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1. INTRODUCTIOB 

This analysis ,  based on l imi ted information, considers those 

aspects of developing the Taro No. 1 deposit,of the  Anvil >;lining Corporation 

Limited,whFch a r e  important from the  Government's point of view. 

The Taro lead-zinc deposit  i s  located i n  the  'dhitehorse Mining 

Distr i .ct  of the  Yukon Territory. A locat ion map on page 3 shows the  

property i n  r e l a t i on  t o  the  main t ranspor ta t ion f a c i l i t i e s  ex i s t ing  i n  

the  region. 

During 1964, Qynasty Explorations Limited carr ied out airborne 

geophysical and geochemical reconnaissancesin an area  adjacent t o  the  

Ir'el1.y River, known a s  the  Vangorda d i s t r i c t .  

In  April 1965, Cyprus Mines Corporation entered i n t o  a j o in t  

venture with Eynasty t o  fu r ther  explore t h i s  d i s t r i c t .  Ground geophysical 

and geochemical surveys,and d r i l l i n g  of previously located magnetic 

anomalies met with success; 2,400 claims were staked. The Faro claim 

group was dr i l - led  i n  July,  1965 and 1:lassive sulpkides were in tersected.  

Dri l l ing has been i n  progress s ince  t h a t  date. 

I n  December 1965, Anvil Eiining Corporation Liinited, owned 60 

per cent by Cyprus Mines Corporation and 40 per cent by Dynasty Exploration 

Limited, was formed t o  take over a l l  claims i n  the  Vangorda D i s t r i c t  and 

continue the  exploration work. 

I n  November 1965, the  Parsons-Jurden Coapany was re ta ined t o  

carry out a preliminary f e a s i b i l i t y  study on the  economics of developing 

the  Faro deposit. This repor t  was completed April 26, 1966. 
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Subsequently, a request" was made by Anvil f o r  Government 

ass is tance i n  the  following areas:  

( i )  construction and operation of a power fac i l i ty .  

( i i )p rov is ion  of all-weather road t ranspor ta t ion t o  tidewater. 

(iii)development and construction of a townsite. 

A copy of the  Parsons-Jurden f e a s i b i l i t y  study was provided 

by the  Company t o  f a c i l i t a t e  a Government evaluation of the p ro jec t  

economics. 

This analysis  examines the  project  economics with specia l  

reference t o  the  request f o r  assistance.  $ i r s t l y ,  it examines t he  Parsons1 

f e a ~ i ' o i l i ~ y  study. Then, on the  basis  of c e r t a in  departures i n  assuaptions 

and est imates,  a pa r t i a l l y  independent evaluation i s  car r ied  out. An 

analysis  of the  r e su l t s  1eaCis t o  several  reconmendations and conclusions. 

See l e t t e r  dated June 27, 1966 from Yanneth Lieber, President,  
Anvil Mining Corporation Iliriiited t o  The Honorable Arthur Laing , Lin i s t e r  
of Northern Affairs and Rational Resources. (PP. '-1.2-17 3) 





This study consis ts  of a deta i led analysis  of the econor~lics 

of developing t he  Faro No.1 orebody, based on preliminary information. 

ihny assumptions must necessari ly underly such an analysis. Those 

assumptions which a re  of i~nportance t o  a Government analysis  or" the  

proj  e c t  econoi~iics a r e  outlined below. 

Transportation 

With respect  t o  the  movement of output froin the  p l an t s i t e  t o  

tidewater, several  t ranspor ta t ion a l t e rna t ives  a r e  outlined. 
(PFS: Section 10) 

Operating cos t s  a r e  developed f o r  each. Capital  cost  estimates a r e  made f o r  

tidewater f a c i l i t i e s ,  t rucks and r e l a t ed  t ranspor ta t ion aux i l i a r ies .  I n  no 

case do the  t ranspor ta t ion a l t e rna t i ve s  assumed ac tua l ly  exis t .  A 1 1  require  

the  development of fu r ther  t ranspor ta t ion f a c i l i t i e s .  However, t he  cap i t a l  

cost  of such f a c i l i t i e s  a r e  not  included i n  t he  p ro jec t  emluat%on. The 

assumption implied i s  t h a t  the  G~vernment wil-1 provide the  basic transporta- 

t i o n  f a c i l i t y .  

9 Development of the  Faro No. 1 Ore Body 
Preliminary Peas ib i l i ty  Study 
for :  The Anvil Mining Corporation L b i t e d  
by: The -3alph M. Parsons construction Co. of Canada, Ltd. 
April 26, 1966. 

References t o  the  above repor t  prefixed: PFS 
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It i s  proposed, a s  one of tlie t ranspor ta t ion a l t e rna t i ve s ,  

t l ~ t  the  Canadian Government pa r t i c ipa t e  e i t he r  "through d i r ec t  or 

ind i rec t  subsidizing oC tlie .Jhite IJass and Yukon system" f o r  an ex ten- 

sion of the  sx i s t ing  l i n e  from Yhitehorsz t o  the  p l s n t s i t e  with 

concomitant conversion t o  standard-gauze; 'lor by construction of a  new 

rai l  l i n k  fro.9 tidewater t o  the immediate p l a n t s i t e  area. This lat 'cer  

consideration has a  soinewhat p a r a l l e l  precedent i n  the deve loyen t  of 

? :  2 It 
the  Pine Point property i n  the  Northwest Terri tmy".  

i s  s u g ~ e s t e d  t h z t  these a l t e rna t i ve s  appear t o  have the  y e a t e s t  economic 

(WS: 10-7) 
irnpact on the  p ro jec t ' s  v iab i l i ty .  

Tormsite 

The Parsons1 evaluation does not i n c h d e  

(9~6: l.2-6, 13-31 
the  cap i t a l  cost  of a  totmsite. 

t ha t  the  Govzrmi~ent w i l l  provide this facil-ity. 

Power - 
rower delivery costs  a r e  based on a mine 

any a l l o~ ,~ance  f o r  

Again it i s  inp l ied  

mou t 11 t h e r ~ m l  p  or.^ r 

(m: 11-11 
plant  a t  Caraacks. It i s  assumed t h a t  the  cap i t a l  cos t  of 

the  power plant  Eac i l i ty  and i t s  operation a r e  borne by the  Government, 

c ap i t a l  cost  being anortized i n  the  power charge a t  10 per cent per  year. 

(PFS: 11-2) 

The power costs  assumed i n  the  r a t e  of re tu rn  analysis  s r e  8 

m i l s  for the  e l ec t ro ly t i c  zinc processing a l ter i ia t ive  and 10 mils f o r  a l l  

(135: 8-1) 
other a l ternat ives .  

B descr i$Aon i s  given of lead and zinc supply-dsiaand conditions 

( ~ 3 2 :  Section 9) 
on a  nat ional  and in te rna t iona l  l eve l  with fo recas t s  t o  1968. 



It i s  proposed t o  market concentrates 30 per cent  t o  the  United S ta tes  

and 70 per  cent t o  Japan, and metal 50 per cent t o  both the  United S ta tes  

and Yest Germany. ('PS: "-') No fu r the r  marketing d e t a i l s  a r e  given. 

Impl ic i t  i n  the r a t e  of re tu rn  analysis  f o r  the  concentrate 

a l t e rna t ives  i s  a t o l l  smelter schedule. This schedule i s  not deta i led 

i n  the  preliininary f e a s i b i l i t y  study but is  manifest i n  the  s a l e s ,  

(eeg. E'S: 
smelting and rnyining cost  f igures shown i n  the  cash f l m s  analysis .  

3-8) Subsequently, the  f o l l ~ w i n g  d e t a i l s  were obtained from Parsons: 

(i) ASAIICO custoin smelter schedule (p. 86) 
(ii) Smelter schedule of Atalta, ?Jew Pork, applicable t o  Japanese 

smelters (p, 87) 
(iii)  he assumed t o l l  smelter schedule 'or the  preliminary 

f e a s i b i l i t y  study, derived from ( i ) .  82) 

Price  - 
Two s e t s  of pr ices  were assumed i n  the  r a t e  of re tu rn  ana lys i s ,  

This then i s  assumed t o  be the  p r ice  range t h a t  w i l l  most probably p reva i l  

over the  20 year productive l i f e  of the  project. 

Tax Allowances 

For t ax  purposes, a 20 year s t r a igh t  l i n e  depreciation method 

h s  been used. Depreciation f o r  the  f i r s t  three  production years  i s  

deferred t o  t!ze four th  and f i f t h  years. ( '  3-5)  lora at ion and develop- 

ment e q e n s e s ,  including the  cos t  of ye-production s t r ipping and p i t  

preparation,  a r e  depreciated a s  cap i t a l  costs. (PFS: 5-18) 

Ore Reserves 

The study was i n i t i a t e d  on the  basis  of the 1965 d r i l l i n g  

prograii; 40 mil l ion tons ol" ore with a combined lead-zinc content of 



12.0 per cent was assumed. These reserves were based on a pat-tern of 

12 holes which in tersected the  ~nineral leed zone a t  400 foo t  centers.* 

The r e s u l t s  f rox  7 more in te r sec t ions ,  d r i l l e d  i n  t he  ea r ly  months of 

1966, revised the  ore reserve grade t o  a co::lbined content of 10.5 per 

cent, This revised grade was used i n  the  r a t e  of re tu rn  analysis ,  

( ~ $ 3 :  4-3 ) 

Process Technolorn 

Preliminary bsnch sca le  f l o t a t i o n  t e s t s  indicated a 55 per cent 

(PFS : 
lead concentrate and a 52 per cent zinc concentrate. * )  More recent  

laboratory t e s t s  indicated recovering higher qua l i ty  se lec t ive  concentrates: 

( 2 ~ :  3-3 )  
a 70 psr  cent  lead concentrate and a 55 per cent  zinc concentrate, 

50 metallurgical t e s t  work has been done f o r  the  sinelting and 

re f in ing  a l ternat ives .  (P"'j.: The processing a l t e rna t ives  assmed 

: 3-2, 3-3) a r e  : 

1 Selective concentrates f o r  t o t 1  smelting (55,; i3b, 52$ ~ n )  
11-1 I1 

11 11 rt 11 (70:g Pb, 55,; ~ n )  

B d lec t ro ly t ic  zinc-b7.1st furnace lead 
IE-1 J l e c t ro ly t i c  z inc- tol l  smelting of l zsd  concentr3,tes(70,: Pb, 55,: ~ n )  
C New Jersey v e r t i c a l  r e t o r t  zinc-blast furnace lead 
D Imperial smelting process 

Location of process in^ F a c i l i t i e s  

It i s  assumed t h a t  smelting and re f in ing  f a c i l i t i e s ,  f o r  the  

applicable a l t e rna t i ve s ,  a r e  located a t  the  minesite. 
(PPS: 6-4) 

General Comiaents 

The Parsons1 f e a s i b i l i t y  study represents  a thorough analysis  

of the problem, A lack of c l a r i t y  i n  the  t e x t  i s  no doubt due t o  the  

* e :  i'Anvil Ilining Corporation, Ltd. isreliminary Report on Yaro No. 1 
Ore 3ody and 1966 3 ~ d g e t  Request" 
Januar j  15, 1966. 



time constra ints  that the consultants were forced t o  work within,.  Anvil 

requested s e v x a l  important revis ions  i n  the basic  assuiiptions a t  a l a t e  

(m: 4-2, 4-3) 
date, The statement of assuinptions, indexing, paginating 

and referencing t o  the  back-up calcula t ions  i n  t he  addendum, a l l  leave 

something t o  be desired. Canadian and United S t a t e s  do l l a r  f igures  a r e  

both used, and seldom a re  eoneta-y u n i t s  specified. 

I f  the  Goverment i s  t o  consider mining f e a s i b i l i t y  s tud ies  on 

a regular bas i s ,  then it may be useful  t o  s e t  down ce r t a in  guidelines a s  

t o  the  form and content of Gov3rment submissions. I n  t h i s  way both 

p a r t i e s  would be ab le  t o  save t h e .  



It i s  assumed i n  the  Parsons1 f e a s i b i l i t y  study t n a t  the  

econanic c r i t e r i o n  by which investment a l t e rna t i ve s  a r e  ranked and 

(e.g. PFS: 3-1) 
decisions made i s  r a t e  of return.  The a l t e rna t i ve  

generating the  highest r a t e  of re tu rn  i s  the  preferred investment. 

I n  t h a t  p r t  of the  p r e s m t  analysis  where the  p ro jec t  i s  considered 

fro:n the  f i rm ' s  point  of view, r a t e  of re tu rn  i s  a l s o  used i n  order 

t o  hava a standard f o r  comparison with the f e a s i b i l i t y  study resu l t s .  

A computer program was deve lo~ed  t o  handle the  r a t e  of re tu rn  calcula- 

t ion.  

It i s  important t o  r ea l i z e  t h a t  se lec t ion  using t h i s  c r i t e r i o n  

imp l i c i t 1  y as sums  t h a t  each a l t e rna t i ve  bears the  sane amount of uncer- 

tainty.  If t h i s  assulnption i s  v iola ted,  then se lec t ing  r e s u l t s  on the  

basis  of r a t e  of re tu rn  may be erroneous i f  the  a l t e rna t i ve  offer ing t he  

highest r a t e  of r e t u r n  i s  more uncertain than one or more of the  o t l e r  

a l ternat ives .  For example, if  two a l t e rna t ives  offer  po ten t ia l  r e tu rns  

of 20 psr cent and 15 per cent respect ively ,  but the  fonner i s  nore uncer- 

t a i n  than the  l a t t e r ,  then the  a l t e rna t i ve  offer ing the  highest r a t e  of 

re tu rn  would not necessari ly be the  preferred invest:nent. The se lect ion 

would depend on whether the  g rea te r  uncertainty borne by the  first a l t e r -  

nat ive  was more or l e s s  t,han the  5 per cent premium which it i s  expected 

t o  return.  If the  uncertainty i s  more than 5 per cent greater  than t he  

second a l t e rna t i va ,  the  second a l t e rna t i ve ,  project ing the  sixaller r a t e  
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of return, would be preferred, In the case where the least unceytain 

alternative also offers the highest expected rate of return, the rate 

of return selection criterion remains valid, but the true premium for 

the preferred alteraative will be greater than the difference in rate 

of return by the amount of the uncertainty differential. 

Although rate of retwn is a useful method, sound within the 

context of its assnnptions, and appealing because it reduces to a single 

readily understandable figure, the discounted cash fl0id method perhaps 

possesses a flexibility which aAlows one to approach reality more closely? 

With this method, cash flows are discounted at a rate which represents an 

opportunity cost of equivalent uncertainty. Alternatives of differing 

uncertainties are, therefore, discounted at differing rates. 4 positive 

net present value indicates an attractive investment. The alternative 

with tha largest ratio of net present value to investaent is usually 

selected as optimm. Under certain circumstances, which Gas& outlines, 

the rate of return method and the discounted cash flow nethod select 

dif 'erent alternatives as optimum, 

*There is an exhaustive discussion of the relative merits of thwe two 
criteria in decision-making literature. .For an excellent conparison of 
these two crit~ria see: O~timal Investment Decisions, pp. 6-29 

Pierre Mass6, 
Prentice Hall, 
1962 



The pr ice  pat tern  f o r  lead and zinc over the  _ ,as t  6 years  i s  

shown i n  Graph 15,  page 14 . A moderate softening of the  supply conditions 

f o r  lead and zinc w i l l  probably occur i n  the  pwiod  1967-1968 and pr ice  

declines a r e  expected. Pr ices  of 14.0 $/lb. f o r  lead and 14.5 $/lb. f o r  

zinc could be considered probable although such e s t i m t e s  a r e  most uncer- 

ta in .  >'orcasts of pr ice  beyond t h i s  ptr iod a r e  even ,nore prone t o  error .  

Considerin- th3.t the  Anvil Project  probably w i l l  not co..mnce production 

before 1969 and t h a t  a 20 year productive l i f e  i s  assumed, p r ice  must be 

regarded a s  one of the most uncertain parameters 5n the  project  analysis .  

Also, p r ice  i s  a c r i t i c a l  var iable  i n  the project  evaluation. One i s  only 

. just if ied i n  using 'most probzblel esticintes i n  the  r a t e  of re tu rn  analysis  

because thz discounting of lhture pr ices  t o  a confident l e v e l  removes a 

port ion of the  uncertainty element fro:n the ca lcu l s t ion  and, thus ,  the  

resu l t ing  r a t e  o? r5turn cannot be va l id ly  co:,ipareti with the  uncer ta in t ies  

inherent i n  the project ,  The d i f f i c u l t y  can b2 e a s d  by con aid or in^ a 

most probable range of p i c e s .  

Price ~ t p a r t ,  there remains the  nroblem of securinz mrke ts .  In 

the Parsons' f e a s i b i l i t y  study it i s  asswed  t h a t  c o n c e n t r ~ t e s  a r e  t o  be 

.iar:cetnl! 30;; i n  the  U.d. and 70,: i n  Japan and x t a l  50;; t 3  bo%h the  U.d. 

and !Jest Germany. :ID fu r th3r  r . m k e t i n ~  d e - t ~ i l s  ?re ofcered. Some of the  

zeneral  f a c to r s  t o  b? cmsidersd i n  such a marketing s t r a t e b ~  are:  



(I> 

(ii > 

(iii) 

(id 

anticipated 

The development of large lead mines and smelters in Missouri, 
now in progress, will result in imports of lead concentrate 
rexaining at their present level and imports of refined lead 
being completely eliminated by 1968. Anvil. will probably 
face an extremely difficult lesd metal market and a tight 
lead concentrate market in the U.S, 

In Japan both lead consumption and smelter production are 
growing rapidly, and a large increase in imports of lead 
concentrates should result. The present surplus in zinc 
smelter production should be eli-inated by 1967 and imports 
of zinc concentrate will increase. Anvil. concentrates will- 
probably find ready markets in Japan. 

For U.S. imports an initial large increase and a long-run 
moderate increase for both zinc metal and zinc concentrates 
are indicated, Anvil zinc concentrates and zinc metal will 
probably be able to secure markets in the U.S. 

In &rope large increases in zinc mine output will generate 
increases in European smelter production at a more rapid rate 
than consumption. A decrease in the import of reftned zinc is 
therefore indicated. Supplies of lead concentrate are increasing 
in Europe, stimulating smelter expansions. Only moderate 
increases can be expected for refined lead imports, Anvil would 
appear to face a difficult zinc iiietal ,market and a tight lead 
metal market in Lbest Germany. 

These are but general statements. Specific details of Anvil's 

marketing strategy could materially change this outlook. 

