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FOREWORD 

There has been a s t rong demand f o r gypsum products throughout 

1985/86 and i n p rev ious y e a r s . There i s every i n d i c a t i o n t h a t 

t h i s upward t r e n d w i l l cont inue w i th the improved economies i n the 

Un i ted S ta tes and Canada. 

Queenstake Resources L t d . b e l i e v e s t h a t i n d u s t r i a l m inera l s can 

p rov ide a s o l i d base f o r f u t u r e mine development i n the Prov ince 

o f B r i t i s h Columbia. An i n d u s t r i a l mineral such as gypsum, f o r 

which there i s a s t rong demand i n the b u i l d i n g and c o n s t r u c t i o n 

i n d u s t r y , can p rov ide a growing cash f low f o r a min ing company 

w i t h numerous b e n e f i t s to the Prov ince i n the areas of employment 

o p p o r t u n i t i e s , as we l l as i n d u s t r i a l and market ing expansion 

p o t e n t i a l . 

In view of t h i s ph i l o sophy , and the p o t e n t i a l f o r B r i t i s h 

Co lumbia ' s gypsum i n the markets f o r gypsumboard, cement, a g r i c u l 

t u r e , extenders and f i l l e r s , pulp and paper, and o ther s p e c i a l t y 

p roduc t s , Queenstake Resources L t d . has i n i t i a t e d a study w i t h 

f i n a n c i a l support from the Canada/Br i t i sh Columbia Minera l 

Development Agreement 's p a r t i c i p a t i o n , on gypsum markets , uses and 

occurrences w i t h s p e c i a l emphasis on the P a c i f i c Northwest area 

and B r i t i s h Columbia. 

The study was f i nanced by Queenstake Resources L t d . and the 

Canada/B r i t i s h Columbia M inera l Development Agreement on a 50:50 

ba s i s and was c a r r i e d out by K ing , Murphy, L a v a l i n , Con su l t an t s , 

and Queenstake Resources L t d . , both of Vancouver, B r i t i s h 

Columbia. 

The purpose of t h i s study i s to c r ea te an i n -dep th document on 

gypsum and i t s r o l e i n t oday ' s i n d u s t r i a l wo r l d , and i s intended 

f o r a newcomer to the i n d u s t r i a l mineral bus iness i n the Prov ince 

of B r i t i s h Columbia. 



i i 

The focus of the study i s to research and document the markets f o r 

gypsum i n the " P a c i f i c Rim" of North Amer ica, more s p e c i f i c a l l y , 

the North American " P a c i f i c Northwest" a r ea , i n c l u d i n g B r i t i s h 

Co lumbia , and t o o u t l i n e the market ing o p p o r t u n i t i e s f o r B r i t i s h 

Co lumb ia ' s gypsum i n such market p l a c e . 
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SUMMARY 

Gypsum i s a r e l a t i v e l y l ow - co s t , h igh bulk minera l commodity, 

g e n e r a l l y produced from depos i t s i n c l o s e p r ox im i t y to areas where 

markets f o r gypsum e x i s t . Except ions to t h i s r u l e occur when 

crude gypsum i s o f unusua l l y high q u a l i t y and when i t can be mined 

and t r an spo r t ed a t low c o s t . Such i s the case o f Mexican and 

Spanish gypsum c u r r e n t l y imported t o p l an t s a long the North 

American P a c i f i c Seaboard, i n c l u d i n g B r i t i s h Columbia. 

Gypsum markets exper ienced e x c e p t i o n a l l y s t rong growth i n 1983 

through 1986, reach ing a p la teau of high l e v e l s , which are f o r e 

c a s t to grow s t e a d i l y between 1.9$ t o 3.2% we l l i n t o the 1990's 

and to the y e a r 2000 r e s p e c t i v e l y . 

On a g loba l s c a l e , North America i s the major area of consumption 

and p roduct ion due to h igh l e v e l s of gypsum products used by the 

c o n s t r u c t i o n i n d u s t r y . The most widespread use of gypsum i s i n 

the manufacture o f w a l l board and o ther p l a s t e r products used i n 

the c o n s t r u c t i o n i n d u s t r y . 

Gypsum produc t i on i n Canada i s i n d i r e c t response t o demand from 

the wa l l board i n d u s t r i e s i n the Uni ted S tates and d o m e s t i c a l l y . 

The wa l l board i n d u s t r y i n both c oun t r i e s i s , i n t u r n , t i e d to 

demand from the c o n s t r u c t i o n i ndu s t r y f o r r e s i d e n t i a l , commerc ia l , 

and i n s t i t u t i o n a l b u i l d i n g p r o j e c t s . 

Canadian p roduc t i on o f crude gypsum i s predominantly from A t l a n t i c 

p r ov i n ce s , where major depo s i t s have been mined f o r many years by 

Canadian f i rms and Canadian s u b s i d i a r i e s of Un i ted S ta te s gypsum 

products manufacturer s . The A t l a n t i c reg ion accounts f o r 15% of 

the t o t a l Canadian gypsum p roduc t i on , and f o r the m a j o r i t y of 

exported gypsum, u s u a l l y over or about 80%. 
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The producers and consumers of gypsum i n B r i t i s h Columbia mine, i n 

p a r t , crude gypsum i n the P rov ince but a l s o import crude gypsum 

f o r t h e i r wa l l board and cement p l an t s from Mexico and Spa in. 

Gypsum produc t i on i n B r i t i s h Columbia g e n e r a l l y accounts f o r 5.3% 

o f the t o t a l Canadian p roduc t i on . 

Any f u t u r e producers of crude gypsum i n B r i t i s h Columbia w i l l have 

t o capture a marketshare by being h i g h l y c ompe t i t i v e i n p r i c e and 

gypsum q u a l i t y , t oge the r w i th a guaranteed long - te rm supply. 

The best oppo r tun i t y f o r B r i t i s h Co lumbia ' s gypsum i s i n the 

supply of crude gypsum to the wa l l board and cement p l an t s l o ca ted 

i n the Vancouver po r t area and those i n S e a t t l e and Tacoma, i n 

Washington S t a t e . 

I t i s recommended t ha t p o t e n t i a l deve lopers of gypsum depos i t s i n 

B r i t i s h Columbia undertake an ex ten s i ve s t r a t e g i c survey of the 

P a c i f i c Northwest market a rea . Developers should cons ider 

p r i m a r i l y the w a l l board and, second ly , the cement market. E f f o r t s 

shou ld be d i r e c t e d a t c ap tu r i n g a p a r t , i f not a whole, sec to r of 

the imported gypsum supp ly . 
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1. INTRODUCTION 

The o b j e c t i v e of t h i s study i s to develop a market ing scenar io f o r 

gypsum of B r i t i s h Columbia regard ing the e x i s t i n g markets on the 

P a c i f i c westcoast of the North American con t i nen t . 

Thorough research preceded examinat ion of markets f o r gypsum 

i n c l u d i n g wa l l boa rd , po r t l and cement, a g r i c u l t u r e , pulp and paper, 

extender and f i l l e r s , and other s p e c i a l t y markets. The geo

g r aph i ca l market area or ' P a c i f i c Rim' covered by t h i s study 

extends from A laska i n the n o r t h , to C a l i f o r n i a i n the south, and 

i n c l u d e s non-coasta l p rov inces of A l b e r t a , the Yukon T e r r i t o r y , 

and the State of Nevada ( r e f e r F i gu re 1 ) . 

