 
9 2 

85 

12 hours 

2 weeks 



3.7.2 PROCESS DESCRIPTION 

.1 General 

The process cons is ts  o f  autogenous g r ind ing  of t h e  primary 

crushed ore , d i  f f e r e n t i  a1 1 ead lz i  nc f l o t a t i o n  , concentrate 

dewateri ng , concentrate storage and 1 oadout. The economic 

mineral s  i n  the  Tom and Jason ores are galena and sphal e r i  t e  , 
w i t h  some precious metals associated w i t h  t h e  former. The 

g r ind ing  c i r c u i t  incorporates f u l l y  autogenous primary g r i n d i n g  

( r e f e r  t o  Sect ion 2 )  fo l lowed by secondary pebble m i l l i n g .  The 

f l o t a t i o n  scheme i s  genera l ly  t y p i c a l  f o r  t h i s  type o f  o re  

mineral i z a t i  on; however, a 1 ow pul  p pH i s used , and a coarse 

l e a d  c i r c u i t  i s  incorporated t o  recover 1 i be ra ted  galena i n  a 

concentrate a t  o r  c l  ose t o  f i nal  product grade. The 

concentrates are thickened then pressure f i l  te red  , thereby 

avo id ing  t h e  need f o r  drying. F ina l  t a i l i n g s  are th ickened a t  

the disposal area, and rec la im water i s  re turned t o  the  process. 

.2 Basis 

The m i  11 i ng c i r c u i t  was designed f o r  a feed capaci ty  o f  5000 

dry  sho r t  tons per day o f  o re ,  w i t h  the  capaci ty  o f  t h e  

g r ind ing  c i r c u i t  being t h e  main 1 i m i  t i n g  fac tor .  Nominal 

throughput i s  4500 shor t  tons per day. 

The g r i n d i n g  m i l l s  have been s i zed  on m i l l i n g  t h e  hardest  ore 

(Tom West), thus t h e  design bas is  i s  probably conservat ive f o r  

t h e  co-mingled Tom East  and Tom West m i l l  feed, and poss ib l y  

f o r  Jason ores. 



I n  s i z i n g  the  f l o t a t i o n  c i r c u i t ,  t h e  h igher  grade Tom 

East o re  was used (1 1.13% Pb , 8.41 % Zn) , thus t h e  

capac i t i es  o f  t h e  fl otat ion/concentrate dewatering 

c i r c u i t s  are 1 ikewise conservat ive. As noted i n  Sect ion 

2.4, the  s e l e c t i o n  o f  t he  f l o t a t i o n  c i r c u i t  was based 

upon testwork conducted on samples o f  Tom East and Tom 

West ores. 

The process f l ow  diagrams a re  presented i n  Drawings 

M-100 , M-101 and M-102. Mechanical /process equi pmen t i s  

l i s t e d  i n  Sect ion 3.15, together  w i t h  equipment s i z e ,  

quant i  t y  , etc  . 

.3 Crushed Ore Storaae 

Primary crushed o re  storage has been provided adjacent  t o  

the concentrator.  A 10,000 ton  ( 2  days capac i ty )  

underground pocket w i  11 be excavated i n  the  h i 1  1 behind 

the  concentrator  fo r  t h i s  purpose ( r e f e r  t o  Drawing 

M - 1  . Ore w i  11 be del i v e r e d  from t h e  Tom mine by 

conveyor, and from Jason by r e a r  dump t ruck .  Should t h e  

r a t e  o f  e x t r a c t i o n  from Jason be increased i n  t h e  f u t u r e ,  

conveyor d e l i v e r y  can be r e a d i l y  accommodated, as shown 

on Drawing M-1 11 . Furthermore, shoul d bottom dump t rucks  

eventua l ly  be se lec ted i n  p lace o f  rea r  dump, t h e  storage 

concept can be r e a d i l y  adapted t o  accommodate them. 

Major advantages o f  t h e  system used f o r  t he  study inc lude:  

o Minimum use of expensive s t r u c t u r a l  mater ia l  s. 

o Minimum requirement f o r  p ro tec t i on  against  ore 

f reez ing  dur ing  storage. This i s  o f  p a r t i c u l a r  

concern because o f  t h e  h igh  p r o b a b i l i t y  t h a t  t h e  ore  

from t h e  Tom mine w i l l  be q u i t e  wet. 



o Capacity can be ad jus ted r e a d i l y  w i t h  minimum c o s t  

impact. 

.4 Gr ind ing  

As noted i n  Sect ion 3.4, o re  w i l l  come i n i t i a l l y  from t h e  

Tom mine on ly  f o r  about 3 years a f t e r  s t a r t  up, then from 

both Tom and Jason mines and f i n a l l y  i n  t h e  l a s t  few years 

o f  opera t ion ,  from Jason mine only.  The primary crushed 

o re  w i l l  be withdrawn from t h e  coarse ore  s tockp i l e  a t  a 

c o n t r o l l e d  r a t e  us ing v i b r a t i n g  feeders. Usual ly two o f  

t h e  th ree u n i t s  w i l l  operate simultaneously t o  prov ide  t h e  

requ i red  con t ro l  o f  t h e  g r i n d i n g  feed ra te .  

The primary crushed o re  w i l l  be del i ve red  t o  a double-deck 

v i b r a t i n g  screen where s i zed  ore  pebbles (minus 3 112 p l  us 

1 112 inch)  w i l l  be screened o u t  and sent  t o  a 100 ton  

capaci ty  surge b in .  The p l u s  3 112 and minus 1 112 i n c h  

products w i l l  be combined and sen t  t o  t h e  200 ton  capac i ty  

pr imary m i l l  feed b in .  As t h e  weight o f  pebble-sized 

f r a c t i o n  i n  t h e  feed t o  t h e  screen w i l l  be greater  than 

t h a t  requ i red  f o r  secondary gr ind ing,  t h e  e n t i r e  feed w i l l  

be d i v e r t e d  d i r e c t  t o  t h e  pr imary m i l l  feed b i n  f o r  much 

o f  t he  time. 

Based upon testwork conducted i n  1984 ( r e f e r  t o  Sect ion 

2 ) ,  the  g r ind ing  c i r c u i t  w i l l  comprise a primary 

autogenous m i  11 f o l l  owed by secondary pebbl e m i  11 s; each 

stage w i l l  be c l o s e - c i r c u i t e d  w i t h  cyclones. On a f u l l y  

autogenous bas is ,  t h e  pr imary m i  11 w i  11 draw 2400 HP a t  a 

l oad ing  o f  30 t o  35% o f  m i l l  volume. Should i t  be found 

necessary t o  g r i n d  semi -autogenously t o  remove c e r t a i n  



c r i t i c a l  s i z e  bu i  1 d-ups , a b a l l  charge o f  up t o  8% may be 

added which would lower m i l l  volume t o  about 25%, b u t  

would draw t h e  same t o t a l  power. 

The primary m i l l  c l a s s i f i e r  over f low w i l l  be r e l a t i v e l y  

f i n e  a t  80% passing 100 mesh. A t  t h i s  f ineness, i t  i s  

an t i c ipa ted  t h a t  a s i g n i f i c a n t  q u a n t i t y  o f  1 ibera ted l e a d  

mineral (galena) w i l l  be present  i n  t h e  pulp,  thus a u n i t  

f l o t a t i o n  c i r c u i t  i s  inc luded i n  t h e  c i r c u i t  t o  recover 

'coarse' l i b e r a t e d  lead. The feed t o  t h e  coarse l e a d  

rougher u n i t  c e l l s  w i l l  c o n s i s t  o f  primary cyclone 

o v e r f l  ow together  w i  t h  secondary g r i  ndi  ng m i  11 

discharge. The coarse l e a d  rougher f r o t h  w i l l  be cleaned 

i n  another sing1 e u n i t  c e l l  , and t h e  coarse 1 ead c leaner 

concentrate w i l l  be pumped t o  t h e  l ead  cleaner f l o t a t i o n  

c i r c u i t .  Concentrate grade w i  11 be monitored, and 

depending upon t h e  qua1 i t y  , the  concentrate from t h e  uni  t 

c e l l s  may be sent  e i t h e r  t o  t h e  1 ead 3 r d  cleaners o r  t o  

f i n a l  l e a d  concentrate product. A1 so, t h e  u n i t  c e l l  s 

w i l l  have t h e  f l e x i b i l i t y  t o  be operated as a 

rougher-rougher scavenger con f igu ra t i on  r a t h e r  than as a 

rougher-rougher concentrate cleaner. 

The combined coarse l e a d  rougher and cleaner t a i l i n g s  

w i l l  be pumped t o  t h e  secondary cyclones; t h e  cyclone 

overf low a t  80% passing 325 mesh w i l l  be sent  t o  t h e  l e a d  

f l o t a t i o n  condi ti oner tanks, and t h e  under f l  ow w i  11 be 

s p l i t  and fed  by g r a v i t y  t o  t h e  two secondary pebble 

m i l l  s. The secondary m i l l s  w i l l  r e q u i r e  a pebble media 

o f  6 t o  10% o f  the  t o t a l  feed. A t  a f u l l  l o a d  o f  about 

40% by volume , t h e  secondary pebble m i  11 s w i  11 each 

r e q u i r e  a 1500 HP motor d r ive .  The secondary m i l l s  w i l l  



be rubber-lined, and will be equipped with discharge 

trommel screens to  remove pebble chips. 

The feed ra te  to  the primary autogenous mill will be 
control 1 ed by be1 t scal e , integrated through the mi 11 

power draw and the bearing hydrostatic pressure. The 
pebble feed ra te  to the secondary mi 11 s will be 
controlled through power draw; each mill will be fed 
pebbles intermittently. The secondary cycl one feed pump 

(metal -1 i ned) w i  11 be equipped with a variable speed 
drive to  afford control of the level i n  the cyclone feed 
sump which, in tu rn ,  influences the overflow density and 
s ize  s p l i t .  Water addition to  the grinding c i r c u i t  will 
be adjusted generally by the ore feed rate.  

For operating r e l i a b i l i t y ,  the slurry pumps in the 

grinding c i r c u i t  wi 11 include instal  1 ed stand-by units. 
The grinding bay will be serviced by a 35/5 ton overhead 
crane; t h i s  crane will likewise service the diesel 

e l ec t r i c  generators which are  located in a partitioned 

extension to  the grinding bay. The crane will a1 so be 
used to  charge ba l l s  to  the primary mi 11 , when in the 
semi -autogenous grinding (SAG) mode , and to the 1 ead 

concentrate regrind m i  11. 

Flotation 

Secondary cycl one overflow wi 11 be condi ti oned with the .  
appropriate f lotat ion reagents (col l  ector , gangue 
depressant, f rother)  in two agitated tanks in ser ies .  
The condi t ioner discharge w i  11 be combined with recycl ed 
lead scavenger concentrate and w i t h  process water 



(density control ) , and directed to  the f i r s t  of the 1 ead 

rougher f lotat ion cel l  s .  A 1 ead rougher concentrate w i  11 
be floated in three-1 350 cu f t  cell  s , and a scavenger 
concentrate i n  two-1350 cu f t  ce l l s .  The large capacity 
c e l l s  have been selected both on cost  considerations and 
on metallurgical performance resul ts  on similar 
appl i cations. 

The lead rougher concentrate will be upgraded i n  three 
cleaning s tages,  each stage consisting of four-600 cu f t  
cel l  s. Reagent additions will be made where required i n  

the cleaning c i rcu i t .  The lead f i r s t  and second cleaner 
ta i l ings  will be reground in an overflow ball mil 1 i n  

cl osed-circui t w i t h  cyclones. The regrind cyclone 
overflow will be directed to  the 1 ead regrind rougher 
flotation cell  s , with the concentrate upgraded i n  one 

cleaner stage. As with the coarse 1 ead f lotat ion 
c i r c u i t ,  the regrind lead c i r c u i t  has the f l ex ib i l i t y  to  
be operated as a rougher-rougher scavenger 
configuration. The lead regrind cleaner concentrate will 

be directed to  the lead scavenger feed. 

The lead scavenger ta i l ings  will be pumped to the zinc 
conditioners (two tanks in ser ies ) .  A zinc rougher 
concentrate wi 11 be floated in three-1350 cu f t  cell  s , 
and upgraded in three cleaning stages ( f i r s t :  four-350 cu 
f t  , second: four-300 cu f t  , and third:  three-300 cu f t  
c e l l s ) .  Tailings from the zinc f i r s t  cleaners will be 
returned t o  the zinc rougher feed. The zinc scavenger 

ta i l ings  (f inal  t a i l i ngs )  will be pumped to the disposal 
area ( r e fe r  Section 3.8). 



Vertical open-impel 1 e r  pumps w i  11 be used for  
transferring the various froth products. Curbed floor 
areas and in-fl oor sumps equipped w i t h  vertical slurry 
pumps are provided to  contain and recover separately any 
s p i l l s  of lead and zinc pulps. The lead and zinc 
f lotat ion bays will be serviced by overhead 10 ton 
travelling cranes. 

.6 Concentrate Dewaterina 

The concentrate product from the 1 ead third cleaners will 
be pumped t o  a 70 foot diameter thickener located within 
the concentrator bui 1 ding.  The thickener area i s  
suf f ic ien t  such tha t  a flocculant i s  assumed to be 
unnecessary. 

Pressure f i l t r a t i o n  of concentrate will be practiced; 
equi pment with demonstrated experience for  1 ead and zinc 
concentrate dewatering to  1 ow moisture contents i s  
available for t h i s  duty. Pressure f i l t r a t i o n  has the 
advantage of lower operating cos ts ,  primarily fuel , over 
conventional vacuum f i 1 t r a t i  on and drying . 

Thickened lead concentrate will f i r s t  be transferred to a 
surge tank from which the concentrate slurry will be 
pumped i n  a1 ternate cycles to two 990 cu f t  (28 cu m )  
pressure f i l t e r s  (Larox pressure f i l t e r s  have been 
selected for study purposes). Each of the two f i  1 t e r s  
will operate on approximately nine minute cycles; each 
cycl e w i  11 i ncl ude a b l  ow stage i n  which compressed ai r 
i s  blown through the f i l t e r  cake to  remove moisture. In 
general , the longer the blow stage , the 1 ess moisture 
w i  11 remain with the cake. 



The lead f i l t e r  cake a t  about 6-9 percent moisture will 
be discharged from the f i l t e r  and will be conveyed to the 
lead concentrate storage area. 

Equipment i n  the zinc concentrate c i r c u i t  has been sized 
identical t o  t h a t  for  1 ead , except the thickener which 
will be only 60 foot diameter. 

Sizing of the pressure f i l t e r s  for  study purposes i s  

based upon rates  obtained in actual applications on 
concentrates simi 1 a r  t o  those anticipated i n  t h i s  study. 
As noted a t  the beginning o f  t h i s  section, the higher 
grade Tom East ore was used for  design purposes, and 
consequently the f i l t e r  equipment s ize  is  1 ikely 
conservative. Since the pressure f i l t e r  output will be 
re1 a t i  vely constant, the ant ic i  pated equi p e n t  
u t i l  ization w i t h  the blended Tom or Jason feeds may be 
low. Control instrumentation for both lead and zinc 
concentrate f i l  t ra t ion  will be through a programmable 
1 ogi c control 1 e r  ( P L C )  . 

.7 Concentrate Storage and Loadout 

Lead and zinc concentrates will be delivered on separate 
conveyors to  two separate storage buildings from which 
they will be reclaimed and loaded out into highway 
transport trucks ( re fer  to  Drawing M-116). Recl aim 
equipment i s  sized a t  150 s t p h .  A platform type truck 
scale i s  located i n  each loading shed, t o  provide 
accurate weighing of the product being shipped. 



The study i s  based on the assumption t h a t  every e f f o r t  

will be made to  ship concentrates da i ly ,  so tha t  storage 
i s  required only for  short  periods when road transport i s  
interrupted. As such, only a few hours of production 
should normally be contained in the "live" space 
immedi ate1 y above the hopper and feeder. Shoul d shipping 
be interrupted, the pi 1 e w i  11 accumulate and spi 11 over 

i n  to the "dead" storage of the conical pi  1 e , to be 
reclaimed as soon as possible a f t e r  resumption of 
shipments. Reclaim will be accomplished by p u s h i n g  the 
"dead" material into the "1 ive" space over the hopper, 
using a dozer or f ront  end 1 oader. 

The storage capacity provided in the 100 foot diameter 
domes for each of the concentrates represents a t  1 eas t  14 
days production. 

.8 Reagent Systems 

The selected reagent schedule has been developed from the 
resul ts  of the previous testwork programs ( refer  to  
Section 2 ) .  The system incorporates the use of select ive 
collectors and depressants, and may be characterized from 
some other lead/zinc di fferenti  a1 f l  owsheets by the use 

of sodium cyanide (only) for depression of sphalerite and 
pyrite. Lime will not be required for a1 kal ini  ty control 
i n  f lotation. 

Table 3.7-1 indicates the reagent scheme, quant i t ies ,  

reagent dosages, and addition points. For study purposes 
the quantit ies of reagents used i n  the testwork have been 

appl ied; however, in commerical appl ication optimization 

of reagents would 1 ikely r e su l t  i n  l e s s  reagent 
quantit ies.  



The equipment schemes selected f o r  reagent p repara t ion  

and d i s t r i b u t i o n  are  i n d i c a t e d  on Process Flow Diagram 

M-102. For the  most p a r t ,  reagent so lu t i ons  w i l l  be 

prepared on one s h i f t  d a i l y ,  and fed  t o  t h e  process a t  

the  des i red  q u a n t i t i e s  and concentrat ions from storage 

tanks. Cyanide sol u t i  on w i  11 be prepared i n  an encl osed 

p a r t  o f  t he  reagent mix area, w i t h  proper v e n t i l a t i o n .  

Other chemicals and reagents may be required; b u t  t h e  

q u a n t i t i e s  may n o t  be s i g n i f i c a n t .  Among the  items which 

may be needed, b u t  which cannot be q u a n t i f i e d  a t  present ,  

are : 

Hydrated 1 ime f o r  occasional pH adjustment. 

Ei t h e r  hydrated 1 ime and 1 i q u i d  SOp ,or c h l o r i n e  

fo r  cyanide des t ruc t i on  i f  and when i t  i s  necessary 

t o  d iscard  t a i  1 ings pond sol  u t i  ons t o  the  1 ocal 

watercourse. 

Lime f o r  p r e c i p i t a t i o n  o f  heavy metal ions  present  

i n  a c i d i c  mine waters. 

Water so f ten ing chemical s  f o r  d iesel  generator 

cool i ng sys tems . 
Ant i -scal  e n t  f o r  process water sys tems. 

Sewage t reatment  chemical s. 

F loccul  a n t  f o r  concentrate th icken ing and/or 

t a i  1 i ngs th icken ing ( i  f found t o  be necessary ) . 

p a r t i c u l a r ,  i t  should be noted t h a t  no p rov i s ion  has 

been made f o r  t h e  bu lk  hand1 i n g  o f  l a r g e  q u a n t i t i e s  o f  

1 ime , a1 though such a system coul d be f i  t t e d  i n qui t e  

readi  1 y . 



REAGENTS 

Reagent 

ZnSO4 

Na2Si 02 

NaCN 

M I  BC 

AF-99E 

CuS04 

Xanthate 

AF-25 

Use 

Zn depressant 

Zn depressant 

S l  imes d i  spersant 

Zn & P y r i t e  

depressant 

Pb promotor 

f r o t i l e r  

f r o t h e r  

Zn a c t i v a t o r  

Zn promotor 

f r o t h e r  

Amount Strength,  
1 b / ton  % w t .  Add i t ion  Points 

Pb cond i t ioner  
I f 1  o t a t i  on/ 
reg r ind  c i  r c u i  t 

Pb cond i t ioner  
/ reg r ind  c i r c u i t  

Pb cond i t ioner  

Pb condi ti oner 
I f 1  o t a t i o n l  
reg r ind  c i  r c u i  t 

Pb condi ti oner 
I r e g r i  nd 

Pb & Zn f l o t a t i o n  

Pb & Zn f l o t a t i o n  

Zn Condi ti oner 

Zn Condi ti oner 

Zn f l o t a t i o n  

TABLE 3.7-1 



Process Control Instrumentation 

The i n i t i a l  strategy i s  t ha t  the degree of sophistication 
of the control instrumentation will provide high plant 
e f f ic ienc ies ,  b u t  will minimize labour only to  a degree. 
A t  a l a t e r  date automated digital  process control 
u t i l  i r ing a centralized computer can be considered for 
optimization of metal1 urgical performance, reagent 
u t i l i za t ion ,  as well as productivity. 

The grinding c i r c u i t  control instrumentation will incl ude 
measurement of the feed ra te  , cyclone feed sump 1 evel and 
i n l e t  pressure (primary and secondary cyclones), with 
variable speed control on the secondary cyclone feed pump 

drive , and mass f l  ow i n d i  cation/readi ng on the secondary 
cyclone overflow. A par t ic le  s i ze  monitor (PSM) can be 
included l a t e r  to  measure and control the degree of 
fineness i n  the secondary cycl one overfl ow. 

In the flotation c i r c u i t s ,  pulp levels will be controlled 
u s i n g  float-activated electronic 1 evel indicators and 
pneumatic da r t  valves on the discharge boxes of each cel l  
bank. Adjustments to  the reagent additions and to the 
a i r  flow rates  will be made manually in the i n i t i a l  
control strategy. 

Since the need to  maintain optimum density of the 
concentrate thickener underfl ows i s  not c r i t i ca l  for the 
subsequent pressure f i l t r a t i o n  s tage ,  the thickener 
underfl ows w i  11 be control 1 ed by density gauge and 
variable speed drive on the underflow pump. 



The f i l t e r s  will be equipped with programmable logic 
control lers  (PLC); operator attention for  the f i  1 t e r s  
wi 11 not be required. 

The t a i l  i ngs pumping and pi pel i ne sys tem wi 11 be equi pped 
w i t h  pressure transmitters , and a mass flow (nuclear 
density gauge , magnetic f l  owmeter) indi cator/recorder. 

A total  of s i x  automatic pulp samplers have been 
sel ected; these w i  11 be 1 oca ted on the fol 1 owing streams : 

o secondary cyclone overfl ow 
o coarse lead cleaner concentrate 
o lead rougher concentrate 

o lead scavenger ta i l ings  
o zinc rougher concentrate 
o zinc scavenger ta i l ings  

The secondary cyclone overflow (plant  feed) and the zinc 
scavenger (final ) t a i l ings  will be equipped w i t h  two 
stage systems; an intermittent cut ter  followed by a vezin. 

An on-stream X-ray analyzer sys tem has a1 so been 
incorporated to  monitor f ive  of the above s ix pulp 

streams (coarse 1 ead cl eaner concentrate excl uded) . 
Elements which will be analyzed include lead ,  z inc,  iron 
and slurry density. Results will be printed a t  5-10 

minute intervals and the data used for operator control , 
b u t  not for metal 1 urgical purposes. 



3.7.3 MATERIALS BALANCE 

.1 Design Flows 

An ore and water balance , using the design flow ra te  , i s  

presented in Table 3.7-2. As noted in Section 3.7.1.1, 

Operating Parameters, the design capacity i s  5,000 dstpd 

versus a nominal capacity of 4,500 dstpd of ore feed. 

The material balance was cal cul ated using a programable 

micro-computer with the software package Lotus 1 $2 $3. 

Table 3.7-2 i s  a print-out of the program. 

Most of the s ignif icant  Stream Nunbers from Table 3.7-2 

are  shown on the Process Flow Diagrams M-100, M-101 and 

M-102. 

The feed grades, and product weight recoveries and 

grades , were selected on information provided to  Bechtel 

Canada ( re fer  to  Section 3.7.2). 

.2 Minimum/Maximum Flow Ranges 

Further materi a1 s balances were cal cul ated using the 

programmable micro-computer to  establish the minimum and 

maximum flow ra tes  used for equipment selection and 

sizing. The basic assumptions used are noted in Table 

3.7-3 and the resulting flow ranges are  shown in Tab1 e 

3.7-4. 

The stream nunbers correspond t o  those shown on Process 

Flow Diagrams M-100 and M-101. The figures in the centre 

column, Design Flow, a re  as presented in Table 3.7-2. 



TOH / JASON PROJECT - Ore 1 Water Balance 

Plant Feed (rstpy) : 1.575 
Plant Feed (stpd) : 5000.00 
Plant Feed (stph) : 208.33 
Days Per Year : 350 
Plant Ava i l ab i l i t y  : 90% 

- - - - - - - - - - - - - - - - - - - -  - ------------------ 

Line Strear STPH STPH STPH Z 5.6. USGPR USGPH 5.6, % 1. X Distn. Distn. 
No. Nare Solids Water Pulp Solids Solids Water Pulp Pulp Weight Pb Zn Pb Z n .................................................................................................................................... 

Plant Feed 
Pebble Product 

Pri. H i l l  Feed Product 
Pri. H i l l  Feed 

Pr i ,  H i l l  Product 
Pr i .  H i l l  Feed Di lu t ion  
Pri.Cycl.Feed D i l u t i on  
P r i r u y  Cyclone F e d  
Pri.Cyclone Ovwf lw 
Pri.Cyclme Underflaw 

Pebble Feed (each r i l l) 
Sec.Cyc1.UIF D i l u t i on  
Ore Feed (each r i l l )  

14 Peb.Hill Prod.(each r i l l )  314.94 165.36 480.30 65.57 3.34 660.53 1037.38 1.85 151.17 10.22 8.53 138.76 153.33 
15 Peb.Hil1 Prod. D i l u t i on  
16 Peb.Hil1 Circ.Product 
17 C.Lead Ro.Feed D i l u t i on  
18 C.Lead Rougher Feed 
19 C.Lead Rwgher Spray 
20 C.Lead Rougher Conc. 
21 C.Lead Rougher Ta i l  
22 C.Lead Cleanw Spray 
23 C.Lead C i r cu i t  Conc. 
24 C.Lwd Cleaner Ta i l  
25 C.Lead Ci rcu i t  Ta i l  
26 Sec. Cycl. Feed D i l u t i on  
27 Sec.CycloneFeed 
28 Slc. CycloneOverflow 
29 Sec. Cyclone Underflow 
30 Lead condit ioner D i lu t ion  16.33 16.33 65.23 65.23 1.00 
31 Lead Rougher Feed 215.26 457.42 672.67 32.00 3.34 1827.20 2084.96 1.29 103.32 10.08 8.61 93.58 105.74 
32 Lead Rougher Spray 37.55 37.55 150.00 150.00 1.00 
33 Lead Rwaher Concentrate 52.01 121.35 173.36 30.00 4.23 404.75 533.83 1.30 24.96 40.00 4.00 89.72 11.87 

~ead-~ougher  Tai 1 
Lead Scavenger Feed 

Lead Scavenger Spray 
Lead Scavenger Conc. 
Lead Scavenger Ta i l  

Lead 1st Cleaner Spray 
Lead 1st Cleaner Conc. 
Lead 1st Cleaner Ta i l  
Lead 2nd Cleaner Feed 

Lead 2nd Cleaner Spray 
Lead 2nd Cleaner Conc. 
Lead 2nd Cleanw Tai 1 
Lead 3rd Cleaner Feed 

Lead 3rd Cleaner Spray 
Lead 3rd Cleaner Conc. 
Lead 3rd Cleanw Tai 1 

TABLE 3 .7 -2  
Sheet  1 

3 - 92 



TOM / JASON PROJECT - Ore / Water Balance 

Plant Feed ( rs tpy)  : 1.57s 
Plant Feed (stpdl  : 5000.00 
Plant Feed (stph) : 208.33 
Days Per Year : 350 
Plant Ava i l ab i l i t y  : 9OZ 

Line Strear STPH STPH STPH Z S.6. USGPH USBPfl S.6. Z X % Distn. Distn. 
No. Naw Solids Water Pulp Solids Solids Water Pulp Pulp Weight Pb Zn Pb Zn .................................................................................................................................... 
38 Zinc Circ. - New Feed 
62 Zinc Rougher Feed 
63 ZincRouqher Spray 
64 Zinc Rougher Concentrate 
65 Zinc Rougher Ta i l  
66 Zinc Scavenger Spray 
67 Zinc Scavenger Conc. 
68 Zinc Scavmger Ta i l  
69 Zinc 1st Cleaner Feed 
70 Zinc 1st  Cleaner Spray 
71 Zinc 1st Cleaner Conc. 
72 Zinc 1st Cleaner T a i l  
73 Zinc 2nd Cleaner Feed 
74 Zinc 2nd Cleaner Spray 
75 Zinc 2nd Cleaner Conc. 
76 Zinc 2nd Cleaner Ta i l  
77 Zinc 3rd Cleaner Spray 
78 Zinc 3rd Cleaner Conc. 
79 Zinc 3rd Cleaner Tai 1 
48 Lead Concentrate 
80 Lead Thickener U/F 
81 Lead Thickener D/F 
82 Lead F i l t e r  Feed (Avq.) 
83 Lead F i l t w  Cake ( k g . )  
84 Lead F i l t r a t e  lAvq.1 

105 Reclair  Water 
85 Fresh Hater Hake-up 
86 Lead Process Water 
78 Zinc Concentrate 
87 Zinc Thickener U/F 
88 Zinc Thickener O/F 
89 Zinc F i l t w  Feed lAvg.1 
90 Zinc F i l t w  Cake lbvg. 1 
91 Zinc F i l t r a t e  lbvg.1 
92 Fresh Water Hake-up 
93 Zinc Process Water 
68 Zinc Scavenger Ta i l  

100 Process Tai l ings 
101 Tai l ings Thickener U/F 
102 Tai l ings Thickener DIF 
103 Settled Tai l ings 
104 Tai l ings Decant Sol'n 
105 Reclaim Water 
106 Fresh Watw For Process 

TABLE 3.7 
Sheet  2 

3 - 93 

1912.93 
2301.35 

SO. 00 
309.23 

2042.12 
50.00 

197.64 
1894,48 
486.64 

40.00 
335.87 
190.77 
449.55 

40,OO 
312.14 
177,41 
40.00 

238.46 
113.69 
399.47 
147.89 
251.58 
147.89 
33.03 

114.85 
1429.56 
243.09 

2039.08 
238.46 
115.91 
122.55 
115.91 
3l .W 
83.92 
13.53 

220.00 
1894.48 
1894.40 
704.33 

1190.15 
464.92 
239.41 

1429.56 
256.62 



TOW / JASON PROJECT - Ore / Watw Balance 

Plant Feed (rstpy) : 1.575 
Plant Feed (stpd) : 5000.00 
Plant Feed (stph) : 208.33 
Days Per Year : 350 
Plant Ava i l ab i l i t y  : 901 ............................................................................................................................ 