Anvil's concentrate markets appear less uncertain than its 

metal markets, However, before a development decision can be taken, 

detailed marketing analyses, for both concentrate and metal alternatives, 

will be required by Anvil. 

References: 

(1) ; Report of the Ninth Session of the Study Group; 
held in ToQo, Japan, from 1-5 November, 1965; 
International Lead and Zinc Study Group. 

(2 ; Lead and Zinc: Free World Supply and Demand; 
Lead Industries Association, Inc. and -bnerican 
Zinc Institute, Inc,; New York, 1965, 



PIarket Guide: Lead; 
Engineering and Mining Journal, Metal and 
Mineral Narkets , April 26, 1965. 

Market Guide : Zinc 
Engineering and Mining Journal, Metal and 
Mineral Markets, I4arch 28,  1966. 





S3LECTION OF BASIC ALTdRNBTIV3S 

For the evaluation it was decided to consider five processing 

alternatives and five transportation alternatives, making in total twenty- 

five processing-transportation co~nbinations. 

Processing Alternatives: 

It was assumed that the processing facility would be located 

at the mine site. For the processing to metal alternatives this may not 

be the optimum location. Generally, mineral processing installations 

exist beyond the life of any individual raw material source. The location 

of the Anvil processing installation should take this factor into account. 

Modern base metal smelters and refineries are usually located on inter- 

national- shipping routes but the unusual political boundaries of this 

area of the Canadian north mitigate against such a location from a national 

perspective. Power cost in the mine area is another factor influencing 

location, particularly for the electraytic zinc alternative. 

The following factors influenced the selection of processing 

alternatives: 

(i) Details of the assumed smelter schedule were not included 
in the Parsons1 feasibility study. For the present 
evaluation a schedule was synthesized from the aggregate 
sales, smelting and refining cost figures used in the cash 
flow analysis of the toll smelting alternatives. (e.g. FFS: 
3-8) The figures evolved, therefore, will not exactly 
agree with figures calculate2 from the detailed schedule 
(p. 85) which was received too late for inclusion in the 
analysis. It was also decided that since the details of 
the Parsons1 schedule were lacking, a check on the 
synthesized figures should be made using a detailed smelter 



schedule, The CQIIICO schedule was used for this 
purpose. (pp, 79-81) This is a hypothetical case 
assuming the COPP~INCO schedule operative at those same 
points in the U.S. and Japan where the Parsons' schedule 
applies, 

(ii) The New Jersey zinc process, using vertical retorts, is 
a classical labour intensive batch method. Since labour 
will be at a premium in this remote area, and since 
technology has developed more efficient processes (a new 
metallurgical plant employin2 this method has not been 
built for a considerable time), it was decided to eliminate 
this process from the analysis, 

(iii) Results of the Parsons' feasibility study indicate that the 
toll smeltinc alternatives should realize significantly 
higher returns that any of the processing alternatives. Also, 
although markets for lead and zinc metal might be more uncer- 
tain than for lead and zinc concentrates, it could possibly 
be in the national interest to have processing facilities 
developed in a remote area that offered good potential for 
further mineral development, It was decided that a mixed 
alternative, processing a portion of the output to metal, 
and shipping the remainder as concentrates for toll smelting, 
might offer a suitable compromise between firm and national 
objectives, 

(iv) The companies original bench scale flotation results, 55 per 
cent lead concentrate and 52 per cent zinc concentrate, were 
considered most probable and accepted for the evaluation, 

The following five processing alternatives were, therefore, selected 

for consideration: 

(i) Production of selective concentrates (55 per cent Pb and 
52 per cent ~ n )  for toll melting using the CQ iIL\TCO smelter 
schedule, (pP. 79-81) 

(ii) Production of selective concentrates (55 per cent Pb and 
52 per cent Zn) for toll smelting using the synthesized 
?arsmst schedule, (similar to Parsons Case A, PFS: 7-7 
to 7-?) (p. 83) 

(iii) Production of slab zinc by electrolysis, pig lead by blast 
furnace smelting, using conventional lead refinery and 
blast furnace slab fuming facility. (similar to Parsons Case 
B, PFS: 7-7 to 7-9 and 7-10 to 7-17) 



( i v )  Ut i l i za t ion  of bulk concentrate t o  produce crude* lead and 
zinc by the  imperial smelting process, zinc ref ined by 
d i s t i l l a t i o n  and h a d  ref ined i n  the  conventional manner. 
(similar t o  Parsons Case D, PFS: 7-7 t o  7-10 and 7-22 t o  7-25) 

(v) Mixed Case: 50 per cent of mine output t o  se l?c t ive  
concentrates f o r  t o l l  smelting, 50 per cent of mine output 
t o  bulk concentrates f o r  the  production of crude lead and 
zinc by the imperial smelting process, zinc ref ined by 
d i s t i l l a t i o n  and lead refined i n  a conventional manner. 

Transportation Alternatives: 

Seven transportat ion a l t e rna t ives  were o r i ~ i n a l l y  considered. Two 

were subsequently re jected because on the  bas i s  of c ap i t a l  and operating cos t s  

they were obviously in fs r io r  t o  other a l ternat ives .  The two eliminated 

a l t e rna t i ve s  were : 

( i )  A l l  road route:  minesite t o  Skagway v ia  Ross River, Johnsons 
Crossing and Carcross. (P. 109) 

( i i )  ?toad-rail route  t o  Skagway: road, rninesite t o  Carcross v ia  
Ross River; r a i l ,  Carcross t o  Skagway. (p. 110) 

Two other a l t e rna t ives ,  extension of' the  narrow gauge r a i l  l i n e  

f roa  ijhitehorse t o  p l an t s i t e ,  and the  a l l  road route  t o  Haines a l s o  appeared 

i n f e r i o r  but were included i n  the  analysis  because they had been suggested i n  

t he  Parsons1 f e a s i b i l i t y  study and elsewhere. 

The f i v e  t ranspor ta t ion a l t e rna t ives  f i n a l l y  considered were: 

( i )  New standard gauge r a i l  l ine ;  minesite t o  tidewater ( ~ ~ e a )  

( i i )  flxtension of ex i s t ing  narrow gauge l i n e  (~kagway t o  iJhite- 
horse) t o  the  minesite. 

( i i i )  A l l  road route ,  minesite t o  Slragway, v ia  Carmacks and 
Carcross. 

( i v )  A l l  road route ,  minesite t o  Iiaines, v ia  Cwmcks and Aishihik. 

(v) Existing road-rail  route; by exist ing* road minesite t o  IJhite- 
horse v ia  Carmacks, thence by ex i s t ing  r a i l  Whitehorse t o  Skagway. 

*estimated completion date  f o r  the  Carmcks - Ross 3iver road, presently under 
construction: December, 1968. 



Capital  cost  and operating cost  estirnates f o r  a l l  seven 'or iginal  

a l t e rna t i ve s  a r e  derived i n  the  appendix (pp. 93-11.0) and w i l l  be considered 

fu r ther  i n  Section 7. Operating cos t  f igures  a r e  abst racted from the  Parsons1 

f e a s i b i l i t y  study. The cap i t a l  cost  estimates were provided by 2. Weick; 

Head, Transportation Section, Resource and Sconornic Development Group, Dept. 

of Northern Affairs  and National Resources and a r e  based on l imi ted information 

resu l t ing  from informal discussion with the  Lngineering Division, Northern 

Mminis t ra t ion Branch of the same Department. 

A flowsheet, showing the  numbering of the  basic a l t e rna t i ve s ,  i s  

s e t  out on page 1 9  . 





VARIATIONS ON THX BASIC ALTSB?ATIVLS 

For each of the  basic a l t e rna t ives ,  va r ia t ions  were considered 

i n  each of four  input variables:  market pr ice ,  per cent  c ap i t a l  a l loca t ion  

of t ranspor ta t ion f a c i l i t y  and townsite cost  t o  the  f irm, power cos t ,  and 

royal ty  r a t e ,  The input var iables  changed were those t h a t  were considered 

c r i t i c a l  t o  a government evaluation of t he  project ,  The flowsheet on page 

1 9  shows t he  var ia t ions  considered. 

Market Pr ice  

Lead and zinc p r ices  a r e  most uncertain var iables  but t h e i r  

e s t h t e  i s  c r i t i c a l  t o  the  evaluation. Section 4 out l ines  the  d i f f i cu l t y .  

A br ie f  survey of references was made and informal t a l k s  were held with 

M r .  D.S. Fraser ,  Non-Ferrous itietals Unit,  d ine ra l  Resources Division, 

Department of Mines and Technical Surveys. 

* 
It was decided t o  assume a most probably base pr ice  of 1/+.0 #/lb. 

f o r  lead and l4.5 $/lb. f o r  zinc, Because of t he  uncer ta in t ies  at tending 

such an estimate, a range of p r ices  w a s  considered bounding t h i s  estiinate, 

within which one could f e e l  somewhat confident of remaining over t he  

productive l i f e  of the  project. These var ia t ions ,  incidenta l ly ,  include the  

2 p r ice  estimates assumed i n  the  Parsons' f e a s i b i l i t y  study. The following 

5 pr ice  conibinations were considered, lead based on the  Fiew York producers 

pr ice ,  zinc based on the  %s t  St. Louis producers price:  

* 
a l l  monetary f igures  i n  Canadian units .  



Lead: #/lb Zinc: $/lb 

11.9 12 

12.9 I?.& 

13.5 14. 0 

14. 0 14. 5 

14.5 15 0 

Capital  Allocation of Transportation Fac i l i t y  and Townsite 

Zxclusive of the  tidewater handling and storage f a c i l i t i e s ,  t rucks  

and aux i l i a r i e s ,  no cap i t a l  cost  was included i n  t he  f e a s i b i l i t y  study f o r  

(cog. P B :  
t he  basic t ranspor ta t ion f a c i l i t y ,  road or r a i l  a s  the case may be. 

13-3) Also, no cap i t a l  f o r  the  construction of a t o m s i t e  was 

considered. (PFS: 12-6 and "-%t was decided t h a t  the  e f f ec t  of adding a 

portion or  a l l  of these c a p i t a l  cos t s  on the  project  economics would be 

important t o  the  evaluation of t he  project. The t ranspor t  f a c i l i t y  and 

townsite c ap i t a l  costs  a r e  unique f o r  each basic  a l t e rna t i ve  and a r e  derived 

i n  the  appendix. (pp. 99-102) For t he  base case it was assumed t h a t  25 per 

cent of these cap i t a l  costs  would be carr ied by the  firm. Variat ions a r e  

considered by which 0 per cent ( the  f irm's assuiiption) , 50 per cent ,  75 

per cent and 100 per cent of the  cap i t a l  c o s t s  a r e  a l located t o  the  firm. 

In  t h i s  manner the  var ia t ion i n  r a t e  of re tu rn  with per cent a l loca t ion  can 

be determined over the  f u l l  range of possible a l loca t ions  f o r  each basic 

a l ternat ive .  

Power Cost. 

It i s  ant ic ipated t h a t  power cos t s  w i l l  be r e l a t i ve ly  high f o r  

t h i s  p ro jec t  and it was decided, therefore ,  t o  t e s t  the  s e n s i t i v i t y  of the  

project  economics t o  var ia t ions  i n  power cost. 



?arsonst f e a s i b i l i t y  study assumed 8 m i l  power f o r  the  e l ec t ro ly t i c  

zinc a l t e rna t i ve  and 10 m i l  power f o r  a l l  other processing a l ternat ives .  

(PFS: 8-1) These operating cos t s  include aaor t ixat ion of the  c a p i t a l  cost  

of the power f a c i l i t y  over 10 years. 

A memo from E.W. Humphries, Chai.mn of the  Northern Canada Power 

Cormission smnar izes  the r e s u l t s  of a study made of power a l t e rnn t i ve s  f o r  

t he  h v i l  Project  by h i s  s t a f f .  (pp.l11i-11.6) Although processes were considered 

sequential ly ra ther  than independently, the  main points remain va l id  fo r  t h i s  

study and a r e  outlined below: 

(i ) Milling and c o n c e n t r a t i n ~  power requirements ( ~ l t e r n a t i v e s  
1-10) can best  be n e t  by expanding the  ex i s t ing  ih i t ehorse  
Rapids hydro developinent. The estimated cost  of such power, 
delivered t o  Anvil, i s  about 13  m i l s .  

( i i )  Althoiigh no d i s t i nc t i on  has been made between smelting and 
refining a l t e rna t i ve s ,  the  most a t t r a c t i v e  power s i t e  appears 
t o  be a t  Five Fingers Rapids on the  Yukon River, j u s t  below 
Carnlacks. The average cost  of power would be about 6.5 m i l s ,  
but in te rna t iona l  considerations may prevent devslopment. 

( i i i )  If development of the  Five Fingers s i t e  i s  precluded then 
the  Granite s i t e  on the  Pel ly  River, 15 miles e a s t  of the  
Yelly Crossing, could be developed. l s t h a t e d  poww cost  
i s  8.5 m i l s .  

Consider the following differences i n  u n i t  power demand between 

the  basic processing a l t e rna t ives ,  placed on a common per ton of metal basis:  

Tol l  Smelting : 335kwh (PPS: 8-3) 

~ 1 e c t r o L y t i c  Zinc-Blast Furnace Lead: 2385kwh ( ~ 3 s :  8-3, 8-7, 8-91 

Imperial Smeltin,n Process : 565kwh (PZS: 8-6, 8-13, 8-U) 

$fixed Alterna t i v c  : &Okwh (average) 



Taking i n t o  account both the  recommendatioi?~ contained i n  the  

memo and dif ferences  i n  power demand f o r  the  processing t o  metal a l t e rna t i ve s  

outlined above, the  base case power cos t s  assmed i n  t he  analysis  were: 

Tol l  Smelting ( ~ l t e r n a t i v e s  1-10) : 12 m i l s  

Elect rolyt ic  Zn-Blast Furnace Pb (Alternatives 11-15) : 8 m i l s  

Imperial Sinelting Process ( ~ l t e r n a t i v e s  16-20) : 10 m i l s  

Xixed Alternative (Alternatives 21-25) : 12 m i l s  

The following var ia t ions  were a l s o  considered: 

Tol l  Smelting : 10, 14, 16 mils 

d l ec t ro ly t i c  Zn-Bast khrnace Pb: 10 ,  12,  1.4 mils 

Imperial Sxelting Process : 8 ,  12,  L!+ mils 

I4ixed Case : 10, 14, 16 m i l s  

Royalty Rates: 

The e f f ec t  of changes i n  royal ty  r a t e  on both project  economics 

and government revsnue were analyzed. The ex i s t ing  schedule of r a t e s  was 

assmed most probable t o  p reva i l ,  and f i v e  var ia t ions  were considered. 

I Royalty Schedules : $ h t e s  I 
Annual ?r of i t 

Increments 

increase i n  r a t e  f o r  each 
$5,000,00G increment above 
~10,000,000 

Base 
Case 

3 

5 

6 

1 

TJari- Vari- 
a t i on  a t i on  I Vari- 

a t i on  
3 
8 

9 
10 

1 

Vari- 
a t i on  

4 
3 

5 
7 

2 

Vari- 
a t i on  

3 

The f i r s t  va r ia t ion  considers increasing the  lowest p r o f i t  i n t e rva l  

r a t e  only and thus narrows the r a t e  d i f f e r e n t i a l  between low p o f i t  and high 

p r o f i t  producers. gith-the second and t h i rd  var ia t ions  a l l  p r o f i t  c lasses  a r e  

incraased by the  same r a t e  d i f f e r e n t i a l ,  i.e. 2 per cent and 4 per cent 



r e s p e c t i v ~ l y .  This increasss the  royal ty  burden uniformly over the  range 

of p rof i t ab le  producers. With the  four th  and f i f t h  var ia t ions  the  lowest 

p r o f i t  i n t e rva l  r a t e  i s  fixed a t  the  ex i s t ing  l eve l ,  the  r a t e  d i f f e r e n t i a l  

increasing with increasing p r o f i t  l e v d s .  Such a  schedule has the  e f f e c t  

of sh i f t i ng  the  royal ty  burden Prom the  low p r o f i t  t o  the  high p r o f i t  pro- 

ducers, ancl therefore encourages the  mining of may ina l  ores. 



The methods of evaluation a r e  a cash flow analysis  f o r  t he  

determination of r a t e  of re tu rn ,  royal ty  and t ax  payments and a bionte 

Carlo ana lys i s  of the  input var iables  t o  determine upper an6 lower 

confidence limits f o r  the  estiiaated r a t e  of return.  For each basic 

alterna,tive estimates of c ap i t a l  cos t ,  revenue and operating cost  a r e  

required. Some of the  e s t i m t e s  have been abst racted from the  Parsons1 

f e a s i b i l i t y  study, others have been independently generated, A l l  monetaq 

values a r e  i n  Canadian units .  

RAi' XUl2  

Ore Reserves 

Anvi1.I~ rnost recent estiinates of tomage and grade (F'Ps: Table 5C-4) 

were accepted: 

Ore Reserves, tons: 40,000,000 

Lead, , J  /;,I6 
Linc, :S 6,43 

S i lver ,  ounces/ton: 1,19 

Life - 
Parsons1 estimate of a 20 year productive l i f e  was accepted a s  

reasonable i n  r e l a t i on  t o  the  ore reserves,  although it bras not shown tha t  

(PTS: Table 3-21) 
t h i s  l i f e  optimized the f i rm ' s  p ro jec t  objectives, 



The grade of ore declines with depth. I n  order t o  m i n t a i n  a 

constant metal recovery, the  following ore prod-uction r a t e s  and grades 

(m: 4-3). 
were asswnec? 

Years 1-5 Years 6-20 

Lining r a t e ,  tpy 1,610,000 2,129,000 
Lead, ,: 3-29 3.85 
Zinc, $ 7.83 6.07 
Si lver ,  ounces/ton 1.58 1-08 

Toll. sin el tin^ : Concentrate Production 

For t he  t o l l  smelting processins a l t e rna t i ve s  ( ~ l t e r n a t i v e s  1-10) , 
(~35: 4-3 and the  follow in^ output r a t e s ,  recoveries,  and grades were assunled 

Table 3-21) 

Lead 

Zinc 

Concentrate 
i i i l l i ng  r a t e ,  tpy 
Lead, !; 
Zinc, ,< 
; i lv$r,  ounces/ton 
Xecoveq- of lead,  ,; 

Concentrate 
i I i l l ing  r a t e ,  tpy 

.-f Linc , ,? 