The study begins w i th an overv iew of gypsum p rov i d i ng general 

knowledge on h i s t o r y , p r o p e r t i e s , mining and p roces s i ng , and end-

use. 

Wor ld , North American ana domestic product ion and trade prov ide a 

prev iew to markets f o r gypsum and f a c t o r s t ha t a f f e c t market

a b i l i t y . 

A l l known occurrences o f gypsum i n the P a c i f i c Rim of North 

America are i d e n t i f i e d . Th i s i n c l ude s the market area represented 

i n F i gu re 1 plus the S ta tes of Idaho and Montana. 

The q u a l i t y of B r i t i s h Co lumbia ' s gypsum depos i t s i s g iven 

f o l l o w i n g a thorough rev iew of s p e c i f i c a t i o n requirements f o r 

end-uses. 

Event s , t rends , and i s sues i n the North American gypsum i ndu s t r y 

are d i scussed at length i n Sec t i on 7. Included i s an i n depth 

rev iew of the c o n s t r u c t i o n i n d u s t r y and d i s cu s s i on s regard ing 

gypsum i n a g r i c u l t u r e , pu lp and paper, and extender and f i l l e r 

markets. Forecasts f o r c o n s t r u c t i o n a c t i v i t i e s and the t o t a l 

Un i ted States and Canadian demands are a l so p rov ided . 
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Fo l l ow ing a rev iew of the p r i c e s t r u c t u r e of gypsum, a rev iew of 

c u r r e n t producers and s u p p l i e r s of gypsum i s d e t a i l e d t o p rov ide a 

complete p i c t u r e of supply and demand i n the P a c i f i c Rim o f North 

Amer ica. 

A f o r e c a s t o f the gypsum i n d u s t r y i n the P a c i f i c Rim of North 

Amer ica , presented i n Sec t i on 10, i s based on h i s t o r i c a l t rends 

and i ndu s t r y feed-back . F i n a l l y , t h i s study conc ludes w i t h an 

assessment of the market o p p o r t u n i t i e s f o r B r i t i s h Co lumbia ' s 

gypsum i n the P a c i f i c Rim of North America. Th i s s e c t i o n p rov ides 

conc l u s i on s t o the f i n d i n g s and recommendations f o r p r o spec t i v e 

producers . 



FIGURE 1 

GEOGRAPHICAL MARKET AREA COVERED BY STUDY 
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2. AN OVERVIEW OF GYPSUM 

HISTORY 

Gypsum was used by the e a r l i e s t c i v i l i z a t i o n s f o r a r t i s t i c and 

ornamental purposes, both as ca rv ing s o f a l a b a s t e r and as p l a s t e r 

c o a t s . 

Ch inese , A s s y r i an s and Greeks used gypsum i n ca r v i n g s and decora

t i o n s . 

I t was u t i l i z e d as mortar by the Egypt ians i n the c o n s t r u c t i o n of 

pyramids about 3,000 B.C., and l a t e r by Romans who consumed small 

q u a n t i t i e s f o r p l a s t e r . 

In e a r l y Greek t imes , Theophrastus de s c r i bed the burn ing of gypsum 

and the p repa r a t i on of gypsum p l a s t e r . 

Gypsum p l a s t e r became known as " p l a s t e r of p a r i s " a f t e r the famous 

gypsum depo s i t s a t Montmartre, a s e c t i o n o f P a r i s , France. I t was 

known i n England by i t s name i n the 13th c e n t u r y , but the f i r s t 

r e co rd of the manufacture of gypsum p l a s t e r i n England was dur ing 

the t ime of James II (1633 - 1701). 

Such e a r l y uses of gypsum cont inued through the middle ages and, 

l a t e i n the 18th cen tu ry , i t s use as a f e r t i l i z e r and s o i l 

c o n d i t i o n e r became important i n France and Germany. 

Benjamin F r a n k l i n , on a t r i p through Europe i n 1776, observed the 

p r a c t i c e of u s ing gypsum f o r s o i l c o n d i t i o n i n g and promoted i t s 

use as f e r t i l i z e r i n the United S t a t e s . The growth i n demand f o r 

a g r i c u l t u r a l use i n the United S ta te s was r a p i d , w i th supp l i e s 

coming from France and Nova S co t i a i n the form o f sh ip b a l l a s t . 
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C a l c i n i n g of gypsum f o r use as a p l a s t e r i n North America began i n 

1835 i n New York. Demand was smal l u n t i l 1885 when a commercial 

method to r e t a r d the s e t t i n g r a t e of gypsum p l a s t e r was developed 

and gypsum was used i n the p o r t l a n d cement i ndu s t r y as a r e t a r d e r , 

c o n t r o l l i n g the " s e t " of the cement. Thus, the c o n s t r u c t i o n 

i n d u s t r y became the dominant consumer o f gypsum. 

The f i r s t p roduct ion of p l a s t e r b o a r d was reported i n the Un i ted 

S t a t e s i n 1918. 

L a r g e - s c a l e use i n the c o n s t r u c t i o n i n d u s t r y was a t t a i n e d i n 1929 

when over 92.9 m i l l i o n square meters of l a t h and wa l lboa rd was 

produced. 

In 1968, the United S tates gypsum i n d u s t r y had 43 f i rms producing 

9.1 m i l l i o n tonnes of crude gypsum. 

In 1983, 72% of the gypsum marketed was i n the form of p r e f ab 

r i c a t e d p roduct s . 

In the gypsum i n d u s t r y , companies have always i n t e g r a t e d t h e i r 

a c t i v i t i e s from min ing , g r i n d i n g , c a l c i n i n g and manufactur ing i n t o 

v e r t i c a l l y s t r u c t u r ed i n d u s t r i a l complex. 

2.2 GENERAL PROPERTIES 

Gypsum i s the most common, n a t u r a l l y o c c u r r i n g , su lphate m i n e r a l . 

I t occurs e x t e n s i v e l y i n sedimentary depos i t s a l l over the wor ld 

and i s commonly a s soc i a ted w i t h l imes tone , do lomi te , s ha l e , sand

s t one , marl and c l a y . 

I t i s normal ly formed as a chemical p r e c i p i t a t e from marine waters 

o f h igh s a l i n i t y , may be hydrothermal i n o r i g i n or may be formed 

by the natu ra l hyd ra t i on of a n h y d r i t e . 

D e s c r i p t i v e p r ope r t i e s of gypsum i n c l u d e p e r f e c t c leavage i n one 

d i r e c t i o n , a hardness of two on the Moh's s c a l e , a s p e c i f i c 
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g r a v i t y of 2.3. I t i s r e a d i l y s o l ub l e i n hot h y d r o c h l o r i c a c i d , 

s l i g h t l y s o l ub l e i n wate r , and i t s c o l ou r ranges from w h i t e , gray, 

y e l l o w i s h , and b rown i sh . Such c o l o u r v a r i a t i o n s are due t o 

conta ined i m p u r i t i e s . 

Most gypsum used commerc ia l l y i s massive f i n e to medium-grained 

mate r i a l known as rock gypsum. 