Line Strear STPH STPH STPH Z S.6. USPN USGP11 S.6. Z X X Distn. Distn. 
No. M a r  Solids Water Pulp Solids Solids Water Pulp Pulp Weight Pb Zn Pb Zn . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
50 Lead Regrind - k w  Feed 27.88 108.74 136.62 20.41 3.34 434.38 467.68 1.17 13.38 11.19 7.19 13.46 11.44 
51 Regr. Cycl. Feed D i l u t i on  2.79 2.79 11.14 11.14 1.00 
52 Regrind Cyclone Feed 139.41 247.84 387.26 36.00 3.34 990.04 1156.53 1.34 66.92 11.19 7.19 67.29 57.20 
5 3 R e g r i n d C y c l o n ~ D v ~ f l o r  27.88 111.53 139,41 20.00 3.34 445.52 478.82 1.16 13.38 11.19 7.19 13.46 11.44 
54 Regrind Cyclone Underflow 111.53 136.31 247,84 45.00 3.34 544.52 677.72 1.46 53.53 11.19 7.19 53.83 45.76 
55 Regrind Rougher Spray 3.76 3.76 15.00 15.00 1.00 
56 Regrind Rougher Canc. 6.89 27.56 34.45 20.00 3.87 110.11 117.21 1.17 3.31 30.00 5.00 8.92 1.97 
57 RegrindRougherTail 20.99 87.72 100.71 19.31 3.20 350.41 376.60 1.15 10.08 5.02 7.91 4.54 9.47 
58 Regrind Cleaner Spray 1.25 1.25 5.00 5.00 1.00 
59 Regrind Cleaner Conc. 3.44 13.76 17.20 20.00 4.17 54.97 58.27 1.18 1.65 40.00 1.00 5.94 0.20 

1.16 1.66 20.03 8.99 2.98 1.77 
1.15 11.73 7.14 8.06 7.52 11.24 
1.00 

60 ~ e p r i n d  Cleaner Ta i l  3.45 15.05 18.50 18.65 3.62 60.13 63.94 
61 Regrind C i r cu i t  Ta i l  24.44 102.77 127.22 19.21 3.25 410.54 440.54 
86 Lead Process Water 510.46 510.46 2039.08 2039.08 

TABLE 3.7-2  
Sheet 3 

3 - 94 



FLOW RANGE CRITERIA 

Feed Rate 

ds tpd  

Feed Grades 

% Pb 
% Zn 

Primary Cycl ones 

% C i  r c u l  a t i n  ? toad S.F. t o  U/F 1 

Secondary Cycl ones 

% C i  r c u l  a t i n  
S.F. t o  U/F ?l koad 

BASIC ASSUMPTIONS 
DESIGN 

FOR MINIMUM FLOW FLOW FOR MAXIMUM FLOW 

Note (1 ) Spl i t  f a c t o r  o f  so l  i d s  r e p o r t i n g  t o  t h e  under f l  ow 

Table 3.7-3 



DESIGN FLOW RANGES 

Stream 
Number 

5 
6 
7 
8 
9 

10 
12 
13 
14 
15 
16 
17 
19 
2 0 
2 2 
23 
25 
2 6 
2 7 
2 8 
2 9 
30 
32 
3 3 
3 6 
37 
3 8 
39 
40 
41 
43 
44 
45 
47 
48 
5 1 
5 2 
5 3 
54 
5 5 
56 

Lead 
Lead 
Lead 
Lead 
Lead 
Lead 
Lead 
Lead 
Lead 
Lead 
Lead 
Lead 
Lead 

Rougher Spray 
Rougher Concentrate 
Scavenger Spray 
Scavenger Conc . 
Scavenger Tai 1 
1 s t  Cl eaner Spray 
I s t  Cleaner Conc. 
1 s t  Cleaner Tail 
2nd Cleaner Spray 
2n d Cl eaner Conc . 
2nd Cleaner Tail 
3rd Cleaner Spray 
3rd Cl eaner Conc. 

STREAM NAME 

Pri .  Mill Product 
Pri . Mi 11 Feed D i  1 ution 
Pri .Cycl .Feed Dil ution 
Primary Cycl one Feed 
Pri .Cycl one Overflow 
Pri .Cycl one Underflow 
Sec .Cycl .U/F Dil ution 
Ore Feed (each mill ) 
Peb. Mill Prod. (each m i l l )  
Peb.Mil1 Prod. Dilution 
Peb.Mil1 Circ.Product 
C .Lead Ro. Feed D i  1 u t i  on 
C.  Lead Rougher Spray 
C.Lead Rougher Conc. 
C .Lead Cl eaner Spray 
C. Lead C i  rcui t Conc. 
C. Lead Ci rcui t Tai 1 
Sec. Cycl . Feed D i  1 u t ion  
Sec. Cyclone Feed 
Sec. Cycl one Overfl ow 
Sec. Cycl one Underfl ow 
Lead Conditioner D i  1 u t i  on 

Regr. Cycl . Feed D i  1 u t i  on 
Regrind Cyclone Feed 
Regrind Cycl one Overfl ow 
Regrind Cycl one Underflow 
Regrind Rougher Spray 
Regrind Rougher Conc. 

FLOW, USGPM 
MINIMUM DESIGN MAXIMUM 

Table 3.7-4 
Sheet 1 



Stream 
Number 

58 
5 9 
61 
6 2 
6 3 
6 4 
6 6 
6 7 
6 8 
7 0 
71 
7 2 
7 4 
7 5 
7 6 
7 7 
78 
7 9 
80 
81 
84 
87 
88 
91 

100 
1 01 
102 
103 

STREAM NAME 

Regrind C l  eaner Spray 
Regrind C l  eaner Conc. 
Regrind C i  r c u i  t Ta i l  
Zinc Rougher Feed 
Zinc Rougher Spray 
Zinc Rougher Concentrate 
Zinc Scavenger Spray 
Zinc Scavenger Conc. 
Zinc Scavenger T a i l  
Zinc 1 s t  C l  eaner Spray 
Zinc 1 s t  C l  eaner Conc . 
Zinc 1 s t  Cleaner Ta i l  
Zinc 2nd C l  eaner Spray 
Zinc 2nd Cleaner Conc. 
Zinc 2nd Cleaner T a i l  
Zinc 3rd  C l  eaner Spray 
Zinc 3 rd  C l  eaner Conc. 
Zinc 3rd Cleaner Tai 1 
Lead Thickener U/F 
Lead Thickener O/F 
Lead F i  1 t r a t e  
Zinc Thickener U/F 
Zinc Thickener O/F 
Zinc F i l  t r a t e  
Process Tai 1 i ngs 
Ta i l i ngs  Thickener U/F 
Tai 1 i ngs Thickener O/F 
Se t t l ed  Tai 1 i ngs 

FLOW, USGPM 
'MINIMUM D t S I G N  MAXIMOT 

Table 3.7-4 
Sheet 2 



3.8 TAILINGS DISPOSAL AND RECLAIM WATER 

CONTENTS 

3.8.1 DESIGN CRITERIA 

.1  T a i l i n g s  Pumping 

.2 Thickening 

. 3  T a i l i n g s  Area 

3.8.2 LOCATION 

3.8.3 TAILINGS 

.1 Ta i  1 ings Pumpi ng 

.2 Tai  1 i ngs Deposi ti on 

. 3  T a i l i n g s  Storage 

. 4  Ta i  1 i ngs Area Faci  1 i ti es 

3.8.4 RECLAIM WATER SYSTEM 



3.8 TAILINGS DISPOSAL AND RECLAIM WATER 

3.8.1 DESIGN CRITERIA 

.1 T a i l i n g s  Pumping 

Pumps, no. o f  l i n e s  

, no. o f  stages per l i n e  

¶ type 

, d r i v e ,  Stages 1-4 

, d r i v e  , Stage 5 

, f low, USGPM, design 

, , USGPM, range 

9 % s o l i d s ,  design 

P i  pel i ne , number 

, diameter, inches 

, 1 ength , f e e t  

, f low  ve loc i  t! 

.2 Thickening 

Thickener , type 

, mechanism 
0 

(approx. ) 

y , f t l s e c  , 

1 + 1 standby 

5 

hard metal , 
c e n t r i f u g a l  

f i xed  speed 

va r iab le  speed 

1895 

1500 - 2400 

2 7 

1 

12 

s tee l  , 
i n s u l a t e d  & 

heat  t raced  

21 ,000 

range 3.5 - 6.0 

conventional 

centre-p i  e r  

, area, f t L l d s t p d  , desi gn 8.5 

, s i z e ,  diam, f e e t  2 00 



Thickener U/F , dstph , design 

, % sol  i d s  minimum 

Thickener O/F , USGPM , design 

. 3  T a i l i n g s  Area 

S e t t l e d  sol  i d s  , % sol  i d s  , design 7 0 

Storage , i n i  ti a1 , years 10 
3 , vol  ume requ i red ,  ft @ 70% sol  i d s  288 x l o 6  

, capaci ty  , tons @ 70% sol  i d s  18.23 x l o 6  
, capac i ty ,  d s t  12.76 x l o 6  

LOCATION 

The Rat Lake area on t h e  western p o r t i o n  o f  t h e  Jason 

proper ty  was se lec ted as the  t a i l  ings  disposal s i t e  f o r  

t h i s  study. 

Locat ions which were considered f o r  t a i l i n g s  disposal were 

a1 1 w i  t h i n  reasonable proximi t y  o f  t he  concentrator.  They 

included: 

o A s i t e  i n  t h e  South Macmill an v a l l e y  , 
approximately 5 k i lomet res  no r th  eas t  o f  t h e  

concentrator  s i t e  

o Rat Lake area 

o A f l a t m e a d o w a r e a i m m e d i a t e l y w e s t o f t h e R a t  

Lake area 

o I n  f u t u r e ,  mined o u t  sec t ions  o f  t h e  Tom mine. 



Other areas i n  the  general v i c in i t y  which o f f e r  potential  

s i t e s  a r e  described in Thompson's r epor t  of January 1981. 

In the  absence of geotechnical data o r  other bases of 
judgement f o r  any of these a r ea s ,  t h e  Rat Lake area was 
sel ected for  the fol 1 owing reasons: 

o Capacity t o  contain t h e  ant ic ipated 
vol umeltonnage of t a i  1 ings generated over the  

fo recas t  1 i f e  of t h e  p ro j ec t ,  w i t h  min imum 

containment dam requirement. 
o Probably the  most acceptable locat ion 

envi ronmen t a l l  y . 
o Situated on TomIJason property. 

The Rat Lake area i s  a basin located i n  the  valley t o  t he  
west of and above t he  Jason sha f t .  The ea s t e r l y  end of t he  
basin dra ins  by a narrow val ley  i n to  the  South Macmillan 

valley;  t h e  westerly end d ra ins ,  a l s o  by a narrow gorge, 

i n to  the  Hess River drainage area. Both ends can be closed 
off  by r e l a t i ve ly  small dams. 

The basin serves as  a catchment f o r  only a very l imi ted 
surrounding area. There a r e  no streams flowing i n to  the  
area;  the  only inflow i s  surface  runoff from the  
immediately adjacent  h i l l  s ides.  

The f l  a t  meadow area immediately west of Rat Lake , and 
designated as  a1 t e rna te  t a i l i n g s  area (Refer t o  S i t e  Plan 
C-1 ) i s  not  1 arge enough t o  contain the t o t a l  t a i l  ings , b u t  



could serve t o  supplement Rat Lake, should t h i s  ever be 

determined desireable. However, t h i s  area i s  n o t  who1 l y  on 

TomIJason property. 

The very h i g h  pumping head requ i red  t o  depos i t  t a i l i n g s  i n  

the  mined o u t  areas o f  the  Tom mine, would 1 i k e l y  r u l e  o u t  

t h i s  op t ion ,  except as a 1 a s t  r e s o r t .  

The disadvantage o f  Rat Lake area r e l a t i v e  t o  l o c a t i o n s  i n  

t h e  South Macmillan v a l l e y  i s  i t s  e leva t ion ,  some 100 

metres h igher  than t h e  concentrator.  

3.8.3 TAILINGS 

.1 T a i l  ings  Pumping 

T a i l i n g s  w i l l  be removed as underf low from t h e  z inc  

scavenger c e l l  s t o  a surge tank,  from which they w i l l  

be pumped t o  a 200 f t  diameter conventional th ickener  

l oca ted  a t  t h e  t a i  1 ings  disposal area. Chlor inated 

sewage, f l o o r  wash froin t h e  reagent area, o ther  f l o o r  

wash unsu i tab le  f o r  d i r e c t  r e t u r n  t o  the  process, and 

Tom Mine drainage water, w i l l  be added t o  t h e  t a i l i n g s  

surge tank f o r  pumping t o  the  disposal s i t e .  

The t a i l i n g s  w i l l  be pumped from t h e  concentrator by a 

5-stage c e n t r i f u g a l ,  pump system, fou r  stages having 

f i x e d  speed motors, t h e  f i  f t h  being v a r i a b l e  speed. A 

second se r ies  o f  pumps i s  provided as i n s t a l l e d  

standby. Both sets of pumps connect t o  a s i n g l e  12 

i nch  diameter schedule 40, i nsu la ted  and heat  t raced  



p i p e l i n e  l a i d  d i r e c t l y  on a graded roadbed 
para1 1 el 1 ing  the road between the concen t r a to r  and 
Jason s h a f t ,  thence t o  the t a i l  i ngs  a r ea .  

Pump Duty : S l u r r y  @ 80% pass ing  37 microns 
Design - 1900 USGPM, 27% s o l i d s  1.22 s.g.  
Maximum - 2400 USGPM , 24% so l  i d s  1 .19 s. g. 

An emergency dump will be provided a t  the low p o i n t  of 
the 1 i n e  i n  the South Macmi 11 an val 1 ey. The dump 
va lve  will be  l o c a t e d  i n  a hea ted  enc losure .  The pond 
will be 1 ined  t o  prevent  seepage t o  the environment. 
Pond capac i ty  w i  11 be a t  1 e a s t  double the pi pel i n e  
vol ume. 

.2 Tai 1 i ngs Deposition 

A th ickened  t a i l i n g s  d i sposa l  system has been s e l e c t e d  
f o r  this s tudy  i n  o rde r  t o :  

o Mi n i m i  z e  dam requi  rements . 
o Minimize water  o r  slimes bui ldup  behind dams. 

o Minimize possi  b l  i t y  o f  devel oping permanently 

f rozen  1 enses  o r  1 a y e r s  of i c e  i n  t h e  t a i  1 i n g s  , 
w i t h  p o t e n t i a l  f u t u r e  i n s t a b i l i t y  a s  a r e s u l t .  

o Minimize p o t e n t i a l  f o r  seepage of t a i l i n g s  water  
t o  the environment. 

The technique h a s  been succes s fu l ly  app l i ed  i n  o t h e r  
co l  d 1 o c a t i o n s  i n  Northern Canada, s o  i t  i s reasonabl e 
t o  expec t  t h a t  i t  can be  a p p l i e d  succes s fu l ly  a t  
TomIJason. A sub-aer i  a1 sys  tem m i  g h t  a1 s o  be appl i ed. 



The thickened t a i l i n g s  w i l l  be pumped t o  a 1 i m i  t e d  

number o f  d i s t r i b u t i o n  sp i  gots 1 ocated a1 ong t h e  

h i 1  1 side. Spigot  l o c a t i o n s  w i l l  be changed dur ing  

operat ions i n  order t o  achieve maximum storage 

capaci ty  from the  s i t e .  The sp igot ted  t a i l i n g s  are  

expected t o  depos i t  a t  a 6% slope down the  h i l l  w i t h  

the  t o e  o f  t h e  slope a t  t h e  t a i l i n g s  dam. Thickener 

over f low w i l l  f l ow  by g r a v i t y  t o  a p o l i s h i n g  pond 

loca ted  downstream of t h e  e a s t e r l y  t a i l i n g s  dam, from 

which i t  w i l l  be rec la imed f o r  r e t u r n  t o  t h e  

concentrator.  

.3 T a i l i n g s  Storage 

For t h e  t o t a l  product ion p resen t l y  fo recas t  a t  

approximately 20 m i l l  i o n  tons o f  o re ,  a t o t a l  o f  16.2 

m i l l i o n  dry  s h o r t  tons o f  t a i l i n g s  w i l l  be produced. 

The s e t t l e d  t a i l i n g s  a t  70% s o l i d s  w i l l  t o t a l  23 

m i l l  i o n  tons and r e q u i r e  370 m i l l  i o n  cubic f e e t  o f  

storage space. 

This volume may be r e a d i l y  contained i n  t h e  Rat Lake 

storage area shown on S i t e  Plan C-1 , which i s  capable 

o f  ho ld ing  i n  excess o f  500 m i l l  i o n  cubic f e e t  w i t h  

the  dam c r e s t  a t  e leva t ion  a t  1315 and t a i l i n g s  h i g h  

p o i n t  a t  1360 as shown. Thus there  i s  adequate space 

should ore  reserves and mine 1 i f e  be extended. For 

t h e  study , a dam c r e s t  e l e v a t i o n  o f  1305 has been 

provided , w i t h  a t a i l  i ngs  h igh  p o i n t  o f  1335 metres 

e levat ion .  This w i l l  be s u f f i c i e n t  f o r  approximately 

300 m i l  1  i o n  cu f t  o f  storage requ i red  f o r  10 years 

operat ion. 



.4  Tailings Area Fac i l i t i e s  

Faci 1 i t i  es provided a t  the t a i  1 i ngs area i ncl ude : 

o A 200 f t  diameter conventional thickener. 
Backfi 11 w i  11 be placed against the thickener 
walls as insulat ion,  and a floating "roof" 
provided over the 1 i q u i d  surface,  and the 
thickener mechanism will be protected by an 
el ectr ical  1 y heated encl osure. The thickener was 
located a t  the disposal s i t e  rather than a t  the 
concentrator because l e s s  power is  required to  
pump diluted t a i l  ings from the concentrator, than 
to  pump thickened ' t a i l  ings. 

The a1 ternat i  ve of a hi gh capaci ty thickener was 
not selected for the study because: 

a )  there i s  no adequate data on which to  se l ec t  
the s i z e ,  testwork woul d be required; 

b )  a h i g h  capacity thickener woul d require the 
use of flocculants. The appl ication of 
flocculant a t  the remote t a i l  ings thickener 
1 ocati on woul d i nvol ve i ncreased operating 
costs . 

o Tai 1 ings  thickener underfl ow pumps, one operating 
and one instal led standby, to  pump the thickened 
ta i l ings  to  the spigots via an 8" diameter 
p i  pel ine. Pumps w i  11 be housed in an insulated , 
el  ectr ical  l y  heated pumphouse adjacent to  the 
thickener. 



o A v e r t i c a l  conc re t e  well wi th in  the e a s t e r l y  dam, 
w i t h  s t op - logs ,  t o  con t ro l  removal o f  any 
accumul a t i  on o f  runoff  w a t e r ,  and/or water  
d r a in ing  from the t a i l i n g s .  Such water  will flow 
by g r a v i t y  t o  a pol i s h i n g  pond. 

o A pol i s h i n g  pond, ob t a ined  by cons t ruc t ing  a 
smal le r  dam i n  the v a l l e y  below the e a s t e r l y  
t a i l i n g s  dam. This  pond will r ece ive  any outf low 
from the t a i l  i ngs  a r e a ,  p l u s  the t a i l  i ngs  
t h i ckene r  over f l  ow, and w i  11 permi t sett l  i ng o f  
s o l i d s  from either source.  I t  will be of  adequate  
s i z e  and depth t o  s e r v e  a s  a rec la im water  
r e s e r v o i r  even i n  co ld  weather ,  and have an 
impervious l i n e r  t o  p reven t  seepage o f  the water  
t o  the environment. 

3.8.4 RECLAIM WATER SYSTEM 

A v e r t i c a l  well will be cons t ruc t ed  w i th in  the po l i sh ing  
pond dam, which will s e r v e  a s  i n t a k e  well f o r  two v e r t i c a l  
r ec l  aim water  pumps, one ope ra t i ng  and one standby. 

The rec la im water  w i  11 be pumped t o  a nearby 15,000 gal 1 on 
surge  t a n k ,  from which i t  will flow by g r a v i t y  back t o  the 
concent ra tor .  The rec la im water  pumps will be c o n t r o l l e d  by 
the water  l eve l  i n  the surge  tank.  They will be housed i n  
an i n s u l a t e d  , e l e c t r i c a l  l y  hea ted  pumphouse. The surge tank 
w i  11 a1 so  be i n  a heated encl  osure .  



Normally there will be very 1 i t t l e  or  no water draining from 

the ta i l ings  to  the polishing pond. There may be a small 

amount of precipitation runoff. Any such water surplus to 

the needs of the p l a n t , w i l l  be treated as necessary and 

re1 eased to  the environment under control 1 ed conditions. 

The 8" diameter reclaim water l i n e  will be heat traced and 

insulated , and l a id  parall el to  the t a i l  ings 1 ine , on the 

roadbed. 

The reclaim water will be directed to  the 10,000 gallon 

process water tank (TK-31) in the concentrator, from which 

i t  will feed to the grinding c i r cu i t s  and the lead f lotat ion 

c i rcu i t .  



3.9 SERVICES 

CONTENTS 

3.9.1 WATER SUPPLY 

.1 Source 

.2  Water Bal ance 

Bl ock Fl ow Di agram 1 00-M-200 

.3 Supply System 

.4 Distribution System 

3.9.2 ELECTRIC POWER GENERATION 

.1 Power Generation 

Tab1 e 3.9-1 Load Distr ibution by Facil i t y  

3.9.3 ELECTRICAL SYSTEM 

Power Sys tem 
Distr ibution and Util iza t ion Vol tages 

Swi tchgear 

U n i t  Substations 

Motor Control s 
Motor Control Centres 
Motors 

Lighting 

We1 di ng and Power Out1 e t s  

Grounding System 

El e c t r i  cal and Control Room 

Electr ical  Control P h i  1 osophy 



3.9.4 HEATING AND VENTILATION 

.1 Heat ing 

.2 V e n t i l a t i o n  

3.9.5 FIRE PROTECTION - PLANT COMPLEX 

3.9.6 WASTE DISPOSAL 

.1 Sewage 

.2 Garbage 

3.9.7 COMMUNICATIONS 

.1 Outside 

.2 I n - p l a n t  

3.9.8 PLANT COMPRESSED AIR 

3.9.9 FUEL OIL 

.1 Supply 

.2 Storage 

3.9.10 FENCING 



3.9 SERVICES 

3.9.1 WATER SUPPLY 

.1 Source 

There are  th ree poss ib le  sources o f  water f o r  t he  

p r o j e c t  i n  reasonable p rox im i t y  t o  t h e  p l a n t  s i t e :  

o The South Macmi 11 an R iver ,  a meandering stream 

running down t h e  v a l l e y  pas t  t h e  s i t e  , fed  by 

t r i b u t a r y  streams coming o f f  t h e  mountains on 

e i t h e r  side. There was no data ava i l ab le  on t h e  

f lows i n  t h i s  stream throughout t h e  year i n  t h e  

immediate s i t e  v i c i n i t y .  

The Water Survey o f  Canada es tab l ished a water 

gauging s t a t i o n  a t  South Macmillan Bridge No. 1 

(m i le  249 o r  km 41 3). Continuous d a i l y  

discharge measurements taken from October 1974 

through J u l y  o f  1980 range from 47.4 c f s  t o  380 

c f s  , w i t h  maximum f lows occu r r i ng  i n  June amd 

minimum f lows i n  March. This s t a t i o n  i s  too  

remote from t h e  s i t e  (37 km downstream) f o r  t h e  

data t o  be r e l i a b l e  f o r  p l a n t  design purposes. 

However, i t  i s  i n d i c a t i v e  o f  t h e  range o f  f lows 

t o  be expected and, i n  p a r t i  cu l  a r  , i t  i n d i c a t e s  

t h a t  caut ion  must be exerc ised t o  ensure t h a t  a 

water source i s  developed which w i l l  be adequate 

f o r  t h e  p r o j e c t  bo th  i n  q u a n t i t y  and qua1 i t y  

dur ing  t h e  pe r iod  o f  low flows. 

o Ground water i n  t h e  va l ley .  There i s  no data 

ava i l ab le  t o  i n d i c a t e  i f  t h e r e  i s  ground water 

f l ow  ava i l ab le  on a year-round basis. 



o Mine water. Substantial water flows were 
encountered d u r i n g  the underground exploration 
work i n  the Tom Mine. T h i s  water was thought to  
be of surface origin. Flows range u p  t o  539 

GPM. The water tended t o  have a 1 ow pH, ranging 
from 4.7 to 7.1. There i s  insuff ic ient  data 
available concerning mine water r e l i ab i l i t y  of 
supply or i t s  qua1 i ty , t o  assume i t s  usage 
direct ly  for plant purposes. 

Because water resource data i s  so 1 imi ted a t  t h i s  
time, the following assumptions and study bases have 
been used: 

o There will be suf f ic ien t  water flow a t  some 
point a1 ong the South Macmill an River year 
around to permit i t s  use for  plant make-up water 
without the need t o  have a long term storage 
impoundnent. I t  has been assumed tha t  t h i s  
point i s  immediately downstream of the juncture 
of Sekie Creek No. 1 .  The make-up water 
requirement i s  t o  be kept to  a m i n i m u m  by 
maximizing the use of reclaim water. 

T h i s  assumption must be veri fied , preferably by 
a number of years of year-round stream 
monitoring in the immediate area. Observations 
shoul d be made simul taneously of other potential 
sources, as backup i n  case the local source 
proves unrel i abl e.  

o Domestic water requirements w i  11 be obtained 
from the r iver  water supply. The water will be 
f i  1 tered and chlorinated prior to  distribution. 



o Mine water will not be used in the plant. I t  
will be sent to  the ta i l ings  disposal s i t e .  

.2 Water Bal ance 

The overall s i t e  solution and water balance block flow 
diagram Drawing M-200 shows major f l  ow quantit ies , 
sources, and di sposi tions. 

.3 Supply System 

A water supply pond will be excavated adjacent to  the 
river.  I t  will be approximately 200 f t  square by 20 f t  

deep in the central a rea ,  w i t h  natural banks, and the 

bottom slopes protected from erosion with coarse waste 
rock. I t  will be joined t o  the r iver  by a short  
channel. This arrangement wi 11 minimize sediment 
transport  into the pond. The 20 f t  pond depth i s  
intended to  provide necessary protection against 
freezing during the winter. 

An e lec t r ica l ly  heated pumphouse and two 400 USGPM 
vertical pumps s e t  in a concrete well with an intake,  
are provided to  meet the approximate 300 USGPM typical 

water demand. Water will be carried in a 6 inch 
diameter traced and insulated pipe , 1 aid on a gravel 
berm beside the road, t o  the plant water tank located 
near the Tom mine portal. This tank , 1 ,000,000 U .  S. 

gal 1 on capacity , will serve as a reservoir for pl an t  
make-up and potable water supply, and for  f i r e  

protection, the 1 ower portion of the tank being 

dedicated t o  f i r e  usage. The tank wi 11 be insulated , 
and provided w i t h  e l ec t r i c  immersion heaters near the 
out1 e t  connections. 
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.4 Distribution System 

Make-up water will be gravity fed from the tank to  the 
power plant where the required amount will be used to  
cool the diesel generators then fed as  make-up, 
together w i t h  water flowing direct ly  from the main 
tank, t o  the process water tanks or distributed 
throughout the concentrator and service f ac i l i t y  for 
other uses. 