Lead, ,: 
Si lv  :r, ounces/ton 
3ecovory of zinc, ,; 

Years 1-5 

133,450 
55.00 
7.00 
9.1,2 

89-50 

213,969 
52.00 
1.20 
2.82 

58-30 

Years 6-20 

13'3,488 
55.00 
7.50 
8.84 

$9.50 

215 074 
52.00 
1.17 
2 4.9 

88.30 

drneltinfc. and Ref ininz: Xetal Production (PFL: Table 3-21) 

Years 1-5 Years 6-20 
(1)" Pig Lead, tpy 78 9 335 75,626 

Slab Zinc, tpy 11'7,163 1.7) ,067 
Si lver ,  o u n ~ o s / ~ e a r  1,812,000 1,638,090 



Years 1-5 Years 6-20. 

(2)  " i'ig Lead. tpy 
Slab Zinc, tpy 
S i lver ,  ounces/S.ear 

1 e l ec t ro ly t i c  zinc-blast furnace lead ( a l t e r m t i v e s  11-15) 

(2) i ?>-.rial s l j le l t  ing ?recess (a l t e rna t ives  16-20) 

~iixeci Case : Concsntrate and i ;eta1 Production 

Production r a t e s  f o r  the  nixed case (a l t e rnz t ives  21-25) a r e  

taken n t  50 per cent of th*? t o l l  ~ ~ n e l t 5 . n ~  process and 50 per cent of the  

i npe r i a l  smelt ins process. 

Years 6-20 -- 
Concentrates: Lead, t?y 69,230 60,744 

Linc, tpy 106,985 109,537 
Sil-cmr, avg. ounces/ton 5.41 4.99 

i.:e t a l  : Pis Lead, tpy 37 ,397 36,103 
Slab Linc, tpy 56,224. 57,617 
S i lver ,  mnce s/year 906,000 819,000 

harket  Price 

?or the  cmputer progras it was necessRqy t o  express t he  base 

case m r k e t   rice on a pzr to i l  of ore bas is  and the  p r ice  va r i s t i ons  a s  

percentage chanzes fro:.i t i n t  $rice. d i lver  i s  ~ r i c e d  a t  ,l.L,O per oilnce 

f o r  a l l  cases. By-procluct r ecovqy  of c o p s  and caci;lliu:;l i s  nezlected. 

Reference Tilay be tiiade t o  the  appendix fo r :  

CL?-:IIXO Anelter Schedule (a l t e rna t ives  1-5) : pp. 79-81 
?arsons A'Lssu,ied 3:lelter ScheCuls (alt:xmatives 6-10} : p. S? 
Parsons S:nolter Schedule: p. 85 
dS.lX(i S~ilelter Schedule: p. 86 
Ataka d;nelter 3chedule: p. 87 
Calculation of ilarket ~ r i c e / t o n  ore and , Variations fro12 k s e  Case: 

pp. 2G-90 
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The following t a b h  auimerizes the  s a rke t  p r ices  per ton of ore: 

- - 

Years 1-5 
Years 6-20 

Years 1-5 
Years 6-20 

Years 1-5 
Years 6-20 

Years 1-5 
Years 6-20 

Years 1-5 
Years 6-20 
- - 

-% 33se Case 

Lead Zinc I i k rke t  Price: ,:/ton ore 

Alter- 
nat ives  

6-10 
lO.13 
11.11 

13.95 
1'3.95 

190 J-9 
11,. 27 

20.1h" 
15 15 

21.10 
16.15 

-11 t er- 
nat ives  
11-15 
2P.82 
21.72 

71.35 
23.56 

72.71 
2Li. 66 

73.92 
25.58 

35.14. 
26.50 

iil t er- 
nat ives  
16-20 

27.67 
20.rS5 

~0.00 
22.61 

31.40 
23.57 

32.56 
24.55 

33.72 
25oL+3 

Alter- 
nat ives  
2 1-2 5 
21.19 
15.92 

23.40 
17'. 58 

24.72 
18.59 

25.33 
19.h5 

26.94 
20.37 

Pre-production s t r ipp ing  expenses of '1,089,000 vere assurned 

(pi%: 5-13) , incurred i n  equal increments ovcr t h s  pre-production years. 

These expenses can be mi t ten-of f  f o r  t ax  purposes a s  soon a s  taxable income 

i s  ava i lab le ,  i.e. i n  the four th  production year. 

liining cos t s  of J.05 per  ton of ore f o r  years 1-5 and ,,;0.722 per 

( 7 :  Ta-bles 5 6 2 ,  5 6 3 )  , to ton of m e  f o r  years 6-20 were assurned 

a l l  a t l s rna t ives .  

Beneficistion and i le ta l lurnical  

The Parsons' benef ic ia t ion and rnetal1urgic.d c h r g c s  were used a t  

t h e i r  assu,zed p w e r  cost. -+on the  power cos t  coaponent of these c h a r ~ e s ,  

the  powzr cost  var ia t ions  were calculated and worked back i n t o  the  t o t s 1  

beneficiat ion and l n e t a l l u r ~ i c a l  oparating costs. The following t a b l e  shows 
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the base case beneficiation and metallurgical costs and the variations due 

to paver cost. 

'or ?arsons' beneficiation and metallurgical charges refer to: 

PFd: 8-2 to 8-9 and 8-12 to 8-15. 

Toor derivation base case beneficiation and metallurgical costs 

and variations refer to appendix: pp. 91-92 

Values for !\lternativas 21-25 are averages of charges anc? varia- 

tions for Alternatives 1-10 and Alternatives 16-20. 

Cases 1-10 Yrs. 1-5 
Yrs. 6-20 

Cases 11-15 Yrs. 1-5 
Yrs. 6-20 

Cases 16-20 Yrs. 1-5 
Yrs. 6-20 

Cases 21-25 Yrs. 1-5 
Yrs. 6-20 

- 
rower 
Cost 
mils 

Base Case 

;/t 01 

i3enef. 
Cost 

ore 
Xetal 
Cost 

Variations : ,:/ton ore 

10 
mils 

12 
mils 

14 
mils 

Transportation by Land 

Transportation costs from minesite to tidewater are derived from 

(PIS: 10-2 to 10-7) 
fi,wes presented in the Parsons1 feasibility study . The 
derivation is shown in the  appendix.(^^. 93-95 ) Land transportation costs 

per ton of ore arz summerized in the following table. They include a tide- 

water handling charge. 
( ~ P s :  10-5) 



I Basic Al t e rna t ive  
Timber 

1 and 6 
2 and 7 
2 and 8 
4 and 9 
5 and 10 

11 
12 
1 3  
14 
1 5  
16 

... . 
Years 6-20 

 on of Ore 1 Land Transportat ion 
Years 1-5 

Transportat ion by Xater 

Costs: 

- 

- 

i h r i n e  r a t e s  a r e  derived from t h e  f i g u r e s  assuxed i n  t h e  Parsonst  

(P~TS: Table 1-1) 
f e a s i b i l i t y  study and inc lude  an unloading cost .  The deriva- 

t i o n  i s  s h m n  i n  t h e  Appendix: pp. 96-97 

i4arine Insurance 

Basic Al terna t ive  
Number 

iinrine insvrance c o s t s  werz assumed a t  1 per cent  of t h e  a a r k e t  

(i'jld: 10-3, 10-9) 
pr ice :  

i k t e  Transportat ion Costs: ,:/ton ore 
Years 1-5 I Yeers 6-20 



331-ling expenses were assuined a t  1:. per cent o t  the  mrl:et nr?:.ce 

3asic Altzrnative 
Number 

1-5 
6-10 

11-15 
16-20 
2 1-2 5 

( t h i s  f i p r e  W ~ S  assulned by Anvil. Although not included i n  ?cz s ib i l i t y  

st7~dy, this Ciyure was vr;ri?ied i n  a telephone cnnv3rsation with 

Shaw oT Earsons-Jvrrlen on June 17, 1966). 

iiarine Insurance Cost: :/ton ore 
Yeers 1-5 

.19 
-20 . 3.4 

3 2  
.26 

Tar i f f s  

(P!h: 4-4) 
The dmt ina t ions  f o r  processed products a r e  

Years 6-20 

I/+ 
015 
-26 
-25 
.19 

Basic Alternative 
IJumber 

1-" 
6-10 

11-15 
16-20 
21-75 

Coxentra tes :  30,; t o  IJ.3.A. '70:: t o  Japan 
.k t a l  : 59,! t o  U.S.P.. 50,; t o  'Yest Cmxany 

The roll-cwing t a r i f f  r a t e s  a r e  assuned: 

Sel l ing hpense :  . /ton ore 

Pb metal 1-1/16 f/lb. 
Ln metal 0.7 $/lb. 
Pb concentrate 3/4 $/1& contained 
23 concentrate 0.67 $/lb. contained 

Years 1-5 

.29 . 30 

.51 

.49 

.39 

~b metal ( 2 3  ult imate) 0.6 $/lb. 
Zn metel. ( ~ E C  u l t i m t e )  0.6 $,/lb. 

Yeers 6-20 

022 
.23 
.?8 
037 
.29 
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See Appendix (2. 98 ) f o r  derivat io?? of t h e  f ' o l lo r i in~  t e b l e  of 

t s . r i f f  c o s t s :  

The Parsilnsl sst; nates  of c a ~ i t ? . l  c  o s t  f o r  mine p l z n t ,  processing 

(l!?~: Sact ion  1'3) 
instu.11 a t i o n ,  t rucks ,  e tc .  W-?IY acceptsd. The Anvil k ro j  e c t  

I & s i c  Al t e rns t ive  
Ywber 

w i l l  i .nit i .al . ly be a  /,,L:.OOtpd opera t ion  r i s i n g  t o  5,390tpd i n  t h e  5th ye3r of 

Tariff Costs: <:/ton ore  
Years 1-5 1 Years 6-20 

production. (7-day week) .Ill ?r~i;:g f o r  locxt.ion 2nd c a l a x i t y  d i f f  c r e m e s  tho  

caAl i te . l  c o s t  es t i 'ns tes  a.;lpca,r t g  be i n  l i n e  wi th  thoss  or" ?ecent ly  i n s t a l l s d  

s i m i l a r  i n s t a l l a t i o n s  a t  Pivle Po in t ,  2mswicl; and - La,",ta.pni. 

The f ollowir;; ca?ii;al_. c o s t  estimates n.r2 zeaera ted  i n  t h e  A?pendix: 

t r a n s ~ o r t e . t i o n  f a c i l i t y :  pp, 91-101 

townsi te:  p. 1.02 

The 2 i s t r i b u t i m . s  of t o t 2 1  c a p i t a l  c o s t  b a s s e t  csft?,-ory and wer time a r e  

a l s o  t a b l e d ,  and o co,nposi!;f- dep rec iz t ion  r a t e  i s  der ived ,  f a r  each bzs i c  

tren:; ~ o r t ~  t i o n  f s .c i l i t ; r  and t m n s l t e  capitzl.  a r e  a l s o  calculated. The 

f o1lo:ring t a b l e s  smaer:i.ze ti:- c a p i t a l  c o s t  e s t i m t e s .  

3as i c  Al t e rna t iva  170. Capit21 Cost - . 
I ~ J  !?ail 1, 6, 11, 16 and 21  120,?00,000 
Lxtln. of h i s t .  %iil 2 ,  7 ,  12 ,  17 and 22 63,030,000 
doau : t o  S1:agwo.y 3, 8 ,  1 3 ,  1 3  and 23 12 ,009 ,000 
noad: t o  Haines 4, 9,  14, 1 9  and 2ir 12 ,000,000 
&istin: :load - :?ail 5 ,D,  15 ,  20 and 25 7,890,OOC) 



&sic Alternetive ido. Ca.pita1 Cost - 1; 

m i o l l  $melting 1 - 10 
rrocessing t o  ilietal 11 - 20 
i~lixecl Case 21 - 25 

Total (pp.103-108 ) - 

Alternative 
Number 

Base Case --I ;3 Variations i n  Capital  -ill.ocntion 

Trans~orta t icm ?ac i l i t v  and Townsite 

iJorkinf capita.1 i s  not included i n  the  t o t a l  c ap i t a l  cost  es t i aa tes .  

The Parsons1 f e a s i b i l i t y  study included workin2 cos t s  i n  the  r a t e  of re tu rn  

evaluations but not a s  par t  of the  invested capi ta l .  lreswneably, these funds 

a r e  t o  be secured by short  term loans,  repaid a s  quickly a s  possible from 

in te rna l  sources. In the  ?resent evaluation it i s  assumed t h a t  working cap i t a l  

i s  ra ised by 8 per cent loans a t  the beginning of the  f i r s t  procluction year and 

.# 
EX: t o t a l  c ap i t a l  cost  
D3 : coioposite deprecist ion r a t e  
r;CC : pre-production capital- C O S ~  



a re  repaid i n  the  second year. 'lorkin2 cap i t a l  r z q ~ i r e ~ n e n t s ,  of the  same 

order a s  the  Parsons1 estiinates, a r e  shown below. 

Alternative No. Working C~p i t , a l  - $ 

1 - 10 8,000,000 
11 - 15 10,000,000 
16 - 20 9,000,000 
21 - 25 8,500,000 

In  the  cash flow evaluation f o r  the  basic a l t s rna t i ve s  and t h e i r  

var ia t ions ,  use i s  made of the  Fnput val-ues outl ined above under revenue, 

operating cos t  and cap i ta l  cost. These values may be regarded a s  rmst 

probable estimates. 

In  order t o  express the  overall. r e s u l t s  i n  t e r m  of a cmf iden t  

range o values, use i s  inade 02 the  ,ionte Car1-o technique. To use t h i s  

A~iethod esch estimated 'most probable1 value must be assigned an upper an6 a 

lower liait, within which one h2s confidence of achieving. If one i s ,  say, 

90 per cent  confident that each of the  paraneters w i l l  l i e  within the  s ta ted  

l im i t s ,  then the  calculated l i m i t s  f o r  r a t e  of re tu rn  will span a s imilar  

confidence in terval .  It was decided t o  impute a 90 per cent confidence l eve l  

i n t o  the  input parameter l imi ts .  Therefore, f o r  each input v:&riable, one 

estimates upper and lower l imi t ing  values within which one f e e l s  90 per cent 

confident t h a t  actual r e s u l t s  w i l l  f a l l .  The estimating of such limits i s  

extremely subjective i n  nature,  and the  meaningfullness of r e s u l t s ,  except a s  

rough p i d e l i n - ? ~ ,  nust  be discounted accordingly. A lIonte Carlo sampling of 

30 was taken i n  each case. 

The following f ac to r s  were considered i n  es t i aa t ing  t he  confidence 

l i m i t s  : 



narket  uncer ta in t ies ,  expressed i n  t x m s  of production of 
tons of ore,  and re f lec t ing  the  r e l a t i v e  uncer ta in t ies  of 
~ne t a l  anti concsntrate marlcets show wider li~iiits Tor a l t e r -  
natives 11-20 than f o r  a l t e rna t ives  21-25 which i n  tu rn  
r e f l e c t  wider limits than a l t e rna t i ve s  1-10. 

pr ice  uncer ta int ies  a r e  kept i n  approxirilately the same 
proportion f o r  a l l  basic a l t e rca t ives .  Greater uncertainty 
concerning pr ices  f a r t he r  i n  the  fu ture  was re f lec ted  by 
show in^ wider pr ice  l i m i t s  i n  pears 6-20 than i n  years 1-5. 

f o r  operating costs  i n  general ,  wider confidence l i x i t s  were 
shown with increasing time. ?robable Fnflat ion i s  shown by 
the  upper l i m i t ,  increasing a t  a more rapid r a t e  than the  r a t e  
of decrease of the  lower limit. 

co~Xidenc$ 1 i ; n i t s  f o r  t ranspor ta t ion by water r e f l e c t  the  
growing and po ten t ia l  scele  economies i n  ocean f re igh t .  

t a r i f f  l i u i t s  r e f l e c t  advancing depletion i n  inc1.ustrialized 
nations and, consequently, a  probable easing i n  t rade  
bar r ie r s  i.e. a  probable lowering of t a r i f f s .  

d i f f i c u l t i e s  i n  marketing metals compared t o  ~ o n c e n t r a t , ~  a m  a r e  
shown i n  wider l i m i t s  and a higher upper limit f o r  the  prc- 
cessing of metal a l ternat ives .  



Alternative 
Number 

P Price: 

Table 1 

%sic  Alternatives B 

Rate of Return 
$ 

19. 5 

Lead: 14.0 $/lb. 
Zinc: 14.5 $/lbm 

Government 5 
Royalty 

venue: mil @ 
Tax 

;: Capital  All-ocation of Transporta.tion Fac i l i t y  and Townsite: 25% 
Power Cost: Alternatives 1-10 and 21-25 mils; Alternatives 11-15 a t  8 mils; 

Alternatives 16-20 a t  10 m i l s .  
Royalty: Existing Schedule, 



Pb: hYPY 
Zn: ESLPP 

- 77 - 

Table 2 

Price Variations 

?: iiate of Return 

Prices: $/lb 

P Alternative Number 



Alternative 
Number 

Table 3 

Power Cost Variations 

;& Rate of Return 

Pot 
10 

r Cost - 
12 

17.8 

19.9 
27.0 

24.9 
25.6 



Table 4 

Variation i n  Capital  Allocation of 

Transportation Fac i l i t y  and Totmsite Capital  

% Bate of Return 

Alternative 
Number 
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Table 5 

Variation in Royalty Schedule 

RR: 3 rate of return 
Roy: aggregate royalty in millions of dollars 

A1 term t i w  
Number 

Royalty Schedule B 

4-5-61 
RR Roy 

6-7-3-1 
PJ1 Roy 

3-5-7-2 
RR Roy 

3-6-9-3 
RR Roy 

A: % rate applied to annual profits from $10,000 - 1,000,000 
B: % rate applied to annual profits from $1,000,000 - 5,000,000 
C: 7i rate applied to annual profits from $5,000,000 - 10,000,000 
D: % increase in royalty rate for each $5,000,000 above $10,000,000. 



Alternative 
Nmber 

- /J - 

Table 6 

idionte Carlo L i m i t s  li 

$ Rate of Return 

Calculated 
Value 

Montl 
Lower L i m i t  

Carlo Va: 
Mean 

e s  
Upper Liniit 

O 90% confidence limits. 



9. AI;ALYSIS OF' ~A!~SJ.LTS 

Comparison with the  Parsons' Peas ib i l i t : ~  Study Results 

The r a t e  of ra tu rn  r e s u l t s  obtained i n  the  present Government 

evaluation a r e  more optimist ic than those projected i n  the  Parsonst 

f e a s i b i l i t y  study. 