A chemical p roper ty o f p a r t i c u l a r importance f o r gypsum use, i s 

the l o s s of t h r e e - f o u r t h s o f the combined water of h yd ra t i on when 

heated to 160 deg.C to form a hemihydrate (CaS04.1/2 H2O), a 

process known as c a l c i n a t i o n . The c a l c i n e d m a t e r i a l , when mixed 

w i th water, assumes a p l a s t i c s t a t e which can be r e a d i l y molded to 

designed shapes and then " s e t s " to a r i g i d c o n d i t i o n due to a 

recombinat ion of water w i t h the hemihydrate t o produce o r i g i n a l 

(CaS04.2H20) gypsum. 

Gypsum c a l c i n e d t o the hemihydrate i s synonymously r e f e r r e d to as 

c a l c i n e d gypsum, p l a s t e r o f p a n ' s , or gypsum hemi hydrate . 

C a l c i n a t i o n a t a h i gher temperature (482 deg.C - 704 deg.C) 

r e s u l t s i n a product c a l l e d dead-burned gypsum or sometimes 

anhydr i te s i nce i t s chemical compos i t ion i s the same as t h a t of 

the mineral a n h y d r i t e , which does not r eac t r e a d i l y w i t h water 

l i k e the hemidydrate. 

2.3 GYPSUM ROCK CHARACTERISTICS 

2.3.1 Chemi s t r y 

Gypsum i s the d i h y d r a t e form of ca l c ium su lphate w i th the chemical 

formula CaS04«2H20. I t i s u s u a l l y found i n c l o s e a s s o c i a t i o n w i th 

anhydr i te (CaS04) and very seldom does a ca lc ium su lphate depos i t 

c o n s i s t e x c l u s i v e l y o f one mineral o r the o the r . However, 

anhydr i te has very minor economic use. 
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Calcium su lphate i s one of the p r i n c i p a l c o n s t i t u e n t s of evaporate 

depos i t s and, when pure, has the f o l l o w i n g compos i t i on . 

Lime (CaO) S u l f u r T r i o x i de ($03) Combined Water (HpO) 

Qypsum 32.6% 46.5% 20.9% 

Anhydr i te 41.2% 58.8% 0.0% 

Depos i ts of pure gypsum or of pure anhydr i te which are l a rge 

enough to be commerc ia l l y mined have never been d i s covered because 

of the metastab le r e l a t i o n s h i p between the two minera l s and the 

presence of i m p u r i t i e s such as ca lc ium or magnesium carbonates, 

c h l o r i d e s , o the r su lphate m ine ra l s , c l a y m i n e r a l s , or s i l i c a . 

Most mine p roduc t i on of gypsum w i l l range between 85% and 95% 

pure. I t i s o f t en used as mined, although i n c e r t a i n cases some 

form of minera l b e n e f i c i a t i o n i s deployed to upgrade the product. 

2.3.2 Mineralogy 

Qypsum ( C a S O ^ ^ O ) i s the common ca lc ium su lphate mineral i n 

rock ou tc rops . I t i s e a s i l y d i s t i n g u i s h e d from anhyd r i te by i t s 

i n f e r i o r hardness (2.0 vs . 3.0 to 3.5) and lower s p e c i f i c g r a v i t y 

(2.2 to 2.4 v s . 2.7 t o 3 .0 ) . 

Most gypsum i s wh i te to g ray i sh wh i te , although the i m p u r i t i e s 

f r equen t l y determine the c o l o u r . P e t r o g r a p h i c a l l y , most gypsum 

rock i s g r a n o b l a s t i c . In commercial depo s i t s , there i s u sua l l y a 

c o r r e l a t i o n between g r a i n s i z e and ca lc ium su lphate content . This 

i s due to secondary c r y s t a l l i z a t i o n around i m p u r i t i e s , r e s u l t i n g 

i n coar se r t e x t u r e than i n depos i t s having no i m p u r i t i e s and a 

r e s u l t i n g h i gher su lphate content . 

Basson i te (CaS04.1/2H20) i s a d i s t i n c t i n te rmed ia te phase 

between gypsum and a n h y d r i t e , i d e n t i f i a b l e only by X-ray d i f f r a c 

t i o n or pe t rog raph i c techn iques . I t i s metastable under o rd inary 
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c o n d i t i o n s , i t s occurrence i n amounts of under 1% i s thought to be 

widespread i n ca l c i um su lphate d e p o s i t s . 

Anhydrite (CaS04) i s not o f t en found i n outcrops because of 

r a p i d conver s i on t o gypsum and r e l a t i v e l y high s o l u b i l i t y (0.2 g 

per 100 g H2O), e s p e c i a l l y i n wet c l i m a t e s . I t can be found o u t 

c ropp ing on steep d i pp i ng s lopes where hydrated mate r i a l i s 

c on t i nuou s l y removed. Anhydr i te i s most ly l i g h t to b l u i s h - g rey i n 

c o l o u r . I t s t e x t u r e v a r i e s from g r a n o b l a s t i c to f e l t y l a t h c r y s t a l 

aggregate. 

Alabaster i s a compact, very f i n e - g r a i n e d v a r i e t y of gypsum 

r o c k , p r i z e d by s c u l p t o r s f o r i t s un i form w o r k a b i l i t y and i t i s 

o c c a s i o n a l l y found w i t h i n commercial d epo s i t s . 

Sat in Spar i s f i b r o u s gypsum composed o f need l e shaped 

c r y s t a l s i n o r i e n t a t i o n t o the c - a x i s . I t occurs wide ly as a 

f r a c t u r e f i l l i n g . 

Selenlte i s composed o f l a r ge euhedral gypsum c r y s t a l s w i t h 

l a r g e c l eavages . I t i s formed i n f l u i d - f i l l e d spaces or i n 

deformed host m a t e r i a l , sometimes mi s taken ly i d e n t i f i e d as mica. 

S a t i n Spar and S e l e n i t e are of l i t t l e or no economic importance. 

Gyp s i t e i s a mix ture of c l a y , sand and other ear thy ma te r i a l s and 

smal l gypsum c r y s t a l s . 

2.4 GYPSUM SUBSTITUTES 

Other c o n s t r u c t i o n m a t e r i a l s may be s u b s t i t u t e d f o r gypsum, espe

c i a l l y l i m e , lumber, cement, s t ee l or masonry. 

However, the re i s no p r a c t i c a l s u b s t i t u t e f o r gypsum i n po r t l and 

cement. 



2-6 

By-product gypsum i s p r e sen t l y s u b s t i t u t i n g f o r crude gypsum i n 

s p e c i a l a g r i c u l t u r a l a p p l i c a t i o n s and may, i n t ime , be u t i l i z e d 

i n p l a ce o f crude gypsum f o r cement s e t - r e t a r d i n g and i n the manu

f a c t u r e o f w a l l b o a r d . 

2.4.1 By-Product Gypsum 

By-product gypsum or s y n t he t i c gypsum i s generated i n f l u e gas 

d e s u l p h u r i z a t i o n and by a v a r i e t y of chemical processes such as 

manufactur ing of phosphoric a c i d , h y d r o f l u o r i c a c i d , c i t r i c a c i d , 

and t i t a n i u m d i o x i d e from i l m e n i t e . 

I t i s a r e l a t i v e l y f i n e wet mate r i a l which comes out of chemical 

processes as a f i l t e r cake or s ludge s e t t l e d i n tanks or ponds 

a f t e r d e s u l p h u r i z a t i o n i n thermal power p l a n t s . Such by-product 

gypsum has both h igher impur i t y and moisture l e v e l s than crude 

gypsum. 