A portion will be bled off for  treatment, i .e .  
chlorination and f i l  tering , prior to  distribution for 
potable water uses throughout the concentrator and 
service faci 1 i ty , and to the accommodations faci 1 i ty . 
The sizing of t h i s  system i s  based on a usage of 50 
USGPD per person. A 3 inch traced and insulated pipe 
i s  provided , 1 aid on a gravel berm beside the road 

from the plant to  the accommodations. See Section 
3.11 for description of the water system a t  the 

accommodations faci 1 i ty . 

3.9.2 ELECTRIC POWER GENERATION 

.1 Power Generation 

There i s  no publ i c  or private u t i l i t y  presently 
generating e l ec t r i c  power in the vicinity of TomIJason 
project ,  a1 though there have been studies carried out  
to  establish the potenti a1 for developing 
hydro-electric projects to extend the NCPC service 
area. One such s i t e  i s  located a t  Ross Canyon near 
the junction of the Ross and Pelly Rivers. In the 

absence of f i  rm commi tments for such a devel opment , i t 
has been assumed for  th i s  study t h a t  publ i c  power will 



not be avail able fo r  the  p ro j ec t ,  and the  project  will 
have t o  generate i t s  own requirements. Additionally, 
i t  was decided t o  base the  study on use of diesel  
generator u n i t s ,  consis tent  with current  pract ice  a t  
most remote s i t e s .  

Total connected load has been estimated t o  be 
approximately 19.5 MW (excl uding ins ta l  1 ed standby 
equi p e n t ) .  Applying a demand fac tor  of 0.85 and a 
coincidence fac tor  of 0.80, normal operating load i s  
estimated a t  13.3 MW. To s i z e  the  generator 

i n s t a l l a t i o n ,  a 15 percent fac to r  has been added t o  
take in to  consideration co-incidental motor s t a r t i n g  
1 oads , divers i ty  1 oss , and 1 oad surges (e.  g. 

acce 
i n  a 

MW. 

3.9- 

era t ing load of Jason mine ho i s t ) .  This 

generation peak capacity requirement of 

Distr ibution of t he  loads i s  sumnarized 

resul t s  
15.25 

in  Table 
( f i  gures a r e  rounded o f f ) .  

LOAD DISTRIBUTION BY FACILITY 

Tom mine - operating phase 
Jason mine - operating phase 
Concentrator/Servi ce faci  1 i ty  

Yard 
Heat t racing 
Accommodation 

Con t i  ngency , 2% 
Total 

TABLE 3.9 - 1 



S e l e c t i o n  of the number and s i z e  of  gene ra to r s  r equ i r ed  
t o  power the p r o j e c t  ha s  been based on cons ide ra t i ons  
o f :  

o F l e x i b i l i t y  of the system t o  meet l oad  v a r i a t i o n s  
and load  growth. 

o Capi ta l  c o s t .  
o Operating re1 i a b i l  i t y  and c o s t ,  i nc lud ing  fue l  

e f f i c i e n c y .  

I t  i s  common f o r  remote s i t e  i n s t a l l a t i o n s  t o  be  se rved  
by X p lus  2 u n i t s  , where X equals  the number of  u n i t s  
requi  red  t o  meet normal peak ope ra t i ng  1 oads , one 
add i t i ona l  u n i t  i s  on s tandby i n  ca se  of  f a i l u r e  o f  an 
ope ra t i ng  u n i t  , and one addi t i  onal u n i t  i s  cons idered  
t o  be under major maintenace o r  r ebu i l  d , perhaps 
awai t ing  a major component which can only  be  shipped 
dur ing  a 1 imi ted  shipping "window". Because i t  i s  

cons idered  t h a t  TomIJason will be  a c c e s s i b l e  year-round 
(except  f o r  s h o r t  weather c l o s u r e s  o f  the road)  and 
t h e r e f o r e  major components can be  shipped i n  r e l a t i v e l y  
qu ick ly  , only X pl  us 1 uni ts  a r e  inc l  uded f o r  this  

s tudy.  Accordingly,  a t o t a l  o f  5 u n i t s  , each capable  
of  genera t ing  approximately 3.8 MW have been provided. 
Space is a v a i l a b l e  i n  the power p l a n t  f o r  an a d d i t i o n a l  
u n i t ,  should f u t u r e  l oad  development s o  r equ i r e .  I t  
shoul d be noted t h a t  the u n i t s  s e l e c t e d  a r e  a c t u a l l y  
r a t e d  a t  4.14 MW , b u t  a r e  downrated because of  t h e  
e l e v a t i o n  o f  the s i te .  

An emergency d i e se l  gene ra to r  u n i t  i s  loca t ed  a t  the 

accommodation complex, t o  provide "1 i f e  support"  power 
i n  ca se  o f  c a t a s t r o p h i c  f a i l u r e  of  the c e n t r a l  power 
p l a n t ,  o r  f a i l u r e  o f  the d i s t r i b u t i o n  f eede r  t o  the 
complex. 



3.9.3 ELECTRICAL SYSTEM 

- 1  Power System 

The power w i l l  be suppl i e d  by the  diesel  generator sets 

having a nominal output  o f  4.16 kV , 3 phase, 0.8 PF , 60 

Hz. Each generator w i l l  be complete w i t h  s t a t i c  

exc i t e r  , vol tage regu la to r ,  re1 aying , metering , 
synchronizing, surge p ro tec t ion ,  annunciation systems 

and space heaters , resistance temperature detectors 

(RTDs) embedded i n  the  s t a to r  winding, Class F 

i nsu la t i on  f o r  the s t a t o r  and r o t o r  windings b u t  

1 i m i  ted  t o  Class B temperature r i s e .  The bearings w i l l  

have RTDs f o r  temperature detect ion. 

- 2  D i s t r i b u t i o n  and U t i  1 i z a t i  on Vol taaes 

D i s t r i b u t i o n  o f  power w i  11 be general ly  by means o f  

cab1 e i n  t r a y  w i t h i n  the p l a n t  area, by overhead pole 

1 i n e  t o  remote f a c i l i t i e s ,  and by in te r locked  armoured 

cable w i t h i n  the mine area. Control cables w i l l  be 

i n s t a l l e d  i n  a s im i l a r  manner. 

D i s t r i b u t i o n  vol tage w i l l  be 4.16 kV , 3 phase, 60 Hz 

r e s i  stance grounded, except f o r  the overhead pol e 1 ines 

t o  the Jason Mine area, and the  feeders i n  t o  the Tom 

underground substat ions, which w i l l  be a t  13.8 kV. 

I np l  ant  system nominal vol tages w i l l  be: 

4.16 kU , 3 phase, 60 Hz, resistance grounded. 

600 v o l t ,  3 phase, 3 w i re ,  s o l i d l y  grounded. 

6001347 vol t , 3 phase, 4-wi r e ,  so l  i d l y  grounded. 

120/208 vol t , 3 phase , 4-wi r e ,  sol i d l y  grounded. 



Util i t a t i o n  will be: 

4.16 k V ,  3 phase ,  60 Hz. 

600 v o l t ,  3 phase ,  60 Hz. 

Control vo l t age  will be 120 v o l t ,  1 phase ,  60 Hz 

on 4.16 kV motor s t a r t e r s  and 600 v o l t  MCC's; 125 
v o l t  dc on the 4.16 kV switchgear  and 48 v o l t  dc 
annunciat ion systems. 

D i r e c t  c u r r e n t  a t  125 V suppl i e d  by s to rage  b a t t e r i e s  
and b a t t e r y  cha rge r s  will be used f o r  c l o s i n g  and 
tri  ppi ng the genera tor  and di s t r i b u t i o n  a i  r c i  rcu i  t 
breakers  l o c a t e d  i n  the 5 kV c l a s s  switchgear .  

. 3  Swi t c h ~ e a r  

The swi tchgear  will be o f  the metal -cl a d ,  drawout a i r  
c i r c u i t  b reaker  t ype  w i t h  bus ba r  cons t ruc t ion .  
Enclosures  will be f r ee - s t and i  ng s t e e l  s t r u c t u r e s  f o r  
indoor  s e rv i ce .  

The switchgear  l i n e  up will con ta in  the b reake r s  
a s s o c i a t e d  w i t h  the d i e se l  g e n e r a t o r s ,  f eede r s  t o  t h e  
l o a d  c e n t r e s  and o t h e r  1 oads , and t i e  breakers .  A r i n g  
bus w i t h  i n t e rmed ia t e  t i e  breakers  has  been cons ide red ,  
t o  provide addi t i o n a l  s e c u r i t y  a g a i n s t  1 ocal i sed 
swi t chgea r  f a i  1 ures .  

The f e e d e r  b reake r s  will have ins tan taneous  
overcur ren t  , time ove rcu r r en t  and ground fau l  t 
d e t e c t i o n  which will t r ip  the f eede r  b r e a k e r ( s )  t o  
i s o l a t e  the f a u l t .  



The 4.16 kV,  250 MVA a i r  c i r c u i t  breakers wil l  be of 
t he  draw-out , s tored energy, magnetic a i r  break type , 
3-pole, s ingle  throw, mechanically and e l e c t r i c a l l y  
tri  p f r e e  , e l e c t r i c a l l y  operated w i t h  l25V dc cl ose and 
t r ip  mechanisms. The c i r c u i t  breaker s to red  energy 
device wil l  employ a dc motor-charged compression 
spring. Each breaker wi l l  have both " t e s t "  and 
"disconnected" drawout pos i t ions ,  i n  which i t  may be 
1 e f t  w i t h  the  door closed. Breakers wil l  be provi ded 
w i t h  emergency manual tr ips , and a cl ear  visual 
indication of thei  r "open" o r  "cl osed" condition. 

Surge protection will be provided on the  main bus .  

A s e t  of three  potential  transformers 4200/120 v o l t  
wil l  be connected t o  the  4.16 kV generator switchgear 
bus  f o r  re lay ing ,  metering and synchronization purposes. 

Three s e t s  of cur ren t  transformers of su i t ab l e  r a t i o  
wi l l  be i n s t a l l ed  i n  the  switchgear f o r  each generator 
f o r  re1 ayi ng , metering and synchronization purposes. 

.4 U n i t  Substations 

U n i t  substa t ions  will be used t o  transform the  4.16 kV 

d i s t r ibu t ion  vol tage t o  600V power d i s t r ibu t ion  
purposes. 

A manual 1 y , group-operated 4.16 kV , 600A indoor 
metal -clad fused loadbreak switch wil l  be used ahead of 

the  dry-type power transformers. 



The u n i t  substation main metering compartment will have 
the foll  owing: 

Amneter , demand type 
Vol tmeter 
Sel ector swi tches 
KWH meter 
Ground faul t detection equi pment. 

The unit  substation branch feeder metering compartment 
w i  11 house the fo l l  owi ng: 

Ammeters , demand 
Ammeter sel ect i  on swi tches 
KWH meters. 

.5 Motor Control s 

Motor control s t a r t e r s  will generally be grouped in 
motor control centre enclosures located i n  the 
e lec t r ica l  room. Short c i r c u i t  and overload protection 
will be provided for each motor c i rcu i t .  

Synchronous and squirrel cage induction (S.C. I .  ) motor 
s t a r t e r s  for  4 kV motors will be 400 A ,  50 MVA fu l l  
vol tage non-reversing type contactors w i  t h  sol i d  s t a t e  
motor protection re1 ays , compl e t e  w i t h  current 1 imi t i  ng 

fuses. 

S tar te rs  for  575 V motors will be the combination 
fused-disconnect switch across-the-line type. 

A l l  control voltages will be 120 V obtained with 
individual control transformers i n  each s t a r t e r .  



.6 Motor Control  Centres 

A l l  575 V motors up t o  and i n c l u d i n g  200 hp w i l l  be fed 

from motor con t ro l  cent res ,  which u t i l i z e  fused 

disconnect switches and magnetic contactors. 

The motor con t ro l  centres w i l l  be p lug- in  type. 

.7 Motors 

Motors l e s s  than 112 hp w i  11 be  r a t e d  11 5-vol t , 60 Hz. 

Motors 112 t o  200 hp i n c l  us i ve  w i l l  be r a t e d  575 V , 
3-phase, 60 Hz. 

Motors above 200 hp w i l l  be r a t e d  4 kV, 3-phase, 60 Hz. 

Motors w i l l  be s u i t a b l e  f o r  across-the-1 i n e  , 
f u l l  -vol tage s t a r t i n g  , continuous duty,  and provided 

w i t h  Class F i n s u l a t i o n  b u t  l i m i t e d  t o  Class B 

temperature r i s e  a t  r a t e d  load. 

A l l  4 kV S.C.I. motors w i l l  be housed i n  

t o t a l  1 y-encl osed fan cooled encl osure. 

575 S.C. I. motors w i  11 be t o t a l  l y -enc l  osed fan cooled 

o r  t o t a l l y  enclosed non-vent i l  a ted  encl osures. 

Synchronous motors w i  11 be 0.8 power f a c t o r  machines. 

The average i n t e r i o r  ill umi n a t i  on 1 eve1 i n  the  

opera t ing  areas w i l l  be 30 f o o t  candles. This may be 



supplemented i n  c e r t a i n  a r e a s  t o  meet s p e c i f i c  
requirements .  L ight ing  is  provided f o r  main ya rd  a r e a s  
and f o r  main t r a v e l  roads.  

Maintained 
L i  g h t i  ng Level s 

Operating Areas 
Conveyors 
Yard and Roadways 
Shops 
Off i c e s  
Control Rooms 

A l l  i n d u s t r i a l  a r ea  l i g h t i n g  and 
f l o o d l i g h t i n g  will be  c o n t r o l l e d  
1 i g h t i n g  panel boards. L ight ing  
rooms will be con t ro l  1  ed  from wa 

Automati c a l l  y  a c t u a t e d  emergency 

Foot Candles 

ya rd  a r ea  
from c e n t r a l l y  l o c a t e d  
n o f f i c e s  and con t ro l  
1 switches. 

l i g h t i n g  will be 
provided f o r  minimum personnel s a f e t y  requi  remen ts. 
Individual  sel f-charging , 8 hour b a t t e r y  u n i t s  will be 

used i n  a r e a s  where needed, such a s  cont ro l  rooms , 
s t a i r s  and p l aces  where momentary l o s s  o f  i l l umina t ion  
may c r e a t e  a  s a f e t y  hazard. 

.9 We1 ding and Power O u t l e t s  

Welding and power o u t l e t s  wil l  be i n s t a l l e d  a t  
a p p r o p r i a t e  1  o c a t i o n s  f o r  supplying po r t ab l e  we1 d e r s  
and s i m i l a r  l oads .  

Each o u t l e t  will s e r v i c e  an a r e a  wi th in  100 f o o t  r ad ius .  



.10 Grounding Sys tem 

For safety of personnel a grounding system consisting 
of so f t  drawn bare copper conductors will be provided 
for  a l l  e lectr ical  equi p e n t .  A ground mass network 

of bare stranded copper cable and ground rods will be 
s e t  in the earth around each building. Major 

structural s teel  members of each building perimeter 
and a1 1 equi p e n t  such as generators, swi tchgears , 
unit  substations,  high and low voltage motor control 

centers ,  H.V. motors, panels , etc .  wi 11 be connected 
to  the ground network. All grounding systems will be 
inter-connected where feasible.  

. l l  Electrical and Control Room 

The construction for the electr ical  rooms will be 
concrete floor slab and f i r e  rated s teel  sandwich 

panel wall s. 

El ec t r i  cal rooms w i  11 be ven t i  1 ated and pressurized 
w i t h  f i l t e r ed  a i r .  

Electrical rooms wi 11 be designed with mandoors and 
equipment doors sized to  accommodate the la rges t  

equi pmen t . 

.12 Electrical Control Philosophy 

El ec t r i  cal control wi 11 be accompl i shed vi a a 

Programmable Control 1 e r  ( P C )  in conjunction with a 
D i  s t r i  buted Di gi ta l  Control ( D D C )  system. 



The processors of the PC-DDC system will be located in 
the main control room, as we1 1 as the analog 
input/output (I/O) of the DDC. The discrete I/O1s of 
the PC-DDC will be located i n  the electr ical  room. 
Data exchange between these devices i n  the con 
room and the electr ical  room will be performed 
means of a data highway/data 1 ink. 

Generally, process devices and some process re1 

.rol 

by 

ated 
drives will be control 1 ed by the PC-DDC system, with 
"local" and "remote" modes of control. A local ly  
selectable " tes t"  f a c i l i t y  will be provided. 

For other drives tha t  wi 11 be control led 1 ocal ly  only, 
s ta tus  information will be fed into the PC-DDC system 
on a selective basis. 

All conveying systems w i  11 be protected by s l  i p 

detection and permissively i nterl ocked by means of 
zero speed switches. Conveyors w i  11 be equipped with 

manual rese t  pull-cord safety stop switches and s ide 
travel switches. A1 1 conveying sys tems are  equi pped 
with pre-startup audi b l  e warni ng devices. 

3.9.4 HEATING AND VENTILATION 

.1 Heating 

Heating needs for  the concentrator and for the service 

b u i l  ding w i  11 be met primarily through recovery of 

waste heat from the diesel generator operation. 
Engine exhaust gas hot water heaters and engine jacket 

water heat exchangers are provided to  recover the 
waste hea t ,  which will be distributed to  heaters 



1 ocated throughout the complex by an ethylene glycol 
c i  rcul a t i  ng system. Two package oi 1 -f i  red hot water 
heaters,  5 mil 1 ion BTU each, are provided to  
supplement the waste heat system in emergency and a t  
times of low power load. For t h i s  study i t  has been 
assumed tha t  these heaters will b u r n  diesel fuel 
rather than provide for  receipt and storage of a 

second fuel. A detailed cost/benefi t analysis of 
these a1 ternatives should be undertaken a t  the detail  

design stage. 

Individual small "remote" bui 1 dings wi 11 be heated 

electr ical  1 y . 

.2 Ventilation 

Venti 1 ation ai r w i  11 be suppl ied by make-up ai  r/heater 
units 1 ocated throughout the plant. 

The reagent mi xi ng area i s  provided wi t h  two fume 
exhaust fans,  one of which i s  dedicated to  the 
encl osed sodi um cyanide mi xi ng room. 

The concentrate storage domes are non-ventilated, to  
prevent dust from m i  grating to  the environment. 
Mobile equipment operating in these buildings will 
have ventil ated/fi  1 tered cabs for operator protection. 

3.9.5 FIRE PROTECTION - PLANT COMPLEX 

Fire protection for  the plant comprises the following: 

o Fire protection pi  ping loop, standpi pe and hose 

s tat ions a1 1 to  meet Underwriter' s standards 
including: an 8" pi pe header loop a1 1 around the 



ins ide  perimeter wall of t he  complex w i t h  2" ve r t i ca l  
standpipes t o  t he  upper l eve l s  of the  plant;  hose 
s t a t i ons  on a1 1 working 1 eve1 s; pumper hose 
connections a t  s t r a t eg i c  locat ions  on the  outside 
perimeter wall. The loop i s  gravity fed from the  
dedicated 600,000 gal 1 on 1 ower portion of t he  
1 ,000,000 U.  S. gal 1 on water tank. 

o Spr inklers  i n  the  warehouse, o f f i c e  s ec t i on ,  and 
sel  ected shop areas. 

o Hal on extinguishing system i n  t he  process control 
room, and a dry gas type automatic extinguishing 
system i n  t he  power p lan t  (over the  diesel  generator 
engines) . 

o A combination 1 adderlpumper f i  r e  truck s ta t ioned i n  

the  heated garage which is in tegral  w i t h  the gatehouse 
and ambul ance garage. 

o E lec t r i c  booster pump and emergency diesel  booster 
pump i n s t a l l e d  on the  main loop. 

o Portabl e extinguishers.  

o A supervi sed centra l  a1 arm sys tem compri sing pull boxes 
and coded horn. 

3.9.6 WASTE DISPOSAL 

.1 Sewage 

Sanitary sewage from the  personnel fac i  1 i t i e s  i n  the  
concentrator and service  building w i  11 be piped t o  a 



col 1 ection tank , where i t  wi 11 receive primary 
treatment prior to being mixed with ta i l ings  in the 
t a i l  ings surge tank. Sewage treatment facil  i t i e s  have 
been sized on the basis of 50 USGPD per capita. 

.2 Garbaae 

An oi 1 -f i  red incinerator i s  provided for  burning of 
a l l  rubbish and garbage generated by the plant and by 
the accommodations compl ex, prior to  buri a1 . Thi s 
unit  will a lso serve the construction phase. 

3.9.7 COMMUNICATIONS 

1. Outside 

The communications system from the s i t e  to  outside 
w i  11 be a standard commerci a1 telephone system, 

sa te l l  i t e  based, supplied by NorthwesTel Inc. , with 
equi pment 1 eased from them. Twel ve channel s 
comprising 10 voice and 2 data are  considered 
appropriate. T h i s  w i  11 permit control 1 ed 1 ong 
distance by employees , Telex and data transmission and 

TV . 

.2 In-Plant 

In-pl ant  communications systems comprising 
s t ra teg ica l ly  located telephones and loudspeakers are 
provided. These are  t i ed  into the central 
communications room in the plant office.  Mobile 

equi pment will be have radio se t s  for communication. 



3.9.8 PLANT COMPRESSED AIR 

Compressed a i r  f o r  serv ice  and maintenance usage i n  t h e  

concentrator  i s  produced by two 300 CFM, 110 p s i g  

compressors, and d i s t r i b u t e d  v i a  p i  p ing  l o o p  t o  usage po in ts .  

An a i r  dryer  i s  provided t o  ob ta in  inst rumentat ion a i r  from 

t h e  serv ice  system. 

Two serv ice  a i r  compressors, r a t e d  a t  500 CFM, 110 p s i g  , are 

provided f o r  t h e  maintenance shops. 

Separate compressors, th ree a t  1010 CFM, a re  provided f o r  

t he  pressure f i l  t e r i  ng operat ion. 

A1 1  compressor i n s t a l  1  a t i ons  are  provided w i t h  requ i  s i t e  

coo l i ng  water supply, s i l ence rs  , rece ive rs ,  etc.  

3.9.9 FUEL OIL 

.1 Supply 

It has been assumed t h a t  o n l y  one grade o f  f ue l  o i l  

w i l l  be used a t  t he  p l a n t ,  i .e .  d iesel  f ue l .  It w i l l  

be t ruck  de l i ve red  and t r a n s f e r r e d  t o  storage tanks. 

It w i l l  be used f o r  power generat ion, suppl ementary 

p l  a n t  heat ing  , accomnodati ons heat ing  and t o  fue l  some 

o f  the  mobi le equipment. It i s  acknowledged t h a t  some 

f u e l  supply c o s t  savings may be poss ib le  by us ing 

d iesel  f ue l  f o r  d iesel  engines and fue l  o i l  f o r  

heat ing  purposes. However, t he re  woul d  be h i  gh 

p o t e n t i a l  f o r  e r r o r  i n  t r a n s f e r r i n g  from del i v e r y  

t r u c k  t o  storage tanks, w i t h  p o t e n t i a l  f o r  f o u l i n g  o f  



diesel  engines. T h u s  this  a1 t e rna t ive  has been l e f t  

f o r  fu tu re  de ta i l ed  evaluation. 

.2 Storage 

A fuel s torage capacity equal t o  a t  1 e a s t  one month's 

consumption has been consi dered necessary , t o  a1 1 ow 

f o r  del ivery in te r rup t ions ,  and provide fo r  

operational needs. 

Average monthly diesel  fuel consumpti on, f o r  power 

generation only in high production yea r s ,  has been 

estimated a t  390,000 U.  S. gal 1 ons (see Operating 

Costs,  Section 4 ) .  Allowing fo r  a 30 percent above 

average usage during peak winter conditions plus usage 

by mobile equipment , a storage capacity of 600,000 

U.S. gallons has been provided i n  two 300,000 gallon 

main tanks. As noted in Section 3. 

seven day capacity tank i s  provided 

accommodation complex. 

3.9.10 FENCING 

11 an add 

a t  the 
i t i  onal 

Securi ty fencing i s  provided between the North Canol Road 

and the plant  complex, w i t h  control gates a t  each point  of 

entry.  Short lengths of fence , w i t h  g a t e s ,  a re  provided 

where other  fac i l  i t y  roads jo in  the  North Canol Road. 
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3.10 BUILDINGS 

3.10.1 DESIGN CRITERIA 

.1 Climatic: Extracted from National Bui 1 ding Code 

Ref. Tungsten (Cantung ) 

Design Temperatures, 2 112% basis  

January 

July 

-4g0c 

26 '~  dry bulb 

1 6 ' ~  wet bulb 

Preci pi t a t ion  , annual 380 mm 
1 day ra in  51 mm 

(Note: Annual t o t a l  of 508.5 mm has been recorded 

a t  the  s i t e . )  

.2 Seismic: 

Ground snow load 

.3 Structural  : 

Wind, reference pressure 

1 i n  10 years  

1 i n  30 years  

Frames 

Roofing & Siding 

3.0 k N h 2  (62 p s f )  

Zone 2 

Steel 

formed s t ee l  , 
prepai nted 



Insulation Roofs R-30 
Wall s R-20 

F1 oor s on grade concrete slab 

el ev ated open mesh steel 
grat ing,  checkered 
pl a t e  , or el evated 
concrete on s teel  deck. 

3.10.2 GENERAL 

The concentrator/service faci 1 i tylpower pl ant loff i  ce bui 1 d i n g  

has been designed as a single integrated complex to: 

o Minimize travel and hand1 ing for people and material s 
between ac t iv i t i e s .  

o Minimize extent and cost  of common services. 
o Reduce amount of exter ior  walls and thus minimize heat 

1 osses. 

The power plant has been located in 1 ine w i t h  the grinding bay 
of the concentrator, w i t h  a laydown area between them which 
a1 so provides access to the high bay maintenance shops. Thus 
the 35 ton overhead t ravel l ing crane required for servicing the 
grinding mills will a1 so be available for  major maintenance of 
the generators. A s e t  of crane doors has been provided which 
allow travel of the crane between the two areas when necessary, 
y e t  achieve effect ive closing off of the power plant from the 
other areas d u r i n g  normal operations. 

The location of the complex has been so selected tha t  
structural and major equipment foundations are  assumed to be on 
competent rock, and permafrost foundations avoided. 



3.10.3 CONCENTRATOR 

The concentrator ( r e f e r  t o  Drawings M-113, 114, 11 5 )  i s  divided 
i n to  three main bays: grinding,  control , f l o t a t i on  and 

dewatering. As noted above t he  grinding bay i s  serviced by a 
35 ton overhead crane. The ore  b i n  and pebble bin a r e  located 
i n  an annex t o  t he  grinding bay, w i t h  the  f loor  level some 20 

f e e t  high than the  grinding area f loor  t o  reduce excavation 
requirements . 

A control bay, housing t he  el ec t r i ca l  swi tchgear and central  
control room, as  well as the  compressor room, i s  located 
between the  grinding and f l o t a t i on  bays. This location being 
central  t o  the operations , faci  1 i t a t e s  operator travel  and 
reduces el e c t r i  cal cab1 e run 1 engths. 

The f lo ta t ion  bay contains the lead and zinc f l o t a t i on  and 
pumping equipment as well as  thickening and f i l t e r i n g  in two 
separate para1 1 el sec t ions ,  each serviced by an overhead 
service  crane. This bay a1 so hol ds t he  reagent storage , m i  xi ng 

and d i s t r ibu t ion  area. The f loor  areas a re  curbed t o  contain 

l i k e  sp i l l ages  so they can be recovered and returned t o  the  
respective c i r cu i t s .  

The reagent storage and mixing area i s  1 ocated a1 ong the  
outs ide  wall , with a truck door a t  one end for  entry of bag 
drums or  containers which will be moved t o  the  upper f loor  fo r  
s to rage ,  then fed i n to  the  mixing tanks i n  the  lower f loor  
enclosed room. The sodium cyanide mixing room i s  enclosed 

separately from the  balance of the  system. 

The area beneath the thickeners is  depressed t o  provide a space 

t o  dump and contain the  thickener contents i n  case of operating 
upsets . 



Floors  are concrete , sloped where appropr ia te  t o  fac i  1  i t a t e  

washdown. 

Elevated f l  oors are  es tab l  i shed a t  1  eve1 s  t o  fac i  1  i t a t e  access 

t o  equipment and easy movement of personnel from one area t o  

another. There a re  a t  l e a s t  two s t a i r  sets from one main l e v e l  

t o  another. Generous open spaces o r  hatches are provided so 

t h a t  a1 1  major equipment on t h e  lower f l o o r s  can be serv iced 

w i t h  t h e  he lp  o f  overhead cranes. 

Doors o r  o ther  openings f a c i l i t a t e  in terconnect ions between t h e  

serv ice  f a c i l i t y  and t h e  concentrator .  