For example,compare r e s u l t s  f o r  base case assumptions ( most 

probable var iable  values estimated f o r  each evaluation) , and the  road t o  

Skagway t ranspor ta t ion a l ternat ive .  

Pate of Return: ;"o 

Parsons' Results Government Results 

Toll  Smelting - Parsons1 schedule 14. 3-21.4 29.8 

3 l ec t ro ly t i c  Zinc-Blast r"urnace Lead 14.0-18.0 18.3 

I m p r i a l  Smelting Process 13.3-17.6 18 . 4 

There appear t o  be 3 important f ac to r s  responsible f o r  the  r a t e  of 

re turn  d i f f e r en t i a l s .  

(i) Price 

Government assures: Pb: 13.0 U.S. $/lb. 
Zn: 13.5 U.S. ~ / l b .  

The pr ices  used i n  each case must be estimates of t he  p r ice  
or pr ice  range t ha t  w i l l  most probably p revs i l  over the 
productive l i f e  of the  project. It i s  erroneous t o  discount 
the  p r ice  estimate t o  a ' safe1 limit pr ice  t h a t  can be 
achieved with confidencs. I f  t h i s  i s  done the  r e su l t i ng  r a t e  
of re tu rn  app l ies  t o  a ' safe1 investment, t o  the  extent  t h a t  
marketing uncer ta in t ies  haw already been discounted. duch 
a r a t e  of r e tu rn  cannot be rationall-y comparzd with the  
inherent project  uncer ta int ies  because the  mrke t i ng  port ion 
of t h a t  uncertainty has already been ranoved. 



The r e l a t i v s  p r ice  e s t i m t e s  favour higher r a t e s ' o f  re tu rn  
i n  the  Governnent evalu-ati on. 

( i i )  Transportation Fac i l i t y  and Townsite Capital 

The Parsmsl  evaluation impl ic i t ly  assumes t h a t  the  cap i t a l  
cozts of the  t ranspor ta t ion f a c i l i t y  (tidewater i n s t a l l a t i o n  
and vshicles excepted) and townsite a r e  borne by tho Govern- 
ment. Tile Gov?rmmnt evsl-uation assumes i n  tho base case 
t hz t  25 per cent  of these c q i t a l  cos t s  a r e  ca r r ied  by t he  
firm. This f ac to r  favours 3. higher r a t e  of re tu rn  i n  the  
Parsons1 evaluation. 

(iii) Tax Allomces 

This f ac to r ,  although l e s s  important than pr ice ,  has a 
s ign i f ican t  e f f ec t  on r a t e  of retmrn. 

rarsons asswnes t h a t  depreciat ion f o r  tax  pwposes i s  a t  
an annual. s t r a igh t  l i n e  r a t e  o' 5 per cent ,  except f o r  
trucks which a r e  depreciated on a s t r a igh t  l i n e  bas i s  over 
three years. Depreciation allowance f o r  the  i n i t i a l  tax- 
f r e e  p r ~ d ~ l c t i o n  years  i s  deferred equal-1-y t o  the  four th  
and f i f t h  years. Zxploration and development expenses a r e  
dep rx i a t ed  a s  a cap i t z l  cost. 

The Govcrment assumes a diminishing balance r a t e  which 
var ies  l o r  each a l t e r m t i v e  within the  range 17-29 per cent. 
Yo deferred depreciat ion i s  allowed f o r  the f i r s t  three  
production years. Acploration and development expenses a r e  
written-off a s  soon a s  possible i .e ,  i n  the  four th  year. 

The more rapid  depreciat ion a.llot~ed i n  the  govcrment analysis  
favours higher r a t e s  of return. 

P? lhere  a r e  s - l ~ r a l  other differences between the  tr.10 evaluations 

which account f o r  l e s s  s ign i f ican t  differences i n  r a t e  of return:  i n t e r e s t  

charges on working cap i t a l ,  power costs ,  taxat ion r a t e ,  etc. 

Comparison of Toll Smeltin?: and Processinp: t o  i i e ta l  Alternatives 

The shipment of se lec t ive  concentrates f o r  t o l l  smelting r ea l i z e s  

a considerably higher r a t e  of r3turn than processing t o  metal 

f o r  the  probable ranze of p r ices  considered, The preCerence widens a s  p r ice  

increases. 



The complete set of resllts is shmn in Tables 1 and 2.. An 

exaxple is ill.ustrated in Graph 1. ktes of return for the least attractive 

smelter schedule, C G i I i J C O ,  are compared with rates of return for the most 

attractive processing to metal alternative, th.e imperial smelting process, 

over the probable range of prices. The optimum transportation is assumed; 

the all road route to Skagway. 

The greater rates of return for the toll smelting of concentrate 

alternatives can be understood when it is realized that for this project 

and the probable range of market prices, the mining and milling functions 

are considerably more profita.ble than the smelting and refining functions. 

Processing to metal by Anvil results in transportation cost savings and 

captures the profit margin of the toll smelter. However, these benefits 

are relatively srmll in relation to the aggregate investment required to 

effect them. For example, a rate or return analysis using cash flow and 

investment sstimates from Parsons' preliminary feasibility study, sub- 

divides the electrolytic zinc-blast furnace lead process into mining- 

mill-ing and smelting-refining functions for 1ea.d at 12,5 U.5. $/lb. and 

zinc at 13 U.S. #/lb. (p. 11.1) The following rates of return result: 

mining-inill-ing - 21 . 43 
smelting-ref ining - 11.4% 
combined return - 18.0% 

The rate of return differential between concentrate and metal 

alternatives widens with increasing price because a fixed increase in 

aggregate revenue (resulting from the sarne increase in market price for 

both alternatives) has a greater impact on the rate of return of a smaller 

investment than the rate of return of a larger investment. Other things 





being equal, as price increases the increase in returns (cash flow minus 

capital investment totdled over the life of the project i.e. undiscounted . 
surplus or profit) per unit of investment is inversely proportional to the 

aggregate level of investment. For the Anvil Project the processing to 

metal nlternatives necessitate an investment approximately twice as large 

as the investment required for the toll smelting of selective concentrates. 

A given increase in price does not realize a fixed increase in revenue for 

the two alternatives however. The revenue increase for the toll smelting 

of concentrates alternative would be somewhat less because net smelter 

returns are usually based on a fixed per cent of market price and the toll 

smelter, therefore, shares to some extent in price increase benefits. This 

revenue differential is much less significant than the investment differen- 

tial. 

Alternatively, a break-even point in price may be reached below 

which the metal alternative projects a greater rate of return than the 

concentrate alternative (see Graph 1 as an illustration), This differential 

widens as price decreases. However, the break-even price for this project 

is sufficiently low to be considered outside the range of probable lead-zinc 

prices with some confidence. For the illustrated example the break-even 

prices are 11.4 $/lb. for lead and 11.9 $/lb. for zinc. 

Besides the rate of return argment analyzed above there are five 

other factors which, fron the firm's point of view, mitigate against the 

processing to metal alternative: 

(i) The preference for the toll smzlting of concentrate 
alternative becomes more pronounced than the rate of return 
differential if the marketing of metals is more uncertain 
than the marketing of concentrates. (see Sections 3 and 4 
for the implications and general outline of this argument) 

(ii) The processing to metal alternative requires an investment 



(iii) 

(iv) 

(4 

of $100-130 million while the toll smelting alternative 
requires $50-60 million. Apart from a decision on the 
basis of rate of return, the firm will have financial 
constraints which depending on their magnitude will 
result in some increase in preference for the lower 
investment toll smelting alternative. 

The tec-hical feasibility of processing Anvil concentrate 
products by the imperial smelting process or electrolytic 
zinc-blast furnace lead process have not at this stage 
been established by the company. 

The concentrate content assumed in the calculations were 
those resulting from the initial flotation tests (55$ 
lead, 52% zinc). As is mentioned in Parsons preliminary 
feasibility study (PFS: 3-3 )more rbcent tests have indicated 
the possibility of recovering higher quality selective 
concentrates (70% lead, 55% zinc). The realization of 
such qualities would increase the relative attractiveness 
of the toll smelting alternative both through decreased 
transportation costs and increased net smelter returns. 

The rate of returns calculated are not certain, they 
represent most probable estimates. The 90% lower confidence 
limit, calculated by Monte Carlo analysis, is another useful 
indicator of the relative attractiveness of alternatives. 
It should be cautioned that the basis for these estimates is 
largely subjective and that the results are, therefore, only 
indicators. For the base case, assuming the most attractive 
transportation alternative (all road route to Skagway) , the 
lower confidence limit for concentrate alternatives ranges 
from 19 to 21$, and for the metal alternatives the range is 
8 to 11$. (See Table 6) The lower limits are proportionally 
lower for the metal alternative. This reflects the greater 
market uncertainties for metal compared to concentrates, an 
argument that was set forward in (i). Comparing for example, 
the toll smelting alternative using the CObIIIKO smelter 
schedule (alternative 3) with the imperial smelting process 
(alternative 18), for base case conditions and the all road 
route to Skagway: 

Alternative 3 Alternative 18 

calculated value - rate of return: $ 27.0 18.4 

907; lower confidence limit: % 19.0 10.5 

percentage decrease 
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While the lower confidence limit still affords the concentrate 

alternative with a fair return, the lower confidence limit rate of return 

for the metal alternative is unattractive for a mineral development 

opportunity. 

Prom the firms point of view there is one ar,ment in favour d 

the processing to metal alternative. If market conditions became depressed, 

the more forward integratsd the firm, the better are its chances of retaining 

markets. 

Since the curulative effect of these other factors also weigh 

heavily in favour of the toll smelting of concentrate alternative, it would 

appear that the firm could make a decision solely on the basis of rate of 

return, as this factor alone offers large investment benefits compared to 

the processing to metal alternative. 

Processing to Metal Alternatives 

In the base case and for most of the variations considered, the 

imperial smelting process projects a slightly higher rate of return than 

the electrolytic zinc-blast furnace lead alternative. (see Tables 1-6) 

As power costs represent a higher proportion of total operating 

cost in the electrolytic zinc-blast furnace lead alternative, the rate of 

return differential between the two alternatives widens in favour o.f the 

imperial smelting process as power costs increase. The example shown in 

Graph 2 plots rate of return for the two processing to metal alternatives 

against power cost for the optimum transportation alternative, the all road 

route to Skagway, at the base rate price and capital alloca,tion, It is 

evident from the relative slopes of the curves that the electrolytic zinc- 







b la s t  furnace lead r a t e  of r e tu rn  i s  more sens i t ive  t o  changes in'  power 

cost  than thcllt of the  ixper in l  smeltinf process. In  t h i s  area  of the  

Yukon power costs  a r e  expected t o  be r e l a t i ve ly  high, but a r e  expected 

t o  be l e s s  sxpensive fo r  t h ?  e l ec t ro ly t i c  zinc-blast furnace lead 

a l t e rna t i ve  because of the economies of scale at tending i t s  grea te r  

de.nand. In the  r a t e  or" r e t u m  calcula t ions  8 m i l  power has been assmed 

as most probabl2 f o r  the e l ec t ro ly t i c  zinc-blast furnace lead process 

and 10 m i l  power most probable f o r  the  iinperial smelting process. 

The r a t e  of re tu rn  premium f o r  the imperial smelting process 

decreases a s  p r ice  increases and above a break-even pr ice  the  e l e c t r o l y t i c  

zinc-blast furnace lead a l t e rna t i ve  i s  preferred. The example shown i n  

Graph 3 p lo t s  r a t e  of re tu rn  f o r  the  two processing t o  metal a l t e rna t i ve s  

against  p r ice  f o r  the  a l l  road route  t o  Skaway, a t  base r a t e  p r ices  and 

cap i ta l  a l locat ions .  The break-even pr ices ,  14.5 Can. $/lb. f o r  1ea.d and 

15.0 Can. $/lb. f o r  zinc, l i e  a t  the  upper bound of the  probable range of 

market prices. Within t h i s  range therefore,  t h e  imperial smelting process 

i s  preferred. The diminishing a t t rac t iveness  of the  imperial smelting 

process with increasinz i s  l a rge ly  due t o  the  r e l a t i ve ly  srnaller 

quan t i t i es  of marketable metal recovered. ?or ins tance,  t he  estimated 

recoverics from the  two processes, from an i den t i ca l  ore input,  f o r  the  

f i r s t  f i ve  years of production are :  

Pi: Lead Slab Zinc 

tpy tpy 

3 l ec t ro ly t i c  Zinc - Blast  .?urnace Lead 78,735 117,163 

Imperial Snelt ing 74,793 112,/!7 



The differences in recovery beca%e more valuable as prices incraa'se. 

Toll dm1tin.c Al-ternativas 

The Parsons1 synthesized toll smelter scheduls yields signifi- 

cantly higher rates of return than the ':GII!:Cu salter scheduls; 2 to 4 

per centage points on an absolute rate of return basis. (see Tables 1-5) 

The exanple shown in Graph 4 plots rate of return against price 

for the two smelter schedules assuming the optimun transportation alterna- 

tive, the all. road route t3 &a9ay, and the base rate power cost and 

capital all.ocntion. As price increases, the rate of return differential 

narrows. 

The coqarison made is hypothetical. It assumes t h ~ t  the 

CC);.dIXi) schedule is operative at those s3:nn poi2ts in the U.S. and Japan 

where the l'arsonsl schedule is assumed to apulgr. Tile comparison illustrates 

therefore, that other things being equal, net smelter returns fron the 

Parsons1 schedule are significantly hizher tna-1 thos? realized from the 

COi*lINCO schedule. A more realistic co.nparison kiouln' consider other factors 

than the smelter schel3ules per se. COtiIATiu retilrns would be realized at 

Trail, B.C., the Parsons1 schedule would be op~rative at the assumed smelting 

points in the U.S. and Japan. For the Anvil project, the Parsons1 schedule 

would still realize higher net smelter returns but against these one would 

have to cha.rge hizher transportation costs ana the tariff charges resulting 

fron the import of lead and zinc concentrates into the U.S. These costs 

would certainly reduce the attractiveness of the Parsons1 schedule to Anvil 

and night render the CCC1I:JCO schedule preferable. 
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The Mixed Case 

The mixed case was designed to balance the high rates of return 

of the toll smelting alternatives against the development advantages that 

might accrue from smelting and refining installations in a remote region 

that showed good potential for the creation and development of other mineral 

opportm~ities; a balance between firm and national objectives. The results 

are disappointing because the rates of return for the mixed case are much 

closer to the processing to metal rates of return than to the toll smelting 

rates of return, (see Table 1) 

Graph 10 for example, plots rate of return against metal-concen- 

trate proportion. The C B i I N C O  schedule is assumed for the toll smelting 

of concentrates and the hperial smelting process for the production of 

metal. The road to Skapay is the assumed transportation alternative and 

curves are plotted for the different price structures. The rate of return 

decreases at a decreasing rate from the 100$ concentrate to the 100$ metal 

alternative. 

In determining the input figures for the mixed case it was 

assumed that both capital costs and operating costs increased linearly 

from the 100$ concentrate alternative and the 100% metal alternative. 

Following from this, cash flow and returns (cash flow minus capital cost) 

also increase linearly, One might expect then that rate of return would 

respond linearly, increasing or decreasing depending on the relationship 

between the rate of increase of returns and the rate of increase of cqital 

cost, This is not so, as is illustrated in Graph 11 for the base price, 

other variables fixed as in Graph 10. Rate of return decreases at a 

decreasing rate. 
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Rate of return is a the dimensioned measure of returns per 

unit of capital expenditure. In this case the rate of increase in 

returns is less than the rate of increase in capital expenditure (i.e. 

8,$ ill Graph 11) and therefore CP-C~/CD and rate of return both decrease 

and at a decreasing rate. A general proof has been worked for this 

phenomena. In the example rate of return does not decrease as rapidly 

as the c-?-c~~/cs ratio because cash flow is not distributed evenly through 

the time interval: higher cash flows are realized in early years than in 

later years due to tax incentives and production scheduling. The mixed 

case does not offer a much higher rate of return than the 100:; metal 

alternative. In Graph 11, the mixed case returns 20.0$ compared to the 

100% metal's 18.4$, and the 1009; concentrate% 27.0%. If Anvil is to 

process its concentrates then there is no great rate of return incentive 

for processing less than the entire production. Such a strategy would 

give the firm greater marketing flexibility however. To process less 

than 507; of the concentrate production in an attempt to realize a larger 

rate of return would probably violate the minimum scale of plant conair& 

for lead-zinc smelting and refining. 

Transportation Alternatives 

From the firm's point of view there are three critical trans- 

portation alternatives; a new rail line from tidewater, the all road route 

to Skagway, and the existing road-rail route. The optimum from among these 

is dependent on both the process selected and the percentage allocation of 

the basic transportation facility and townsix capital costs to the firm. 

(see Table 4) 

Graphs 6 

allocation for the 

to 8 plot rate of return against percentage capital 

five transportation alternatives, for three processing 











a l te rna t ives ;  t o l l  smelting using t he  Parsonst schedule, the  impsrial  

smelting process and the  xixed case. ?or very low cap i t a l  a l loca t ions ,  

the  new standard gauge r a i l  l i n e  o f f e r s  the  highest  r a t e  of return;  i n  

the  middle range of cap i ta l  a l loca t ions ,  the  road t o  Skagway i s  o p t i i i ;  

and f o r  high cap i t a l  a l loca t ions ,  t h s  exis t ing road and rai l  route o f f e r s  

the  highest  r a t e  of return. I n  no instance a r e  e i t h e r  the  extension of 

the  ex i s t ing  narrow gauge r a i l  l i n e  or the road t o  Haines c r i t i c a l  trans- 

portat ion a l ternat ives .  