Because o f i t s chemical and phy s i ca l c h a r a c t e r i s t i c s , by-product 

gypsum needs f u r t h e r b e n e f i c i a t i o n i n order to make i t a usefu l 

p roduct . 

Only small amounts of by-product gypsum are rec la imed f o r l i m i t e d 

uses i n a g r i c u l t u r a l and wa l lboa rd purposes. An opera t i ng w a l l -

board p l a n t i n nor theast Texas uses by-product gypsum fo r a 

p o r t i o n o f i t s raw mate r i a l requirements i n wa l l boa rd manufactur

i n g . A widespread use of by-product gypsum i n wa l l boa rd may have 

a l ong - te rm impact on the crude gypsum supply to a wa l lboa rd 

manufactur ing i n d u s t r y . Some phosphogypsum, de r i ved from 

phosphor ic a c i d p r oduc t i on , i s used i n the manufacture of cement 

and s u l p h u r i c a c i d us ing OSW-Krupp process . In 1983, two p lant s 

were o p e r a t i n g , one i n A u s t r i a and one i n the Republ ic of South 

A f r i c a . 
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FCS apparent l y has a process to use by-product gypsum from 

phosphor ic a c i d manufacture, which would produce s u l phu r i c a c i d . 

FCS would have another product from i t s process , co-generated 

energy, t h a t i t can s e l l to l o c a l power companies. A l s o , there 

i s a ready market f o r s u l phu r i c a c i d i n F l o r i d a . Th i s may r e s u l t 

i n an i n c rea se i n the use of by -product gypsum wi thout a f f e c t i n g 

the e x i s t i n g markets f o r pr imary mined gypsum. 

An e s t imated 25% of wor ld gypsum consumption i s rec la imed from 

by -product gypsum, mainly i n Japan, and the Federal Republ ic o f 

Germany. 

Recent experiments i n France have produced paper w i th 20% phospho-

gypsum content as f i l l e r . 

In Canada and the Uni ted S t a t e s , v a s t q u a n t i t i e s o f by-product 

gypsum are produced but are not rec la imed i n any s i g n i f i c a n t 

p o r t i o n t h a t would upset the market o f crude gypsum. 

I t i s not y e t economical to s u b j e c t by-product gypsum to the 

t reatment r equ i r ed to make i t s u i t a b l e f o r major uses such as 

p l a s t e r or wa l lboa rd i n s p i t e of l i m i t e d use i n a Texas wa l l boa rd 

p l a n t . 

However, minor q u a n t i t i e s of by -product gypsum, i n the form of 

phosphogypsum, are being s o l d as a s o i l c o n d i t i o n e r i n C a l i f o r n i a , 

and the southeastern S t a t e s . Such phosphogypsum i s used because 

the type and amount of i m p u r i t i e s are not det r imenta l to s o i l s and 

a l ow - co s t p roces s ing t reatment makes i t economical to put by

product gypsum i n t o a usefu l form. 

By-product gypsum i s used i n Japan f o r both po r t l a nd cement 

r e t a r d e r and wa l l boa rd . I t i s a unique s i t u a t i o n a p p l i c a b l e to 

Japan on l y , because of Japan ' s w e l l developed i ndu s t r y and a 

shortage of na tu ra l gypsum. The h igh co s t of impor t ing crude 

gypsum, i n t h i s case, makes i t more economical to u t i l i z e t r e a t e d 

by -product gypsum. 
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A d d i t i o n a l use of by -product gypsum has been s t a r t e d i n A u s t r a l i a 

and some European c o u n t r i e s where economics favour i t s use. 

By -product gypsum produced from the a c i d u l a t i o n of phosphate rock 

i n phosphate f e r t i l i z e r manufacture, has not been u t i l i z e d i n 

Canada desp i te a v a i l a b l e technology from Europe and Japan. 

S t ud i e s conducted on phosphogypsum i n d i c a t e t h a t a p o t e n t i a l 

hazard e x i s t s i n the use o f phosphogypsum produced from sedimen

t a r y phosphate rock which con ta in s apprec iab le amounts of uranium 

and radium. 

Co -ope ra t i ve research programs have been conducted t o determine 

the s u i t a b i l i t y of f luorogypsum, de r i ved from the manufacture of 

h y d r o f l u o r i c a c i d , from A l l i e d Chemical Canada L t d . ' s Amherstburg, 

On t a r i o cement p l a n t and a t S t . Lawrence Cement I n c . ' s p l a n t i n 

C l a r k s o n , On ta r i o . 

Those uses do not have any a f f e c t on the North American na tu ra l 

c rude gypsum marketp lace. 

2.5 EXPLORATION, MINING AND PROCESSING OF GYPSUM 

2.5.1 E x p l o r a t i o n 

Gypsum depos i t s are found i n many but not a l l g eo l o g i c a l e r a , but 

they are most common i n the Permian e r a . 

By e x p l o r i n g sedimentary r o ck s , s t r a t i g r a p h i c sequence and 

l i t h o l o g y , e vapo r i t e environments conducive to gypsum format ion 

can be de l i nea ted by g e o l o g i s t s . Once the e vapo r i t e rocks are 

i n d i c a t e d , outcrops and g e o l o g i c a l format ions are examined through 

a v a i l a b l e h i s t o r i c a l da t a , sampling and assay ing. Gypsum ex ten t 
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i n l a t e r a l and v e r t i c a l ex tens ions i s mapped and f o l l owed up by 

co re d r i l l i n g . 

Core d r i l l i n g i s u s u a l l y c a r r i e d put by BX (65 mm) or l a r g e r s i z e 

co re i n order to p rov ide an adequate amount of ma te r i a l f o r 

sampl ing and permit good core recovery . 

In some i n s t a n c e s , geophys ica l methods can be used to determine 

the depth of overburden. 

Geochemical methods are r a r e l y a p p l i c a b l e to ca l c i um su lpha te , 

a l though heavy concen t r a t i on s of su lphate may serve as a use fu l 

c l u e . In a few i n s t a n c e s , d i f f e r e n c e s i n p l a n t spec ies may 

i n d i c a t e changes i n rock types t ha t can a i d i n su r face mapping. 

Most massive gypsum depo s i t s are found as l a r g e l e n t i c u l a r , 

s t r a t i f i e d ore bodies t h a t were formed by evaporat ion of sea water 

i n bas ins t ha t have one o r more r e s t r i c t e d openings to the sea. 

Such bas ins may range i n s i z e from tens to hundreds of k i l o m e t e r s . 

Gypsum depos i t s are exp l o red i n order to determine the phy s i ca l 

and chemical nature of the ore body. I t i s a l s o necessary to 

determine a minable t h i c kne s s and the r a t i o of gypsum to 

a n h y d r i t e . The depth of hyd ra t i on i s important i n mining because 

the presence o f a few percent of anhydr i te may render gypsum 

unusable f o r manufacture o f p l a s t e r . Thus, samples are always 

ob ta i ned from d r i l l cores and outcrops f o r a n a l y s i s of anhydr i te 

c on ten t . 

2.5.2 Mi n i ng 

Depos i t s near the su r face are mined by open p i t mining methods, 

deve lop ing m u l t i p l e benches, s t r i p p i n g the overburden and 

c o n s t r u c t i n g access and t r a n s p o r t a t i o n r ou te s . 
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Underground ore bodies are developed by s i n k i n g s ha f t s or d r i v i n g 

a d i t s w i th room and p i l l a r min ing methods. 