POWER PLANT AND SERVICE FACILITY 

The serv ice  f a c i l i t y  ( r e f e r  t o  Drawing M-117) has been s i zed  so 

t h a t ,  together  w i t h  t h e  co l  d  warehouse (bu t  exc lud ing the  power 

p l a n t  area) a  t o t a l  o f  approximately 90,000 square f e e t  o f  

f l o o r  space w i  11 be a v a i l  ab le ,  a1 l oca ted  as shown on t h e  

drawing and l i s t e d  i n  Table 3.10-1. The 90,000 square f e e t  i s  

cons is ten t  w i t h  space provided f o r  s i m i l a r  f a c i l i t i e s  a t  o ther  

opera t ing  p lants.  No d e t a i l  o f  subd iv is ions  w i t h i n  the  major 

areas i s  shown on the  drawing; t h i s  i s  sub jec t  t o  t h e  s p e c i f i c  

requirements o f  t h e  operators,  and would be def ined dur ing  t h e  

design f o r  const ruc t ion  phase. Costs f o r  f i n i s h i n g  and 

equipping these serv ice  areas have been inc luded i n  t h e  c a p i t a l  

c o s t  est imate based on experience w i t h  o ther  pro jects.  High 

and low bay shop areas are equipped w i t h  overhead t r a v e l 1  i n g  

serv ice  cranes. 



Service Facil i t v  - S ~ a c e  A1 locat ion 

High Bay Shops and Laydown Area 
Low Bay Shops 
Offices f o r  Shops 
Warehouse - heated,  i ncl uding tool c r i b  
Warehouse - cold 

General Admi n i  s t r a t i  on Offices , i ncl udi ng 
operating and maintenance management, 
engineering , geology , comnunicati ons , 
t r anspor ta t ion ,  and analyt ica l  1 aboratory 

Dry , washroom, 1 unchroom , 1 amp room, 
mine o f f i ces  

Table 3.10 -1 

3.10.5 CONVEYOR GALLERIES 

Conveyors, where they r u n  above ground, a r e  ca r r i ed  i n  enclosed 
gal 1 e r i es .  These a r e  of s t ruc tu ra l  s t ee l  framing, c lad  with 
formed insula ted s t e e l  s id ing and roof ing,  and a re  heated. 

The conveyors carrying concentrate from the  f i l t e r s  t o  the  
storage s t r uc tu r e s ,  a r e  i n  double gal lery  as  f a r  as t he  head 
end of the  zinc concentrate conveyor. The lead concentrate 
conveyor continues i n  a sing1 e w i d t h  gal 1 ery. 



3.10.6 CONCENTRATE STORAGE AND LOADOUT 

The concentrate storage s t ruc tures  w i  11 be unheated dome type 
prefabri cated s t ruc tures  of insul ated plywood panel 
construction,  and having a concrete f loor  and low concrete r ing 
wall foundation. T h i s  type of s t ruc ture  is commonly used fo r  

storage of sal  t and sand by highways departments. 

A f loor  hopper and concrete reclaim conveyor tunnel house the  
loadout be1 t feeders and conveyors. Steel framed sheds, c lad 
w i t h  insulated s t ee l  s id ing and roofing and equipped with 

e l e c t r i c a l l y  operated doors a t  each end,  a r e  provided f o r  
protection of the truck loading operation. These a r e  arranged 
fo r  truck drive-through of each separate ly ,  t o  avoid s p i l l  
contamination of one concentrate with the  other. Platform type 
truck scal es  , t o  provide maxi m u m  accuracy of product wei ghi ng , 
are  located in each building. 

3.10.7 MISCELLANEOUS BUILDINGS 

Mi scel l  aneous other bui 1 dings fo r  the  TomIJason project  a r e  
l i s t e d  on Table 3.10-2. Buildings required for  the 

construction phase only a r e  not 1 i s ted  , unless speci f i ca l  l y  
intended fo r  l a t e r  production phase use. Dimensions given fo r  
the  small e r  bui  1 di ngs a re  approximate , fo r  study purposes. 
Where p r ac t i c a l ,  pre-engineered or pre-fabricated s t ruc tures  
w i  11 be used fo r  the  m i  scel l  aneous small e r  bui  1 dings. 



MISCELLANEOUS BUILDINGS 

Bui 1 d i  ng Dimensions Notes 

Concentrator See Drawing M-113 

Serv ice Faci 1 i t y  See Drawing M-117 

Ore Storage See Drawing M-111 
Superst ructure 

Col d Warehouse 50' x 100' x 8 '  From Construct ion 

R iver  Water Pumphouse 1 5 '  x 15 '  x 12'  

Recl aim Water 15 '  x 15 '  x 12 '  
Pumphouse 

T a i l i n g s  Thickener 15 '  x 20' x 12 '  
Pumphouse 

Recl aim Water Tank 20 '  x 25'  x 16 '  
Enclosure 

Tai  1 i ngs  Dump Val ve 10 '  x 10 '  x 8 '  
Encl osure 

Fuel O i l  Pumphouse 15 '  x 15 '  x 12 '  

Ai  r s  tri p Terminal 20' x 40'  x 8 '  T ra i  1 e r  Type 

Concentrate Loadout See Drawing M-116 
Sheds 

~ a t e h o u s e l ~ i  r e t r u c k l  50' x 50'  x 12 '  
Ambul ance Garage 

Jason H o i s t  House 130' x 40'  x 12 '  

Jason Repai r Shed 60' x 40' x 12 '  

Expl o s i  ve Storage 18 '  x 12 '  x 7 '  

B l a s t i n g  Caps Storage 16'  x 8 '  x 7 '  

Table 3.10-2 
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3.1 1 ACCOMMODATIONS 

3.11.1 SCOPE 

Accommodations f a c i l i t i e s  f o r  t h e  TomIJason p r o j e c t  inc lude 

the  f o l l  owing: 

Personnel 1 i v i  ng quar ters  

K i  t chen ld in ing  f a c i l  i t i e s  

Food s torage l f reezer  

Laundry 

I n f i r m a r y  

Comni ssary 

Recreat ional f a c i  1 i ti es 

Mechanical support f a c i l  i ty  

Accommodation admi n i  s t r a t i  on 

The complex i s  s ized t o  serve a l l  permanent p r o j e c t  

personnel i n c l  ud i  ng c a t e r i n g  and camp admin is t ra t ion .  It i s  

est imated t h a t  t h i s  popu la t ion  w i l l  t o t a l  450 persons. 

Approximately one t h i r d  o f  t h i s  number w i l l  be o f f  s i t e  a t  

any given t ime,  so s leep ing accommodations have been 

provided f o r  t h e  f u l l  450, b u t  i n f r a s t r u c t u r e  provided f o r  

300 people. 

3.11.2 LOCATION AND ACCESS 

The 1 ocat ion  se lec ted f o r  t h e  accomnodation complex, f o r  

t h i s  s tudy,  i s  across the  South Macmillan R ive r ,  t o  the  

n o r t h  eas t  o f  t h e  p lan t .  See Drawing C-1 . This i s  a 

l i g h t l y  wooded area w i t h  a southern exposure, which rece ives  

more s u n l i g h t  than areas i n  c l o s e r  p rox im i t y  t o  t h e  p lan t .  



Access t o  t he  area will be by a sho r t  pr ivate  road leading 
i n  from the North Canol Road a t  a point approximately 2 km 

north e a s t  of t he  p l an t ,  just past  t he  new highway bridge 
across the  r iver .  

I t  should be noted t h a t  an a l t e rna t i ve  location ex i s t s  
within the Tom property boundary, about 500 t o  800 metres t o  
the  e a s t  of the  p lan t  complex, and on the  same s ide  of the  
Canol Road. The area is  on a north-west facing slope , and 
woul d receive 1 ess  sun exposure. However, i  t presents the  
potential for  reduced capital  and operating cos t s  because of:  

o Shorter power 1 i ne , water 1 i ne , access road. 
o Elimination of need fo r  accommodations water tank. 
o Potential  fo r  use of waste heat  from the  power plant  t o  

provide a t  l e a s t  pa r t  of t he  heating requirement. 

3.11.3 SERVICES 

Elec t r i c  power will be supplied t o  the  f a c i l i t y  from the  
600V 

i ty  
main generating plant  by overhead pole 1 ine. A 750 kW, 

emergency diesel  generator will be 1 ocated a t  the  fac i l  
t o  provide " l i f e  support" power in case of power l i n e  
f a i l u r e  or  catastrophic f a i l u r e  of t he  main power plant  

As such i t  i s  considered t o  be more a t t r a c t i v e  and t o  
contribute posi t ively  t o  personnel sa t i s fac t ion  and 1 esser  
turnover. Earl i e r  s i t e  investigation work carr ied out  by 
Thompson Geotechnical Consul t an t s  i  ndi  cated t h a t  ground 
condi t i  ons a re  sui tab1 e fo r  such a development. However, 
t h i s  location i s  outside the  ex i s t ing  Tom Jason property 
boundary. 



Domestic water will be piped from the plant t o  a 130,000 

gal 1 on tank (1 20,000 gal 1 ons reserved for f i  re protection) 
located near the f ac i l i t i e s .  This tank will serve primarily 
as the f i r e  protection reservoir for the complex, since i t  
i s  located so f a r  from the main f i r e  water tank. 

A package sewage treatment plant will be 1 ocated adjacent to 
the complex, t o  handle sewage generated there. Treatment to  
produce environmentally acceptable 1 iquid eff luent  and 
sl  udge sui tab1 e for subsequent 1 andfi 11 disposal wi 11 be 
provi ded. 

Fire protection will be provided by an e l ec t r i c  driven f i  re 

pump and back-up diesel pump, a sprinkler system, standpipes 
with hose cabinets,  pumper connections, and hand 
extinguishers. 

The accommodations complex, being remote from the plant ,  
will be heated by a s e t  of o i l - f i red  package hot water 
heaters,  located i n  the mechanical suport f ac i l i t y .  A seven 

day capacity fuel o i l  storage tank i s  included. 

I t  should be noted tha t  the water tank, the sewage treatment 
plant and the fuel o i l  tank referred to  above are included 
in the Yard Fac i l i t ies  portion of the cost estimate. 

3.11.4 DISCUSSION 

The scope of accommodation f a c i l i t i e s  1 is ted above i s  common 
for  remote s i t e  projects ,  i .e.  those which have no developed 
towns nearby i n  which the personnel can l ive.  However, the 



qua l i ty  and extent  of the  f a c i l i t i e s  provided a t  each s i t e  
d i f f e r s ,  being influenced by: 

the  owner's corporate phi1 osophy; 
regul atory requi rements; 
project  economics; 
economic conditions i n  the  industry and the l o c a l i t i e s  
from which the  labour force i s  drawn a t  the  time the  
devel opment takes pl ace; 
project  a cce s s ib i l i t y ;  
project  location general environment conditions 
(desi reable  l i v ing  loca t ion?) ;  
personal preferences on t he  par t  of those involved in  
project  imp1 ementation; 
provision (o r  not)  for . family  accommodation; 
current  ( a t  t he  time of development) pract ice  a t  o ther  
comparable projects.  

Costs are  influenced by: 

qua1 i ty  of construction material s and f in ishes;  
ex ten t  of u t i  1 iza t ion of prefabricated units versus 
custom b u i l  t on s i t e ;  
extent  of recreation fac i l  i t i e s  provided , e. g. 

s a t e l l  i t e  T.V. , swimming pool , gymnasium, saunas, e t c .  
policy r e  pr ivate  versus shared rooms, pr ivate  versus 
shared versus "pub1 ic"  washroom faci  1 i t i e s ;  
services  and in f ras t ruc ture  requi rements; 
r a t i o  of personnel on-s i te  a t  any given time to  t o t a l  
number of personnel. 



For t h i s  s tudy,  which i s  based on f l y - i n ,  f l y - o u t  of 

employees on a r e l a t i v e l y  f requent  r o t a t i o n  bas is ,  t he  

f o l l  owing guide1 ines  have been assumed: 

o No fami ly  accommodations w i l l  be provided. 

o A p r i v a t e  bedroom w i l l  be provided f o r  each employee, 

which w i l l  remain "h is "  and n o t  used by anyone e l se  , 
even though the  employee may be o f f - s i t e  f o r  vacat ion 

o r  o ther  reasonably extended period. This has been 

found t o  be important  i n  reducing employee turnover a t  

one p ro jec t .  

o Bedrooms w i l l  have p r i v a t e  bathrooms, o r  the  bathroom 

w i l l  be shared by t h e  a d j o i n i n g  bedroom. 

o Bedrooms w i l l  be approximately 120 square f e e t  i n  s i z e ,  

excl  ud i  ng bathroom. 

o Recreat ion f a c i  1 i t i e s  w i l l  n o t  i nc lude  swimming pool o r  

gymnasium. 

3.11.5 COSTS 

Because o f  t h e  wide range o f  costs which can be encountered 

and t h e  sub jec t i ve  nature  o f  many o f  t h e  se lec t ions  which 

impact t h e  costs o f  accommodations f a c i l i t i e s ,  i t  was agreed 

t h a t  on l y  a reasonable c o s t  a l l o c a t i o n  be made f o r  these 

f a c i l i t i e s  which would be n e i t h e r  a t  t h e  top  nor the  bottom 

o f  t h e  range. Th is  has been achieved by i d e n t i f y i n g  costs 

f o r  p r o v i s i o n  o f  comparable scope f a c i  1 i t i e s  a t  ex i  s t i n g  

remote p r o j e c t s  on an average a l l - i n  c o s t  per-bed bas is ,  as 

1 i s t e d  below. These costs have been adjusted t o  1985 

1 eve1 s , and t o  remove ex t raord inary  s i t e  speci f i  c i n f l  uences. 



Greenex Lead Zinc Project  , West Green1 and $20,00O/bed 

Polar is  Lead Zinc P ro j ec t ,  

L i t t l e  Cornwall i s Is1 and, NUT 

(custom b u i l t  on s i t e )  

Lupi n Go1 d Mine , Con twoyto Lake , NWT $1 8,400Ibed 

In addition the following current  co s t s  were obtained fo r  

the supply of "construction standard" camp, and f o r  a range 

of modul a r  re1 ocatabl e sty1 e 1 i v i  ng accommodations fo r  

northern oi 1 f i  el  ds operating faci  1 i t i  es:  

Construction Camp $1 0,50O/bed 

Modul a r  Housing $1 0,000 t o  $35,00O/bed 

Based on the above, $22,000 per bed ( t o t a l  $9,900,000) has 

been included i n  the c o s t  est imates f o r  the  Tom/Jason 

project  f o r  the provision of a 450 bed accommodations 

faci  1 i ty  , i ncl usi ve of in f ras t ruc tu re  and ref1 e c t i  ng the  

requirement t o  provide fu l l  f a c i l i t i e s  f o r  only the 300 

people on s i t e  a t  any given time. 
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3.12 TRANSPORTATION AND OFFSITE FACILITIES 

3.12.1 REVIEW 

The remote 1 ocation of the Tom/Jason project ,  described in 
Section 1.13, imposes substantial problems of logis t ics  and 
transportation for  movement of personnel to and from the 
s i t e ,  supplies to  the s i t e ,  and product from the s i t e  to  
market. For th i s  study, the fo l l  owing base parameters were 
es tab1 i shed: 

o The project will be operated on a fly-in , fly-out 
basi s. Personnel wi 11 be rotated to/from Whitehorse 
using charter or commercial a i r  ca r r i e r s ,  flying in to 
a private a i r  s t r i p  t o  be constructed near the s i t e .  

Refer to  Section 3.12.2. 

o Suppl i e s  , including diesel fuel for power generation, 

will be trucked to the s i t e  from the most appropriate 
source, via the Yukon highway system. Much of t h i s  
t r a f f i c  will be as back haul to  the concentrate 
shipping. The l a s t  leg of the route will be the North 
Can01 Road,which must be upgraded to meet the service 
requirements. The current condition of t h i s  road, and 
plans for  upgrading are  described in Section 3.12.3. 

The estimate of costs for  t h i s  upgrading i s  currently 

being updated by the Department of Highways, Public 
Works Canada, and i s expected to  be avail able i n  mid 
1985. As such, no other estimate has been prepared 

for t h i s  study. Whether or not a portion of these 

costs  will have to  be borne by the project ,  (and i f  



so , what port ion?) w i  11 require negotiat ion w i t h  

government au thor i t i e s .  The economic feas ib i l  i ty of 

the  p ro j ec t ,  and i t s  s e n s i t i v i t y  t o  par t ic ipat ion i n  

the  cos t s  of upgrading t h e  road,  wil l  have t o  be 
analysed a t  various l eve l s  of such par t ic ipat ion.  

o Concentrates, produced a t  the  r a t e  of 11 50 t o  

1200 t p d ,  wi l l  be hauled by truck 635 miles t o  Haines, 
A1 aska,  f o r  loading t o  ocean vessels  f o r  t ranspor t  t o  

buyers. Assuming a 40 ton payload, this t r a f f i c  wil l  
comprise approximately 30 truck1 oads per day average. 
For this s tudy ,  i t  has been assumed t h a t  the  
concentrate trucking wi l l  be handled by a contractor  
who wil l  provide equipment and service  f a c i l i t i e s  f o r  
his operation in his contract  pr ice .  Therefore, no 
such f a c i l i t i e s  have been provided fo r  a t  t he  s i t e  , a t  
any intermediate po in t s ,  o r  a t  t h e  p o r t ,  i n  the  
capi t a l  co s t  study. 

I t  i s  assumed t h a t  the  trucking contractor  will use 

containers , car r i ed  on a t r a c t o r l t r a i l  erlpup t r a i  1 e r  

arrangement, f o r  concentrates an f o r  backhaul of 

suppl i es.  

3.12.2 AIRSTRIP 

A 1500 f t .  long gravel a i r s t r i p ,  su i t ab l e  f o r  landing 1 i gh t  
a i r c r a f t  and Twin O t t e r s ,  i s  current ly  i n  existence i n  the  
South Macmill an valley just across the  North Can01 Road 
from the  proposed concentrator location.  No 1 igh t s  o r  

fue l l ing  f a c i l i t i e s  a r e  avai lable .  



I t  i s  considered t h a t  this  strip wil l  be inadequate t o  
support the  5-7 days per week f l y - i n ,  f ly-out  program 
planned fo r  the  p lan t  operat ions ,  1 argely because of t he  
unpredictabil i ty  of weather conditions. As a resul t , a new 
a i r s t r i p  wi l l  be required. For th is  s tudy,  i t  i s  proposed 
t o  1 ocate this new s t r ip  on a p la ins  area approximately 
50 km south of the  present  s i t e .  Another potential  s i t e  
which has been suggested i s  near Fu l le r  Lake, approximately 
7 km by road from the  plant  s i t e .  In any event ,  i t  has 
been assumed t h a t  a sui tab1 e , re1 a t i ve ly  1 eve1 s i t e  can be 
loca ted ,  and t he  1 and acquired f o r  such a strip. 

The runway wil l  be 3500' x l o o ' ,  gravel surfaced. 
Equi pment wil l  incl ude runway 1 i gh t s  , a non-directional 
radio beacon, and Hazal t i n e  Instrumental Landing System. A 

heated waiting room, capable of accommodating approximately 
20 people and having i t s  own package diesel generator,  
washroom and potable water supply,  w i  11 be provided i n  a 
20' x 40' t r a i l e r  type s t ruc tu re .  No hangar o r  fue l l ing  
faci 1 i t i e s  a re  included. 

This a i r s t r i p  wil l  be more than adequate f o r  landing Twin 

Ot ters  and able t o  receive other  STOL type a i r c r a f t  such a s  
Dash-7 o r  Dash-8, should these  be flown by the  contracted 
a i r c r a f t  operators. In add i t ion ,  the  runway length wil l  
accomnodate the  l a rge r  a i r c r a f t  which wil l  reduce cos t s  f o r  
personnel ro ta t ion d u r i n g  the  construction phase. 

Employees will be shu t t l  ed tolfrom the  a i r s t r i p  by buses,  
based a t  the plant  s i t e .  Communications between the  p lan t  

s i t e  and the  a i r s t r i p  wil l  be by radio.  



P r i o r  t o  proceeding w i t h  t h e  p r o j e c t ,  t h e  f i n a l  1  ocat ion  of 

a  s u i t a b l e  a i r s t r i p  must be determined. The p o t e n t i a l  f o r  

b u i l d i n g  and opera t ing  a  s t r i p  j o i n t l y  w i t h  o the r  area 

metal1 u r g i  ca l  operat ions shoul d  be examined. 

3.12.3 NORTH CANOL ROAD 

The North Canol Road extends from Ross R iver  (km 230) t o  

the  YukonINWT border  (km 463) , a  d is tance o f  233 km , 
passing t h e  proposed p l a n t  a t  km 450. 

.1 Current  Condi t ion 

The North Canol i s  c l a s s i f i e d  as a  "summer on ly "  

rec rea t i ona l  road used by hunters ,  fishermen, 

t rappers ,  o u t r i g g e r s  and campers. Some e x p l o r a t i o n  i s  

- c u r r e n t l y  be ing  c a r r i e d  o u t  i n  the  Macmillan Pass 

area, w i t h  nomi nal  movement o f  d r i  11 equi pment , f u e l  

and supp l ies  along t h e  North Canol . Load l i m i t s  as 

fo l l ows  a re  d i c t a t e d  by t h e  P e l l y  R iver  f e r r y  a t  t h e  

se t t lement  o f  Ross River :  

32,600 k g  (72,000 1  bs. ) 

18.3 metres l ong  (60 f e e t )  

3.6 metres wide (12 f e e t )  

The North Canol from km 281 t o  km 463 i s  mainta ined by 

the  Department o f  Highways w i t h  two graders, one 

1  oader and one dozer from a  mi d-poi n t  maintenance 

camp. The southern sec t i on  from km 281 t o  km 230 i s  

mainta ined by t h e  highway crew responsib le f o r  t h e  

Robert Campbell h i  ghway . 



I n  general , t h e  North Canol i s  s u f f i c i e n t  f o r  what i t  

i s  c l  ass i  f i e d  as : "summer on ly "  rec rea t i ona l  road. 

The average w id th  i s  4 t o  5  metres. The t h i r t y  r i v e r  

and stream crossings a r e  3.6 metres wide, wood 

s t r u c t u r e s ,  except Macmill an No. 1  which i s  a  

Bai 1  ey-type s t r u c t u r e  (38,000 kg capaci t y  above 

- 3 5 ' ~  and 28,000 kg be1 ow -35 '~) .  The average 

safe d r i v i n g  speed i s  40 kmjhour. V i s i b i l i t y  o f  

on-coming veh ic les  i s  1  i m i  t ed  and dangerous because o f  

f requent  sharp t u r n s ,  e l  eva t i on  adjustments, and 

re-vegeta t ion  a long t h e  r ight-of -way.  

The f e r r y  c ross ing  over t h e  P e l l y  R iver  takes t h r e e  t o  

f o u r  minutes. The average t r a f f i c  l o a d  i s  

approximately twenty vehi c l  es per  day. The f e r r y  

c ross ing  i s  i n  opera t ion  e i g h t  hours per  day from 

about June 1  t o  October 15 depending on the  i c e  

break-up i n  sp r i ng  and t h e  freeze-up i n  f a l l  o f  t h e  

P e l l y  River .  

The cont inuous b l a d i n g  o f  t h e  road by t h e  maintenance 

crew has 1  e f t  t h e  sur face v i  r t u a l  l y  pothol  e - f ree  

except f o r  a  20 km s t r e t c h  from km 281 t o  261. This  

area has l i t t l e  su r fac ing  ma te r ia l  , r e s u l t i n g  i n  an 

exposed boulder  and rock road bed. Uneven, ho r i zon ta l  

c h a r a c t e r i s t i c s  o f  t h e  North Canol ( b a s i c a l l y  f o l l ows  

t h e  contour o f  t h e  l a n d ,  no b u i l t - u p  sec t ions)  r e s u l t s  

i n  drainage problems and minor f l o o d i n g  o f  sect ions.  



.2 P l  anned Improvements 

I t  i s  understood t h a t  t h e  government 's  c u r r e n t  and 

long range program f o r  t h e  North Canol Road i s  i n  two 

phases.  

The Phase I program has  been pl anned i n  conjunct ion 

with Northern A f f a i r s ,  Publ ic  Works Canada, and Amax 

Canada. I t  comprises: 

o Survey and design t h e  f u l l  l e n g t h  from 

Yukon/Northwest T e r r i  t o r i e s  border  (km 463) t o  

Ross River (km 230).  

o Soi 1 s exp lo ra t i on  program i ncl udi ng r i  ght-of-way 

d r i l l  ho l e s  (every  100 metres) and borrow a r e a  

l o c a t i o n .  

o Upgrade and r e - rou t e  25 pe rcen t  (57 km) o f  t h e  

North Canol wors t  a r ea s .  

When completed i n  1987-88, t h e  North Canol w i l l  be 

sui tab1 e f o r  cons t ruc t ion  f r e i g h t  haul age t o  enab le  

Amax t o  develop t h e  MacTung p r o j e c t  using normal 

t r a n s p o r t  pay1 oads o f  20,000 kg (44,000 1 b s  ) . 

The government es t imated  expendi ture  f o r  Phase I i s  
$24 mi l l  ion (1983 d o l l a r s )  , of  which approximately $4 

m i l l i o n  is  committed, wi th  $6 m i l l i o n  planned b u t  n o t  

approved f o r  1985. 

A summary o f  government Phase I program by a r e a  i s  a s  

fol lows:  



Chainage ( k m )  Reason fo r  Upgrading 

Pel l y  River 230 ( 2  

Steep grade (1985 program) 

Steep grade ( i n  progress) 

Steep grade (1985 program) 

Repl ace s t ruc tu re  

Steep grade , repl ace s t r uc tu r e  

Horizontal and ver t ica l  

a1 i gnmen t 
Horizontal a1 i gnment , repl ace 

s t ruc tu re  

Re-route South Macmillan No. 

1 crossing 

Macmill an Pass i c i ng ,  snow 

dr i  f t  , three  s t ruc tu res  t o  

repl ace 

Repl ace fe r ry  w i t h  two-1 ane 

b r i  dge 

(1 ) Beyond TomIJason property , serves Amax property. 

$1.9 of $11.9 mill ion c o s t  f o r  roads and 

s t ruc tu res .  

( 2 )  The government i s  upgrading the  fe r ry  capacity i n  

1985 t o  38,200 kg (84,000 1 bs. ) and 21.3 metres 

(70 f t . )  length. 



A summary o f  government budgetary cos ts  i n  1983 

do1 1 ars  : 

Pel l y  R iver  b r i dge  $ 5.9 m i l l i o n  

57 km o f  road and s t r u c t u r e s  11.9 m i l l i o n  

Contingency 20 percent  3.5 m i l l i o n  

Design 15 percent 2.7 m i l l i o n  

$24.0 m i l l i o n  

A1 1 s t r u c t u r e s  i n  Phase I w i  11 be b u i l  t t o  t h e  w id th  

requ i red  f o r  t h e  u l  t imate  12.5 metre subgrade width.  

A1 1 road a1 ignment and upgrading w i  11 have a 8.5 metre 

subgrade w i  dth. 

Phase I 1  , t h e  1 ong range p l  an, i s  t o  re -cons t ruc t  t h e  

remaining 75 percent  o f  Nor th Canol t o  8.5 metre 

subgrade w id th  w i t h  10 cent imetres o f  gravel sur face,  

80 kmlhour highway , maximum grade 8 percent. Th is  

qual i t y  o f  road,  equ iva len t  t o  t he  Robert Campbell 

Highway , i s  geared towards serv ing  1 arge scal e 

1 ead-zinc concentrate haul age from t h e  Macmi 11 an Pass 

region. 

The est imated c o s t  f o r  Phase 11 i s  $58 m i l l i o n  i n  1983 

d o l l a r s .  To cons t ruc t  North Canol t o  12.5 metre 

subgrade w i t h  0.5 metre sur face ma te r ia l  would c o s t  an 

addi t i o n a l  $30 mi 1 1 i o n  (A1 aska Highway qual i t y  1. 

The government p r e f e r s  cons t ruc t i on  t o  be performed by 

n a t i v e  and nor thern  cont rac tors .  Work would progress 

a t  approximately 20 km per  season, a1 lowing e i g h t  o r  



nine years  t o  complete Phase 11. This time frame i s  

s t r i c t l y  based on the  preferred contractors '  

capabi 1 i t i e s .  Without de f i n i t i ve  commitments from the  

mining indus t ry ,  i t  has been suggested t h a t  none of 

Phase I1 would 1 ikely proceed and Phase I ,may stop 

a f t e r  1985. 

All surface s t ruc tu res  will be rep1 aced i n  the  Phase 

IIPhaseII program. Except f o r  the Pelly River bridge 

and Macmillan No. 1 br idge,  a l l  s t ruc tu res  will be 

mu1 t i  p la te  highway cu lver t s  of various s izes .  

The government compl eted a three-year survey program 

in 1984. Drawings and est imates of the  cos t s  of the  

upgrading program will  be updated during the 1984-85 

winter period and avai lable  by June 1985. 

3.12.4 HAINES TERMINAL 

A concentrates hand1 ing , storage and shipping terminal a t  

Haines , Alaska wil l  include the  following: 

Concentrates storage building - 150 f t  x 360 f t .  

Office , 1 aboratory and e l ec t r i c a l  buil ding. 

Quadrant type ship  loader. 

Truck unl oader. 

Vibrating feeders ,  be1 t conveyors and sampl ing system. 



o Shi pl oadi ng be1 t scale. 

o Ship fender extension. 