For each process, the  slope of the  r a t e  of re tu rn  curve fo r  a  

given t ranspor ta t ion a l t e rna t i ve  i s  dependent on t he  cap i t a l  cos t  of t h a t  

f a c i l i t y ,  townsite c ap i t a l  represent ing a  f ixed cos t  f o r  each processing 

a l ternat ive .  ?a te  of re tu rn  i s  i n v e r s e k ~  proportional t o  cap i t a l  invest- 

ment. Therefore, other cos t s  being equal, the  t ranspor ta t ion a l t e rna t i ve  

with the  l a rge s t  c2p i ta l  cost  w i l l  y ie ld  a  r a t e  of re tu rn  which i s  most 

sensi t ive  t o  the  percentage cap i t a l  a l locat ion.  Sens i t iv i ty ,  measured by 

the  slope of the  r a t e  of re tu rn  curve, i s  a  function of the c a p i t a l  cost  

of the  t ranspor ta t ion f ac i l i t y .  This explains why the  new standard gauge 

r a i l  can be both the  133st preferred a l t e rna t i ve  a t  0% cap i t a l  a l loca t ion  

and the  l e a s t  preferred a t  100% cap i t a l  al location.  It i s  preferred 

i n i t i a l l y  because of lower operating cos t s  but these  bsnef i t s  a r e  rapidly  

cancelled by the  greater  investnent burden, r e l a t i v e  t o  other transporta- 

t i o n  a l t e rna t i v s s ,  which i s  levied with increasing percentage c e p i t a l  

al locntion.  Above 1 : h a p i t a l  a l loca t ion ,  t he  road t o  Skagway i s  t he  

preferred a l t e rna t ive ;  operating cos t s  a r e  higher but  t h i s  add i t iona l  

cost  i s  l e s s  than the  difference i n  cap i t a l  cos t  between t h i s  lower cost  

a l t e rn s t i ve  and the  higher cap i t a l  cost  r a i l  a l t e rna t i ve ,  on a  time value 

r a t e  of re tu rn  basis. Tor s imilar  reasons a s  cap i t a l  a l loca t ion  increases 

i n  the  range L,O t o  56% the  ex i s t ing  road-rail route  becones preferred over 

the  road t o  Skagway al ternat ive .  A t  break even points ,  the  higher investment 
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fr01,i one t ranspor ta t ion a l t e rna t i ve  j u s t  balances the  higher operating 

costs  of another on a r a t e  of re tu rn  basis ,  Operating cos t s  a r e  f ixed 

fo r  each transportat ion a l t e rna t i ve  and when percentage cap i t a l  al loca- 

t i on  increases beyond the  operating cost  d i f f e r e n t i a l ,  the  a l t e rna t i ve  

with the  hish  operating cost  i s  preferred. 

Between processin: a l t e rna t i ve s ,  f o r  any given trans!3ortation 

a l t e rna t i ve ,  the  s ens i t i v i t y  of r a t e  of re tu rn  t~ changes i n  the  per- 

cent<l,ns cap i t a l  a l locat ion i s  dependent on the  t o t a l  esti-nated invest- 

ment f o r  t h a t  nroce3s. Slopes, therefore,  steepen from the imperial 

smeltin5 process t o  the  t o l l  smelt in^ of concentrates a l t e rna t i ve ,  a s  

the  t o t a l  investment a p p r ~ x i m t e l y  halves. This phenomena i s  shown i n  

Graph 9 which p lo t s  the  optimum r a t s s  of re t i lm against  percentage 

cap i t a l  a l loca t ion  f o r  each process, The graph a l s o  shows a  s h i f t  t o  

the  l e r t  i n  break even points Proin t o l l  smelting t o  tho Tixed case t o  

the  irnperial sineltin2 process. This s h i f t  i s  due t o  di f ferences  i n  

tonrlage moved between the  three  a l ternat ives .  Tol l  smelting accounts 

f o r  the l a r g e s t  tonnage and, therefore,  a  higher invastment d i r f e r e n t i a l  

(i.e. hisher ,; c q i t a l  a l loca t ion)  w i l l  be required f o r  a t ranspor ta t ion 

a l t e r aa t i ve  with lower ope r s t i n ,~  cos t s  t o  balance with an a l t e rna t i ve  

havi'lg; higher operating cos t s ,  because the  a g ~ r e g a t e  o p e r s t i n ~  cos t  

d i f f e r e n t i a l  i s  'nigher due t o  t he  l s r z e r  tonnage. I s  transported tonnage 

declines r"ro,a t o l l  snel t ing to the  ,lixed case t o  the  i ~ p e r i a l  sae l t ing  

process, the  break even points s h i f t  to the l e f t .  

It can be seen froia Graphs 6 4  t h a t  i n  ~ A O S ~  instances t he  

opti~auia t ranspor ta t ion e l t e rna t iva  does rz3t o f fe r  a s i y i f i c a n t l y  hisher 

r a t e  o h r c t u r n  coapared t o  other a l ternat ives .  $or low percentage c ~ p i t a l  
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a l l o c a t i o n s  (0-1;:) t h e  road t o  Ska3~3y  g i v s s  only s l i s h t l y  love r  r a t e s  of 

r e t u r n  than t h e  new standard gzuge r a i l  l i n e .  I n  t h e  middle and upper 

ranges o r  p e r c e n t a ~ e  c a p i t a l  a l l o c a t i o n  t h e r e  i s  not, a  ::reat d e a l  of 

d i f f c r m c e  between t h e  road t 3  S k a p a y  f a c i l l t ~  and t h e  e x i s t i n 2  road-r?A.l- 

a l t e r n z t i v e .  It should bo borne i n  rnind t h a t  t h e  t r anspor t a t ion  a l t e rna -  

t i v d s  co,nparsd i w o l v e  estii.lated c a p i t a l  expenditures of ,1120 ,OQ0 , O K ) ;  

.12,009,000; and ,,,1,800,003 r e s p e c t i v e k ~ .  Zven i f  t h e  Tir:,i bears  none 

of the  c o s t  of a  ,120,099,000 r a i l  l i n e ,  t h e  o p r a t i n :  c o s t s  w i l l  

c o n s t i t u t z  a  p a l t r y  incent iva  i r _  ter-'1s of r a t :  of return becmse  or  t h e  

r e l a t i v a l ;  sml l  i;omat;ss l~loved. L3~?twe?n IOU and k i ~ h  c ~ p i t a l  c o s t  t rans-  

po r t z t ion  n l t e r n a t i v a s  one i s  c  o ~ l s i d e r i n z  s a v i n ~ s  i n  tha  or  Lc!r of , 7 / t  on 

t ranspor ted  on a t  Los t  3:,0,OCI0 tons  per  ;.ear - an inc rease  i n  n e t  czsh 

flovr of 3bout - ,700,000 per  - e a r  coinparsd t o  t o t a l  casl'i flows i n  t h e  

range of $,0013,0r)O - . 2~ ,000 ,003 .  The b m s f i t  of t h i s  incr:,zs?d cash 

?lox i n  t e r a  of' r a t 3  o r  *- e t u r n  i s ,  the re fo re ,  smll. 

kil l i n e s  ofCor sc11e econoxiqs, but  f o r  t h e  Anvil P ro jec t  t h e  

t o m a ~ s s  r ~ i l l  n o t  be f orthcomim~ t o  real.ize t h e s ~  b e n e f i t s  and, t h a r e f  o re ,  

f o r  t h i s  projec5 d o n e  t h e  r a i l  l i n e  i s  not  jua t i? ied  i n  t h l t  it does no t  

provide a s i z n i f i c a n t  devdopinent inc?nti7re. A lowcr capital- c o s t  t rans-  

f o r t a t i o n  a l t - . r n n t i v c ,  e i t h e r  t h e  road t o  3 k ~ ~ r c  or  t h e  ex l s t in :  roa2-ra i l  

rout-?,  would be rnore i n  b ? l ~ i i c e  k f t h  t h e  cstim.ted tonna-2;;. 

Apa-t, fro;n the  Anvil p ro jec t  other  n n l t i m l l  benef'its rnay be clerived 

fro;il a  hi?]-. c n p i t s l  c o s t  t r anspor t a t io?  f 'acili t ,-- ,  i n  t e r n s  ck' i n c r e a s i r q  

ccono:nic devclo~ment  and e q l o y -  e n t  i n  t h i s  reinote arsa .  1 d e t a i l e d  benof it- 

c o s t  a n a l y s i s  of o ther  d e v e l o p e n t  p o t e n t i a l  

a s  the  r a t i o n a l  b a s i s  f o r  such a  decision. 

i n  t h e  region  would be requi red  
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It has been assuned t h a t  under any given s e t  o f  cond-itions 

Anvil r ~ i 1 3 .  s e l e c t  t h a t  transport,?tic:!n alterntitivc? which o f f e r s  t h e  

~ r e a t e s t  r a t e  of return.  Sr2?hs 6-8 show t h a t  _;.overnment prnvision 

oi? t r s n s o ? r t r  t i o n  faci! it;. and tov~ns i t$ ,  e i t l inr  311 or  i n  p a r t ,  inPluences ,  

but  i s  no t  c r i t i c 2 1  to , t ' i z  3evdopnent  p t m t i a l  of t h i s  nro jec t .  2s t h e  

f i r m  asswnes 3 g r e a t e r  ixopor-lion of t h e  c ~ . p i t ~ ~ l  c n s t  o l  t r s n s p o r t a t i o n  

Pact l i t>-  and t o u n s i t e ,  optimuin t r anspor t z t ion  d t ~ n i 7 , t i v c s  ch_in,;e 2.n:' r z t e  



An example shown i n  Graph 5 p lo t s  rcite of re tu rn  a p h s t  p r i ce  f o r  

three a l t e rna t ives :  t o l l  smeltin2 us ins  the  i a r sons t  schedule, t he  iinnsrial 

s:iieltiil,- process, and t he  mixed case, The o$5mum transpor ta t ion a l t e rna t i ve ,  

t h s  a l l  rozd route t o  Ska~we;~, i s  assmed and the  base r a t e  power cos t s  and 

ca.pita.1. al!.ocatlons apl-dlr. ~ : i t h i n  the  probabl? rnT1gc.t of pr ices  there  a r e  

vide vnr is t ions  i n  the  r a t e  of re turn ,  Dependicg or- the  p r ice  assuned within 

t h i s  range, the  at 'cractivsness of the invest~nent op i~o r tu r~ i t y  var ies  fro:a f a i r  

t o  excell-cnt. The mul t ip l ier  e f f ec t  accounts f o r  the  f ac t ,  t h z t  i nc rms lng  

the  m r k t  pr ice  of I.?ad E=.om 12 t o  If+.? Can, $/lb, and zinc f ron 12,; t o  15 

Can. r!,hb., tbxouzh the  r a n p  of probable p r ices ,  or i n  other words by about 

20 per c e ~ t ,  increases r a t e  of re tu rn  by the  f o 1 l o d . n ~  prcents.ges:  

"11 Smelting : 7 9;: 
iiixed Case: 69:: 
Imperial smelting Process: 53; 

Any change of var iable  t h a t  increases cash flow increases the  ra.%e 

of re turn ,  a s s m i n s  no addi t ional  invest1,lent i s  required, Any c h s n ~ e  of 

variable t h a t  increases the  r a t i o  of cash f l o ~ ~  t o  the  estFixl.ted value of 

t h a t  var iable ,  produces a lnul t ip l ier  efoect  not only on c ~ s h  flow but a l s o  

on r a t e  of return,  -%te of r e tu rn  i s  d i rec tkr  re la ted  t o  cash flow i f  invest- 

ment i s  assuned constant, i ,e .  r a t e  or re tu rn  va r i e s  a s  (cash flair-investment) 

/investinent , w i t h  a t i n s  value dimension eff  ectin: the  equali ty,  To show the  

presence or" a m l t i p l i 3 r  ef'ect one nust  therefore show t h a t  increasing pr ice  

increases the  r a t i o  of cash flow t o  revenue, Consider the  incremental values 

of a p r ice  increase, The resu l t ing  incremental revenue  nus st bear none of the  

normal operating charges, it must only bear t ax  and royalty p~ynents .  Neglecting 

royal ty  payments, and assuming- depletion a l lomnce  a t  ?3* :)sr cent and federa l  

tax a t  50 per cent of net  income a f t e r  depletion,  an increase i n  p r ice  t h a t  





r ea l i z e s  an incremental revenue of 100 would increase cash flow by 66-2/3 

as follows: 

Revenue 100 
Depletion 33-1/3 

Taxable Income 66-2/3 
Tax 33-1/3 

Cash Flow 66-2/3 

The incremental r a t i o  of cash flow t o  revenue i s ,  therefore,  about 

.67. The normal r a t i o  f o r  t h i s  p ro jec t ,  charging opersting cos t s ,  i s  in the  

range .30 t o  .40. Therefore, t he  incremental increase i n  ca.sh flow w i l l .  

increase the  r a t i o  of cash flow t o  revenue and exer t  a mul t ip l ier  e f f e c t  on 

r a t e  of return. 

It can a l s o  be seen f ro~n  t he  example t h a t  the  s i ze  of the  mul t ip l i e r  

e f f ec t  i s  proportional t o  t he  aggregate l eve l  of investment. Tol l  smelting 

has a higher mul t ip l i e r  than t he  imperial smelting process, f o r  example. The 

increase i n  cash flow resu l t ing  from a given increase i n  p r ice  i s  the  same f o r  

the  three  a l t e rna t i ve s  i f  one ignores the  small. increase i n  smelter charges f o r  

the  t o l l  smelting a l t e rna t ive ,  Between a l t e rna t i ve s ,  therefore ,  the  increase 

i n  r a t e  of re tu rn  resu l t ing  from a ziven increase i n  pr ice  i s  inversely  propor- 

t i ona l  t o  c a n i t a l  invested. The r a t e  of re tu rn  w i l l .  increase more f o r  the  l o w  

cap i t a l  a l t e rna t i ve  than f o r  the  high cap i t a l  a l t e rna t i ve ,  and consequently, i t s  

m u l t i p l i e r  w i l l  be l a rger ,  

Power Cost Variations 

E lec t ro ly t ic  zinc-blast furnace lead i s  the  only processing al terna- 

t i v e  t h a t  shows a s ign i f ican t  s e n s i t i v i t y  t o  power cost  var ia t ions ,  (see Table 3) 

The r e s u l t s  a r e  p lo t ted  i n  Graph 12 f o r  a l l  f i v e  processing a l t e rna t i ve s ,  the  

a l l  road route  t o  Skagway and base conditions of p r ice  and cap i t a l  a l loca t ion  

applying, 
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Although the mine is located in a region where relatively high 

power costs can be expected, this would not appear to significantly alter 

thk project economics except for the electrolytic zinc alternative. This 

is the only alternative where important economies could result fron the 

location of smelting and refining facilities in a low power cost area, 

removed from the minesite. 

Royalty Schedule Variations 

Significant increases in royalty revenues could be obtained by 

increasing the schedule rates, without materially changing the firmls rate 

of return. (see Table 5) Two examples are illustrated. 

Graph 13 plots rate of return and royalty revenue against the 

various assumed royalty schedules for the toll smelting of concentrates 

using the Parsons1 schedule, the base conditions of price, power and capital 

allocation, and the road to Skagway transportation alternative. Between the 

existing sched~~le and the most punitive schedule, rqyalty revenues are 

increased $11 million (79%)' while rate of return is only decreased absolutely 

by .7% (3$)-? 

Graph 14 plots identical curves for the hperial smelting process. 

Between the existing schedule and the most punitive schedule royalty revenues 

are increased $16 million (62;s) while rate of return is decreased absolutely 

by .4$ (29 

In both examples the change in rate of return is not significant 

but the increase in revenue is considerable, Schedule .'fl produces only 

negligible changes, increasing revenue by $10,000 per year for 20 years. 

While schedule ;:/3 results in considerably higher revenues than schedule $5 

in the toll smelting case, revenues are identical for the iraprial smelting 

alternative. This shows that an increase in aggregate profits produces a ++ percentage change from original value. 







l a r g e r  inc rease  i n  revenue when a r a t e  schedule i s  used which l e v i e s  a  

r e l a t i v e 1  h i ~ h  royalt;>r r a t e  on high y o f i t  increments. 

-l  he processin2 a l t e r n a t i v e  z ives  a  p x t e r  increase  i n  r o y a l t i e s  

than t h e  ~ n n c e n t m t e  a l t e r n a t i v e  because t h e  aggrezate  p r o f i t  l e v e l  i s  

higher. However, t he  percentage increase  i s  no t  8s :reat because a  1-srger 

proport ion of process in^ revenues a r e  absorbed i n  or,eration c o s t s  an? a r e  

thus  unavai lable  f o r  royal t ; -  pa>-iaent. 

X Aieltinc. an6 RePini2.y I n s t a l l a  t i o n  i n  Xational  k e r spec t ive  

lik.or11 i Inv i l l s  poin t  of view a  smeltin,n and r e f i n i n g  i n s t a l l a t i o n  

does no t  appezr t? be econoxicaJ-Jy j u s t i f i a b l e .  The quest ion reimins ns  t o  

whether o r  no t  it i s  i n  t h e  n a t i o n a l  i n t a r e s t  t o  f o r c e  the  i ssue .  The r a t e  

of r e t n r n  d i f f e r e n t i a l  between t h e  to l l .  srneltinz of concentrates  and t h e  

processinz t o  metal a l t e r n a t i v e s  i s  l a r g e  and it ~ o u l d  r e q ~ ~ i r e  a l a r g e  d i r e c t  

subsidy t o  swin- the bal?nce i n  favour of t h e  ins t a l Ja t io f i  of smelt in2 and 

refinin: ?ac t  - r%o, 

It i s  not  wi th in  the  scope of t h i s  r e p o r t  t o  ca r ry  out  a  cost-  

bene f i t  a n a l y s i s  of a  processinz i n s t a l l a t i o n  al thouzh such a  s tudy would 

be r e q i i r e d  a s  the  r s t i o n a l  b a s i s  f o r  such a  decision.  O f  t h e  inan;r f a c t o r s  

t o  be t a k m  i n t o  account t h e  loll.owing would c e r t 2 i n l : ~  r i e r i t  d e t a i l s d  con- 

s ide ra t ion :  

( i )  Increased e n n l o p e n t  and t h e  popul? tj.on and eco~o,:iic stabi.1-i- 
za t ion  of a  remote area ,  Xowever, smel ters  and r a f i n e r i e s  
a r e  c a p i t a l  i n t ens ive  and do not  employ h r p  numbers. 

( i i )  Increased export  value an2 a t t end ing  inc r sases  t o  t h e  m t i m a l  
account. Lead-zinc smelt inz and re f in in ;  accounts  f o r  about  
one-third of t h e  end product v a l ~ i a ,  t h e  r e m i n d e r  being al-read? 
i n  t h e  concentrate  product. 