Most of the gypsum p roduc t i on comes from open p i t mines. Min ing 

i s mechanized w i t h l a r g e c a p a c i t y equipment and the s t r i p p i n g 

r a t i o i s normal ly 1.6 t o 1. 

Equipment employed c o n s i s t s of cab le or h y d r a u l i c shovels and/or 

f r o n t - e n d l o ade r s . Rotary or auger d r i l l s are used f o r d r i l l i n g 

and exp l o s i ve s are used i n rock b reak ing . Haulage i s c a r r i e d out 

by of f -h ighway t r u c k s . 

Q u a l i t y c on t r o l i s most important i n the mining sequence and may 

o f t e n r e s u l t i n a h i gher u n i t c o s t of min ing. 

In underground mines, room and p i l l a r design i s based upon the 

rock c ond i t i o n s and s t r a t a c o n t r o l o f each mine. Recovery of 

t o t a l gypsum rock from underground mining i s on ly 65% to 80% 

versus open p i t min ing o f 95% to 100%. Auger d r i l l i n g i s s tandard 

p r a c t i c e and l o ad i n g i s done w i th gather ing arm type l o a d e r s , 

f r o n t - e n d l oader s or l oad -hau l dump u n i t s . Underground haulage i s 

done by r a i l o r by d ie se l -powered t r u c k s . In some cases , conveyor 

b e l t s are used. 

In g e n e r a l , mining of gypsum i s h i gh l y mechanized, a lthough the 

l i m i t e d volume of p r o d u c t i o n , i n some cases (500 to 1500 tonnes 

per day) , r e s t r i c t s the s i z e of equipment which can be u t i l i z e d 

e conom ica l l y . The p h y s i c a l environment of most gypsum depos i t s 

favours good working and s a f e t y cond i t i on s which i s the major 

f a c t o r c o n t r i b u t i n g t o low co s t gypsum min ing. 

2.5.3 P roces s ing 

The proces s ing of crude gypsum, l i k e most na tu ra l r e sou rce s , 

depends on the end-use. Most crude gypsum mined i s used as r un -
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of -mine m a t e r i a l , but some low grade ore i s upgraded by l o g -

washing, s i n k - f l o a t p roces s , and s e l e c t i v e c ru sh ing and sc reen ing , 

both dry and wet. In such b e n e f i c i a t i o n s , d o l o m i t e , l imes tone , 

c l a y , s ha l e , and even anhyd r i t e , are removed to produce a commer

c i a l and s a l a b l e gypsum product of 80% or more p u r i t y . 

Gypsum, f o r use i n cement, i s crushed to minus 1-1/2 i n ch plus 3/8 

i n ch f r a c t i o n s . 

For a g r i c u l t u r a l or f i l l e r use, the gypsum i s p u l v e r i z e d to 100 

mesh or f i n e r . 

T y p i c a l gypsum rock process ing i s shown on the gene ra l i z ed f low 

sheet (F i gu re 2) and can be d i v i ded i n t o three ba s i c s t ep s : 

1. Rock p r e p a r a t i o n , which s t a r t s w i th gypsum rock coming from the 

mine f o r pr imary c r u s h i n g . Pr imary c ru sh ing i s accomplished by 

jaw, gy ra to ry or impact c ru she r s . Secondary c ru sh ing f u r t he r 

comminutes the rock through hammer m i l l s , or cone-type 

c r u she r s . 

F i ne g r i n d i n g of both unca lc ined and c a l c i n e d gypsum i s gener

a l l y accompl i shed by a i r - swept r o l l e r m i l l s or h igh energy 

impact m i l l s p lus a i r c l a s s i f i e r s . 

Both pr imary and secondary c ru sh ing are u s u a l l y conducted w i th 

v i b r a t i n g screens i n order to reduce the generat ion of u l t r a -

f i n e s . 

Depending on the amount of f r ee mois ture i n the rock , d ry ing 

may or may not be used e i t h e r before or a f t e r the secondary 

c r u sh i ng s tage. However, a d r y i ng step i s o f t en added to 

i n c rea se f r e e - f l o w i n g c h a r a c t e r i s t i c s of crushed gypsum which 

i s d i f f i c u l t to handle a t minus 4 inches i f wet. 



FIGURE 2 
GENERALIZED FLOW DIAGRAM OF GYPSUM PROCESSING 
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The use of the b e n e f i c i a t i o n techniques i s becoming more common 

as the q u a l i t y of f i n a l product i s g r e a t l y improved to meet the 

s t r i n g e n t s p e c i f i c a t i o n s of the marketp lace. 

The most common form of b e n e f i c i a t i o n i s c l a s s i f i c a t i o n of 

p a r t i c l e s i z e by sc reen ing and/or a i r s epa r a t i on . 

Washing i s used i n cases where the need f o r a wh i te c o l o u r 

e x i s t s . 

The use o f heavy media s i n k - f l o a t sepa ra t i on i s used a t on ly 

one ope ra t i on i n Canada and one i n the Un i ted S t a t e s . 

. C a l c i n i n g i s the p roces s ing step a p p l i e d to gypsum i n o rder to 

t r an s fo rm i t i n t o hemihydrate or anhydrous forms. C a l c i n i n g 

produces f ou r c a l c i n e d products on a commercial b a s i s : the two 

forms of hemihydrate (a lpha and b e t a ) : s o l ub l e a n h y d r i t e ; and 

an i n s o l u b l e (dead-burned) a n h y d r i t e . A l l hemihydrates are 

known as " s t u c c o " w i t h i n the i n d u s t r y , a lthough the form 

" p l a s t e r o f p a r i s " i s o f t en used too . The a lpha form of 

hemihydrate i s more s t a b l e than the beta form and has a s lower 

r a t e of s t reng th development. Th i s i s a disadvantage i n uses 

f o r s t u c co , but rehydrated a lpha hemihydrate produces denser 

and s t ronger p l a s t e r which i s advantageous i n o ther uses. 

A s o l u b l e anhyd r i t e i n the c a l c i n i n g process i s produced a f t e r 

the " f i r s t b o i l " , as a "second b o i l " known as "second s e t t l e " 

a t about 204 deg.C, a t which p o i n t , almost a l l o f the water of 

c r y s t a l l i z a t i o n i s removed. The " f i r s t b o i l " i s achieved a t a 

temperature of 177 deg.C, c a l l e d " f i r s t s e t t l e " s tucco . 

Second s e t t l e s tucco ( s o l u b l e anhydr i te ) d i f f e r s from f i r s t 

s e t t l e s tucco i n t h a t i t has l e s s p l a s t i c i t y . A f t e r r ehyd ra 

t i o n , second s e t t l e s tucco w i l l make a product w i th g r ea te r 

den s i t y and s t r e n g t h . 
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C a l c i n i n g i s accompl ished i n a ves se l c a l l e d a k e t t l e , of which 

the ba s i c des ign o r i g i n a t e d i n 1870. I t i s a c y l i n d r i c a l s t e e l 

ve s se l w i t h a he i gh t g r ea te r than i t s d iameter which i s 

enc lo sed i n a r e f r a c t o r y s h e l l . For k e t t l e c a l c i n i n g , gypsum 

i s u s u a l l y ground to a f i nenes s of 90% minus 100 mesh. 