Concentrates will be removed from the trailers by gantry 
unloaders, which will transport the containers t o  the 
appropriate storage section of the divided storage 
building , t o  be dumped and  the concentrates pi 1 ed by 

bulldozer. Reclaim will be by the bulldozer pushing the 
concentrates t o  reclaim hoppers, thence onto  be1 t conveyors 
1 eadi ng t o  the shi pl oader. Be1 t scales and a sampler are 

provided on the conveying system. The ship fender 
extension would probably be done by the City of Haines, 
a1 though the costs are included in this estimate. 
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3.13 FURTHER WORK 

3.1 3.1 INTRODUCTION 

The p r o j e c t  f a c i l i t i e s  described i n  t h i s  r e p o r t ,  and t o  

which the  c a p i t a l  c o s t  est imate app l i es ,  have been 

developed based on avai 1  ab le  techn ica l  in fo rmat ion  about 

t h e  minera l  deposi ts  and t h e  s i t e .  Best  judgements have 

been appl i e d  t o  t h e  i n fo rma t ion  , where appropr i  ate. Where 

i n fo rma t ion  was n o t  ava i l ab le ,  assumptions have been made. 

These judgements and assumptions a r e  noted i n  a  number o f  

instances through t h e  t e x t  o f  t h e  repo r t .  The f u r t h e r  work 

necessary t o  v e r i f y  these assumptions and t o  p rov ide  data 

f o r  d e t a i l  design engineer ing,  o r  t o  ob ta in  t e s t  ma te r i a l  

t o  be g iven t o  equi p e n t  vendors i n  support  o f  equipment 

warranty requirements , i s  summarized i n  t h i s  sect ion.  

Minor op t im iza t i on  s tud ies  t o  s i z e  and s e l e c t  equipment a re  

n o t  1  i s t e d  , as they woul d  comprise a  p a r t  o f  t he  d e t a i  1  

design phase. 

None o f  these i tems i s  considered c r u c i a l  t o  t h e  techn ica l  

v i  ab i  1  i t y  o f  t he  p r o j e c t  , a1 though some coul d  impact cos ts  

t o  t h e  p o i n t  o f  jeopard iz ing  t h e  f i n a n c i a l  v i a b i l i t y .  

3.13.2 BASIC DATA DEVELOPMENT 

Water Supply 

An assured water supply year-round i s  essen t i a l  t o  t h e  

p l a n t  operat ion.  I t  has been assumed t h a t  t h i s  i s  

a v a i l a b l e  a t  t h e  j unc tu re  o f  Sekie Creek No. 1  and t h e  

South Macmill an River.  However the re  i s  v i r t u a l l y  no 



d a t a  on which t o  base this  assumption. Should t h e r e  
be i n s u f f i c i e n t  water  a t  this p o i n t  during the low 
flow season o f  l a t e  w i n t e r ,  i t  will be  necessary t o  
either impound s u f f i c i e n t  water  t o  c a r r y  over  this  

pe r iod ,  o r  extend the supply l i n e  t o  a l o c a t i o n  where 
f lows a r e  adequate .  Either cou r se  o f  a c t i o n  can be  
expected t o  involve  higher c o s t s .  

A st ream monitor ing program should be e s t a b l i s h e d  t o  
v e r i f y  t h e  above assumption,  o r  t o  f i n d  an a l t e r n a t i v e  
source.  This  program shoul d be d i r e c t e d  p a r t i c u l  a r l y  
t o  the low flow season ,  and should ex tend  over  severa l  
seasons.  

.2 Geotechnical 

The geotechnical  da t a  upon which this r e p o r t  was based 
was 1 imi ted  i n  terms o f  the a r e a  covered and must be 
cons idered  p re l imina ry ,  though adequate f o r  th is  type  
o f  r e p o r t  f o r  the a r e a s  covered. 

No da t a  e x i s t s  f o r  the proposed o r  a1 t e r n a t i  ve 
t a i l i n g s  s t o r a g e  a r ea s .  In a d d i t i o n ,  no d a t a  e x i s t s  
f o r  a1 t e r n a t i  ve process  pl a n t  1 o c a t i  ons on the Jason  
proper ty  which may o f f e r  c o s t  advantages.  (For  a 
review o f  previous geotechnical  work and d r a f t  
recommendations f o r  a d d i t i o n a l  work, r e f e r  t o  Thompson 
Geotechnical Consul tan ts  l e t t e r  and r e p o r t  t o  Bechtel 
Canada Ltd. , January 28 , 1985). 

Fu r the r  prel imi nary geotechni ca l  work shoul d be  
undertaken a s  f o l l  ows : 



o I t  has been assumed t h a t  the  Rat Lake area will 
be geotechnically su i tab le  fo r  construction of 
the  t a i l i n g s  storage f a c i l i t y .  To verify t h i s  
assumption, a program should be defined and work 
undertaken t o  examine foundations conditions fo r  
the  dams even though the  dams required f o r  t he  
thickened t a i  1 i  ngs system a r e  re1 a t ivel  y m i  nor ,  
determine the  avai 1 abi l  i t y  of dam construction 
mate r ia l s ,  assess seepage and ground water 
conditions , and obtain a1 1 necessary data fo r  
permitting. Should the  Rat Lake s i t e  be 
determined t o t a l l y  unsui table ,  a  new s i t e  must be 
se lected and the  cos t  impact determined. 

o A1 te rna t i  ve s i t e s  fo r  the  production faci  1 i t i  es  
should be iden t i f i ed  which o f f e r  reduced capi ta l  
and/or operating costs  using t he  various concepts 
contained i n  t h i s  repor t  as  bases. This analysis  
woul d a1 so provide the  scope fo r  prel imi nary 
geotechnical investi  gations which shoul d be 
conducted i n  these areas t o  confirm t h e i r  
potential , determine. excavation and foundations 
conditions and ensure t h a t  sa t i s fac tory  
foundation conditions ex i s t .  

Additional data should a1 so be obtained f o r  the  
s i t e  selected for  t h i s  report .  The most cos t  
e f fec t ive  location may then be selected and t he  
capi ta l  co s t  estimate modi f i ed  accordingly. 

o ,  A geotechnical investigation shoul d be ca r r ied  
out  i n  t he  area of the  proposed Jason sha f t  and 
venti 1 a t ion r a i s e  , t o  develop data t o  assess 
sha f t  and r a i s e  co l la r ing  and ho i s t  foundation 
conditions. 



Detailed geotechnical investigations must be performed 
prior to  commencement of detail  design a t  the selected 
faci l  i ty 1 ocations to  develop accurate soil  and 
foundation conditions and design c r i t e r i a .  

In  the conduct of the investigations referred to  
above, extra caution should be exercised to  identify 
i f permafrost and ice 1 enses are  present,  and i f s o ,  
thei r extent. 

.3 Survey and Mapping 

There are  survey and mapping discrepancies in the 
available data for the Macmi l lan  Pass area. This i s  
described in Thompson Geotechnical Consul tants ' report 
" Investigation of Survey and Mapping Discrepancies on 
the Tom Project",  March 1983. These discrepancies 
must be corrected and data adjusted, t o  ensure tha t  an 
accurate survey grid and accurate elevations for  the 
areas of the property t o  be developed are  available 
prior to  commencement of design work. 

Accurate contours, generally t o  5 metre interval s ( t o  
2 metre intervals i n  the immediate vicinity of 
construction areas) , w i  11 be required throughout the 
development area. 

.4 Metal 1 urgical 

Prior to  detai 1 ed engineering, a number of 
metal 1 urgical investigations are  required to  optimize 
the process flow sheet and to  f ina l ize  equipment 

sizing and selection. 



Recommended a c t i v i t i e s  re1 ated to  the process f l  ow 
sheet i ncl ude: 

Conduct bench f l  o ta t i  on t e s t s  using sampl e 
composites which are  generally typical of the 
predicted co-mingl ed Tom and Jason mi 11 feeds. 

Examine the use of a1 ternat i  ve reagent schedul es 
which may provide practical benefi t s  of 1 esser 
cost and complexity , and be more environmental 1 y 
acceptable. For instance, a high 1 ime-low 
cyanide route may of fer  certain advantages over 
the system selected for  the study which does not 
uti 1 ize  1 ime for  pH control. 

Examine on bench scale the degree (quanti t y  , 
grade) t o  which coarse lead can be recovered from 
the primary ground feed. 

Carry out mineral ogical examinations on pol i shed 
sections of selected products from the 
bench-scale f lotat ion t e s t s  as a guide to  
optimizing metal 1 urgi cal performance. 

Test ,  on p i lo t  plant sca le ,  the flow sheet 
developed from bench-scale work to  determine the 
influence of circulating plant streams on the 
process metallurgy and to  f inal ize the process 
c r i t e r i a .  



Investi gati ons regardi ng equi pment sel ect i  ons i ncl ude : 

o Conduct further t e s t s  in the Aerofall 18 inch 
diameter m i  11 on fresh samples of Tom, Jason and 
mixed ores. 

o Run pi lot-scale grinding t e s t s  on b u l k  samples of 
typical feed t o  establish the optimum grinding 
c i r c u i t  configuration and establ ish more fu l  ly  
the operating parameters of power, 1 oadings , 
cl assi f i  cat ion,  e tc .  

o Undertake laboratory t e s t s  on products from the 
t e s t  work noted above to  establish the area 
requirements for  the 1 ead and zinc concentrate 
thickeners , and the final t a i  1 ings thickener. 
The merits of using floccul ants would be examined 
a t  the same time. 

o Conduct laboratory t e s t s  to  establish the area 
requirements for  pressure f i l t r a t ion  of the 
f lotat ion concentrates. 

Refer to  Section 2 for other discussions re  further 
metal 1 urgi  cal work. 

.5 Envi  ronmen tal  

o Climatic data should be accumulated for  the 
immediate a rea ,  w i t h  particular reference to  
snowfall (quantity , pockets or areas of high 
accumulation) and wind (velocity , prevai 1 i ng 
d i  rect i  ons) . Furthermore , areas of poten t i  a1 



construction ac t iv i ty  shoul d be closely observed 
for  avalanche ac t iv i ty ,  so tha t  areas exposed to 
t h i s  hazard may be avoided. These observations 
should be extended over several seasons i f  
possible. 

o Perform requi s i t e  envi ronrnental studies to  
confi rm the envi ronmental acceptabi 1 i ty  of the 
selected t a i  1 ings di sposal s i t e  , and define any 
environmental protective measures to  be b u i l t  

into the design. 

o Perform envi ronmental background surveys, 
incl ud i  ng ground water f l  ows and analyses. 

.6 Airstr ip  

A location for  the operating plant a i r s t r i p  must be 
determined, and survey and geotechnical data obtained 
as requi red for construction. The a1 ternati  ve of 

sharing or development of an a i r s t r i p  joint ly  w i t h  

other mineral s plants in the area may be explored. 

.7 Property Acquisition 

Any property required for the project development and 
not currently under the control of HBM & S or Aberford 

shoul d be acqui red. 



3.13.3 OPTIMIZATION STUDIES 

To enhance the  accuracy o f  t h e  c o s t  est imates f o r  t he  

TomIJason p r o j e c t  and a r r i v e  a t  an op t im ized p r o j e c t  

d e f i n i t i o n  p r i o r  t o  es tab l  i s h i n g  an o v e r a l l  app rop r ia t i on  

budget f o r  p r o j e c t  development, o p t i m i z a t i o n  s tud ies  should 

be c a r r i e d  o u t  i nc l  ud i  ng: 

o  The r a t e s  o f  e x t r a c t i o n  from t h e  two mines may be 

evaluated w i t h  the  o b j e c t i v e  o f  e l  i m i n a t i n g  

d u p l i c a t i o n  o f  f a c i l i t i e s  o r  ove rs i z ing  f a c i l i t i e s ,  

p r i m a r i l y  o re  crushing and haul age systems. 

o  The l o c a t i o n  of p roduct ion  f a c i l i t i e s  should be 

analysed , cons ider ing  cos ts  f o r  o re  haul age, t a i l  i ngs 

hand l ing ,  and water supply l i n e s  (make-up and rec la im) .  

o The 1  oca t i on  o f  accomodations complex re1 a t i v e  t o  t h e  

o the r  p l a n t  f a c i  1  i t i e s  shoul d  be reviewed , w i t h  

o b j e c t i v e  o f  reducing cos ts  o f  p rov id ing  serv ices  t o  

the  complex. 

o  The te rmina l  f a c i  1  i t i e s  a t  Haines , A1 aska may be 

opt imized i n  terms o f  t h e  tonnages o f  concentrates t o  

be s to red,  and t h e  type o f  sh ip loader  t o  be used. 

Given firm d e f i n i t i o n  o f  t h e  s i zes  and types o f  sh ips 

which a re  expected t o  be 1  oaded , and frequency o f  

a r r i v a l  , s i g n i  f i c a n t  c o s t  reduc t ions  may be obta inabl  e. 



3.14 MECHANICAL EQUIPMENT LIST 
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3.14 MECHANICAL EQUIPMENT LIST 

3.14.1 INTRODUCTION 

The major mechanical equi pment required for  the TomIJason project 
is  1 is ted on the following pages. The 1 i s t s  , which are  arranged 
by f a c i l i t y  or area,  identify the specific equi p e n t  covered by 
the capital cost estimate prepared by Bechtel and presented in 

Section 3.2. Where equi p e n t  i terns have not been identi fied 
speci f ical  l y  for costing purposes , they are  grouped in "1 ots"  . 

Mine development and production equi pment i s  covered i n  HBM&S 

Mining Department's costs and i s  not included in these l i s t s .  
Construction equi pment i s  1 isted only i f purchased as permanent 
pl ant equi pment and used for construction. 



EQUIP. NO. 

100-CN-01/03 

100-CP-01 ,02 

100-CR-01 /O3 

100-CV-01/03 

100-CV-04 

100-CV-05 

100-CV -06 

100-OC-01/03 

100-FA-01/03 

100-FA-04,05 

100-FE-01/07 

100-HE-01 ,02 

MECHANICAL EQUIPMENT 

Crushing Area Service Crane 

Mine A i r  Compressor 

Jaw Crusher 

Feeder Be1 t Conveyor 

Tom East B e l t  Conveyor "C"  

Tom West Be1 t Conveyor "8" 

Main Be1 t Conveyor "A" 

Dust Col l  ec to r  , Cyclone Type 

Dust Col l e c t o r  Fan 

Mine A i r  Heater Fan 

V ibra t ing  Feeder 

Mine A i r  Heater 

Tramp I ron  Mdgnet 

Propane Storage Tanks 

BECHTEL JOB NO. 16988 
HUDSON BAY MINING 8 SMELTING COMPANY LTO. 

TOM/JASON PRQlECT 
EQUIPMENT LIST 

AREA 100 - TOM MINE - PRODUCTION PHASE 

NO. 
EA. - 
3 

2 

3 

3 

1 

1 

1 

3 

3 

2 

7 

2 

3 

2 

S I Z E  - 
28' span 

42" x 48" 

42" x 50' 

42" x 1230' 

42" x 1754' 

42" x 8918' 

42" x 8 '  

NOMINAL 
CAPACITY 

EACH 

15 ton 

3500 CFM 

400 STPH 

400 STPH 

400 STPH 

400 STPH 

5000 CFM 

400 STPH 

20 x l o 6  BTUH 

H.P. 
EACH - COMMENT 

One Standby 

One from 
development 
phase 

By Vendor 



EQUIP. NO. 

200-BN-01 , 02 

*200-CN-01 

200-CP-01 ,02 

*200-CR-01 

*200-CV-25 

*200-CV-26 

*200-DC-01 

200-FA-01 

200-FA-02 

200-FE-15/17 

200-H -01 

200-HE-01 

*200-MA-01 

200-TE-01 

BECHTEL JOB M0. 16988 
HUDSON BAY MIt4ING & SMELTING COMPANY LTD. 

TOM/JASON PRIUECT 
EQUIPMENT LIST 

AKEA 200 - JASON MINE - PRODUCTION PHASE 

NOMINAL 
NO. CAPACITY 

MECHANICAL EQUIPMENT - EA. - SIZE EACH 

Ore B i n  2 750 Ton 

Crushing Area Service Crane (U/G) 1 28' span - 15 Ton 

Mine Ai r Compressor 

Jaw Crusher (U/G) 

3500 CFM 

Feeder Be1 t Conveyor (U/G) 1 42" x 50' 400 STPH 

Be1 t Conveyor (U/G) 1 42" x 540' 

Dust Co l lec tor ,  Cyclone Type (U/G) 1 

Dust Co l lec tor ,  Fan (U/G) 1 

Mine Ven t i l a t i on  Fan 1 

V ibra t ing  Feeder (1 U/G)* 

Mine Ho is t  

Heater, Mine A i r  1 

Tramp I r o n  Magnet (U/G) 1 

Mine Water O i l  Skimmer 1 Lo t  

Propane Storage Tanks 2 

5000 CFM 

400 STPH 

20 x I O ~ B T U H  

H.P. 
EACH - 

15 

450 

15 

i aoo 

COMMENT 

One standby 

By Vendor 

*Crushing Sta t ion  Equipment inc luded w i t h  HBMS mining costs 



EQUIP. NO. 

200-cv-11 

200-cv-12 

200-cv-13 

200-CV-14 

MECHANICAL EQUIPMENT 

Feeder Be1 t Conveyor 

Be1 t Conveyor 

Be1 t Conveyor 

Be1 t Conveyor 

BECHTEL JOB NO. 16988 
HUDSON BAY MINING 1 SMELTING COMPANY LTD. 

TOlr(/JASON PROJECT 
EQUIPMENT LIST 

AREA 200 - JASON MINE - CONVEYOR OPTION 

NOMINAL 
NO. CAPAC I TY 
EA. - SIZE - EACH 

1 42" x 65' 400 STPH 

1 42" x 5902' 400 STPH 

1 42" x 6295' 400 STPH 

1 42" x 3279' 400 STPH 

H.P. 
EACH - COMMENT 

Future o p t i o n  

Fu tu re  o p t i o n  

Fu tu re  o p t i o n  

Fu tu re  o p t i o n  



EQUIP. NO. MECHANICAL EQUIPMENT 

300-CV-07 S h u t t l e  Be1 t C o n v e y o r  

300-CV-08 R e c l a i m  Be1 t C o n v e y o r  

300-FE-08/10 V i b r a t i n g  F e e d e r  

300-HE-01 H e a t e r ,  O i  1 - F i r e d  c l w  f a n  

BECHTEL JOB NO. 1 6 9 8 8  
HUDSON BAY MINING 6 SMELTING COMPANY LTD. 

TOM/JASON PROJECT 
EQUIPMENT L I S T  

AREA 3 0 0  - COARSE ORE STORAGE 

NO. 
EA. - S I Z E  

1 4 2 "  x 5 0 '  

NOMINAL 
CAPACITY 

EACH 

4 0 0  STPH 

2 7 5  STPH 

2 7 5  STPH 

7 0 0  x IO~BTUH 

H.P. 
EACH COMMENT - 
10 + 5 



EQUIP. NO. 

300-BN-01 

300-BN-02 

300-CS-01 

300-CS-02 

300-CV-09 

300-CV-10 

300-CV-1 l A  

300-CV-15 

300-CV -1 5A 

300-CV-16 

300-FE-l l 

300-FE-12 

300-FT-01 

300-FT-02 

300-ML-01 

BECHTEL JOB NO. 16988 
HUDSON BAY MINING & SMELTING COMPANY LTD. 

TOM/JASON PROJECT 
EQUIPMENT LIST 

AREA 300 - CONCENTRATOR - GRINDING 

MECHANICAL EQUIPMENT 

Ore Bin 

Pebble Bin 

Primary Cyclone 

Secondary Cyclone 

Pebble B e l t  Conveyor 

Primary M i  11 Be1 t Conveyor 

Primary M i l l  Be1 t Scale 

Pebble M i l l  Be1 t Conveyor 

Pebble M i  11 Be1 t Scale 

Pebble Mi 11 Feed Be1 t Conveyor 

Primary Mi 11 Be1 t Feeder, w/Pl atework 

Pebble Mi 11 Be1 t Feeder, w/Pl atework 

Coarse Pb Rougher F lo ta t i on  Machine 

Coarse Pb Cleaner F lo t .  Machine 

Primary M i l l  , Autogenous , w i th  Dr ive 
b Anci 11 a r i  es 

Pebble M i l l  . w i t h  Dr ive & Anci l l a r i e s  

Primary Cyclone Feed Pump 

Coarse Pb Rougher Feed Pump 

Coarse Pb Rougher Froth Pump 

NO. 
EA. - 
1 

1 

1 Set 

1 Set 

1 

1 

1 

1 

1 

1 

1 

1 

SIZE - 
20'0 x 20' 

12'0 x 20' 

2 0 30" 

12 @ 10" 

24" x 35' 

36" x 35' 

36" 

24" x 32' 

24" 

24" x 28' 

48" x 23' 

36" x 12' 

2 Ce l ls  300 CFICell 

1 Ce l l  300 CF 

1 24'0 x 11 ' 

2 14'0 x 22' 

2 10 x 8 Metal 

2 12 x 10 Metal 

1 4" 

NOMINAL 
CAPAC I TY 

EACH 
H.P. 
EACH - COMMENT 

200 Tons 

100 Tons 

One standby 

Two c lus te rs  

30 STPH 

250 STPH 

250 STPH 

20 STPH 

20 STPH 

20 STPH 

250 STPH 

20 STPH 

1400 USGPM 

3000 USGPM 

150 USGPM 

Reversible 2 

5 

2 

2 8 25 900 RPM 

25 900 RPM 

2400 240 RPM 

1500 240 RPM 

100 One standby 

125 One standby 

5 



EQUIP. NO. MECHANICAL EQUIPMENT 

300-PP-06,07 S e c o n d a r y  C y c l o n e  F e e d  Pump 

300-PP-08 C o a r s e  L e a d  C l e a n e r  F r o t h  Pump 

300-SC-01 P e b b l e  S c r e e n ,  D o u b l e  Deck 

BECHTEL JOB NO. 1 6 9 8 8  
HUDSON BAY MINING 6 SMELTING COMPANY LTD. 

TOM/JASON PRUECT 
EQUIPMENT L I S T  

AREA 3 0 0  - CONCENTRATOR - GRINDING 

NO. 
EA. - S I Z E  - 
2 1 2  x 10 M e t a l  

1 3" R.L. 

NOMINAL 
CAPACITY 

EACH 

3 9 0 0  USGPM 

5 0  USGPM 

2 7 5  STPH 

H.P. 
EACH - COMMENT 

One s t a n d b y  



EQUIP. NO. 

300-CS-03 

MECHANICAL EQUIPMENT 

Pb Regrind Cyclone 

Pb Rougher F l o t a t i o n  Machine 

Pb Scavenger F lo ta t i on  Machine 

Pb 1 s t  Cleaner F l o t a t i o n  Machine 

Pb 3rd  Cleaner F lo ta t i on  Machine 

Pb 2nd Cleaner F l o t a t i o n  Machine 

Pb Regrind Rougher F l o t a t i o n  Machine 

Pb Regrind Cleaner F l o t a t i o n  Machine 

Pb Regrind Ba l l  M i l l  , c/w Dr ive & 
Ancil  l a r i e s  

Pb Scavenger Fro th  Pump 

Pb Scavenger T a i l s  Pump 

Pb Rougher Fro th  Pump 

Pb 1 s t  Cleaner Froth Pump 

Pb 3rd Cleaner Fro th  Pump 

Pb 2nd Cleaner Fro th  Pump 

Pb Regrind Feed Pump 

Pb Regrind Rougher Fro th  Pump 

Pb Regrind Ta i l s  Pump 

Pb Regrind Cleaner Froth Pump 

Pb Condit ioner Tank, w/Agi t a t o r  

BECHTEL JOB NO. 16988 
HUDSON BAY MINING & SMELTING COMPANY LTO. 

TOMIJASON PROJECT 
EQUIPMENT LIST 

AREA 300 - CONCENTRATOR - Pb FLOTATION 

NO. 
EA. - 
1 Set 

3 Ce l ls  

2 Ce l ls  

4 Ce l ls  

4 Ce l ls  

4 Ce l ls  

2 Ce l ls  

1 Ce l l  

1 

SIZE - 
4 @ 15" 

1350CF/Cel 

1350CF/Cel 

600 CF/Cel 

600 CF/Cel 

600 CF/Cel 

300 CF/Cel 

300 CF 

9 ' 0  x 12' 

1 6" R.L. 

1 12" x 10" 

1 8" R.L. 

1 8" R.L. 

1 8" R.L. 

1 8" R.L. 

NOMINAL 
CAPAC ITY 

EACH 

260 USGPM 

R.L. 2100 USGPM 

550 USGPM 

500 USGPM 

450 USGPM 

500 USGPM 

2 10" x 8" R.L. 1 150 USGPM 

1 4" R.L. 140 USGPM 

1 8" x 6" R.L. 440 USGPM 

1 3" R.L. 60 USGPM 

2 12'g x 14'  H 12000 USG 

H.P. 
EACH - 

900 RPM 

900 RPM 

900 RPM 

900 RPM 

900 RPM 

900 RPM 

900 RPM 

One standby 



EQUIP. NO. 

300-FT-15 

300-FT-17 

300-FT-19 

300-FT-21 

300-FT-23 

300-PP-20 

300-PP-21 

BECHTEL JOB NO. 16988 
HUDSON BAY MINING 8 SMELTING COMPANY LTD. 

TOM/JASON PROJECT 
EQUIPMENT LIST 

AREA 300 - CONCENTRATOR - Zn FLOTATION 

NOMINAL 
NO. CAPACITY 

MECHANICAL EQUIPMENT EA. - SIZE - EACH 

Zn Rougher F lo ta t i on  Machine 3 Ce l ls  1350 CF/Cell 

Zn Scavenger F l o t a t i o n  Machine 2 Ce l l s  1350 CF/Cell 

Zn 1s t  Cleaner F lo ta t i on  Machine 4 Cel l  s 300 CF/Cell 

Zn 2nd Cleaner F l o t a t i o n  Machine 4 Ce l ls  300 CF/Cell 

Zn 3rd Cleaner F lo ta t i on  Machine 3 Cel l  s 300 CF/Cel 1 

Zn Rougher Fro th  Pump 1 6" R.L. 350 USGPM 

Zn Scavenger Froth Pump 1 6" R.L. 200 USGPM 

Zn 1 s t  Cleaner T a i l s  Sump 

Zn 1 s t  Cleaner Tai 1 s Pump 1 5" x 4" R.L. 240 USGPM 

Zn 1 s t  Cleaner Froth Pump 1 6" R.L. 500 USGPM 

Zn 2nd Cleaner T a i l s  Sump 1 

Zn 2nd Cleaner Ta i l s  Pump 1 5" x 4" R.L. 230 USGPM 

Zn 2nd Cleaner Fro th  Pump 1 6" R.L. 350 USGPM 

Zn 3rd  Cleaner Froth Pump 1 6" R.L. 250 USGPM 

Process Water Pump, (Zinc F lo td t i on )  2 250 USGPM 

Zn Condit ioner Tank, w/Agi t a t o r  2 12'(11 x 14'H 12000 USG 

Process Water Tank, (Zinc F lo ta t i on )  1 6 '0  x 8 '  2000 USG 

H.P. 
EACH COMMENT - 
3 @ 75 900 RPM 

2 @ 75 900 RPM 

4 @ 25 900 RPM 

4 @ 25 900 RPM 

3 8 25 900 RPM 

15 

15 

One standby 



EQUIP. NO. 

300-CV-17.18 

300-CV-19 

300-CV-23 

300-FE-14 

300-FL-01 ,02 

300-PP-27 

300-PP-28 

300-PP-29,30 

300-TK-05 

300-TK-06 

MECHANICAL EQUIPMENT 

BECHTEL JOB NO. 16988 
HUDSON BAY MINING & SMELTING COMPANY LTD. 

TOM/JASON PRQlECT 
EQUIPMENT LIST 

AREA 300 - CONCENTRATOR - Pb DEWATERING 

NOMINAL 
NO. 
EA. - SIZE - 

CAPACITY 
EACH 

Pb Col 1 ec tor  Conveyor 2 48" x 20' 20 STPH 

Pb Concentrate Conveyor 1 24" x 350' 40 STPH 

Pb Concentrate Loadout Conveyor 1 24" x 170' 150 STPH 

Pb Concentrate Be1 t Feeder 1 36" x 15' 150 STPH 

Pb Pressure F i l t e r  , (Larox PF28) 2 2 am2 

Pb Thickener U/F Pump 1 150 USGPM 

Pb Thickener O/F Pump 1 260 USGPM 

Pb F i  1 t e r  Feed Pump 2 5 x 4 R.L. 1200 USGPM 

Pb Thickener, c/w Mechanism 1 70'0 

Pb Surge Tank, (F i  1 t e r  Feed) w/Agi t a t o r  1 14'0 x 16'H 18000 USG 

H.P. 
EACH - 
3 

COMMENT 

One standby 



EQUIP. NO. 

300-CV-20,21 

300-CV-22 

300-CV-24 

300-FE-13 

300-FL-03,04 

300-PP-31 

300-PP-33,34 

300-TK-07 

300-TK-08 

BECHTEL JOB NO. 16988 
HUDSON BAY MINING & SMELTING COMPANY LTD. 