( i i i )  S t im~l l a t ion  of e x i s t i n g  sn2 p o t e n t i a l  Icaci-zinc d e v e l o p e n t s  i n  
t h e  Terr i tory ,  Althou$ inr"ori.lation i s  inconclusive,  t h e r e  
would appear t o  be good p o t e n t i a l  c ~ r  adclitiona,I lead-zinc x ine  
d e ~ e l o p ~ n e n t s  i n  t h e  Vmgorda d i s t r i c t  which :ni:ht onkr be 
r e a l i z e d  bj t h e  cons t ruc t ion  of s n e l t i n z  and re~"inin_n f a c i l i t i e s .  



t~oul i j  rn2 . i~ .  Generally, mineral. processing insta.!.latiozs e x t m d  b y a n d  

t h e  l.i-;.'e of an:- in:',ividurtl raw x t ~ r i a l  sourco. The I.oc-.,tLon 0 7  t h e  , invi l  

process5.n~ i n s t a l  l c t i n r  should thc re f  ore, t ~ k ; .  ini;? a w o u n t  p o t e n t i a l  raw 

al . t ,arn~, t i  ve jus t f f  i ed  t h ~  C o v ~ r m c n t  iduce.nent  o9 such ax inst- i l  l z t i o n  

then t h c r s  rrould appear t o  b3 p o s s i b i l i t i o s  "or a trade-off. A1-l o r  a 

por t ion  o r  %he pov ?rrunent r svenue d i f  f  e r e n t i s l  between t h e  Anvil concent ra te  

and metal a l t e r n a t i v e s  could be used t o  l e v e r  t h e  f i r m  r a t e  of r e t ~ ~ r n  on 

t h e  iiletal a l t s r n a t i v e  t o  t h e  po in t  where it would bcznsi.:: t h e  C i r r n '  s o:>tiinwn 

alteri1nt:'~ve on a m,fe o.? r e tu .m Saais .  As can he seen i n  2abl.e 1 t h i s  

render t h e  processin: t o  n e t s 1  al tnrnntLve ,nost n.t-Lrmtive t o  -tko firn. The 
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Goverw,~ent could c- t fer  t o  co:qleteI.y subs id ize  t h ~ :  - t ~ ~ ; i s ~ ) o r t  C;x.il i ty and 

townst-te 2 9 r  tho  proessr,-in.~ t o  m t a l  nlternn t i vz  v h i l . 2  of ' ; s r k L r :  ,.> 113 a s s i s t -  

8 I ance fcr 'tho - t o l l  s:nc?lt r.3: al.t?r:l -t:ivc. ILarevsr , m e  7 a t t n r  alt-.mat,ive 

ijoillii m::~?,i:? thin n x - ? m r e d  inva s t n e n t  . For cxa!.i~l.? , c ,m?c7.i:e .the t o l  1. 

snelt;!.nv , ., altcr:?at.ive usin;; t k c  ~ 'x r sons '  schadu?.e r - ~ i t i l  the  i.nn:?-rinl s;.i3lt.ilz; 

process f o r  b232 cm::itirns of i3ricc and noT.r?r. .it 120:~ ~ : ? . ~ ~ i t n l -  a!.l.oc;.:tion 

th.3 i d ~ ~ t  Pz.l.vcmrabl? ;i:coce:;slnz ;..l..tsrjmt:Tvo ~ i _ i 3 1 . : : 1 ~  !_?.!l;.J \,ikl,i.7.? n.t. 9,: ~ ~ . : > i t ~ l  

a l l o c a t i o n  the  .,lo;;% ikvourablo -to!.l s;:iel.ti-20- .> r~ l - te r i~~:k~.ve  s - s i l l  pie!-,-j.s f!!;..?,:, 

3dch ,n, r-;t:ri2tqy, E~C)T,TWJ.~I- ,  n s r rmm the p . 1 2 .  .it -the Snse ens-3 c,zn:'Lts3. 21-1-oca- 

t i m  the co.:ip2r;%blie r ?k~rils would be L ~ . L ~ , . :  mid 29,4,1 rnspec-Lively, .i i-ilethod 

7 .  -. 
0: sub::icSy, navm_rr z :nor2 o.xroc-b i ip2c . t  oil r.l",e o?  ~ - e t ~ ~ . r n  would b.3 rz2:iired. 

Tii:+sc f cW .fnc tors :  just tPicatZ.m, Locn:t,Loil, sourcc 3f .?unds, 

and I .E-~,D~ o.? subsj.&.r VJC!.~ ;;R,vc? t o  be emlua%ed squen:;ia-tl?y. 3 neg3tive 

decisi2i l  n t  e,n>- str :p - . ~ ~ u l - - ~  -:;:-xl:xle e r n c o ~ r ~ ~ ~ ~ . ~ e q t  .>? a. s:;elt~!:-i~ :-,:-d ~ : ? i n i n z  

ins t a l l . ?  :;-i.o- a d  ter,nin?te t h e  nna!asis, 
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wodd h v e  t o  provide some :?orl.! of 1.-r::z d i r e c t  su'nsi:2;~ ::nfi.l>?r)l.?ns 

.:1m-i - 2 t :3up-r19?? t . 
-7- ?, . 
.!. t ~t v?,s decicied tf lzt  S U C ~  i n t ~ r v ( x t i c n  could b,: nlri:7itte::i., 

+?  . -,. ,::m. ji~.:;<:.:-.?.r,-1:t!-on i i o ~ i ? .  &pen4 I c r ~ e Q  on sn evaluat ion  oP t!:.e 

b-.ncf:i.ts t!?~..t, c~ivl.cJ be -3al.ized fro:;! - 3 u r t h e r i y  -the d3v-\loum?nt 09 

!.snci-ei,c-silver :,iini?r, i z 2  t h n  Terr i t ,ory ,  Increaser3 il-overnmnt 

raven~r:.s r ea l i zed  Pro..: t h  processin;; t o  ::iet:%l. 21-t,ernative co:.~l_d 

. >  also b;: co:?s:~ci.e:l.a2 :is a. rzt,iona:.e. I!? s ~ f  y'icient J u s t i  : ics t ion  

Zsr ?. sinc1.ti.n~  xi r e  fixin; inst:=,l l.?tir::? ?a::C; ~ h o r m  t o  exist  then 

probleins o? locn'r,:im, sources Gov.zrn.ien-t .?lmds and i~e thod  of 

subsidy r,rould rai;mi.r! t o  be resolved. 





CCHINCO adLTAR SCHdDUL3 

This schedule applies to the purchase of concentrates f.0.b. Tadanac, 
effective September 1, 1962. It only includes payments and charges 
relevant to the Anvil Project. 

Lead Concentrates: 

Silver: 95% of the silver will be paid for at the 3ngineering and 
!lining Journal New York quotation for silver less 2.00f4 per 
ounce of silver paid for. 

Minimum Deduction one troy ounce per dry ton. 

Lead: 92-@5 of the contained lead (wet lead assay), with a minimum 
deduction of 20 pounds per ton (1.0$), will be paid for at 
the "Net Tadanac Realized Priceff, less 0.66: per pound. 

Zinc: Will be paid for to the extent shown in the foll-owing table 
at the "Met Tadanac Realized Priceft less 5.5$ per pound. 

If the ore or concentrates The following percentages 
contain Zinc to the extent of: of Zinc will be paid for: 

Less than 53 Ninimum deduction of 50 
pounds per dry ton (2.5%) 

5% and over but less than 6% 47 96 
6% " It It 11 tt 7% 

It It 11 11 
44 7: 

77; tt 8% 41% 
8% ~t tt '1 9% 38;i 
9% " 11 n ~t I I  1078 35% 

Base Charge: $15.00 per dry ton. 

Credit the base charge for lead in excess of 30% at 10$ 
per unit per dry ton. 

Debit the base charge for the deficiency in lead below 
30% at 10$ per unit per dry ton. 



Zinc Concentrates 

Silver:  80$ of the  s i l v e r  w i l l  be paid f o r  a t  the  dngineering and 
Nining Journal New York quotation f o r  s i l v e r  l e s s  2.00$ 
per ounce of s i l ve r  paid for.  

Minimum deduction one t r oy  ounce per dry ton. 

Lead: 80% of the  contained lead (wet lead assay) ,  with a minimum 
deduction of 20 pounds per ton (1.07;) , w i l l  be paid f o r  a t  
the  Net Tadanac Realized Pr ice ,  l e s s  3.?5$ per pound. 

Zinc: W i l l  be paid f o r  t o  the  extent  shownin 
a t  the  Net Tadanac Realized Pr ice ,  l e s s  

I f  t he  concentrates contain zinc 
The f 011 owing 

t o  the  extent  of: percentages of 
zinc w i l l  be 
paid  for :  

60% and over 
58% and over but l e s s  than 60% 
56% 11 It  11 11 " 58% 
5,s 11 11 ~t 11 It 56,; 
52;~ II II 11 11 " 54% 
50% t~ 11 11 11 52;; 
48% It  I t  I1 I t  " 50$ 
4 I t  I t  I t  I t  " 48% 
4% a 11 II II 

I t  I1 

I' 46% 
I t  18 'J&g 4 ~t 11 11 t t  " 42% 

the  following tab le  
2,6# per pound. 

And the  following 
treatment charge per 
dry ton of concen- 
t r a t e s  w i l l  apply: 

$12 00 
13.00 
13.00 
13.00 
13.00 
13.00 
u . 0 0  
14.00 
15.00 
15.00 
16.00 

Treatment Charges: $12.00 per dry ton up t o  $16.00 per dry ton 
depending upon zinc grade of concentrates, a s  s e t  out i n  
the  foregoing tab le ,  under heading ZINC. 



A comparison between Net Tadanac Realized Price and U.S. Producer 
Price f o r  lead and zinc a s  provided by Ci7i;ITJCO. 

Lead - 

1960 

1961 

1962 

1963 

1964 

1965 

Jan. - May '66 

Difference 

3.3 

3.3 

3.0 

3.9 

-2.2 

3.3 

3.6 

Zinc - 
NTRP 

1960 10.7 

1961 9.5 

1962 9. 1 

1963 10. C 

1964 13.3 

1965 14.1 
Jan. - May '66 14.0 

Difference 

1.9 

2.2 

3.3 

2.9 

1.3 

1.5 

1.6 

Notes : 

( i )  A l l  Pr ices  i n  Canadian #/lb. 
( i i )  NTRP: Net Tadanac Realized Pr ice  

I K W :  New York lProducers Pr ice  
SSLPP: East St. Louis Producers Price. 

( i i i )  The NTR p r i ce  r e f l e c t s  the  delivered pr ice  f o r  ineta1 on a l l  
markets l e s s  f r e i  h t ,  s e l l i n  e ense, discounts ( i n  ce r t a in  d wises) from quote pr ice ,  &fy, ?rokerage charges, etc. 



NSR/~O~ of ore for Anvil Project 

Ag: ounces contained in concentrate 
Pb: tons contained in concentrate 
Zn: tons contained in concentrate 
T: tons of concentrate processed 

NSR: Lead Concentrates: Can. Q 4, 

NSR: Zinc Concentrates: Can. $ 

Silver: .80 (Ag) 1.38 
Lead : .80 ( ~ b )  (NYPY - -035) 2000 - .80 (~b)67 
Zinc : .82 (Zn) (ZSLPP - .02) 2000 - .82 ( ~ n )  52 
Tonnage Charge: -(I?) T zinc 

~b ' (ITYPP) : 11.9 Can. $/lb. 
Zn (~SLPP): 12.4 Can. 6/lb. 

Years 1 - 5 Years 6 - 20 

Net Smelter 3eturn: j 
Net Smelter ~eturn/ton of ore 

Pb (IWP): 13.5 Can. $/lb. 
Zn (ESLPP): 14.0 Can. d/lb. 

Years 1 - 5 Years 6 - 20 
Net Srnelter Return: : 
Net Smelter Return/t on of ore 

See Graph 16 



PARSONS ASSK4EJ) SMELTER SCHJDULE 

Synthensized fran Prelhinary Feasibility Studx 

PFS: TABLE 3 - 8 

Yrs. 1 - 5 Yrs. 6 - 20 
?i Total Sales: U.9. <? 39 J+49,000 '9 ,198 ,000 

Smelting and 3efinina Costs: U.S. $ 15,329,000 1_5,540,000 

Net Smelter Return: U.S. $ 24,l2O,OOO 23,655,000 

Tons of Ore Mined 1,610,000 2,129,000 

NSR: Can. tj/ton of ore 

Yrs, 1 - 5 Yrs. 6 - 20 
Total Sales: U.S. $ 4-4 Y 394,000 ~,135,000 
S:neltinn and be fin in,^ Cost: U. S. $ 15,650,000 15,869,000 

Net Smelter Return: U.S. $ 28,744,000 28,266,000 

NSR: Can. $/ton of ore 19.19 14.37 

See Graph 16 

* mist&? - shoilld be 11.95, this will widen the preference for toll 
smelting using the Parson's schedule. This error was noticed too late 
to be taken into account. 





This schedule, used by Parsons - Jurden i n  the  Preliminary Feas ib i l i t y  
Report, was provided by ;]alter 3. Shaw, Project  Hanager f o r  the Ralph 
&I. Parsons Construction Co., of Canada, Ltd., i n  a l e t t e r  dated June 
27, 1966. It i s  a t o l l  smelter schedule based on the  ASARCO custom 
smelter schedule. 

Lead Concentrates 

1. Return of 95 pe r  cent of contained lead metal a f t e r  1.5 u n i t  deduction. 
2. Return of 95 per cent  of contained s i l v e r  or gross content l e s s  one ounce. 
3. In  addi t ion t o  the  base charge add: 

a. 1.2 #/lb of lead returned 
b. 1.0 @/ounce of s i l v e r  returned 

Zinc Concentrates 

1. Return of 85 per cent of contained zinc metal or  gross content l e s s  160 
pounds per ton of concentrates. 

2. Return of 80 per cent of contained s i lver .  
3. In  addi t ion t o  the  base charge add: 

a. 0.3 #/lb of zinc returned 
b. 1.5 $/ounce of s i l v e r  returned 



These a r e  t en t a t i ve  smelter schedules forwarded t o  t he  Parsons-Jurden 
Corporation by A. J. Kroha of ASAXCO i n  a l e t t e r  dated December 70, 1965. 

Lead Concentrates: 

Delivery: I n  bond, f.o.b. wharf of Ehcyer's p lant  a t  Selby, California. 

Si lver :  Pay f o r  95;; a t  Handy & Iiarr.mn unrefined bas i s  l e s s  1$ per 
ounce. Plinhum deduction one ounce. 

Lead : Deduct 1.5 ulnits and pay f o r  95;; of r emin.3sr a t  New York 
quotation fo r  common domestic lead l e s s  1.7q!. 

Base Charge: $23.35 per ne t  ton of product based on Selby average 
hourly Labor cost  of $?.55. Adjust 5$ per ton f o r  each 1$ 
change i n  labor cost. 

Impurities: No charge f o r  impuri t ies  subject  t o  fu r the r  study of 
product . 

Duties: A l l  United S ta tes  Customs du t ies  f o r  S e l l e r ' s  account. 

Zinc Concentrates: 

Delivery: I n  bond, f.0.b. Buyer's p lan t ,  Corpus Chr i s t i ,  Texas. 

Silver:  Pay f o r  805 a t  Handy G Harman unrefined bas i s  l e s s  1.5# 
per ounce. 

Zinc : Pay f o r  8515 a t  &st St. Louis zinc p r ice  l e s s  0.59$ per 
lb. Iiinimm deduction, 8 uni ts .  

Lead : Deduct 1.5 u n i t s  and pay f o r  65,; a t  New York pr ice  l e s s  
2$ per lb.  

Base Charge: Gi55.00 per ne t  ton based 02 14.5$ Zn. Adjust $1.00 
fo r  each 1$ t h a t  zinc quotation i s  below 1/,.5$ t o  a minimum 
of 9.5$ zinc quotation. 

Duties: A l l  United S ta tes  Custoas du t ies  f o r  S e l l e r ' s  account. 



This schedule r e f l e c t s  the  current  terms of  zinc and lead concentrates 
which the  Japanese smelters a r e  paying for. These terms change 
according t o  market conditions. This reference schedule was forwarded 
t o  Cyprus Idlines Corporation by Y. Kato of Ataka, New York, Inc. i n  a 
l e t t e r  dated April 28, 1966. 

(1) Zinc Concentrates: 

Linc : 85-% of the  f u l l  zinc contents (minimum deduction 3 un i t s )  
sinall be paid f o r  a t  the  average of so-called IIProducers 
Priceu (minimum p r i ce  f o r  'lProducers Price1' of £72-0-0 t o  
be guaranteed by buyer) 

Si lver :  Deduct from the s i l v e r  content f i v e  t roy  ounce per metric 
ton and pay f o r  60-,: of the  remainder a t  the  Han+j & 
Ha.rman unrefined pr ice  i n  the  l'iiQ4J Metal & Mineral 
Marketsn. 

Cadmium: Deduct 3 lbs.  per metric ton and pay f o r  the  remainder 
a t  70-7; of U.E. and hkopean pr ice  i n  the  'Metal Bulletin" 

Treatment Charges: For 1966, US$42.00; f o r  1967, USG43.50 per dry 
ne t  metric ton of concentrates, CIF Japanese por t ,  ber th  
terns.  The above treatment charges a r e  based on a quotation 
f o r  zinc of £80-0-0 and w i l l  be increased by 18.75$ U.S. 
Currency f o r  each £1-0-0 which the  quotation applicable f o r  
the  governing quotational  psriod i s  above £80-0-0; f r ac t i ons  
i n  proportion. 

Iron Penalty: Up t o  7-ji f ree :  any excess t o  be penalized a t  the  r a t e  
of USg0.50 per metric ton ne t  dry of concentrates f o r  each 
1-5 over 7-$, f r ac t i ons  i n  proportion. 

(2) Lead Concentrates: 

Lead : Pay f o r  90+$ of the  lead content a t  t he  average of t he  four  
o f f i c i a l  London Metal i h r k e t  quotations,  plus a premium of 
£2-0-0. 

Silver:  Pay f o r  95-$ of the  s i l v e r  c o n t a t ,  i f  over one t roy  ounce, 
a t  the  Handy &. Harman unrefined s i l v e r  p r ice  i n  the  "W 
Wetal & ii'lineral 1larketslt . 

Treatment Charge: U3$20.00 per dry metric ton,  CIF Japanese por t ,  
ber th  terms. 