The l a r g e s t u t i l i z a t i o n of c a l c i n e d gypsum i s i n the manufac

t u r e of wa l l boa rd and the fo rmat ion of p l a s t e r s f o r b u i l d i n g 

markets . 

I n s o l ub l e anhydr i te or dead-burned gypsum i s produced i n 

beehive k i l n s , r o t a r y c a l c i n e r s or f l a s h c a l c i n e r s us ing h i gher 

temperatures (up to 482 deg.C), than i s r equ i r ed f o r the o the r 

c a l c i n i n g method desc r i bed be f o re . 

The r e s u l t i n g product i s anhydrous ca l c ium su lphate which does 

not rehydrate and i s the l e a s t s o l u b l e of ca l c i um su lphate 

forms. 

Fo rmula t ion and manufactur ing f o l l o w s c a l c i n i n g because the 

d i r e c t product of gypsum c a l c i n i n g i s almost never used w i thou t 

f u r t h e r p roces s ing such as g r i n d i n g , b lend ing w i th a d d i t i v e s , 

r e h y d r a t i n g and c a s t i n g i t i n t o b l ock s or wa l l boa rd . 

The e a r l i e s t attempts a t f o r m u l a t i n g c a l c i n e d gypsum to improve 

i t s u t i l i t y were the a d d i t i o n of f i b r e s and/or aggregates. 

Today, r e t a r de r s are made from o rgan i c compounds and severa l 

d i f f e r e n t m a t e r i a l s can be used. These are formulated and 

manufactured by the major gypsum producing companies f o r t h e i r 

own use. Retarders are u s u a l l y g lue and s t a r c h . A c c e l e r a t o r s 

used i n the process are metal o r s y n t h e t i c s a l t s , such as 

potass ium su lphate or gypsum i t s e l f . 
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F i n e l y ground raw gypsum or rehydrated stucco are both used to 

a c c e l e r a t e the " s e t " o f s tucco f o r the manufacture of w a l l -

board. 

The type of s tucco and the c h a r a c t e r i s t i c s of the p l a s t e r be ing 

fo rmulated can be c o n t r o l l e d by other a d d i t i v e s mixed i n 

p r e c i s e p ropo r t i on s p r i o r to bagging. Much research has been 

c a r r i e d out by companies to determine proper formulas to be 

used. 

P l a s t e r s premixed w i t h sand, expanded p e r l i t e , or e x f o l i a t e d 

v e r m i c u l i t e aggregates are o f f e r e d f o r the b u i l d i n g t r a d e s , and 

a wide range of fo rmu la ted p l a s t e r s f o r i n d u s t r i a l use are a l s o 

a v a i l a b l e on the marketp lace . 

END-USES OF GYPSUM 

Gypsum i s one of the most common non - s t r u c t u r a l b u i l d i n g m a t e r i a l s 

l a r g e l y used f o r i n t e r i o r w a l l s , p a r t i t i o n s , c e i l i n g s , e i t h e r as 

p l a s t e r or i n p r e f a b r i c a t e d p roduct s . 

The development of wa l l boa rd r e v o l u t i o n i z e d the b u i l d i n g i n d u s t r y . 

Type-X gypsum w a l l b o a r d , i n the 1950 ' s , became the most commonly 

sought c o n s t r u c t i o n m a t e r i a l f o r h igh r i s e apartments and o f f i c e 

b u i l d i n g s because of i t s l e s s e r u n i t weight and e x c e l l e n t f i r e 

r e s i s t a n t c h a r a c t e r i s t i c s . 

Crude gypsum i s marketed f o r use i n cement, a g r i c u l t u r e , and 

o c c a s i o n a l l y as a f i l l e r . 

In po r t l and cement, gypsum i s used to r e t a r d the s e t t i n g o f 

c o n c r e t e . 

In a g r i c u l t u r e gypsum i s used to n e u t r a l i z e a l k a l i n e and s a l i n e 

s o i l and prov ide su lphur f o r maximum f e r t i l i z e r u t i l i z a t i o n . 
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P l a s t e r i s reground c a l c i n e d gypsum mod i f i ed w i t h r e t a r de r s or 

a c c e l e r a t o r s , c o n t a i n i n g va r i ou s b i nde r s . The p l a s t e r i s packed 

i n bags and s o l d under va r i ou s t rade names. 

P r e f a b r i c a t e d products i n c l u d e l a t h , veneer base, t i l e , sheath ing 

and wa l l boa rd . 

Keenes cement i s made by conve r t i n g crushed gypsum to i n s o l u b l e 

a n h y d r i t e by c a l c i n i n g a t temperature of 700 deg.C i n r o t a r y 

k i l n s . The ground c a l c i n e d gypsum, mixed w i th a se t a c c e l e r a t o r , 

makes a harder and s t ronger p l a s t e r product than o rd i na r y gypsum 

p l a s t e r . 

Crude gypsum i s a l s o used, to a l i m i t e d e x t e n t , as a f i l l e r i n 

p a i n t and paper manufacture and as a s u b s t i t u t e f o r s a l t cake i n 

g l a s s manufacture; however, those uses are not y e t wide-spread i n 

t he North American marketp lace. 

The l a r g e s t end-use f o r gypsum today i s i n the manufacture of 

w a l l b o a r d . Some 75% of the gypsum consumed i n Canada and the 

Un i t ed S ta te s i s used f o r wa l l boa rd . Wal lboard, i n i t s s imp le s t 

fo rm, i s a t h i n s l ab of gypsum made by c a s t i n g a water s l u r r y of 

s tucco i n a paper "enve lope " which c o n s i s t s of a gypsum core w i th 

s p e c i a l l y prepared paper bonded to both s ides and the edges. Th i s 

p roduct i s made on high speed, h i gh l y automated machines to a wide 

range of p r e c i s e s p e c i f i c a t i o n s . 

The bond between the paper and the gypsum core i s produced by the 

growth of gypsum c r y s t a l s l o c k i n g themselves i n t o the f i b r e of the 

paper as the stucco i s rehydra ted, i n s t ead of the use of 

adhes i ves . Ex tens i ve research and development work was spent on 

the proper f o rmu l a t i on of gypsum s l u r r y used i n w a l l b o a r d , but , 

b a s i c a l l y , i t c o n s i s t s of beta hemihydrate, an a c c e l e r a t o r , 

f i b r e s , s t a r ch and a f raming agent w i t h s tucco making up 95% of 
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the m a t e r i a l s used p r i o r t o mix ing w i t h water. F i gu re 3 shows a 

general process f l ow diagram from a wa l l boa rd p l a n t . 

The boards are cu t w i t h a r e v o l v i n g k n i f e i n t o app rop r i a t e lengths 

and s l ow l y pass through a d r y i n g k i l n . 

The most popular s i z e o f wa l l boa rd i s 1.2 m x 2.4 m x 12.77 mm 

(4 f t . x 8 f t . x 1/2 i n . ) t h i c k , but a wide v a r i e t y i s produced 

and made a v a i l a b l e on the market. 

Gypsum sheath ing i s made i n the same ba s i c way as wa l l boa rd except 

t h a t a spha l t - impregnated paper i s used. 