TOM/JASON PRQJECT 
EQUIPMENT LIST 

AREA 300 - CONCENTRATOR - Zn DEWATERING 

MECHANICAL EQUIPMENT 

Zn Feeder Conveyor 

Zn Concentrate Conveyor 

Z.n Concentrate Loadout Conveyor 

Zn Concentrate B e l t  Feeder 

Zn Pressure F i  1 t e r  , (Larox PF28) 

Zn Thickener U/F Pump 

Zn F i l t e r  Feed Pump 

Zn Thickener, c/w Mechanism 

Zn F i l t e r  Feed Surge Tank, w/Agi t a t o r  

NO. 
EA. - 
2 

1 

1 

1 

2 

1 

2 

1 

1 

SIZE 

48" x 20' 

24" x 300' 

24" x 170' 

36" x 15' 

5 x 4 R.L. 

60'Q 

14'0 x 16'H 

NOMINAL 
CAPACITY 

EACH 

15 STPH 

30 STPH 

150 STPH 

150 STPH 

2 8m2 

120 USGPM 

1000 USG 

18000 USG 

H.P. 
EACH - 
3 

COMMENT 

One standby 



EQUIP. NO. 

300-FA-05 

300-FA-06 

300-PP-35 

300-PP-37 

300-PP-38 

300-PP-40 

300-PP-42 

300-PP-44 

BECHTEL JOB NO. 16988 
HUDSON BAY MINING & SMELTING COMPANY LTD. 

TOM/JASON PROJECT 
EQUIPMENT LIST 

AREA 300 - CONCENTRATOR - REAGENT FEED 

NOMINAL 
NO. CAPACITY 

MECHANICAL EQUIPMENT EA. - SIZE - EACH 

Reagent Fume Exhaust Fan, NaCN 1 1500 CFM 

Reagent Fume Exhaust Fan, General 1 750 CFM 

Sodium Si 1 i cate System 1 Lot 

Copper Sul phate System 1 Lot  

Zinc Sul phate System 1 Lot  

Sodi um Cyanide Sys tem 1 Lot  

Sodium Sulphi t e  System 1 Lot  

Xanthate Sys tem 1 Lot  

Frother System 3 Lots 

Promoter Sy s tem 2 Lots 

H.P. 
EACH - COMMENT 



EQUIP. NO. 

300-CN-01 ,02 

300-CP-01 ,02 

300-CP-03/05 

MECHANICAL EQUIPMENT 

Serv ice Crane. F l o t a t i o n  Area 

P l a n t  A i r  Compressor & Accessories 

F i l t e r  A i r  Compressor, c/w 
Receivers (2 @ 1500 CF) 

C h l o r i n a t i o n  System. (Sewage) 

Inst rument  A i r  Dryer & Accessories 

F l o t a t i o n  A i r  Blower 

F l o t a t i o n  A i r  Blower 

F l o t a t i o n  A i r  Blower 

Sump Pumps 

Process Water Pump, (Gr ind ing  8 
Lead F l o t a t i o n )  

T a i l i n g s  Pump, 1 s t  Stage 

T a i l i n g s  Pump, 2nd Stage 

T a i l i n g s  Pump, 3 r d  Stage 

T a i l i n g s  Pump, 4 t h  Stage 

T a i l i n g s  Pump, 5 t h  Stage 

Sewage Trans fe r  Pump 

Gland Seal Water Pump 

Pulp Samplers, Automatic 

Process Water Tank, (Gr ind ing  & 
Lead F l o t a t i o n )  

BECHTEL JOB NO. 16988 
HUDSON BAY MINING 8 SMELTING COMPANY LTD. 

TOM/JASON PROJECT 
EQUIPMENT LIST 

AREA 300 - CONCENTRATOR - MISCELLANEOUS 

NOMINAL 
NO. CAPACITY H.P. 
EA. - SIZE - EACH EACH - 
2 68'  span 10 t o n  2 0 

2 300 CFM 110 PSIG 75 

3 1010 CFM @ 100 p s i g  250 

200 CFM 

6000 CFM @ 2.5 p s i  100 

6400 CFM@ 3.0 p s i  150 

8500 CFM @ 5 p s i  250 

5 

2260 USGPM 7 5 

10 x 10  x 21 Metal 2400 USGPM 

10 x 10 x 21 Metal 2400 USGPM 

10 x 10 x 21 Metal 2400 USGPM 

10 x 10 x 21 Metal 2400 USGPM 

10 x 10 x 21 Metal 2400 USGPM 

50 USGPM 

100 USGPM 

10000 USG 

COMMENT 

One standby 

One standby 

One standby 

One standby 

One standby 

One standby 

One standby 

One standby 

Var i  speed 

One standby 

One standby 



EQUIP. NO. 

300-TK-35 

300-TK-36 

BECHTEL JOB NO. 1 6 9 8 8  
HUDSON BAY MINING & SMELTING COWANY LTD. 

TOM/JASON PRCNECT 
EQUIPMENT L I S T  

AREA 3 0 0  - CONCENTRATOR - MISCELLANEOUS 

NOMINAL 
NO. CAPACITY 

MECHANICAL EQUIPMENT - EA. S I Z E  - EACH 

Sewage C o l l e c t i n g  Tank 1 3 0 0 0  USG 

T a i l i n g s  S u r g e  Tank 1 1 2 ' 0  x 1 2 '  H 1 0 0 0 0  USG 

V e n t i l a t i o n  a n d  A i r  H a n d l i n g  E q u i p m e n t  1 L o t  

H.P. 
EACH - COMMENT 



EQUIP. NO. 

500-CK-01/05 

500-CK-06/10 

500-CN-01 

BECHTEL JOB NO. 16988 
HUDSON BAY MINING & SMELTING COMPANY LTD. 

TOM/JASON PROJECT 
EQUIPMENT LIST 

AREA 500 - SERVICE FACILITY 

NO. 
MECHANICAL EQUIPMENT - EA. SIZE - 

High Temperature Engine Cooler 5 

Low Temperature Engine Cool e r  5 

Service Crane, Grinding & Generator 1 66' Span 
Areas 

Service Crane, High Bay Shop 1 58' Span 

Service Crane. Low Bay Shops 2 58 ' Span 

Service A i r  Compressor 2 

Diesel Generators, c/w Auxil  i a r i e s  5 

Domestic Water F i  1 t e r  2 

O i l - f i r e d  Heating System Water Heater 2 

Hot Water Heating Heating Heat Exchanger 5 

Domestic Hot Water Heat Exchanger 1 

Fuel O i l  Preheater 5 

Process Water Preheater 5 

Exhaust Gas Water Heater 

F i r e  Pump, E lec t r i c  

F i r e  Pump, Diesel 1 

Hot Water Heating Circ. Pump 2 

Domestic Water Pump 2 

Domestic Hot Water Pump 2 

High Temperature Cooling Water C i  r c .  Pump 5 

Low Temperature Cooling Water Circ. Pump 5 

NOMINAL 
CAPAC I TY 

EACH 

3515 Ton 

25 Ton 

10 Ton 

500 SCFM 

4 MW 

60 USGPM 

5 x lo6 BTUH 

1000 USGPM 

1000 USGPM 

60 USGPM 

20 USGPM 

H.P. 
EACH - COMMENT 

One standby 

One standby 

One standby 

One standby 

One standby 



EQUIP. NO. 

500-PP-20/23 

500-TE-01 

BECHTEL JOB NO. 16988 
HUDSON BAY MINING & SMELTING COMPANY LTD. 

TOM/JASON PRDJECT 
EQUIPMENT LIST 

AREA 500 - SERVICE FACILITY 

MECHANICAL EQUIPMENT 

Hot Water Heating Secondary Circ. Pump 

Domestic Water Treatment P lan t ,  
Package Un i t  (Concentrator, Power 
P lant  i3 Service F a c i l i t y )  

Domestic Water Tank 

Domestic Hot Water Tank 

Expansion Tank, Low Temperature 
Cool i ng  Water 

Expansion Tank, Heating System 

Expansion Tank, High Temperature 
Cool i ng  Water 

Machine Shop Equi pment 

E l e c t r i c  Shop Equipment 

Pipe Shop Equipnent 

Carpentry Shop Equipment 

We1 ding Equi pment 

Fork L i f t  Trucks. Shops 

Fork L i f t  Trucks, Warehouse 

Vehicle Servic ing Equipment 

Warehouse Storage Racks 

Service Elevator 

NO. 
EA. - SIZE - 
4 

NOMINAL 
CAPAC ITY 

EACH 

60 USGPM 

1000 USG 

1250 USG 

200 USG 

200 USG 

200 USG 

1 Lot 

1 Lot  

1 Lot  

1  Lot 

1 Lot  

2 

2 

1 Lot  

1 Lot  

1 10,000 l b .  

H.P. 
EACH - 
10 

COMMENT 



EQUIP. NO. MECHANICAL EQUIPMENT 

600-GE-01 Emergency G e n e r a t o r  

600-PP-01 F i r e  Pump, E l e c t r i c  

600-PP-02 F i r e  Pump. D i e s e l  

600-PP-03,04 W a t e r  S u p p l y  Pump 

BECHTEL JOB NO. 1 6 9 8 8  
HUDSON BAY MINING & SMELTING COMPANY LTD. 

TOMIJASON PROJECT 
EQUIPMENT L I S T  

AREA 6 0 0  - ACCOMMODATIONS 

NO. 
EA. - S I Z E  - 

NOMINAL 
CAPAC I TY 

EACH 

1 0 0 0  USGPM 

1 0 0 0  USGPM 

50 USGPM 

H.P. 
EACH - COMMENT 

C o n s t r u c t i o n  

One s t a n d b y  



BECHTEL JOB NO. 16988 
HUDSON BAY MINING & SMELTING COMPANY LTD. 

TOM/JASON PRNECT 
EQUIPMENT LIST 
AREA 700 - YARD 

NOMINAL 
CAPACITY 

EACH 
NO. 
EA. - 
2 

1 Lot  

2 

2 

2 

1 Lot  

2 

1 

1 

2 

1 

1 

1 

1 

1 Lot  

1 

1 

1 

H.P. 
EACH - 
30 

EQUIP. NO. 

700-PP-01 ,02 

700-PP-03 

700-PP-04 $05 

700-PP-06 $07 

MECHANICAL EQUIPMENT SIZE COMHENT 

One standby Fresh Water Intake Pump 

Gasoline Fuel 1 i ng  Sta t ion  

400 USGPM 

Diesel Fuel Transfer Pumps 

700 USGPM One standby 

One standby 

Ta i l ings  U/F Pump (one w i t h  adjust .  
speed motor) 

8 x 6 x 18 R.L. 

Reclaim Water Pump, (Ver t ica l  ) 1600 USGPM 

Diesel Fuel 1 i n g  Sta t ion  

Truck Scales , Concentrate 40 tons 

40 tons 

60 USGPM 

Truck Scales. Incoming Mater ia ls  

Sewage Treatment P lan t ,  Package U n i t ,  
Accommodations 

Diesel Fuel Storage Tank 300,000 USG 

10,000 USG 

1 x106 USG 

Gas01 ine  Storage Tank 

Plant  Water Storage Tank, Insulated Process & F i r e  
Pro tec t ion  

Ta i l ings  Thickener Tank, c/w Mechanism 

15000 USG Reclaim Water Surge Tank 

Ta i l ings  Pol ishing Pond E f f l u e n t  
Treatment 

Water Tank, Domestic & F i r e ,  
Accomnodati ons 

130,000 USG 

7 days Emergency Fuel Tank , Accomnodations 

Construction Inc inera tor ,  Garbage 



EQUIP. NO. MECHANICAL EQUIPMENT 

Personnel Bus 

Ambulance 

F i r e  Truck 

Pick Up Truck 

Dunp Truck 

Stake Body Truck 

Front End Loader 

Front  End Loader 

Front End Loader 

Road Grader 

Bu l l  dozer 

Snow Pl ow/Bl ower 

Mobile Crane 

Product Haul Trucks 

Ore Trucks 

BECHTEL JOB NO. 16988 
HUDSON BAY MINING 8 SMELTING COMPANY LTD. 

TOM/JASON PROJECT 
EQUIPMENT LIST 

AREA 700 - MOBILE EQUIPMENT 

NO. 
EA . - 
2 

1 

1 

4 

2 

2 

1 

1 

2 

1 

1 

2 

1 

3 

SIZE - 
40 Pass. 

3/4 ton 

5 ton 

5 ton 

1/2 cy 

1 CY 

2 CY 

35 ton 

35 ton 

NOMINAL 
CAPACITY 

EACH 
H.P. 
EACH - COMMENT 

Construction 

Construction 

Construction 

Construction 

Construction 

Construction (1  ) 

Construction 

Construction 

Construction 

By Contractor 
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SECTION 4 - OPERATING COST STUDY 
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4.1 OPERATING COST SUMMARY ---- 

4.1.1 BASIS OF ESTIMATE 

Tab1 e 4.1-1 Preproduct ion and Opera t ing  cos t s  

Table 4.1-2 Operat ing Cost Per  Ton 

Table 4 . l - 3  Summary o f  Operat ing Cost Est imate By Area 



4.1 OPERATING COST SUMMARY 

4.1.1 BASIS OF ESTIMATE 

The estimate of operating costs  covers the labour, power, 
f ue l ,  materials  and services required t o  mine and process 
ore  from the Tom and Jason mines, t ransport  the 
concentrates t o  market and d i  spose of t a i  1 i ngs . 

T h i s  estimate has been prepared using the following 
procedures: 

o V i s i t i n g  the s i t e  t o  evaluate local conditions. 

o Obtaining local cos ts  f o r  material s, suppl i e s  and fuel  
by sol i c i  t i n g  quotations from suppl i e r s .  

o Obtaining labour r a t e s  a t  F l  i n  Fl on. 

o Estimating salary ra tes  and local bonus. 

o Obtaining u n i t  cos ts  a t  F l i n  Flon and adjust ing f o r  

the  Yukon Terr i tory  (mining costs  only). 

Mining cos ts  estimated i n  t h i s  section include both d i r e c t  

operati  ng cos t s  and ongoi ng mi ne devel opment cos ts .  The 
1 a t t e r  contains some capi ta l  i tems i nc1 uding major 
devel opment, m i  nor devel opment , m i  ne equipment, expl o r a t i  on 
and a portion of the general m i n i n g  expenses ( G M E )  . Mine 

development cos ts  have been included i n  this  section as  
they occur throughout the 1 i f e  of the operation (years  
1-15) and because some ore comes from mine development. 



A1 though preproduction capital costs are shown i n  Table 
4.1 -1, care has been taken to  avoid duplication of any of 
these costs in the operating cost estimates i n  t h i s  section. 
Major capital cost i tems such as the crushing f a c i l i t i e s ,  
be1 t conveyors, hoists, a i r  fans and heaters are described i n  

Section 3 ,  Capital Costs. 

Operating costs for a l l  other areas are based upon 

estimates of labour rates,  hours, material s '  costs and 
quantit ies consumed, plus a1 1 owances for specified i tems - 
e.g., safety, lubrication, miscellaneous, etc.  

Power costs for surface operations are based upon the cost 
of fuel t o  generate power and the cost of converting tha t  
fuel to  power. Power costs for mining operations are 
included i n  the u n i t  costs used. 

The cost of transportation of concentrates from the s i t e  t o  
market i s  included i n  t h i s  section. For the purpose of the 
study, the destination for the concentrates was considered to  
be a port-based smelter i n  Japan. 

Estimates of overhead costs for mine s i t e  admini s t ra t ion ,  
accomodation and Whitehorse off ice costs are included i n  t h i  s 
section. 



PREPRODUCTION AND OPERATING COSTS ( T o t a l  Do1 1 a r s )  

- -- 

YEAR 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

-- 

PREPROD 

MINE 

34,085 
38,833 
16,911 
17,188 

- 
- 

2,039 
14,488 
13,354 

3,515 
- 
- 
- 
- 
- 

TION CAP1 

SURFACE 

6,000 
90,000 
86,600 

1,400 
- 

800 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

L -- COST 
HAINES 

TERMINAI 

- 
3,000 
6,000 
1,000 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

-- 

MINE -- 

- 
- 

2.491 
24,619 
23,642 
35,111 
35,095 
32,778 
31,228 
30,210 
35,007 
41,012 
41,179 
43,563 
41,835 
17,407 

- 

MILL & 
SURFACE 

- 
- 

7,779 
18,137 
18,137 
18,137 
18,137 
18,137 
18,137 
18,137 
18,137 
18,137 
18,137 
18,137 
18,137 
8,044 

MTCE 

- 
- 

2,487 
4,758 
4,758 
4,758 
4,758 
4,758 
4,758 
4,758 
4,758 
4,758 
4,758 
4,758 
4,758 
1,618 

TING COST! 

ADMIN 
(onsi t e )  

- 
- 

2,006 
3,772 
3,772 
3,772 
3,772 
3,772 
3,772 
3,772 
3,772 
3,772 
3,772 
3,772 
3,772 
2,046 

ACCOM -- 

- 
126 

1,082 
2,095 
2,320 
2,117 
2,161 
2,112 
2,390 
2,383 
1,920 
1,968 
1,944 
2,017 
1,868 
1,549 

TRANSPORT 

- 
- 

17,779 
32,385 
34,713 
32,481 
32,990 
28,646 
20,376 
21,697 
30,187 
26,550 
23,145 
17,573 
23,746 

9,223 

-- 

ADMI N 
(Whi tehorse)  
& HEAD OFFICE 

TOTAL 
OPERATIN( 

- 
126 

35,129 
87,791 
89,359 
98,506 
99,043 
92,309 
82,755 
83,040 
95,908 
98,384 
95,124 
92,033 
96,310 
40.909 

-- 

TOTAL 
PREPRODUCTIOI 

& OPERATING 

6,000 
127,211 
166,562 
107,102 
106,547 

99,306 
99,043 
94,349 
97,243 
96,394 
99,423 
98,384 
95,124 
92,033 
96,310 
40,909 

T a b l e  4.1-1 



OPERATING COST PER TON 

-- 

YEAR - 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

-- 

PRODUCTION 
( 0 0 0 ' s  tons 

- 
- 

656 
1,575 
1,575 
1,575 
1,575 
1,575 
1,575 
1,574.05 
1,553.5 
1,573 
1,573 
1,575 
1,575 

716.35 

- 



SUMMARY OF OPERATING COST ESTIMATE BY AREA 
(Fu l l  Production Years 3 - 14) 

Av. Annual Cost 
( $ 0 0 0 ' ~ )  

Mining - Direct Mining 
- Major Development 
- Minor Development 
- Equipment 
- Expl o ra t i on  

Mill ing  - Personnel 
- Operating Suppl i e s  
- Mai ntenance Suppl i es 
- Fuel For Power 

Engi neer i  ng/ - Personnel 
Envi ronmental - Suppl i es ---- 

Serv ices /  - Personnel 
Mai ntenance - Suppl i es 

- Fuel For Power 

Mini  Admin - - Personnel 
- Supplies  

Accomodation - Avg. Yr 3-14 

Whitehorse Admi n. - Personnel -- - Supplies  

U n i t  Cost 
($ / t on  o r e )  

16.11 
1.30 
3.45 
0.63 
0.48 

21.97 

1.97 
4.66 
0.80 
4.09 

11.52 

0 .23 
0.01 -- 
0 .24 

1.65 
0.99 
0.38 
3.02 

1.06 
1.33 
2 -39 

1.34 

0.21 
0.48 
0.69 

F r e i g h t  Costs  - $ pe r  wet ton  of concent ra te  

- Trucking t o  Haines, Alaska $64.12 
- Dock Hand1 ing  and Loading 7.26 
- Ocean F re igh t  (Japan) 18.37 

$89-75 

Note: Mining c o s t s  vary s i g n i f i c a n t l y  from y e a r  t o  yea r .  See Table 4.1-2 f o r  
annual f i  gures  . 

Table 4.1-3 

4 - 192 



4.2  POWER COSTS (FUEL ONLY) 



4.2 POWER COSTS (Fuel Only) 

Basi s: 
Power ou tput  a t  peak load = 18.5 kwh per Imperial ga l lon  

d i e se l  

Estimated output  a t  75% load  = 17.9 kwh per  Imperial g a l l o n  

d i e se l  

Estimated output  a t  50% load = 16.7 kwh per  Imperial g a l l o n  

d i e se l  

then es t imated  power ou tput  = 17.6 t o  18.05 kWh/gal 

Cost per  gal 1 on = 51.7 c e n t s / l i t r e  base p r i c e  
- 5.0 c e n t s / l  i t r e  p roduce r ' s  d i scount  
- 3.6 cents11 i t r e  mining r eba t e  t a x  

+ 0 Yukon Tax 

43.1 cen t s / l  i t r e  a t  Ross River  
= $1.959 pe r  ga l lon  a t  Ross River 

Road Transpor ta t ion  = $730 per  load of  7,100 g a l l o n s  

= O.l03/gall  on 

Cos t  a t  Mac Pass  = $1.959 + $0.103 

= $2 .O62/gall on 

Therefore c o s t  of 

power 

= $0.115 per  kwh i n  fue l  only 



4.3 MINING COSTS 

CONTENTS -- 

4.3.1 BASIS OF ESTIMATE 

4.3.2 SUMMARY OF MINING COSTS 

Table  4.3-1 Tom and Jason  P r o p e r t i e s  - Total Mine Preproduct ion and 

Operating Cost Summary 

Table  4.3-2 Summary of Tom Mining Costs  

Table  4.3-3 Tom Proper ty  - Mine Preproduction Cost Breakdown 

Table  4.3-4 Tom Proper ty  - Mine Preproduction Cost Breakdown with 

G.M.E. Al loca t ion  

Table  4.3-5 Tom Proper ty  - Mine Preproduct ion and Operat ing Cost 

Summary 

Table  4.3-6 Summary of Jason Mining Costs  

Tab1 e 4.3-7 Jason Proper ty  - Mine Preproduction Cost Breakdown 

Table  4.3-8 Jason Proper ty  - Mine Preproduct ion Cost Breakdown with 

G.M.E. Al loca t ion  

Table  4 -3-9 Jason Proper ty  - Mine Preproduct ion and Operat ing Cost  

Summary 

Table  4.3-10 Derivat ion of U n i t  Mining Costs  



Table 4.3-11 Tom - Direct Mining costs  

Table 4.3-12 Jason South Zone - Direct  Mining Costs 

Table 4.3-13 Jason Main Zone - Direct Mining Costs 

Table 4.3-14 Total Direct Mining Costs 

Tabl e 4.3-15 Total General Mine Expense 

Table 4.3-16 Tom - General Mine Expense 

Table 4.3-17 Jason South Zone - General Mine Expense 

Tabl e 4.3-18 Jason Main Zone - General Mine Expense 

Table 4.3-19 Tom Mine Equipment 

Table 4.3-20 Jason South Zone UIpper Lens Mine Equipment 

Table 4.3-21 Jason South Zone Middle Lens Mine Equipment 

Table 4.3-22 Jason Main Zone Mine Equipment 

Table 4.3-23 Summary of Development Costs 



4 . 3 . 1  BASIS OF ESTIMATE 

Individual cos ts  have been developed fo r  mining the Tom, Jason 
South and Jason Main ore zones. These costs  have been summed 
t o  provide to ta l  m i n i n g  costs .  

As described i n  Section 4 . 1  .l,  mining operating costs  include 

both d i r ec t  operating cos t s  and ongoing development cos ts .  
Direct  operating costs  include product mining and a portion of 

the general mining expenses ( G . M . E .  ) . Development co s t s  
i ncl ude major devel opment, m i  nor devel opment, equipment and 
exploration. Equipment cos t s  are based on h i s to r ica l  
experience a t  Fl i n  Flon. Allowances have been estimated and 

included fo r  exploration a c t i v i t i e s .  

M i n i n g  cos ts  are based upon stopi ng cos t s  a t  F l  i n Fl  on, us ing  

the same m i n i n g  methods, p l u s  f ac to rs  t o  allow fo r  increased 
cos t s  i n  the Yukon Terr i tory .  These factors  have been 
estimated and take i n to  account increased labour r a t e s  and 
addi t i  onal transportat ion of rnateri a1 s ,  e tc .  

Genera1 mining  expenses have been estimated based on 
experience a t  Fl i n  Flon. A portion has been a l located t o  
d i r ec t  operating cos t s  and a portion t o  development c o s t s  
i n  accordance w i t h  the value of stoping (mining) cos ts  
versus the costs  of major development, minor development, 
equipment and exploration. 

Major and minor development cos ts  are  based upon u n i t  r a tes  

f o r  developing d r i f t s  and ra i ses ,  and f o r  slashing waste 
and ore. U n i t  cos ts  and quan t i t i e s  are provided year by 



year for  each ore zone i n  the report  "Tom-Jason Project ,  
Mining Section of Study - May 1985", page 23 and pages 
35-40. 

Contractors will be used fo r  i n i t i a l  development work, both 

a t  Tom and Jason. Crews will be h i  red t o  perform a1 1 
production work and as these move i n ,  the contractors will 
be terminated and a l l  subsequent development work will be 
by h i  red crews. 

Cost of accommodating and transport ing the contractors '  
crews t o  and from the s i t e  will be the responsi b i l  i ty of 
the  contractors and have not been deta i led ,  b u t  these are  
ref lec ted in the higher un i t  cos t s  o f  development by 
contractors '  crews versus devel opment by hired crews. Cost 
of accommodating and transport ing h i  red crews are  i ncl uded i n 
sect ions 4.8 and 4.7.2, respectively.  



4.3 .2  SUMMARY OF MINING COSTS 

Total preproduction and operating costs  for  mining the 
Tom and Jason Propert ies are  summarized i n  Table 4 . % I .  

Similar summaries for each of Tom and Jason inf ividual ly  
appear in Table 4.3-5 and Table 4.3-9 respectively.  A1 though 
the  preproduction costs  are described and allowed for  i n  

Section 3 - Capital Costs, they a re  shown here as a portion of 
general mine expense (GME) i s  al located t o  them. 