CALCULATION OF MWIKl2T PRICE/TON ORE 

Price Structure 1 2 3 4 5 

Pb: NYPP 
Zn: ESLPP 

Cases 1-5 

% Change $ Change 
Price MP/ton ore* ~ P / t o n  ore* From Base From Base Average* 

Structure Yrs. 1-5 Yrs. 6-20 Case Case % Change 
Y r s .  1-5 Y r s .  6-20 4 'ti' 

Cases 6-10 

Price M~/ton ore* MP/ton ore* % Change 
Structure Yrs. 1-5 Y r s .  6-20 From Base 

.I: 
Case 

, Y r s .  1-5 

% Change Average=- 
From Base % Change 

Case 
Y r s .  6-20 

++ See Graph 16 
weighted average due t o  time value considerations, estimated a t  20$ c.i.: 

Average % Charge = Change 1-5 + .125 (Change 6-20 - Change 1-51 
3% 



CALCULATION OF -T PRICE/TON ORE 

Metal Alternatives: 5@ t o  West Germany 
5% t o  U.S.A. 

assume: Lead: E u r o p e a n P r ~ d u c e r s P r i c e ~  (NYPP-2,2y!/lb) 
Zinc: European Producers Price - (ESLPP - 1.8$/lb) 

Price Structure 1 2 3 4 5 
Lead: Avg. Price Can.y!/lb 10.8 11.8 12.4 12. 9 13.4 
Zinc: Avg. Price can.b/lb 11.5 12.5 13.1 13.6 l4.1 

Cases 11-15 

% Change % Change 
Price MP/ton ore* MP/ton ore* From Base From Base Average* 

Structure Y r s .  1-5 Y r s .  6-20 Case Case % Change 
J j Y r s .  1-5 Yrs .  6-20 

Cases 16-20 

% Change % Change 
Price MP/ton ore* W/ton ore* From Base From Base Average* 

Structure Yrs. 1-5 Y r s .  6-20 Case Case % Change 
i 

* $  Yrs. 1-5 Y r s .  6-20 

* includes 

* see note 

lead, zinc and s i lver  

on preceeding page 



Cases 2 1  - 25 

Average of 

Price Structure 
i .~/ t  on 
Yrs. 1 

Cases 1 - 5 and Cases 16 - 20 

ore o n  ore ?Change from ;Change froin Average - 5 Yrs. 6 - 20 Base Case Yrs. Base Case Y r s .  .; Change 
1 - 5  6 - 20 



Considzr var ia t ions  i n  power rates. 

erna t i v e  Feas ib i l i ty  E3ase Case Vari  sons 
Number Study b t e -  2 t  te-mils m i l s  

Assaxe pmer  var ia t ions  Y r s .  1 - 5 RS a v ~ 3 r a ~ ~ e  over mine l i f e .  

Cases 1 - 13  
power cost  a t  10 m i l s  I :0.275/ton ore (W3: 8 - ?) 

Power Pate Powr  Cost Variation 
r n i l  s /ton of ore *,, /ton of ore 

k s e  Case Beneficiation Cost: 

Yrs. 1 - 5: 2.218 + -055 = Z2.273 / t o n  ore 
Yrs. 6 - 20: 2.065 + .055 = .,,'2.120 / ton ore 

Cases 11 - 15 

power cos t s  a t  8 ails: 
concentrates = $0.275 / ton ore 
zinc metallurgical  treatment: 31.75 (LFS: 8 - 7)  x .0728 = '.175/ton ore 
lead m e t a l l u r ~ i c a l  treatment: 5.30 (PPS: 8 - 8) x .@@7 = :,,0.258/ton ore 

Power FLte iJower C3st Variation 
m i l s  /ton of ore ,. /ton ore 

8 3.708 --- 
10 4.635 + .927 
L2 5.562 +log54 
14 6.~739 +2.781 



BENEFIC IATION AND WETALLURGIC AL COSTS 

Base Case: Concentrating: $/ton ore &let. Treatment : !+/ton ore 

Y r s .  1 - 5 2.150 9.610 
Y r s .  6 - 20 1.993 7.240 

Cases 16 - 20 

Pomr cos t s  a t  10 m i l s  
Concentrating: ;@.?24/ton ore (FFS: 8-6) 
i~feta l lurgical  treatment: 5.00 ,PFS: 8 - 13) x .1?.6? = .?0.580/ton ore. 

Power Rate Power Cost Variations 
m i l s  /ton of ore ,;/ton of are  

Base Case: Concentratiz,?: $/ton ore 1Iet. Treatment: ',;/ton ore 

Y r s .  1 - 5 1.905 7.390 
Y r s .  6 - 20 1.770 5.600 

Cases 21 - 25: average of Cases 1 - 10 and 16 - 20 

Power L%te Power Ccs t Variat ions 
mils /ton of ore ..:/ton of ore 

Base Case 

Yrs, 1 - 5 
Yrs. 6 - 20 

Concentrating: ,;/ton ore i4e t . Treatment : ,i/t on ore 

2.062 7.23 
1 . 9 7  2.94 



TRANSPORTATION BY LiUD 

Operating Costs 

New k b i l  Line: Mine - Dyea (Skagwa:;- Flats) 

and weighted f o r  volume. 

Cases 1, 6: $8.30/ton Transported (400,000 tpy ) 
Cases 11, 16: $%.90/ton Transported (250,000 tpy) 
Case 21: $8,60/ton Transported (325,000 tpy) 

Extension of Zxisting -Rail: Whitehorse - l4ine 

See PFS: 10-5 and Graph 17. 

Cases 2,  7 : $14.30/t on Transported (400,000 ~ P Y )  
Cases 12, 17: {:~.90/ton Transported (250,000 tpy) 
Case 22 : 414,60/t on Transported (325,000 tpy) 

Road: Mine - S k a w a ~  

See PFS: 10-3 and average. 

Cases: 3, 8 ,  13, 18,  23: $11,30/ton transported 

Road: Mine - Haines 

See PZS: 10-4 and accept Can. $;,48*/vehicle mile (30 ton t ruck)  

* 10.50 x 30 - 
650 

- $0&8 

&fine - Haines: 925 miles round t r i p  .48 x 925 = $14.80 
30 

Cases: 4, 9,  14, 19, 24: $14.80/ton transported. 

Existing 2oad - Rail: 

See PFS: 10-4 and average, 

Cases: 5, 10,  15, 20, 25: $15.50/t~o-n Transported, 





Operation ~ o s t / ~ o n  Ore 

Tide water Handling: $1.73/ton handled (PFS : 10-6) 

Alternative 
Number 

Years 1 - 5 

Ratio 
TT/TO* 

Cost 
$/TT 

Cost 
$/TO 

Years 6 - 20 

Ratio 
TT/TO 

Cost 
$/TT 

Cost 
,::/To 

* Toils TransPorted/Tons of Ore Produced, 

/o 



Cases 11-15 
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T,UNSFOXTdTI~N BY ;JATB 

Operating cost/Ton Ore 

Cases 1-10 

Yrs. 1-5: Japan: .7 (352,500) (6.29)"~ 1,552,000 
Selby : .3 (138,500) (9.03) - 375,000 
Corpus Chris t i :  .3 (21/+ ,000) (10,541-t( 677.000 

352,500 2,604,000 

Avg. Cost /~on Transpat. ted: :j7.39 
Avg. Cost /~on of Ore: (7.39) (.2139) $1.62 

Yrs. 6-20: Japan: .7(352,500) (6.29) = 1,552,000 
Selby : ? (133,500) (9.03) = 762,000 
Corpus Chris t i :  .3 (219,000) (10.54) = 692,000 

352 , 500 2,606,000 

Avg. Cost/'Ton Transported: $7.39 
Avg. Cost/Ton of Ore: (7.39) (.1656) = $1.22 

Avg. ~ o s t / ~ o n  Transported P (8.87 + 11.50)/2 = $10.18 

Avg. Cos t /~on  of Ore: Yrs. 1-5: (10.18)(.1214) = $1.24 
Y r s .  6-20: (10.18)(.0919) = $0.94 

Cases 16-20 

Avg. Cost,/~on Transported: @10.18 

Avg. Cost /~on of Ore: Yrs. 1-5: (10.18) (.116?) = $1.18 
Yrs. 6-20: (10.18) (.0820) = $0.89 

>< 
" Table 1-1 

>L >i 

" " h t i o :  Tons ~ r a n s ~ o r t e d / ~ o n s  of Ore >'iined 
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TKkNSPORTdTION BY iL4TSR 

Operatinp: Cost/Ton Ore 

Cases 21-25 

Years 1-5 Years 6-20 

Tons of Lead Concentrate 

Tons of Zinc Concentrate 

Tons of Metal 

Yrs. 1-5: Japan: .7 (176,250) (6.29) - 776,000 
Selby : .?( 69,250) (9.03) = l 8 8 , O O O  
Corpus Chris t i :  .3(107,000) (10.54)= 335,000 
U.S.A. : .5( 93,650)(8.87) = 4l5,OOO 
i?. Germany: .5 ( 93,650) (11,50)= 538,000 

269,900 2,255,000 

Avg. Cost /~on Transported: 1~8.35 

Avg. c o s t / ~ o n  of Ore: (8.35) (.1676) = 61.40 

Yrs. 6-20: Avg. Cost,/~on Transported: $3.35 

Avg. ~ o s t / ~ o n  of Ore: (8.35) (.1268) = 41.06 



d ~ o n  Ore 

United S ta tes  

Lead Metal: 
Zinc Xetal: 
Lead Concentrate: 
Zinc Concentrate: 

Germany 

Lead iiietal (GX Ultimate) : .6 U.S. $/lb = Can. $12,90/ton 
Zinc Metal (EJC ult imate) : .6 U.S. $/lb ' Can. :;12.90/ton 

Cases 1-10 

Yrs. 1-5: &500(.55) (16.12) +64,200(.52) (15.05) = 870, ~ o o / ~ , ~ ~ o , o o o  =$0.54/ton ore 
Y r s ,  6-20: 40,000(,55) (16.12) +65,700(.52) (15.05) = 868,800/2,129,000 =Jo.W/ton ore 

Cases 11-15 

Yrs. 1-5: 894,200 +505,OOO +88l,7OO +755,700 = 7,036,600/1,610,000 =d1.89/ton ore 
Y r s .  6-20: 863,600 +487,700 +903,500 +774,400 = 3,029,200/2,129,000 =$1.42/ton ore 

Cases 1 + -  

Yrs. 1-5: 854,200 +482,500 +845,800 +725,000 = 2,907,500/1,610,000 = &.4l/&on ore 
Yrs. 6-20 : $2Lk,500 +465,700 +866,900 +743,000 = 2,900,100/2,129,000 ' $1.367ton ore 

Cases 21-25: average Cases 1-10 and Cases 16-20 

Yrs. 1-5: .,%17[ton ore 
Yrs. 6-20: ~0.39/ton ore 



Capital  cost  estimates were provided by A. I e i c k ,  Head, 

Transportation Section,  Resource and dcono.,iic Development Group, 

D e ~ t ,  of Xorthern Affairs  and l!ationnl R.esources. They a r a  based 

on l imi ted information resu l t ing  from informal discussion with the  

Engineering Division of the  same Department. The est imates do not 

incl-ude tidewater f a c i l i t i e s ,  t rucks and aux i la r ics ,  included i n  

Parsons es t inates .  

New Rail Line: Him - Tidewater: Alternatives:  1, 6,  11, 16 and 21  

Ifileage: Xine - Carmacks: 125 

Carnacks - Tidewater ( ~ j e a ) :  212 ( ~ h a r l e s  ~ e ~ o r t )  

??7 miles 

3oute includes an 11  nlile twmel. 
9 

Crest Study: Q e a  - Crest ,194 ,000 ,009 

Less: 11 mile tunnel .. 21,300,000 

'172,700,000 

Distence: (578-11) = 567 miles 

Assune : .:300,000/1ilile 

Anvil : 11. niiie tunnel : 21. ,000,000 

326 miles a t  300,000/mile : 97,800,000 

c::US ,800 , COO 

Use : ~:120,000,030 

+t only c lear ing,  pubbing ,  grading, tunnels,  bridgss,  s l i ck  protection 
and track, 

not  included: ri;;ht of way cos t s ,  l z g d  surveys, cost  of comunications 
an': s i g s l s ,  shops and. r o l l i n ?  stock. 



CAPITAL COST 

Transportation R a c i l i t ~  

Extension of 3xis t ing -&dl: 'dhitehorse-Kine: Alternatives: 2 ,  7 ,  12,  17 and 22. 

Assumptions : (i) narrow gauge ( 3 6 " )  beycnd IJhitehorse 
(ii) cost  of bui'l.6ing narrow gauge l i n e  a t  85,; of 

stant'lard gauge l ine .  

~ o s t / m i ~ - e  =. 85 (300,000)= 3255,000 

Distance : Slhitehorse-Camcks-Line : 2 5 m i 3  es 

C a ~ i t a I  Cost: 2 35 (255,000) " ., 59,925,000 

3oad : iline-Gsmacks-C--rcross-Skarr~~a~j: h l t c rn~ . t i ve s  : 3,  8, 17, 18 3n!i 21 

Distance : 325 miles 

-- 
use: ,,:12,000,000 

zoad : piine-Ccr~mc~~~s-Aishihik-I.;aines : Uternr1,tives : L,. , 9,  11, , 19 and ?Ii 

Distance: Ly62 miles (233: 10-1) 

Xifie-Carmaclr s : 3,300,000* 
Car:nacl;s- Xshihik:  50 iniics at 50,00O/nlile : 2,500,000 
Aishihik- Alaska Highway: 8I, miles st 35,000 'mile : 2 , 7 / 1 0 , ~ ~ ~  (reconstruction) 
Hzines 3oad : 2,000,000 (reconstruction) 

11- ,2I!0,000 
Use : ;;12,000,000 

* road : 3oss IZiver-Cnrlnacks 
r\ L!ecember , 19&. 

rn i l e a~e  i n  Canadz ((subject 

under c o ~ s t r i ~ c t i o n ;  estimat-d coxpletion: 

to revis ion)  ; to t71  ,n" l e a p :  7" mil es. 



i t  o - 1 :  Alternativ2s: 5 ,  LO, 15, 20, 25. 

%ad: lIine - Csrrnacks - khitzhorse 

1 : Jhi tehorse - 3kapa;. 

233d: iiine - C.rlnaclrs : .?,goo ,000 

Use: ,3,500,000 



CAi'ITSL COST 

Townsite 

The Parsonsl Preliminary Feas ib i l i t y  Study includes no 

estimate of townsite cost  or of the  nmber of employees required 

f o r  the  operation. Rough estirizates wsre inade of the  bases of 

townsite costs  a t  Kitimat, Zlsa and Tho~npsons and projected town- 

s i t e  costs  f o r  Crest and ihffinlanr! Iron $lines. 

Alternativa Number hp1o:yees Townsite ropulation 

1 - l o  200 800 

11 - 20 300 1200 

21 - 25 2 50 1000 

Townsite $ a c i l i t i e s  a t  :30,000 per ernploj~ee 

Alternative Nuinber Capital Cost of Townsite 



CAPITAL CmTS 

ASSET AND TIM3 DISTRIBUTION 

Composite Depreciation Rate 

Alternatives 1 an:? 6: - 

r'arnons T r ~ n s p c r t - ~ t i o n  Capital: 9,8S4,000 (.+ L 5  ?95,000 

r ' lant and I Iachinery : 38,021,000 L 30:: = 11 ,/, 36,000 

Trensporte t inn  ?aciIit,y: 30,000,000 4 h , ; =  1,200,000 

, ; Variations : -39.67, +39.67, +79.1& +I]-?. C1 

* 
Capital/?re-~roduction Yex :  36,625,003 (2 j 

Year 5 : 3,324,000 

Year 10 : 3,1-32,000 

Alternativss 2 and 7 

Farsons Trmsoor t . :  t i o n  Z:?pital: 9,884,000 L 1 ,  = 795,000 

Pl-nnt and mckiinery : 38,021,000 C 30,; =11- ,406,000 

?rans>xtafUion Fac i l i ty :  15 ,000,000 k 4,3 = 600,000 

Tor~nsite : 1,500,000 (. 30,-: = 530,000 

64,405,000 20.07;; 12,901,000 

5 Variations: -25.62, +25.63 +5l.2~!! +%.% 

~apital./l- 're-production Year : 2'3,125,000 (2) 

Year 5 : 3 ,02~!+.,000 

Year 13  : 3,132,000 

* number of  pre-production 7 J ,C  wrs. 

* 
composite dL~ in i sh ing  balance depreciat ion r a t e  f o r  Federal incolile tax. 



CAPITAL COSTS 

Canposite Depreciation Pate 

Alternatives ?,4 $6 and 3 

Parsons Tranportation Capital-: 9,834,000 Q 4 = 395,000 
Plant  and ibchinery : 38,021_,000 Q 30): a 11,/!06,000 
Transportation j hc i l i t y :  3 , 0 0 0 , 0 0 0 ~  4TjX 120,000 
Townsite: 1,500 .OOO 6 302i = 500,000 

52,405,000 23-70;; 12 ,/!I ,000 

7; Variations: -8.59, +8.59, +17.18, +25.77 

cap i t a l /~ r e -~ roduc t ion  Year : 23,125,000 (2) 
Year 5 : 3,024,000 
Year 10 : 3,132,000 

Alternatives 5 and LO 

Parsons Transportation Capital  : 9,884,000 L 4;; = 395,000 
Plant and Bhchinery : 33,021,000 C 30:; = 11,406,000 
Transportation Faci l i ty :  950,000 L 4% = 38,000 
Tomsi te  : 1,500,000 k 305 = 500,000 

50,355,003 24.. 50:; 12,339,000 

7; Variations : -4.47, + 4. 47, +c). 74, + 14.61 

Capital/?re-Production Year: 22,100,000 (2) 
Pear 5 : 3,024,000 
Year 10 : 3,132,000 

Alternative 11 

Farsons Transportation Capital  : 3,580,000 L 4 = 143 ,000 
Plant  and Xachinery : 90 ,4i)6,003 L 30:; = 27,122,000 
Tra~s . )o r ta t ion  Faci l i ty :  30,000,000 i- 4 = 1,200,000 
Totmsite : 2,250,000 6 30:; " 675,000 

136,236,000 23,OG 29 ,l/+O ,000 

$ Variations: -25.55, +25.55, +51.10, +76.55 

Capital/pre-~roduction Year : 40,580,000 (3) 
Year 5 : 2,767,000 
Year 10 : 1,731,000 



CAPITAL COSTS 

ASSJT AND TIX3 DISTRI3UT13IJ 

Co~nposite Depreciation -3ate 

Alternative 12 

ParsonsTranspor ta t ionCapi ta l :  3,580,C)OOL 4 U3,000 
Plant  and bkckinery: 90,406,000 Q 30,; = 27,122,000 
Transportation Faci l i ty :  15,000,000 6 4 = 600 ,900 
Townsite: 2,250,000 c 303 = 675,000 

111,236,000 25.66% 28,54O,OOO 

;: Variations: -15.51, +15.51, +?I.%?, +46.5? 