FIGURE 3 

SIMPLIFIED FLOW DIAGRAM FOR COMPLETE SMALL GYPSUM PLANT 
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3. GYPSUM PRODUCTION AND TRADE  

WORLD PRODUCTION AND TRADE 

Gypsum Is known to be produced i n some 72 coun t r i e s i n the wor ld 

w i t h over 80% o f recorded p roduct ion coming from 15 of those 

c o u n t r i e s . They are l o c a t e d i n Europe, North Amer ica, the Midd le 

E a s t , and A u s t r a l i a . Tab le 1 prov ides a p i c t u r e o f the wor ld 

p roduc t i on o f gypsum f o r the year s 1984, 1985, and 1986. 

The p roduct ion and use of gypsum i n any p a r t i c u l a r country i s 

u s u a l l y a f u n c t i o n of the methods of c o n s t r u c t i o n r a t h e r than the 

f requency of gypsum d e p o s i t s . For i n s t a n c e , i n c oun t r i e s where 

masonry products dominate i n c o n s t r u c t i o n use, the need f o r 

gypsum-based b u i l d i n g m a t e r i a l s i s low. The c a l c i n i n g of gypsum 

f o r w a l l b o a r d , b u i l d i n g p l a s t e r , and i n d u s t r i a l p l a s t e r s , i s 

a lmost e x c l u s i v e l y l i m i t e d to Europe, U.S.S.R., Canada, U.S.A., 

and Japan. 

In the North American gypsum i n d u s t r y , the United S ta te s i s both 

the l a r g e s t producer and the l a r g e s t importer of gypsum rock. In 

1985, the Un i ted S ta tes imported 9.2 m i l l i o n tonnes o f gypsum, 

c h i e f l y from th ree sources: Canada (70%), Mexico (20%), and Spain 

(8%) . 

Canada i s the s econd - l a r ge s t producer o f gypsum and i s the l a r g e s t 

e x p o r t e r w i t h the m a j o r i t y going t o the United S ta tes i n crude 

gypsum form. 

In Europe, France i s both the l a r g e s t producer and expo r te r of 

gypsum and, l i k e Canadian e xpo r t s , the gypsum i s i n crude rock 

form. Other l e a d i n g expo r te r s i n Europe i n c l ude Spa in , Po land, 

and West Germany. 



TABLE 1 

ESTIMATES OF THE WORLD PRODUCTION OF GYPSUM 

Producer Quant i ty (OOP's Tonnes) 

1984 1985 1986E 

Un i ted S ta te s 12,990 13,359 14,787 

A u s t r a l i a 1,996 998 1,179 

Canada 8,709 8,437 8,891 

France 5,443 5,443 5,534 

Germany,Federal Republ ic of 2,177 1,996 2,268 

I ran 4,990 4,990 4,808 

I t a l y 1,270 1,270 1,361 

Japan 6,078 6,260 6,169 

Mexico 2,994 2,812 3,175 

Spain 5,625 5,262 5,443 

Un i ted Kingdom 2,994 3,075 3,084 

Other Market Economy Count r ie s 12,060 12,440 12,610 

Ch ina 4,808 4,990 4,990 

Poland 1,297 1,352 1,270 

Romani a 1,814 1,542 1,633 

U.S.S.R. 4,899 4,899 4,899 

Other C e n t r a l l y Planned 1,777 1,816 1,814 
Economies 

World T o t a l 1 81,922 80,940 83,916 

1. Data may not add t o t o t a l s shown because of independent rounding 

E. Es t imated 

Source: United S tates Bureau of Mines, Minera l Commodity Summary, 
1986 and 1987 
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I t can be s a i d t h a t the wor ld t rade i n gypsum i s l i m i t e d due to 

the co s t of t r a n s p o r t a t i o n from the mine to the market a rea s . 

A l though depos i t s l o c a l t o the market may not be as pure, or as 

e a s i l y a c c e s s i b l e as remote d e p o s i t s , the co s t of f r e i g h t negates 

c o s t e f f e c t i v e n e s s . 

3.2 UNITED STATES PRODUCTION AND TRADE 

A v a i l a b l e data on crude gypsum output i n the Un i ted S ta tes f o r 

1985 was 13.1 m i l l i o n tonnes , va lued a t $ 120 m i l l i o n U.S. Th i s 

was an i nc rea se of 1% i n tonnage compared wi th t ha t of 1984. 

Leading S tates i n crude gypsum product ion were Texas, Oklahoma, 

M i ch i gan , Iowa, C a l i f o r n i a , and Nevada, which together accounted 

f o r 65% of the t o t a l . 42 companies mined crude gypsum a t 69 mine 

s i t e s i n 22 S t a t e s . Qypsum was c a l c i n e d by 14 companies a t 71 

p l a n t s i n 30 S t a t e s , produc ing 15.2 m i l l i o n tonnes of c a l c i n e d 

gypsum. A l s o , 725,760 tonnes of by-product gypsum were produced. 

Some 8.4 m i l l i o n tonnes were imported. Thus, a t o t a l 1985 

consumption of crude gypsum t o t a l l e d 22.2 m i l l i o n tonnes. 

A v a i l a b l e c a p a c i t y of ope r a t i n g gypsum board p l an t s i n the Un i ted 

S t a t e s a t year -end 1985, was 2.0 b i l l i o n square meters per y e a r . 

S a l e s of wa l l boa rd were 1.8 b i l l i o n square meters, r ep re sen t i n g a 

c a p a c i t y u t i l i z a t i o n of 89%. 

3.3 CANADIAN PRODUCTION AND TRADE 

Gypsum mining i n Canada i s a c t i v e i n s i x of the ten prov inces and 

the gypsum i n d u s t r y c o n t r i b u t e s to the economy of n ine p rov i n ce s . 

The re fo re , i t can be s a i d t h a t the gypsum i ndu s t r y i s one of the 

most important i n d u s t r i a l minera l i n d u s t r i e s i n the coun t r y . 

P r e s e n t l y , Canada ranks as the second- la rges t gypsum producer i n 

the wor ld and, a t the same t ime , holds the p o s i t i o n of being the 

l a r g e s t expor te r o f crude gypsum. 



TABLE 2 

UNITED STATES GYPSUM PRODUCTION/CONSUMPTION AND WALLBOARD PRODUCTION 1981-1985 

1981 1982 1983 1984 1985 

(OOO1s Tonnes) 

P roduct ion 

. Crude Gypsum 10,430 9,560 11,688 12,990 13,064 

. By-Product Gypsum 631 632 689 708 726 

. Ca l c i ned Gypsum 10,602 10,200 12,612 14,016 15,150 

Imports of Crude 7,215 6,095 7,286 8,078 8,437 
Gypsum 

Consumption of 17,634 15,874 20,603 21,973 22,226 
Crude Gypsum 

P r e f a b r i c a t e d 1,278 1,216 1,557 1,701 1,774 
Products 
(Wal lboard) 

Source: Un i ted S ta te s Bureau of Mines 
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Table 3 g ives an i n d i c a t i o n of the d i s t r i b u t i o n of gypsum produc

t i o n by p rov ince f o r the yea r s 1978 through 1986. 

I t shows a d e c l i n e of gypsum product ion i n B r i t i s h Columbia from 

1980 to 1982 by almost 50%. The rea f t e r , the p roduct ion i s main

t a i n e d a t about the same l e v e l account ing f o r 5.3% of the t o t a l 

Canadian gypsum product ion i n the pe r i od from 1984 to 1986. 