Other tables  i n  t h i s  section show the derivation of cos t s  
f o r  d i rec t  mi ni ng,  general mi ne expense, ongoi ng devel opment, 

equipment and exploration and the a l locat ion of these costs  t o  
the  various ore zones. 



hppnxktion Capital Cost 

Total Operating Costs 

on? T m  (000 tons) 
Total Operating Cost ($/ton ore) 

Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 Year 10 Year 11 Year 12 Year 13 Year 14 Year 15 

Table 4.3-1 

4 - 200 



SUMMARY OF TOM MINING COSTS 

------- YEAR 1 -- YEAR 9 .- TOTAL 
.---- 

Major Dev. 17 190 6 697 2 853 286 5 4 643 787 422 6 5 28 997 
M i  nor  Dev. 975 6 698 1 201 1 179 1 148 1 794 2 610 1 983 687 18 275 
Equipment 9 444 8 457 2 792 48 345 2 1  086 
Expl o r a t i o n  30 0 300 100 100 100 100 1 000 
GME 4 514 8 616 5 505 2 451 2 811 3 841 5 054 3 981 1 190 37 963 

Subtota l  32 423 30 768 12 451 4 064 4 458 6 378 8 451 6 386 1 942 107 321 

M i  n i  ng 1 762 8 482 7 160 6 300 6 205 5 379 5 252 5 720 46 260 
GME - - -- ---- - -- .- - 729 - 8 691 11 139 10 774 9 379 7 996 8 689 9 050 . -------.- 

66 447 - 

Subtota l  2 491 17 173 18 299 17 074 15 584 13 375 13 941 14 770 112 707 

To ta l  Cost 32 423 33 259 29 624 22 363 2 1  532 21 962 2 1  826 20 327 16 712 220 028 
Tota l  GME 4 514 9 345 14 196 13 590 13 545 13 220 13 050 12 670 10 240 104 370 

* Reference Page 25 - Tom/Jason P r o j e c t  - Min ing Sect ion o f  Study (May 1985) 

Table 4.3-2 

4 - 201 



TCM PROPERTY - MINE 
pREPmUCT1m COST BRW(DOWN 

Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 

Mqjor Dev. - Preproduction 
- Ongoing 

Minor Dev. - Preprowion 
- onsoins 

Equipwnt - Prepro&ction 
- Ongoing 

Expl oration - Preprockti on 
- onsoins 

@€ 

Sub Total 

Total Cost 



Major Dev. - Preproduction 
- Ongoing 

Minor Dev. - Pn?production 
- Ongoing 

E c y i ~ n t  - Preproduction 
- Ongoing 

Exploration - Preprockti on 
- Ongoing 

Sub Total 

Mining 

Total Cost 

TOM WERN - MINE 
PREPFEDDXTIW COST BRWU>OM WITH Gtv€ PLLOCATION 

Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 TOTPL 



Preprockcti on Capital Cost 

Operating Costs 
M i  n i  ng 
Major Dev. (ongoing) 
Mi  nor Dev . ( ongoi ng) 
Equiwnt (ongoing) 
Expl oration 

Total Operating Costs 

Ore Tonnage (000 torrs) 
Total Operating Cost ($/ton ore) 

TQI.1 PROPERN - MINE 
PREPRDOUCTION PM OPERATING 0s SWNRY 

Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 

Table 4.3-5 
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SUMMARY OF - JASON MINING C O S T S  

1985 6 x 1000 

YEAR 1 YEAR 2-YEAR 3 YEAR 4 YEAR 5 YEAR 6 YEAR 7 YEAR 8 YEAR 9 YEAR 10 YEAR 11 YEAR 12 YEAR 13 YEAR 14 YEAR 15 -- TOTAL 

Major  Dev. 375 6 516 5 587 4 204 618 281 - 2 108 1 229 1 480 1 522 616 1 330 88 1 141 26 888 
Minor  Dev. - - - 5 287 945 1 229 - 2 477 2 936 2 706 3 766 2 822 3 949 3 116 930 30 163 
Equipment 712 259 3 019 3 025 - - 877 6 203 4 922 2 613 885 1 603 782 - - 24 900 
E x p l o r a t i o n  - - 570 386 1 100 1 100 939 100 100 100 100 - - - - 4 495 
GME 575 1 290 2 730 4 286 3 330 3 717 2 406 8 684 9 735 5 361 4 820 4 177 4 329 3 073 897 59 410 

I Sub to ta l  1 662 8 065 11 906 17 188 5 993 6 327 4 222 19 572 18 922 12 260 11 093 9 218 10 390 7 070 1 968 145 856 

Mi n i  ng - - - 960 3 371 2 808 3 770 3 236 3 850 14 778 16 919 17 478 18 652 19 653 8 403 113 878 1 GME - - --- - - 319 4 215 3 998 4 999 2 581 4 080 11 484 13 000 14 483 14 521 15 112 7 036 95 823 

I Subtota l  - - - 1 279 7 586 6 806 8 769 5 817 7 930 26 262 29 919 31  961 33 173 34 765 15 439 209 706 

I T o t a l  Cost 1 662 8 065 11 906 18 467 13 579 13 133 12 991 25 389 26 852 38 522 41 012 41 179 43 563 41 835 17 407 355 562 

T o t a l  GME 575 1 290 2 730 4 605 7 545 7 715 7 405 11 265 13 815 16 845 17 820 18 660 18 850 18 185 7 933 155 233 

* Reference Page 3 1  - TomIJason P r o j e c t  - Min ing  Sec t ion  o f  Study (May 1985) 

Table 4.3-6 

4 - 205 



JASON PWERTY - MINE 
FRwlmcTION COST L3Elwcm 

Major Dev. - Prepmkticn 
- Ongoing 

Minor Dev. - prept.ocirCticn 
- Ongoins 

Ecpipllent - Pnpmkticn 
- Ongoing 

Dploration - Pnpmkt icn 
- Ongoing 

GM 

Sb Total 

Mining 

Total Cost 

Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 Year 10 Year 11 Year 12 Year 13 Year 14 Year 15 



JASON WEm - MINE 
PRWMWCTICN a3ST BEKCON WITH GM W.WTION 

Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 Year 10 Year 11 Year 12 Year 13 Year 14 Year 15 

wor Dev. - Preprodlctiul 
- Ongoing 

r n ~  ~ e v .  - 
- w i n g  

Eqr ipn t  - Preprodrctiul 
- WiR3 

Exploration - Prepmdictiul 
- win3 

Sub Total 

Mining 

Total Cost 



JASON PRfPEKlY - MINE 
PREPWWWCTION IWD OPERATING COST W Y  

w o n  Capital Cost 

operating Costs 
Mining 
t4 jo r  Dev. (ongoing) 
Minor Dev. ( o w i n g )  
EqiW (ongoing) 
Exploration 

Total (prating Costs 

OreTomage (Oootons) 
Total Operating Cost ($/tu-~ ore) 

Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 Year 10 Year 11 Year 12 Year 13 Year 14 Year 15 

Table 4.3-9 
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DERIVATION OF UNIT MINING COSTS - 

ITH D r i l l i n g  

VCR B l a s t i n g  

Mucki ng 

Crushing 

Conveying 

To ta l  U n i t  Cost ($/ ton)  = 

TOM (VCR) 

U n i t  Costs ($/ ton)  
--PAP 

F l i n  F lon  --- Yukon Fac tor  

ITH D r i l l i n g  0.63 

VCR B l a s t i n g  1.31 

Mucki ng 1.80 

Crushing 0.24 

Conveying 2 x 0.09 

Surface Haul age 1.05 

Tota l  U n i t  Cost ($ / ton)  = 

Yukon Cost -- 

JASON SOUTH (VCR) 

Table 4.3-10 

Sheet 1 



JASON MAIN 

U n i t  Costs ($/ ton) 

F l i n  Flon 

D r i l l i n g  

Bl  a s t i  ng 

Ground Support 

Mucki ng 

Truck t o  Crusher 

Crushing 

Conveying ( t o  surface) 

Truck t o  m i l  1 

F i l l  Cost = Quarry + de l i ve r  = 

(2.15 = 1.60 = 3.00) / 1.6 = 

Total u n i t  cost  ($/ ton) = 

Yukon Factor -- 

+30% 
I1  

11 

I I  

11 

11 

11 

I1  

Yukon Cost -- 

2.15 

1.60 

0 .26 

3 -90 

2 .oo 
0.39 

0 .SO 

1.36 

Table 4.3-10 
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Year 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Total 

TOM - DIRECT MINING COSTS 

Development Ore Stopi ng Tota l  

Tons $ / ton  Cost Tons 

( 0 0 0 ' s )  ( $ 0 0 0 ' ~ )  ( 0 0 0 ' s )  

* 275,700 tons  s tockp i l ed  a t  s t a r t - u p  

Cost $ / ton  -- c o s t  

Table 4.3-11 
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Year 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

Total 

JASON SOUTH ZONE - DIRECT MINING COSTS --- - 

Devel opment Ore Stopi ng Total 

Cost Tons $/ton Tons -- 
(000 's )  (Trucking) ( $ 0 0 0 ' ~ )  (000 's )  

Cost -- Cost 

Table 4.3-12 
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JASOM MAIN ZONE - DIRECT MINING COSTS 

Year 

10 

11 

12 

13 

14 

15 

Tota l  

Devel opment Ore -- Stopi ng T o t a l  

Tons $ / ton  -- Cost Tons -- 
(000's) (Trucking) ( $ 0 0 0 ' ~ )  (000's)  

Table 4.3-13 
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$ / ton  Cost Cost 

( $ 0 0 0 ' ~ )  ( $ 0 0 0 ' ~ )  



TOTAL DIRECT MINING COSTS -- 

Year 

To ta l  

Tom Jason South Jason Main - - Tota l  

Table 4.3-14 
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Years Tom - 

TOTAL GENERAL MINE EXPENSE 

Jason South Jason Main 

Table 4.3-15 

Tota l  



Fuel & Lube 1,000 
Level Maint. - 
pwing 100 
Ventilation 1 ,000 
Small Tools - 
Handli rg Suppl ies 50 
Pwkr Mag. 24 
Pwr 1 ,m 
Saf eiy 30 
Area Costs 200 
M i  s e l l  aneous 200 
Transportation 60 
Carp. Air 100 
Surf. Buildings 50 
Major Repai rs - 
Equip. M&R 100 
R d c  Handling 50 
Engi neeri ng 300 
Geologj 100 

. Supervision 50 
Fringe Benefits 100 

Table 4.3-16 



JASON SOUTH ZONE - GENERAL MINING EXPENSE ---- 

YEAR 1 2 3 4 5 6 7 8 10 11 12 13 15 -- -- - .- -. - 9 -- 14 -- 

Hois t ing  - - 200 400 500 500 500 
Fuel & Lube 5 20 7 0 130 180 180 180 
Level Maint .  - - - 60 120 120 120 
Pumping - - 40 100 180 180 180 
Vent i  1 a t i o n  - 20 50 250 300 300 300 
Small Tools - - - 50 60 60 60 
Hand1 i ng Suppl i es - 100 100 100 120 120 120 
Powder Magzi ne - - 10 20 30 30 30 
Power 200 500 700 1 200 2 000 2 000 2 000 
Safety - 50 50 50 50 50 50 
Area Costs 40 60 120 200 240 240 240 
Mi s c e l l  aneous 10 20 50 150 220 220 220 
Transportat ion 10 10 30 60 60 60 6 0 
Compressed A i r  5 10 100 120 120 120 120 
Surface Bui 1 ding 10 30 80 120 120 120 120 
Major  Repairs - - - - - 100 100 
Equipment M&R - - 40 180 240 240 240 
Engineering 50 50 200 300 300 300 380 
Geol ogy - 30 50 75 100 100 100 
Supervi s ion 70 70 180 350 350 350 350 
Fr inge  Benef i ts  100 150 300 900 1 270 1 320 970 

Subtotal  500 1 120 2 370 4 005 6 560 6 710 6 440 6 990 7 350 7 420 7 560 7 370 7 010 6 340 2 480 
Contingency O 15% 75 170 360 600 985 1 005 965 1 050 1 100 1 115 1 135 1 105 1 050 950 370 

TOTAL GME 575 1 2 9 0  2 7 3 0  4 6 0 5  7 5 4 5  7 7 1 5  7 4 0 5  8 0 4 0  8 4 5 0  8 5 3 5  8 6 9 5  8 4 7 5  8 0 6 0  7 2 9 0  2 8 5 0  

Table 4.3-17 



JASON MAIN ZONE - GENERAL MINING EXPENSE 

Fuel & Lube 
Level Maint. 
Pumping 
Venti lat ion 
Small Tools 
Hand1 i ng Suppl i e s  
Power 
Safety 
Area Costs 
M i  scel 1 aneous 
Transportation 
Compressed Air 
Surface Bui 1 dings 
Major Repai rs 
Equipment M&R 
Engineering 
Geol ogy 
Supervi s i  on 
Fringes 700 825 1 555 1 375 1 495 1 870 2 105 885 

SUBTOTAL 2 805 4 665 7 225 7 935 8 855 9 380 9 475 4 420 
Contingency Q 15% 420 700 1 085 1 190 1 330 1 410 1 420 665 

TOTAL --- 3 225 5 365 8 310 9 125 10 185 10 790 10 895 5 083 



TOM MINE EQUIPMENT -- 

1985 $ x 1000 

Crushers (e lec t . )  
5 Yd. Scoop 
27-Ton Truck 
Hyd. Jumbo 
Roofbol t e r  
Anfo Loader 
Serv. Trucks 
Super. Vehic le 
Lube Truck 
Scal e r  
Road Grader 
8 Yd. Scoop 
DTH D r i l l s  
+ Compressors 
+ Spare Hammers 

L.H. D r i l l s  
Jack1 egs 
Stopers 
U t i l i t y  Ho is ts  
Hat Lamps 
G r i  z z l  i es 
Chai n Control  s 
Vent Cont. Doors 
Fans - Aux. 

- Main 
Pumps - Hdg. 

- Main 
Safety,  etc .  
U/G Shop Equip. 
Grout  Pum~s 
I n i t i a l  spares (10%) 
Mine E l e c t r i c s  
M i  s c e l l  aneous 

YEAR l* -- 

300 
675 
7 50 

1 314 
200 
165 
320 
100 
165 
180 
125 

12 
12 
14 
20 

40 
200 
50 
150 
50 

56 
443 

2 842 
30 

YEAR 2* -- 

300 
450 

1 000 

200 
165 
320 
100 

300 
340 
120 

12 
12 
14 

18 
16 
2 4 
20 

10 
50 

50 

325 
3 478 

YEAR 3* YEAR 4 YEAR 5 -- 

NOTE: Bechtel est imates 
w i l l  cover: 

Crushers (3) Mech. & C i v i l  
Conveyors & Feeders (3) 
Compressors ( 2) 
Mine A i r  Heat ing P l t .  

TOTALS -- 

900 
1 125 
1 750 
1 314 
40 0 
330 
640 
200 
16 5 
180 
125 
9 00 
5 10 
180 
2 6 
40 
2 4 
24 
42 
20 
5 4 
32 
48 
60 
200 
60 
200 
50 
5 0 
56 
868 

7 694 

To ta l  s 8 213 7 354 2 428 42 300 18 337 
Contingency ( 15%) 1 231 1 103 364 6 45 2 749 

TOTAL 9 444 8 457 2 792 48 345 21 086 -- ------- ------ ---- 

* Preproduct ion equipment c o s t  

Table 4.3-19 



JASON SOUTH ZONE UPPER LENS MINE EQUIPMENT 

5 WP + 1 Main LP Ins t .  
Eimco 620 (2) 
Battery Loco 3-1/2 Ton (2) 
Spare Battery & Charger (2) 
Mine Cars - 100 cf (6) 

- 40 f t  (6) 
Scooptram - 3.5 Yd. (4) 

- 2 Yd. (2) 
ITH Dr i l l s  (2) 
250 psi Cornp. (2) 
Spare Hammers (2) 
L.H.  D r i l l s  (2) 
Jack1 egs (16) 
Stopers (16) 
U t i l i t y  Hoists - 8 Ton ( 1) 

- 2 Ton (4 
Hat Lamps (120) 
Gri zzl i es (4) 
Chain Control s ( 4) 
Vent. Cont. Doors (6 ) 
Shaft  Vent Doors (6) 
Aux. Fans - 25000 cfm (7) 

- 10000 cfm (4) 
Skip 7-1/2 Ton (1) 
Ski p-Cage (2) 
Crusher (complete) 
Hoist Ropes - Sinking 1-1/2" (2) 
3200' - Production 1-1/2" (2 
Pumps - Heading (2) 

- Main (6 
Jumbos (2B Penu .) (3) 
Long Toms (2) 
Robcron Pump (1) 
Stamp Dumps (3) 
Mi sce l l  aneous 
Safety,  e tc .  
Mine El ectri cs  
Grout Pump (2 
Shop   quip. U/G 
I n i t i a l  Major S ~ a r e  Par t s  

YEAR 1" YEAR 2* -- -- 

NOTE: Bechtel 
estimates will 
cover: 
Conveyor 
Compressors (2) 
Downcast Fans 
Heating Pl an t  
Crusher cos t  

provided 

YEAR 3* 
--.- 

400 
200 
100 
26 
6 0 
18 
340 

14 
8 

18 
12 
14 
6 

6 5 

3 
500 

54 
4 
30 
50 

100 
28 
25 
300 

YEAR 4* --- 

340 
300 
340 
104 
17 
40 
35 
35 
2 0 
14 

24 
3 2 
18 
12 
14 
6 

1 120 
3 4 

5 0 

50 

25 

TOTALS 

40 0 
200 
100 
26 
60 
18 

68 0 
300 
340 
104 
17 
40 
3 5 
3 5 
2 0 
28 
12 
24 
32 
36 
24 
28 
12 
44 
130 

1 120 
68 
34 
3 

500 
58 5 
54 
4 
30 
100 
50 
150 
56 
5 0 
300 

Total s 619 225 2 625 2 630 6 099 
Contingency @ 15% 9 3 34 394 395 916 ------ 

TOTAL 7 12 259 3 019 3 025 7 015 

* Preproduction equipment cos t  



JASON SOUTH ZONE MIDDLE LENS MINE EQUIPMENT ---- 

YEAR 8 9 10 11 12 TOTAL -- --- 

SCOOPS - 3.5 yd. 170 340 170 170 85 0 
- 2 yd. 150 150 150 450 

ITH Drills (2 )  150 150 30 0 
250 p s i  Comp. ( 2  170 170 340 
Vent. Doors (12) 36 36 
Aux. Fans 25 000 cfm (6 )  12 12 24 
Hois t  Ropes 1-112" 34 3 4 68 
Jumbo - 2 Boom Pneum. ( 1) 195 195 
Mine E l  ectri cs 50 100 150 
Shop Equipment 50 50 
Bat te ry  Loci 50 5 0 100 
Mine Cars 20 40 --------- --- 6 0 

Subtotal  619 1 098 552 354 2 623 
Contingency @ 15% 9 3 165 83 53 394 ----- 

TOTAL 712 1 263 635 407 3 0 1 7  

Table 4.3-21 



JASON MAIN ZONE MINE EQUIPMENT 
-.--. 

YEAR 7* 8* 9* lo* 11 12 13 -- 

Surface F i l l  Dumps 
Conveyor/Feeder 
Crusher 
U / G  Serv ice  Shop 
Hydraulic Jumbo (2 )  438 
5 Yd.3 Scooptrams ( 4 )  22 5 
3-1/2 Yd.3 Scooptrams ( 3 )  
27-Ton Trucks ( 7 )  
13-Ton Trucks ( 2 )  
Anfo Trucks ( 2 )  
Roof B o l t e r  
Road Grader 
Hyd. Longhole Wagons ( 3 )  
J ackl egs  
S topers  
Hat Lamps 75 
U/G Truck Dump 
Face Pumps 5 
Sump Pumps 
Grout Pumps 
Aux. Vent. Fans 20 
Mine E l  ectr ics 
Mancarri e r s  ( 2) 
S t a f f  Toyotas 
Surface Quarry Equip. : 

Bl  a s tho l  e Dri 11 Wagon 
Explosives  Truck 
Front  End Loader 
Dump Trucks 
Compressor 
Dozer 

SUBTOTAL 763 4775 3182 1720 770 1040 680 
Contingency ( 15%) 114 716 477 2 58 115 156 102 

TOTAL 877 5491 3659 1978 885 1196 782 14 868 

* Preproduction equipment c o s t  



SUMMARY OF DEVELOPMENT COSTS -- -- -- 

Year -- 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

Major Devel opment --- Mi nor Development --- 
Tom Eas t  Tom West Total Tom Eas t  Tom West ~ o t t a -  

6,893 
2,810 

826 
- 
- 
- 
- 
- 
- 

Jason S. 

37 5 
6,516 
5,587 
4,204 

6 18 
28 1 

- 
690 

99 
7 18 

1,099 
50 

166 
- 
- 

10,297 
3,887 
2,027 

286 
54 

643 
787 
422 

6 5 

Jason M .  - 

- 
- 
- 
- 
- 
- 
- 

1,418 
1,130 

762 
42 3 
566 

1,164 
881 
141 

17,190 
6,697 
2,853 

286 
5 4 

643 
787 
422 

65 

Total 

37 5 
6,516 
5,587 
4,204 

618 
28 1 

- 
2,108 
1,229 
1,480 
1,522 

616 
1,330 

88 1 
141 

623 
4,785 

501 
204 
706 
872 
235 

- 
- 

Jason S. 

- 
- 
- 

5,287 
945 

1,229 
- 

1,326 
1,241 
1,183 
2,108 
1,216 

660 
989 
337 

352 
1,913 

700 
97 5 
442 
92 1 

2,375 
1,983 

687 

Jason M .  

- 
- 
- 
- 
- 
- 
- 

1,151 
1,695 
1,523 
1,658 
1,606 
3,289 
2,127 

593 

975 
6,698 
1,201 
1,179 
1,148 
1,793 
2,610 
1,983 

687 

Total  

- 
- 
- 

5,287 
945 

1,229 
- 

2,477 
2,936 
2,706 
3,766 
2,822 
3,949 
3,116 

0 

* Before a l l o c a t i o n  of General Mine Expense and breakdown between preproduct ion 
and ongoing c o s t s  a s  presented i n  Table 4.3.6.1 and 4.3.6.2 



4.4 MILLING COSTS --- 

CONTENTS 

4.4 MILLING COSTS 

4.4.1 BASIS OF ESTIMATE 

Table 4.4-1 Summary - M i l l  Operat ing Costs  

Table 4.4-2 M i l l  Personnel - Annual Rates 

Table 4.4-3 M i l l  Personnel - Year ly  Costs 

Table 4.4-4 M i l  1 Operat ing Suppl i e s  - Annual Costs 

Table 4.4-5 M i  11 Reagents 

Tab1 e 4.4-6 M i  11 Maintenance Suppl i es 

Table 4.4-7 M i l  1 Power Costs 



4.4.1 BASIS OF ESTIMATE -- --- 

Operat ing cos ts  f o r  the m i l l  inc lude labour, opera t ing  

suppl i es, mai ntenance suppl i es and fue l  f o r  power. Heat i  ng  

cos ts  are considered n i l ,  as waste heat  from the  power 

p l a n t  w i l l  be used f o r  b u i l d i n g  heat. 

A l l  labour,  s t a f f  and hour ly  pa id  w i l l  work two weeks 

on-s i te  fo l lowed by one week o f f - s i t e  - i.e., four teen days 

i n ,  fo l lowed by seven days out. The m i l  1 w i l l  be shut  down 

f o r  two weeks over Christmas - New Years. 

Hours worked per  day by s t a f f  and days vacat ion taken per  

year do no t  a f f e c t  t h e i r  cos t  t o  the opera t ion  and, 

therefore,  have not  been taken i n t o  account. S t a f f i n g  has 

been a l l oca ted  such t h a t  subordinates can take over when 

sen ior  s t a f f  members are o f f  - e.g., Ass is tan t  M i l l  

Superi ntendent w i  11 be on-si  t e  when the M i  11 Superi ntenden t 

i s  out. 

M i l  1 hour ly  pa id  w i l l  work 12 hours per day when on-si t e  - 
i .e. ,  34 weeks o f  84 hours f o r  a t o t a l  o f  2,688 hours pe r  

year, l ess  vacat ions. As a basic  work week i s  40 hours, 

overtime w i l l  be p a i d  f o r  2,688 hours minus 50 weeks o f  40  

hours (2,000 hours) - i .e., 688 hours. Overtime w i l l  be 

pa id  a t  t ime-and-a-half, and n i g h t  s h i f t  a t  25 cents ove r  

t he  hour ly  ra te .  Three persons w i l l  be h i r e d  per  opera t ing  

p o s i t i o n  (one day s h i f t ,  one n i g h t  s h i f t ,  one o f f - s i t e )  

p l u s  two swing men. A maintenance crew i s  a l l oca ted  t o  the  

m i l l .  



Q u a n t i t i e s  o f  m i  11 operat ing suppl i e s  were est imated from 

h i s t o r i c a l  data. Reagent addi ti ons were est imated t o  be 

75% o f  t h a t  used i n  labora tory  t e s t  work. Pr ices  were 

s o l i c i t e d  from supp l ie rs  and c o s t  o f  f r e i g h t  added. 

Q u a n t i t i e s  o f  m i  11 maintenance suppl i e s  were e i t h e r  

est imated from h i  s t o r i  ca l  data o r  a1 1 owances were 

provided. 

Power consumption has been estimated, t ak ing  i n t o  account 

the connected horsepower, an est imate o f  the demand f a c t o r  

and an est imate o f  the coincidence f a c t o r  ( f r a c t i o n  o f  t ime 

operat ing) .  Cost o f  f ue l  per kwh i s  c a l c u l  ated i n  Sect ion 

4.2 and based on the  d iesel  generators p r i ced  by Bechtel i n  

t h e i r  Capi ta l  Cost Estimate, Sect ion 3. 



Personnel 
Operating Supplies 
Mai ntenance Suppl i es 
Fuel f o r  Power 
Heating (Waste Heat) 

SUMMARY - MILL OPERATING COSTS 

------- ANNUAL COST 
Yr. 2 Yrs. 3-14 

TOTAL 

Table 4.4-1 
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MILL PERSONNEL - ANNUAL RATES 

(1985 $1 

Total Local Bonus Annual Benefits Annual 
Supervi sory/Staf f Rate p. a .  %---p.a. 

M i  11 Superintendent 55,000 p .a. 55,000 40 22,000 
Assi s t a n t  Super. 50,000 p. a. 50,000 40 20,000 
Metal 1 urgi s t  42,000 p.a. 42,000 40 16,800 
General Foreman 45,000 p.a. 45,000 40 18,000 
Chief Chemist 36,000 p .a. 36,000 40 14,400 

Local Staff  

S h i f t  Boss 4,00O/mo 48,000 
Asst. Assayer 3,00O/mo 36,000 
Mill Clerk 2,40O/mo 28,800 

Hourly Rated 
------- Hours ------ 

Rate/Hr. Day Night O/Time 
(+$O .25) (+50%) 

Gri ndi ng Operators 
Fl o t a t i  on Operators 
Dewateri ng Operators 
Reagent Mi xer 
Swing man 
Mi11 Helpers 
Mill Labour 
Swing man 
Tai l ings  Men 
Load-out Men 
Laboratory Tech. 

Maintenance Lead Hand 14.00 2,688 
Mechanics 13.63 2,688 
Mechanics He1 pers 11.47 2,688 
We1 ders  13.81 2,688 
Mi 11 Wri ghts 13.81 2,688 
Elect r ic ians  14.17 2,688 
Instrument Technician 14.17 2,688 

Earnings %---p. a. Cost 

Annual Benefits Annual 
Earnings %(on 2000) Cost 



MILL PERSONNEL - YEARLY COSTS --- 

Year 2 -- Years 3-14 Year 15 

Annual No. Months Cost No. Cost No. Months Cost 
Supervi sory/Staf  f Cost p.a. p.a. p.a. 

M i  11 Superi ntendent 
Ass is tan t  Super. 
Metal 1 u r g i  s t  
General Foreman 
Chief  Chemist 

Local S t a f f  

S h i f t  Boss 
Asst. Assayer 
M i l l  C lerk 

Hourly Rated 

G r i  nd i  ng Operators 
F l o t a t i o n  Operators 
Dewatering Operators 
Reagent Mixer 
Swing man 
M i l l  Helpers 
M i 1  1 Labour 
Swing man 
Tai  1 ings  Men 
Load-out Men 
Laboratory Tech. 

Mai ntenance Lead Hand 
Mechanics 
Mechanics He1 pers 
We1 ders 
M i  11 W r i  ghts 
E l e c t r i c i a n s  
Instrument Technician 

Tota l  M i  11 Personnel 



MILL OPERATING SUPPLIES - ANNUAL COSTS -- 

Y r .  2 Yrs. 3-14 Y r .  15 
6-6t. 1373JJRFt. - 7 K 3 O t .  

G r i  nd i  ng Steel : 

- Primary M i  11 (autogenous) 0 
- Secondary M i  11 s ( pebbl es) 0 
- Regrind M i l l  (1- inch b a l l s )  90,000 

- 0.15 Ib/kwh 
- 1.65 kWh/t 
- 92% e f f i c i e n c y  
- $0.30 f.0.b. Toronto 
- $0.215 f r e i g h t  / 1 b. o f  s tee l  b a l l  

F i  1 t e r  C l o t h  

- Lead concentrate f i  1 t e r s (  2) 15,000 
- 5 c l  oths/yr.@1,575,000 pa 
- $3000/cloth 

- Zinc concentrate f i l  t e r s ( 2 )  18,000 
- 6 c l  oths/yr.@1,575,000 pa 
- $3OOO/cloth 

A n a l y t i c a l  Suppl i e s  

Reagents 

- See Table 4.4-1 2,640,000 -- 

Sub-Total 2,788,000 

Contingency, 10% 279,000 

Tota l  M i l  1 Operat ing Suppl i e s  3,O67,OOO 

Table 4.4-4 
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MILL REAGENTS 

REAGENT ADDITION - POUNDS PER TON 

OPERATION 

#1 Pb Ro. F l o t a t i o n  
#1 Pb Cln F l o t a t i o n  
Regr ind F l  o t a t i o n  
Z inc Ro. F l o t a t i o n  

To ta l  Lab Add i t ion :  
Est imated Pl  an t  

Addi ti on (75% 

Annual Requi rement 
a t  1,575,000 t p t  

Cost ($11 b.) 
F r e i g h t  ($11 b. ) 

Reagent Cost ( $11 b.) 

Annual Cost 
a t  1,575,000 t p y  

NaCN 

0.30 
0.10 
0 .O5 

0.45 

0.34 

531,563 

0 -86 
0.23 - 
1.10 

582,335 

MIBC - CuS04 

0.08 
0.01 
0.01 
0.05 - 1.50 - 
0.15 1.50 

Add Allowances f o r :  - Lime 
- F l o c c u l a n t  50 ;OOO 

T o t a l  Annual Cost 
a t  1,575,000 t p y  6,339,977 

6 56,000 t p y  Y r .  2 2,640,651 
1 ,57 5,000 t p y  Y r .  3-14 6,339,97 7 

716,350 t p y  Y r .  15 2,883,582 

TABLE 4.4-5 
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M i l l  L ine rs  

MILL MAINTENANCE SUPPLIES 

---- ANNUAL COST ----- 

- Primary M i  11 (chrome-moly) 
- 0.02 Ib/kwh 
- 8.25 kWh/t 
- 92% e f f i c i e n c y  
- $l.OO/lb. f.0.b. Toronto 
- $0.215/1 b. f r e i g h t  

- Secondary M i l  1 s (2)  ( rubber)  
- Allow $0.15/t. p l a n t  feed 

- Regrind M i l l  (1) ( rubber)  
- Allow $0.02/t. p l a n t  feed 

Y r .  2 

656,000 t p y  

Screens 

- 6 S e c t i o n s p . a . @ 1 , 5 7 5 , 0 0 0 t p y  3,000 
- $1,500 per sec t ion  

M i  scel 1 aneous -- 

- Gr inding 
- Conveyors 
- P ip ing  
- Pumping - l i n e s  

- o the r  
- F l o t a t i o n  c e l l s  & machines 
- Blowers 
- Lub r i ca t i on  
- Grease 
- M i l l  O f f i c e  
- Change House 
- Safety 
- T a i l i n g s  L ine  
- E l e c t r i c a l  / Inst rumentat ion 
- M i  s c e l l  aneous M i  nor  
- Major Replacement 

Sub-Total 440,000 
Contingency, 10% 44,000 

Tota l  M i  11 Maintenance - Suppl i es -- 484,000 

Yrs. 3-14 Y r .  15 

1,575,000 t p y  716,350 t p y  - 



MILL POWER COSTS 

Mill Power Consumotion 

Connected Demand Coi nci - Hours kwh 
Equipment H.P. Kwh Factor dence p.a. p.a. 