~ a ~ i t a l / ~ r e - p r o d u c t i o n  Year: 35,580,000 ( 3 )  
Year 5 : 2,767,000 
Year 10 : 1,731,000 

Alternatives 13  and 14 

Parsons Transport;ttion Capital: 3,550,000 C 4,; = L+3,000 
Plant and Nachiner,~ : 90,406,000 c To-: = 27,122,000 
Transportation Faci l i ty :  3,000,000 Q l,%= l2O,OOO 
Tomsite:  2,250,000k 30,;" 675,000 

99,%?6,000 28.282 28,360,000 

;;: Varistions: -5.29, + 5 - 2 9 ?  +10.58, +15.W 

Ca?ital/l-'re-Production Year : 31,579,000 ( 7 )  
Year 5 : 2,767,000 
Year 10 : 1,731,000 

Alternative 15 

Parsons Transportation Capital: 3,580,000 G 4,x = 143 ,000 
Plant  and Machinery: 90,406,000 G 30;; a 27,122 ,QOO 
Transportation Faci l i ty :  950,000 b 45 " ?3,000 
Tormsi t e  : 2,250,000 k 307; " 675,000 

97,186,000 28.795 27,978,000 

;6 Variations: -3.29, + 3.29, +6.58, +9.97 

~ a ~ i t a l r ~ r e - ~ r o d u c t i o n  Year : 30,896,C)OO (3) 
Year 5 : 2,767,000 
Year 10 : 1,731,000 



CAPITAL COSTS 

ASSdT AND TL43 DISTrlIBUTION 

Composite Depreciation Rate 

Alternative & - 
Parms  Transportatiovl Capital: 3,505,000 L 4,; = 1/!0 , 300 
Plant  and &chinern: 98,198,000 a 30:: 29,459,000 
Transportation Faci l i ty :  30,000,000 L 4 1,200,900 
Townsite : 2,250,000 L 30% " 675,000 

l33,953,OOO 2?.5O$ 3l,474,OOO 

;6 Variations: -24.08, +24.08, +48.16, +72.24 

Capital/I're-~roduction Year : 43,173,000 (3) 
Year 5 : 2,766,000 
Year 10 : 1,666,000 

A 1  t erna t i v e  17 

Parsons Transportation Capital : 3,505,000 b L ,  = l.40,000 
Plant  and :.Iachiner-j : 98,198,000 r;. 30:; = 29 ,459 ,000 
Transportation Faci l i ty :  15,000,000 c 4 600,000 
Townsite: 2 , 2 5 0 , 0 0 0 ~  303" 675,000 

11~,953,000 2 ~ 6 ~ ; ;  30 ,m4,ooo 

Cap i t a l /~ r e -~ roduc t ion  Year : 78,173,000 ( 3) 
Year 5 : 2,766,000 
Year 10 : 1,566,000 

Alternatives 18 and 19 

Parsons Transportation Capital : 3,505,000 & 4 l40,OOO 
Plant and Nachinery : 98,198,000 c 30; = 29,459,000 
Transportation Faci l i ty :  3,000,000C 4 120,000 
Townsite: 2,250,000 6 30:g " 675,000 

lO6,9~~,OOO 28.42,:: 3O,394,OOO 

:d Variations: -4.91, +L,..9l, +9.82, +14,73 

Capi ta l /Pr~-~roduc t ion  Year: 34,171,000 ( 3 )  
Year 5 : 2,766,000 
Year 10 : 1,666,000 



CAPITAL COSTS 

Composite Depreciation Rate 

Alternative 20 

rarsons Transportation Capital: 3,505,000 C 4% = 140,000 
Plant  and i-iachinery : 98,198,000 b 301% = 29,459,000 
Transportation Faci l i ty :  950,000 L 4;5 = 18,000 
Townsite : 2,250,000 6 30% " 675,000 

lOL+.,?O3,OOO 3 g .  90% 3O,?l2,OOO 

;'5 Variations: -3.05, +3.05, +6.10, +9.15 

Capital/pre-~roduction Year: 7 3,490,000 ( ' )  
Year 5 : 2,766,000 
Year 10 : 1,666,000 

Alternative 21 

Parsons Transportation Capital : 6,695,000 L 4 ,  = 268,000 
Flxnt and Xachinery : 68,109,000 k. 30,z = 20,433,000 
Transportation r%cility: 30,000,000 t 4 = l,200,000 
Tomsi te  : 1,875,000 C 30;; = 56? ,000 

106,679,000 21.06:'g 22,464,000 

,; Variations: -29.98, +29.88, +59.76, +89.64 

Capital/ijre-sroduction Year: 33,793,000 (3) 
Year 5 : 2,895,000 
Year 10 : 2,399,000 

Alternative 22 

Parsons Transportation Capital: 6,695,000 L 4 ,  = 268,000 
Plant and idachinery : 68,109,000 C! 30:: = 20,433,000 
Transportation F a c i l i t j :  15,000,000 c 1$ = 600,000 
Townsi t e  : 1,575,000 L 30,; " 56'3,000 

91,679,000 23.35;; 21,864,000 

,5 Variations: -18.41, +18.41, +36.32, +55.2? 

capital/pre-production Year : 2g ,795,000 (3)  
Year 5 : 2,895,000 
Year 10 : 2,399,000 



CAl ITAL COSTS 

BSET AiJD TGIS DIST313U;'IOI'I 

Composite Depreciation Rate 

Alternatives 23 and 24 

Parsons Transportstion Capitsl :  6,595,000 L 4,d = 268,000 
Plant  and Nachinery: 68,109,000 L 30$ = 20,/k33,000 
Trmsports t ton Yacil-ity : 3,000,000 L 4j; = 120,000 
Tomsi te  : 1,875,000 6 305= 563,000 

79,679,000 26.94;; 21,384,000 

r r l  ,., Variations: -6.12, +6.12, +l?.24, +18.36 

Capital/!'re-~roduction Year : 24,795,000 (3) 
Year 5 : 2 ,?95,000 
Year 10 : 2,379,000 

Alternative 3 

P a r s o n s ' ~ r a n s ~ o r t z t i o n C @ t a l :  6,635,000k 4 = 268,000 
Plant  and i4achinery: 68,109,000 c 30;: = 2O,l,,33,000 
Transportst5 on li'acili-tg : 950,000 L 45 = 38,000 
Tomsite:  1,875,000 e 30,< = 563,030 

77,629,000 27.447; 21,302,000 

~a~ i t a l , h r e -P roduc t ion  Year : 24,113. ,000 ( 3) 
Year 5 : 2,895,000 
Year 10 : 2,399,000 



Distance: iiine-3oss 3iver : 34 
Ross River-Johnsons Corner: 138 
Johnsons Corner-Carcross : 55 
Carcross-Ska,way : 78 

305 miles 

Capital Cost : 

itine-Xoss River: (3,800,000) (28)/1~ : 750,000 
Ross 3iver-Johnsons Corner: 118 mi. at ;85,0Cl0/111il& lA73O ,000 
Carcross-Slagway: 66mi. at ,j120,000/mile : 7,920,000 

~20~00,000 

O~eratina Cost: 

30 ton payload at U.S. $0.48,/vehicle mile (~33: 10-4) 

~ost,/ton transported: (610) (.42) /30 = U. 3. 19. $0 = Can. +,)lo. 50 

' Rejection Decision: 

Compare with the road to dkapay via Sarmacks alternative: 

Capital Cos t : ,J2,000,000 

Opzrating Cost : Csn. ,ill. 30/ton transnorted 

Break &en To-map " s",4.00,000/.70 ' 12,000,000 tons. 

Neglect The Value 

idaximun tonnag3 over mine life (toll smelting alternatives) : 
20 (?~o,ooo) " 7,030,300 tons. 

Therefore, the road to Skagway via Carnmcks transportation alternative 
is przferred. 

* Canol 3oad is in bad condition and traverses rorxgh terrain. Restoration cost 
for a road comparable ilz wality riith other road alternativas esti;.i,ztod at 
,39-90,000hiile by J.i.1. Jac obsen, 8n~ineeri.n; 3ivision. 



Road: i4ine-loss 3ivsr-C:trcross 
i :  Carcross-Ska;pay 

Cistnnce: 305 mi les  

Capi ta l  Cost: <;12 ,!,1'0 ,'3C)O ( see  prec sci i n c  r e j e c t e d  a l te ru ls t ive)  

opera tin,^ Cost: 

road port ion:  227 mi les  
r a i l  port ion:  78 mi les  

305 mi les  

Road: 4 5 ( ) / 3 0  = . S 7. ? o h o n  = C m .  ,"7.40/ton t r a n q ~ o r t e d  
P i :  1/!.60(73)(2)/3?7 = Can, ,i6.80/ton transported* 

Tota l  Ooer2ting Cost: ,,l/, .60,/f,on t ranspor ted  

Xeject ion Dmision:  

Co~npare with the e x i s t i n g  road (v ia  Cnrmaclts ) - r a i l  a l t e r n a t i v e  : 

Cepi ta l  Cost: ', 3,800,000 
O 9 ~ r a t i n s  Cost: .,,l5.60/ton t r m s p o r t e d  

idiaxim'm tonnage over mine l i r e  = 7 ,O+ClO,C)3O 

Tlieref ore ,  t h e  e x i s t i n e  road (v ia  Carmacks) -re iiT al - te rna t ive  i s  pref  errad.  

*based  on operat ing c o s t  es t imate  f o r  the  extension of e x i s t i n g  narrow 
gauge l i n e :  Whitehorse-lane (337 mi les  a t  $l4,60/ton). Contains anassumed 
factor  of 2 f o r  s h o r t  haul  diseconomies. 



Using Parsons' Preliminary Feas ib i l i t y  Study compare: 

Case A: Toll smslt ins of concentrates (P,?s: Table 3-9) 

Case B: 3 l ec t ro ly t i c  zinc-blast furnace lead processin2 ( r~ ;  : Table 3-11) 

A l l  f i ~ d r e s  i n  U. S, currency. 

Lead a t  12-1/2 d/lb 

Zinc a t  13 f / lb  

Year 

b t e  of 
Ee turn  

Case A 

21.4,; 
( ~ 2 2 :  Ttble 3-1) 

Case B Case (LA)  



ANVIL M I N I N G  CORPORATION LIMITZD 
523 West Sixth S t ree t  

Los Angeles, Cal i fornia  9OOU 
Telephone 629-5771 

JUNE 27, 1966 

KENNETH LIEBER 
President 
ROBERT H.  COLLINS I11 
Administrative Assistant 

Cable Address 
ANVLZING 

The Honorable Arthur Laing, 
Minister of Northern Affairs  and 

National ~ e s  ourc es , 
Parliament Buildings, 
Ottawa, Ontario, Canada. 

My dear Mr. Minister: 

Anvil Mining Corporation Limited i s  completing i t s  f e a s i b i l i t y  
analysis  of bringing i t s  property in t h e  Yukon Ter r i to ry  of Canada 
i n t o  production. To t h i s  end, we have delivered t o  your s t a f f  a copy 
of t he  preliminary f e a s i b i l i t y  study analyzing numerous a l t e rna t e s  f o r  
producing t he  property. It i s  obvious from study of t h i s  work t h a t  t he  
i n i t i a l  phase of development of t h e  Anvil property should be t h e  opening 
of t he  mine, t h e  building of a concentrator f o r  production of high-grade 
lead and zinc concentrates, and t he  construction of t h e  necessary o f f - s i t e  
f a c i l i t i e s  f o r  such an operation. We f u l l y  recognize your des i re ,  as  
we l l  a s  our own, f o r  a complete smelting f a c i l i t y  i n  t he  Yukon, and a r e  
wi l l ing  t o  express our i n t en t  t o  continue with fu r the r  s tudies  of a 
smelter. 

However, t o  i n i t i a l l y  bring t h e  property i n t o  production, we need 
ass is tance from you and your department i n  t h e  following areas: 

1. Construction and operation of a power f a c i l i t y  capable 
of del iver ing U+,000 kw t o  our plant i n  t he  Vangorda 
Creek area.  

2. All-weather road t ranspor ta t ion f romthe  Anvil 
property t o  tidewater, preferably t h e  Haines a rea  
of Alaska. 

3. The development and construction of a townsite t o  
house t h e  people necessary f o r  t h e  operation of 
t he  f a c i l i t y .  



Anvil has spent $4 mil l ion since July, 1965 , in i t s  exploration 
and development program of t he  Vangorda Creek area  of t he  Yukon 
Terr i tory .  The Board of Directors of Anvil l a s t  week approved a budget 
ca l l ing  f o r  another $1.5 mil l ion expenditure f o r  t h e  second half  of 
1966. By l a t e  1966, we w i l l  have su f f i c i en t  de ta i l ed  analysis  completed 
s o  t h a t  t he  Board of Directors can ac t  on t he  resolut ion t o  appropriate 
t he  necessary funds t o  bring t he  property i n t o  production. During t h e  
next few months, we would l i k e  t o  meet with you and your advisors t o  
discuss t he  p o s s i b i l i t i e s  of government f i nanc i a l  ass is tance i n  t he  
f i e l d s  of t ranspor ta t ion,  power and townsite. We would hope t h a t  the  
government, l i k e  Anvil, could proceed with i t s  engineering analysis  
and f e a s i b i l i t y  s tudies  so t h a t  spec i f i c  costs  (both c a p i t a l  and 
operating) a s  wel l  a s  spec i f i c  routes,  locat ions ,  r a t e s  and taxes  might 
be discussed and agreed upon between us. 

We recognize t h a t  f i n a l  authorization of t he  funds t o  complete 
t h i s  work r e s t s  with your Parliament, a s  it does with our Board of 
Directors.  However, i f  we both complete t h e  necessary pre-engineering 
and analysis ,  we believe it w i l l  be an ea s i e r  matter when it comes t o  
t h e  f i na l i z a t i on  of t h e  program. 

We w i l l  look forward t o  your reply, and t o  meeting with you very 
soon. 

Respectfully submitted, 

(sgd. ) Kenneth Lieber 
by Robert H .  Coll ins 

Kenneth Lieber. 





(a)  S t q e  1 r c q ~ r i , r e u ~ n t s  cen b e s t  bs :ilet 5y a d d i n j  2 - 3000 ??I u n i t s  t o  t h e  
e x i s t i n 2  '.,hi-tehorse ?a. : ids  devc lopnzh  2nd constrv.ctinl;. 2 s t o r q e  3nm 
2% t h c  o u t l ~ t  of I~iarsh Lake, This woul-d c o n s t i t u t e  ~~.l.ti!ilate d.av.?lop 
x-nt 03 tho  Ghitehorse s i t e  (27,000 i5.1). I n  add i t ion  t o  Anvil 's  s t e p  1 
requirements it would su-p j Jy  t h e  increased dcie,aand of t h e  I , h i t e h o x e  a rea  
(which ~ o u l c l  proixblg e ~ a n t ~ a l 1 . y  r equ i re  install .o ' i ion of ?To. 3 u n i t  even 
i f  t h  .inviT p ro j  e c t  were no t  involved),  

L;st. J o s t  2 - $000 Kd Unit add i t ion  
,larsh La!--. $",rage Dan 
l i r snsn i s s ion  Lines 

I.Jh.i, :,ehorse t o  S:i r...zz c!ts 
5nrinacks t o  Van Gorda Creek 

dhitehorsc - Bus & r  Cost - 8,6 milsfic!E~r 
Anvil ,4inin;-7an Gorda Creek - l 3 . l  mils l~:LI3? 

T ~ile ?ivz F i n p r s  ?apids s i t e  on t h e  Yukon 3 i v w  J u s t  below 
1 Mir.,lc.cks appears t o  be t h e  most a t t r a c t i v e  s i t e  t o  supply t h i s  
incre~nent .  

( c )  The adi-dtA.ona1 2L, llli requi red  f o r  s t e p  7 ( t ~ t a l  95 i:J) cculd be suppl.ied 
by t h e  F i n p r s  l'apids s i t e .  Tile ul.timate c o s t  of power a t  Van 
Garb iloulti li.lcel-- remain i n  t h e  6 t o  6.5 mi1 ran2e. 

(6.) If beczuse of In t e rna t iona l  c o n s i d e r a t i m s  i t  i s  not  ? r a c t i c a b l e  t o  
devi3lni; th~2 ?ive Fingers L%pids site (due t o  i%bbeing a ;nai.n stm- 
Yukon _'Ever - s i t e )  t h s  s t e p  2 rec:uircrnents cou1.d be  n e t  by developing 
the  Granite  s i t e  on t h e  P e l l y  River some 15 mi les  t o  t h e  e a s t  of t h e  
F e l l y  Crossing. This s i t e  would i n v o l v  g r e a t e r  cs.pital expense, v ic .  
L!~.9,300,900, and t h e  de l ivered  c o s t  of power wou1.d a ~ p r o x h  2:. 5 ai1.s 
(. 5 n i l  zbovo the  top  l i i i i t  s ~ t  by i n v i l )  . 



9ue t o  l a c k  of s to rzge  t h e  Grani te  s i ts  could n o t  be e-xpndcd t o  supply 
strrc;e 3 ,  hence another  s i t e  would hcvs t o  be devdoped  t o  meet tkt 
require,nent,  

S i t e s  on t h e  " r a x i s  and 3izh3and r i v e r s  i n  t h e  south  e a s t  Yukon hzve 
been considered and appear  t o  have poss ib i1 i tLss ;  b u t  hzve n 2 t  been 
appra ised  i n  d e t a i l .  'These s i t e s  mizht p r  ov? ?ref  erabl-s t o  Grani te  
as an  a l t -xna t ive  t o  Tivc ?i;~,rrg?rs, e m n  t l i o ~ ~ ~ ; h  t h w  wo~xld n o t  co- 
o r z i n a t e  wi th  t h e  e:msnded 'Yhitehorss d sve lo~mcn t  a s  well. .is ~ X v e  
? i n p r s  o r  cragi-te, 

S ince  3.ve ILngors 3 p i d s  i s  so  obviously t h e  n o s t  z t t r a c t i v e  s i t e ,  
t h e  nex t  s t e n  i s  t o  de t e rn ine  whether o r  n o t  t h e  in te rn- - t iona l .  
c o n s i d e m t i o n s  t h a t  m i l i t a t e  a g a i n s t  dev2loping t h i s  s i t e  m n  be 
s l t i s f i a d ,  Sef clrn an;? Pur ther  s i % e  s t i ld ies  ( inc luding  . r i e ld  r~or!.:) 
a r e  carr-.id out. I s e p a r a t e  paper i s  being _t?repareci t o  i n i t t i a t e  
a c t i o n  l o d c i n ~  t w z r d s  a  s o l u t i o n  -to t h i s  problem. 
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