Primary Mill 
Secondary M i  11 s 
Regrind Mill 
Slurry Pumps 
Froth Pumps 
Water Pumps 
Tai 1 i ngs Pumps 
Fl o t a t i  on Machi nes 
Blowers 
F i  1 t e r s  
F i l t e r  Compressors 
Conveyors 
Feeders 
Screens 
Agitators 
Thickeners 
Sump Pumps 
Reagent M i  xing 
Air Compressors 
Crane 

Cost of Fuel For Mil 1 Power 

Annual Cost -- ~ P Y  kWh $/kwh Cost 

Year 2 656,000 23,297,428 .I15 2,679,204 
Years 3-14 1,575,000 55,935,136 .I15 6,432,541 
Year 15 716,350 25,440,720 .I15 2,925,683 

Table 4.4-7 
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4.5 ENGINEERING/TECHNICAL COSTS 

CONTENTS 

4.5.1 BASIS OF ESTIMATE 

Tabl e 4.5-1 Sumary - Engi neeri ngITechnica1 Costs 

Tabl e 4.5-2 Personnel Costs 

Tabl e 4.5-3 Suppl i es 



4.5.1 BASIS OF ESTIMATE 

These costs cover only those engineering and technical 
personnel (and the i r  supplies) not included i n  the general 
m i  ne expenses (GME) . 



SUMMARY - ENGINEERINGITECHNICAL 

Note that most engineering costs are included in General Mine Expenses, and 
therefore not included here. 

Personnel 
Suppl i es  

Total 

Year 2 Years 3 -14 Year 15 

Table 4.5-1 
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PERSONNEL COSTS - - 

Supervi sory/Staf f 

Chief Environ. Engr. 
Envi ronmental Engr. 

Local S t a f f  

Designer 
Draf tsmen/Layout 

Supervi sory/Staf f 

Chief Envi ron. Engr. 
Envi ronmental Engr. 

Local S ta f f  

Designer 
Draftsmen/Layout 

Department Total 

Annual Local Bonus Annual Benef i ts  Annual 
Rate Rate %---p.a. Earnings %---p.a. Cost 

48,000 p.a. 40 
40,000 p.a. 40 

Annual 
Rate Rate 

3,20O/mo. 38,400 
3,00O/mo. 36,000 

Year 2 Ye - ars 3 - 14 

Annual No. Months Cost No. Cost 
Cost 

Year 15 
p- 

No. Months Cost 



SUPPLIES 

O f f  i ce Suppl i es 
Misc. travel 
Vehicle Fuel ( 2  hrs./day x $9/hr.) 
Mi sc .  

Total Suppl i es 

Year 2 Years 3 -14 Year 15 

Table 4.5-3 
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4.6 SERVICE AND -- MAINTENANCE COSTS 

CONTENTS 

4.6.1 BASIS OF ESTIMATE 

Tab le  4.6-1 Summary - Serv ice  and Maintenance 

Tabl e 4 -6-2 Personnel Costs 

Tabl e 4.6-3 Suppl i e s  

Table 4.6-4 Power Costs  



4.6.1 BASIS OF ESTIMATE 

These costs cover the service and maintenance personnel 

(and t h e i r  supplies) not  included i n  the general mine 

expenses (GME) and not a1 1 ocated t o  the m i  11 . 

Note t ha t  a l l  costs o f  power other than fue l  are a l loca ted  

t o  t h i s  area. The only fuel  a l located here i s  t ha t  

required t o  operate motors i n  t h i s  area. 



SUMMARY - SERVICE AND MAINTENANCE COSTS 

Personnel 
Suppl i es 
Fuel f o r  Power 
Heating (Waste Heat) 

Total  

ANNUAL COST -- 
Yr. 2 Yrs.-F.15 

Table 4 . 6 - 1  
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Supervi sory /Sta f  f -- - 
Mai ntenance Super. 
Chief  E l e c t r i c i a n  
Master Mechanic 
Mechanical Engi neer 
E l  e c t r i  c a l  Engi neer 
Elec. Shop Foreman 
Maint .  Shop Foreman 
Inst rument  Foreman 

Local S t a f f  

S ta t ionary  Engi neer 
Mai n t .  Planner 
C l  erks 

Hour ly  Rated --- 

Mechanics 
Mechanics He1 pers 
E l e c t r i c i a n s  
Machin is ts  
We1 ders 
P i  pe f  i t t e r s  
Carpenters 
Pa in ters  
Veh ic le  Operators 
Labourers 

Superv i so ry lS ta f f  - - - -- - - - -- 

Maintenance Super. 
Ch ie f  E l e c t r i c i a n  
Master Mechanic 
Mechanical Engineer 
E l e c t r i c a l  Engi neer 
Elec.  Shop Foreman 
Maint. Shop Foreman 
Inst rument  Foreman 

Rate 

PERSONNEL COSTS -- - - - -.- 

Local Bonus Annual Benef i t s  
I--- p.a. Earnings %---p.a. 

Rate Annual Rate 

--- Hours --- Annual Benef i t s  
Rate/Hr. Tota l  O/Time Earnings %(on 2000 

Year 2 Years 3 - 14 - -- - -- Year 15 

Annual No. Months Cost No. Cost No. Months 
Cost p. a. p. a. 

Annual 
Cost 

85,250 
69,750 
69,750 
62,000 
62,000 
55,800 
55,800 
55,800 

Cost  
p.a. 

Tab1 e 4.6-2 
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Hour ly  Rated 

Mai n t .  P l  anner 
Mai n t .  P l  anner 
Clerks 

Hour ly  Rated 

Mechanics 
Mechanics He1 pers 
E l e c t r i c i a n s  
Machi n i  s tse 
We1 ders 
P i p e f i  t t e r s  
Carpenters 
Pa in ters  
Vehic l  e Operators 
Labourers 

Department Tota l  

Year 2 - - Years 3 - 14 Year 15 --- 

Annual No. Months Cost No. Cost No. Months Cost  
Cost p.a. p.a. p.a. 

Table 4.6-2 
Sheet 2 



SUPPLIES -- 

A1 1 owances for :  
- Gas01 ine  
- Diesel Fuel 
- Shops, inc l . :  

- oxygen 
- acetylene 
- we1 ding rod 
- p l a t e  
- barstock 
- angle iron 
- channels 
- small tools  
- lubr icants  
- pa in t  
- 1 umber 
- cable 
- e l ec t r i c a l  hardware 
- pipe, f i t t i n g  
- mi sc . hardware 

- ANNUAL COST 
Y r .  2 Yrs. 3-14 Yr. 33- 

- Power house 
- Fuel o i l  (costed out)  - 
- lubr icants  20,000 
- spares (5% capi ta l  equip.) 400,000 
- other (0.5% capital  equip.) 40,000 

- Other, incl . : 
- of f ice  
- safe ty  
- misc. 

Total Suppl i  e s  

Table 4.6-3 
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POWER COSTS 

Power Consumption 

Connected 
Equipment H.P. Kwh 

Service A i r  250 188 
Power P lan t  320 240 
Accommodation 120 90 
Tracing - a l l  year  0 1,100 

- emergency 0 1,100 
Yard 320 240 

Demand Coi n c i  - 
Factor  dence 

Hours 
p.a. 

Cost o f  Fuel For Power 

Service Power Accomod. Tracing Yard Tota l  Tota l  
A i  r P l  an t  kWh Cost 

Annual Costs $.1125/kWh 

Year 1 50,000 250,000 250,000 150,000 700,000 78,750 
Y e a r 2  250,000 1,500,000 300,000 500,000 750,0003,300,000 371,250 

Year 3 - 14 354,375 1,697,688 335,070 lY63O,2OO 1,340,280 5,357,613 602,731 
Year 15 177,188 848,844 167,535 815,100 670,140 2,678,807 301,366 

Table 4.6-4 
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4.7 ADMINISTRATION COSTS (MINE SITE) -- - - 

CONTENTS 

4.7.1 BASIS OF ESTIMATE 

Table 4.7-1 Summary - Admin i s t r a t i on  Costs (Mine S i t e )  

Tabl e 4.7-2 Personnel Costs 

Tabl e 4.7-3 Suppl i es 



4.7.1 BASIS OF ESTIMATE 

Admin is t ra t ive  funct ions have been d i v ided  between the  

mine-s i te and Whitehorse i n  order t o  reduce camp costs, 

l o c a t i o n  bonus fo r  s t a f f  and communications' costs. It i s  

considered t h a t  personnel, r e c r u i t i n g ,  t r a v e l  and 1  egal 

a c t i v i t i e s  are b e t t e r  handled i n  Whitehorse than a t  the  

mine-si te. Estimates i n  t h i s  sect ion are f o r  mine-s i te  

admin is t ra t ion  only. 



Personnel 
Suppl i es 

Tota l  

SUMMARY - ADMINISTRATION COSTS (MINE SITE) 

Yr. 2 Yrs. 3-14 Yr. 15 

Table 4.7-1 
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PERSONNEL COSTS ------ 

Local Bonus Annual Benef i t s  Annual 
Supervi sory/Staff  Rate %--- p.a. Earnings %---p.a. Cost 

Resident Manager 65,000 p.a. 40 26,000 91,000 15 9,750 100,750 
Assistant  Manager 60,000 p.a. 40 24,000 84,000 15 9,000 93,000 
Director Safety 40,000 p.a. 40 16,000 56,000 15 6,000 62,000 
Camp Manager 40,000 p.a. 40 16,000 56,000 15 6,000 62,000 
D i  r ec to r  Securi t y  36,000 p.a. 40 14,400 50,400 15 5,400 55,800 

Local Staff  Rate Annual Rate 

F i r s t  Ai d/Nurse 3,36O/mo. 40,320 
Time Keepers 2,20O/mo. 26,400 
Warehouse Clerks 2,20O/mo. 26,400 
S i t e  Office Secretary l,7OO/mo. 20,400 
TypistITelex Operator 1,50O/mo. 18,000 

Annual 
Cost 

--- Hours --- Annual Benefits Annual 
Hourly Rated --- Rate/Hr. Total OITime Earnings % (on 2000) Cost 

Security Guards 10.57 2,688 688 32,048 29 6,131 38,179 
Handy Men 13.44 2,688 688 40,750 29 7,795 48,545 
Drivers 10.57 2,688 688 32,048 29 6,131 38,179 
Labourers 10.57 2,688 688 32,048 29 6,131 38,179 
J an i t o r s  10.57 2,688 688 32,048 29 6,131 38,179 

Year 2 
p- 

Years 3 - 14 ------- Year 15 
p- 

Annual No. Months Cost No. Cost No. Months Cost 
Supervi sory/Staff -- Cost ~ . a .  p.a. ~ . a .  

Resi dent Manager 100,750 1 6 50,375 1 100,750 1 9 75,563 
Assistant  Manager 93,000 1 6 46,500 1 93,000 0 0 0 
Di rec tor  Safety 62,000 1 6 31,000 1 62,000 1 6 31,000 
Camp Manager 62,000 1 6 31,000 1 62,000 1 9 46,500 
Director Securi ty 55,800 - 1 6 27,900 - 1 55,800 - 1 9 41,850 

Tab1 e 4.7-2 
Sheet 1 
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Local S t a f f  ----- 

Fi rst Aid/Nurse 
Time Keepers 
Warehouse Clerks 
S i t e  Of f i ce  Secre ta ry  
Typi s t /Te l  ex Operator 

Hourly Rates  

S e c u r i t y  Guards 
Handy Men 
Dr ivers  
Labourers 
J a n i t o r s  

Year 2 
--- 

Years 3 - 14 -- -- - -- --- Year 15 

Annual No. Months Cost  No. Cost  No. Months Cos t  
Cost 

Table  4.7-2 
Shee t  2 



SUPPLIES 

Y r .  2 

O f f i c e  Suppl i es A1 1 ow 
Safety, F i r s t  A id  suppl ies A1 1 ow 
Communications (12-channel System) 
Computer Service A1 1 ow 
Misc. Travel A1 1 ow 
Bus Fuel (6  hrs/day @ $30/hr.) 
Vehicle Fuel (4*4 hrs/day 8 $9/hr.) 
F ly- In/Fly-Out  (12/wk. @ $2500 ea. ) 
M i  scel 1 aneous A1 1 ow 

Tota l  

Yrs. 3-14 Y r .  15 --- 

Table 4.7-3 
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4.8  ACCOMMODATION COSTS 

CONTENTS 

4.8.1 BASIS OF ESTIMATE 

Tab1 e 4 -8-1 Mancount 

T a b l e  4.8-2 Cos t s  



4.2.8 ACCOMMODATION COSTS 

Camp support will be contracted out. A cos t  of $19 per day 
per person i n  camp is  used. T h i s  i s  based on current  r a t e s  
i n  the Yukon Terr i tory  and includes food, labour, laundry, 
cleaning, camp management and 1 ocal t ransportat ion.  

Only company personnel, the camp con t rac to r ' s  s t a f f  and 
four guests w i  11 be housed i n  the camp. Other contractors '  
crews will be housed by the contractors,  not i n  the company 
camp. 

Each person will r e ta in  h is lher  own room. However, cos ts  

have been calculated based on 213 of mancount on-si te .  



Year: - 
Mining: --- 

General Mi ne Engi neeri ng 
Tan Mine 
Jason Mine 

Sub-total, Mining 

Surface : 

Ahinist rat im 
Cen. Eng. and Environ. 
mi 1 
MainteMnCe & Servioe 

Sub-total, Surface 

Total Mine-site Pay-mll 

Support P e m l  : 

(1 per 12 people i n  carp) 

mr. - 
Guests 

Total 

Table 4.8-1 
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Year: -- 

($19 .OO/d./person incl . food, transportation, 
labcur, laundry, cleanirg and m g m m t . )  

A1 l w  213 pecple in cap. A1 lcw 1OZ contirgency 

M i  ni ng 

Surface 

Canp WPrt 
other 

Total Costs  

92,657 643,720 1,219,167 1,443,493 1,241,111 1,285,000 1,236,235 1,514,205 1,506,890 1,043,607 1,092,373 1,067,990 1,141,140 

0 404,763 809,527 809,527 809,527 809,527 809,527 809,527 809,527 809,527 809,527 809,527 809,527 

incl . incl . incl. incl. incl. incl. incl. incl. incl. incl. incl. incl. incl. 

14 - 

970,457 

809,527 

incl . 

853,417 

629,090 

incl. 



4.9 TRANSPORTATION OF CONCENTRATES 

CONTENTS 

4.9.1 BASIS OF ESTIMATE 

4.9.2 TRUCKING TO HAINES 

M i  1 eage 

Hours 

U n i t  Weights 

Avai 1 ab i  1 i ty 

T r i p s  pe r  Annum 

Fuel Costs 

Running Costs  

D r i  ve r  Costs 

Amor t i za t i on  

M i  s c e l l  aneous 

To ta l  T ruck ing  Costs pe r  R i  g 

U n i t  T ruck ing  Cost  

4.9.3 HAINES TO SMELTER 

.1 Rates 

.2 U n i t  Shipping Cost 

4 -9 .4  UNIT TRANSPORTATION COSTS 

Tab1 e 4 .9-1 Transpo r ta t i on  Cost Schedule 



4.9.1 BASIS OF ESTIMATE -- 

The costs of transporting concentrates t o  "market" are  
included i n  the operating costs.  These costs  include 
trucking to  Haines, port costs  and s h i p p i n g  costs .  

Trucking will be contracted out. However, instead of 

sol i c i  t i  ng contractors '  quotations, trucking costs  have 
been estimated based upon current  labour ra tes  and fuel  
pr ices ,  and on assumptions described be1 ow: 

o The North Can01 Road will be upgraded by the Canadian 
federal government to  a qua1 i t y  capable of allowing 
134,500 1 b. seven axle vehicle combinations. 

o Successful negotiation will be completed w i t h  the 
A1 askan government to  allow seven axle vehicle 
combinations t o  be increased from the current  95,000 1 b. 

l imi t  t o  134,000 Ib .  ( a s  in Canada) fo r  the  41 mile 
s t re tch  from the Canadi an/Al askan border to  Hai nes . 

o 33.75 mph i n  summer and 22.5 rnph in winter can be 
maintained from Mac Pass to  Ross River. 

o 42.5 mph i n  summer and 30 mph in Winter can be 
maintained from Ross River t o  Whitehorse and from 
Whitehorse t o  Hai nes. 

o A bridge or ferry i s  provided across the Pelly River 
capable of hand1 ing l34,OOO 1 b. seven ax1 e 
combi nations. 



o Loads of 46.9 short tons are carried. 

Port costs are based on recent rates at  Skagway, Alaska. 

Shipping rates are based upon current rates between the 
Western seaboard and Japanese ports serving smel ters i n 
that country. Unloading costs are not included. 



4.9.2 TRUCKING TO HAINES 

.1 Mileage 

Mac Pass t o  Ross River 255 
Ross River t o  Whi tehorse  254 
Whitehorse t o  Hai nes 135 

Total one-way 
Return 

Total re turn  1,288 

-2 Hours -- Summer/Wi n t e r  

Loading a t  Mac Pass 0.5 0.5 
Mac Pass t o  Ross River (33.75122.5 mph) 4.0 6.0 
Ferrylbreak 0.5 0.5 
Ross River t o  Whitehorse (42.5130 mph) 6.0 8.5 
Break 0.5 0.5 
Whitehorse t o  Hai nes (42.5130 mph) 6.0 8.5 
Unloading a t  Haines - 0.5 0.5 

Total one-way 
Return 

Total Return Tr ip  

.3  U n i t  Weights 

Based upon successful negotiat ion with A1 askan 

Government t o  allow seven axle  vehic le  combination t o  

be increased from cur ren t  95,000 l b .  t o  134,500 Ib.  

( a s  i n  Canada) f o r  t h e  41 mile s t r e t c h  from the border  

t o  Hai nes terminal : 

- Tractor  22,000 Ibs .  
- T r a i l e r  14,500 1 bs .  
- Containers 4,200 I b s .  
- Payload 93,800 1 bs .  

Total 134,500 l b s .  



-4 Avai 1 abi  1 i t y  ----- 

Maintenance and heavy r e p a i r s  = 5.5 dayslmonth 

= 66 days p.a. 

= 1,584 h r s .  p.a. 

Running Repai rs = 3 hrs./week 

= 150 h r s .  p.a. 

Avai 1 ab l e  t ime,  50 weeks p. a .  = 350 x 24 - 1,584 - 150 

= 6,666 h r s .  p.a. - - - - - - -- - - 

-5 T r i p s  p.a.  

Summer turnaround = 36.0 h r s .  + 2 h r s .  contingency 

= 38.0 h r s .  

Winter turnaround = 50.0 h r s .  + 2 h r s .  contingency 

= 52.0 hrs .  

No. of t r i p s  per  Summer Season: 

= 6,666 x 5 months p.a. 

= 6,666 x 5/12 

= 73 - 
No. of t r i p s  per  Winter Season: 

= 6,666 x 7 months p.a. 

= 6,666 x 7/12 

= 75 - 
Total  number of t r i p s  p.a. = 73 + 75 = - 148 pe r  r i g .  

-6 Fuel Costs  

Diesel Fuel - base 
- F.S.T. 
- Yukon Tax 

Total 46.65fI1. 47.09911 . 
Equi val ent $2.12/gal.  $2.14/gal.  



Consumption - 1,018 m i l e s  Hiway 
8 3.9 mpg $ 553.37 $ 558.59 

- 270 mi les  gravel 
8 3.5 mpg 163.54 --- -- 165 .O9 

- Per T r i p  $ 716.91 $ 722.68 

- Annually $52,334.43 $54,201.00 

- $106,535 p.a. - per r i g .  

.7 Runninq Costs 

T rac to r  
- t i r e s  - 6 
- r e p a i r s  - 25 

T ra i  1 e r  
- t i r e s  - 
- r e p a i r s  - 

Contai ners 
- r e p a i r s  - 2 f /m i le  

T i  e-downs 
- r e p a i r s  - 

Annual c o s t  = 1,288 m i l es  x 569 x 148 t r i p s  

= $106,479 per  r i g .  

-8 D r i v e r  Costs 
Summer Winter  

360 h r s .  50 -0  h r s  . 
Hourly ra te :  $14.60/hr. $ 525.60 $ 730.00 
Mi 1 eage ra te :  $0.45/mi 1 e $ 579.60 $ 579.60 
Overtime: mi leage + 0 -5 hr /d.  $ 58.40 $ 1,396.60 

Cost per T r i p  
No. o f  T r i p s  per r i g  

Seasonal Cost per r i g  $84,942.80 $104,745 .OO 

Annual cos t  per  r i g  $189,687 p.a. 



.9 Amort izat ion -- 

T r a c t o r  - $96,000 x 80% over 3 years = $25,600 
T r a i l e r s  (2) - $48,000 over 8 years  = $ 6,000 
Contai ners(2)-  $20,000 over 8 years = -- $ 2,500 

Amort izat ion per r i g  

.10 M i  s c e l l  aneous Costs 

U.S. Fees 
Cleaning 
Other 

.ll Total  Trucking Costs Per Rig 

Cost o f  operat ing one r i g  f o r  one years i s :  

- Fuel 
- Running Costs 
- D r i v e r  
- Amort izat ion 
- Misc. 

.12 U n i t  Trucking Cost 

U n i t  cos t  

= $445,071/148 t r i p s  o f  46.9 s h o r t  tons 

= $64.12 per  s h o r t  t on  



4.9.3 HAINES TO SMELTER (JAPAN) 

.1 Rates 

Dock Handl i ng: 

Dock Handl i ng  Cost = $7 .Z6 pe r  s h o r t  ton (Cdn) 

Ocean Fre i  ght:  

Ocean f r e i g h t  c o s t  from Haines,  Alaska t o  Japan 

(20,000 met r ic  tonne v e s s e l )  = $15.00 US per  tonne.  

A t  an exchange r a t e  of 0.74 t h e  Ocean Cost = $18.37 

per  s h o r t  ton 

.2 -- Unit  Shipping Cost 

Un i t  Shipping Cost = Dock Handl i ng  + Ocean F r e i g h t  

= $25.63 per  s h o r t  ton 

4.9.4 TOTAL UNIT TRANSPORTATION COSTS 

Total Uni t  Transpor ta t ion  Cost 

= Unit Trucking Cost  + Unit Shipping Cos t  

= $64.12/ton + $25.63/ton 

= $89.75 per  s h o r t  ton 



TRANSPORTATION COST SCHEDULE 

Concentrate Tonnage (Short  Tons) Truck Cost Shipping Cost Total  Cost 

Year D r y  Wet (8% Moist )  - $ 0 0 0 ' ~  $000' s ----- -- $000 ' s 

Table 4.9-1 
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4.10 ADMINISTRATION COSTS ( WHITEHORSE) ---- 

CONTENTS 

4.10.1 BASIS OF ESTIMATE 

Tabl e 4 .lo-1 Summary Adminis t ra t ion Costs  (Whitehorse) 

Tabl e 4.10-2 Personnel Costs  

Tabl e 4.10-3 Suppl i es 



4.10.1 -- BASIS OF ESTIMATE 

Admi n i  s t r a t i v e  services not  provided a t  the m i  ne-si  t e  

are handled from a Whitehorse o f f i c e .  Th is  sec t ion  coverd 

t h e  cos t  o f  operat ing t h a t  o f f i c e .  For f i n a n c i a l  purposes a 

f u r t h e r  allowance o f  1% o f  t o t a l  operat ing cos t  i s  made f o r  

head o f f i c e  costs which are not  inc luded i n  t h i s  sect ion. 



Personnel 
Suppl i e s  

Total 

SUMMARY - ADMINI STRATION COSTS ( WHITEHORSE) 

Year 2 Years 3 - 14 Year 15 

Table 4.10-1 
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4.10 ADMINI STRATION COSTS ( WHITEHORSE) 

PERSONNEL 

Supervi s o r y / S t a f f  Number Rate 

Admin i s t ra t i on  Mgr. 1 50,000 p.a. 
Accountant 1 42,000 p.a. 
Purchasing Agent 1 36,000 p.a. 
D i r e c t o r  Personnel - 1 40,000 p.a. 

Local S t a f f  
Annual 

Rate Rate 

B e n e f i t s  Annual Tota l  
%---p.a. Cost Cost 

Account ing C l  e rks  3 1,80O/month 21,600 15 3,240 24,840 74,520 
Personnel Ass i s tan t  1 1,50O/month 18,000 15 2,700 20,700 20,700 
Travel  Coordi na t o r  1 1,50O/month 18,000 15 2,700 20,700 20,700 
Secretary 1 1,25O/month 15,000 15 2,250 17,250 17,250 
Typi s t /Te l  ex Operator - 1 1,05O/month 12,600 15 1,890 14,490 14,490 

Department To ta l  11 

Year 2 Years 3 - 14 Year 15 

Cost  Months Cost Months Cost Months Cost 
Supervi sory S t a f f  p -a .  p -a .  p.a. -- p.a. 

Admin i s t ra t i on  Mgr. 57,500 6 28,750 12 57,500 9 43,125 
Accountant 48,300 6 24,150 12 48,300 12 48,300 
Purchasing Agent 41,400 6 20,700 12 41,400 6 20,700 
D i r e c t o r  Personnel 46,000 6 23,000 12 46,000 6 23,000 

Local S t a f f  

Account ing C lerks  74,520 6 37,260 12 74,520 9 55,890 
Personnel Assi s t a n t  20,700 6 10,350 12 20,700 3 5,175 
Travel  Coordi na to r  20,700 6 10,350 12 20,700 6 10,350 
Secretary 17,250 6 8,625 12 17,250 9 12,938 
Typi  s t /Te l  ex Operator 14,490 6 -- 7,245 12 14,490 6 7,245 -- 

Department To ta l  340,860 -- 170,430 -- 340,860 134,723 



SUPPLIES 

Of f i ce  Suppl i es A1 1 ow 
O f f i ce  Lease A1 1 ow 
Communications (2  hrs. I d .  /person) 
Computer Service A1 1 ow 
Recrui t ing Expenses A1 1 ow 
Travel A1 1 ow 
Legal Counsel A1 1 ow 
M i  scel 1 aneous A1 1 ow 

Total 

Year 2 

Table 4 . lo-3 
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Years 3 - 14 --- Year 15 

5,000 
40,000 

220,000 
50,000 

0 
20,000 
50,000 
10,000 

395,000 



TOMIJ  ASON PROJ ECT 

SECTION 5 - WORKING C A P I T A L  ESTIMATE 

TABLE OF CONTENTS 

5.1 SUMMARY 

5 - 2  B A S I S  OF ESTIMATE 

5.3 CALCULATIONS 



5.1 SUMMARY -- 

The to ta l  working capi ta l  requirement i s  estimated to  be $20.2 

mill ion as follows: 

$ Cdn 

(mill  ions)  - 
Concentrate Inventory Production Costs (3.6 months) $15.2 

Spares/Supplies Inventory 4 .O 

Work i n  Progress 1.0 

Total Working Capi t a l  $20.2 

5.2 BASIS OF ESTIMATE 

Working capi ta l  i s  required t o  fund the operation unti l  cash flow 

i s  real ized from concentrate sa les .  Items which must be financed from 

working capital  are: 

1. Operating costs  while concentrate inventory i s  produced, shipped 

t o  the smelter and paid fo r  under the contract  terms. 

2 .  Inventories of spare par ts  and operating supplies.  

3. In-process product inventory. 

5.3 CALCULATIONS 

Operati ng Costs 

Assume lead and zinc concentrates are shipped separately i n  

20,000 ton vessels .  A t  the i n i t i a l  production r a t e  of 174,000 

tonslyear Pb concentrate and 160,000 tonslyear Zn concnetrate, the 

time t o  produce the f i r s t  shipments are:  



Pb Concentrate - 20,000/174,000 x 365 days = 42 days 

Zn Concentrate - 20,000/160,000 x 365 days = - 46 days 

Say 45 days 

T r a n s i t  time f o r  the  concent ra tes  t o  

reach the  smelter :  toad time 
Travel time 

Unload time 

Contract  payment terms - from r e c e i p t  

Subtotal 

15% Contingency 

Total days operat ion t o  be financed by 

work i ng capi t a l  

5 

10  

3 - 
18 days 

30 days - 

93 days 

14 - 

107 days 

Approx. 3.6 months 

For Year 3 operat ing c o s t s  a r e  $4.22 mi l l i on  per month and t h e r e f o r e  

t h e  working c a p i t a l  required = 3.6 x $4.22 = $15.2 mi l l i on  

S ~ a r e s I S u ~ ~ l i e s  Inventorv 

This  i s  es t imated t o  be $4.0 mi l l i on .  

Inventory In Process 

A1 low 1 week operat ing c o s t  = $1.0 mil l  ion.  
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