From Table 3, i t i s a l s o obvious t h a t gypsum product ion i n Ontar io 

i s on the steady i n c rea se account ing f o r some 13% to 15% of the 

t o t a l Canadian p roduc t i on . 

Nova S c o t i a i s the l e a d i n g producer of gypsum account ing f o r 73% 

o f the t o t a l Canadian p r oduc t i on . 

Ra t i n g the prov inces acco rd ing t o p roduc t i on , B r i t i s h Columbia 

comes f o u r t h a f t e r Nova S c o t i a , On ta r i o , and Newfoundland. 

Manitoba and New Brunswick come a f t e r B r i t i s h Columbia. 

Tab le 4 p rov ides a complete p i c t u r e o f gypsum movement i n and out 

o f Canada f o r the year s 1982 through 1985. 

I t i s q u i t e apparent t h a t the m a j o r i t y of Canadian crude gypsum 

expo r t s are to the Un i ted S t a t e s . Table 5 summarizes s t a t i s t i c s 

on Un i ted States-bound gypsum from Canada from 1983 through 1985. 

3.4 BRITISH COLUMBIA PRODUCTION AND TRADE 

In B r i t i s h Columbia, gypsum i s p r e s e n t l y produced from three 

mines, two are l o c a t e d i n the southeastern pa r t of the Prov ince 

and a t h i r d i s l o c a t e d i n the Okanagan D i s t r i c t . Domtar Const ruc

t i o n M a t e r i a l s produces an es t imated 120,000 tonnes annua l l y from 

i t s L u s s i e r R i v e r d e p o s i t , which i s r a i l e d to the company's 

w a l l b o a r d p l a n t i n A l b e r t a . The o ther producer i n the southeast 

i s Westroc I ndu s t r i e s which annua l l y mines between 300,000 and 



TABLE 3 

CANADIAN GYPSUM PRODUCTION BY PROVINCE, 1978 - 1986 

Prov i nee Quant i ty (000 ' s Tonnes) 

1978 1979 1980 1981 1 1982 1983 1984 1985 1986F 

Nova S c o t i a 5,935 6,031 5,273 4,480 5,397 5,476 6,165 6,164 

Ontar io 793 820 918 574 907 1,183 1,114 1,309 

B r i t i s h Columbia 795 766 800 415 460 412 454 459 

Newfound!and 865 858 711 409 553 531 518 449 

Manitoba 195 137 145 109 190 173 216 162 

New Brunswick 53 55 46 - - - - -

Tota l 8,636 8,667 7,893 7,025 5,987 7,507 7,775 8,447 8,542 

1. D i s t r i b u t i o n f o r 1981 not found 

P. P r e l i m i n a r y 

Sources: Energy Mines and Resources Canada; S t a t i s t i c s Canada 



TABLE 4 

CANADIAN GYPSUM PRODUCTION AND TRADE, 1982 - 1985 

1982 1983 1984 1985 

(Tonnes) ($000) (Tonnes) ($000) (Tonnes) ($000) (Tonnes) ($000) 

Production (Shipment) Crude Gypsum 
. Nova Scotia 4,480,000 30,500 5,397,000 37,064 5,476,643 38,373 6,165,000 47,268 
. Ontario 574,000 5,350 907,000 11,354 1,183,193 12,712 1,114,000 15,056 
. B r i t i s h Columbia 415,000 5,468 460,000 4,917 411,829 4,076 454,000 4,695 

Newfoundland 409,000 3,284 553,000 3,731 530,761 4,549 518,000 6,096 
. Manitoba 109,000 J \ 0 0 6 190,000 2,231 _J96,J)0Q _ 1,997 

T o t a l 2 5,987,000 46,608 7,507,000 59,297 7,775,082 61,562 8,447,000 75,076 

Imports, Crude Gypsum (Jan.-Sept) 
. Spain - - - - 83,914 2,876 10,839 362 
. Mexico 83,102 2,806 97,444 2,949 43,449 1,385 65,270 2,162 
. United States 10,742 264 3,479 128 4,357 n o 13,582 412 
. Hong Kong - - 16 1 89 3 57 2 

T o t a l 2 93,844 3,069 100,939 3,078 131,809 4,374 89,748 2,937 

Plaster of Paris and Wall P laster 
. United States 18,627 3,654 24,717 4,630 21,383 4,529 19,386 4,609 
. France 175 34 - - 2- 4 - -
. United Kingdom 15 3 - - 6 2 - -
. I ta ly 16 3 - - 4 2 - -
. Other Countries 93 30 11 3 12 1 5 2 

T o t a l 2 18,926 3,724 24,728 4,633 21,427 4,538 19,391 4,611 

Gypsum Lath, Wallboard and Basic (Square Meters) (Square Meters) (Square Meters) (Square Meters) 
Products 

(Square Meters) 

. United States 349,862 643 485,614 722 276,466 649 1,298,573 2,047 

. Other Countries - - 5,942 8 - - 14,238 40 

T o t a l 2 . 349,862 643 491,556 730 276,466 649 1,312,811 2,087 

Total Imports Gypsum and Gypsum Products 7,436 8,441 9,561 9,635 

Export, Crude Gypsum (Tonnes) (Tonnes) (Tonnes) (Tonnes) 
. United States 4,775,780 28,716 5,186,529 33,331 6,195,225 48,579 4,349,531 36,334 
. Other Countries - 503 6 29,349 217 12,416 78 

T o t a l 2 4,775,780 28,716 5,187,032 33,337 6,224,574 48,796 4,361,947 36,412 

Gypsum Lath, Wallboard and Basic (Square Meters) (Square Meters) (Square Meters) (Square Meters) 
Products 

(Square Meters) (Square Meters) 

. United States 13,808,620 12,898 25,836,909 28,435 71,692,814 104,978 33,645,225 62,708 

. Saudi Arabia 224,507 576 195,192 189 171,165 341 44,592 121 

. A lger ia 31,639 46 45,970 65 140,050 230 51,971 68 

. Bermuda 111,219 139 154,418 485 60,853 189 50,091 74 

. Other Countries 209,016 261 247,445 345 218,724 366 290,569 640 

T o t a l 2 14,385,001 13,920 26,479,934 29,519 72,283,606 106,104 34,082,448 63,611 

Total Exports of Gypsum and Gypsum Products 42,636 62,856 154,900 100,023 

1. Totals do not include gypsum produced by or shipped for use by Canadian portland cement producers 
2. Totals may not add due to rounding 

Sources: Energy, Mines & Resources, Canada; S t a t i s t i c s Canada 



TABLE 5 

CANADIAN GYPSUM PRODUCTION AND EXPORTS TO THE UNITED STATES 

Quant i ty (000,000's Tonnes) 

1983 1984 1985 

Product ion 7.51 7.78 8.45 

Export to United S tates 4.97 5.45 5.90 

% Export 66.20 70.10 69.60 

Sources: United S ta tes Bureau of Mines; and S t a t i s t i c s Canada 
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500,000 tonnes of gypsum from the company's Windermere o p e r a t i o n . 

Th i s product i s then r a i l e d to the company's wa l l boa rd manufactur

i n g p l a n t l o c a t e d on Annacis I s l and i n New Westminster and o the r 

u se r s such as Trurock and Genstar Cement p l a n t . 

In F a l k l a n d , Canada Cement Lafarge operates a mine from June to 

September each y e a r , sh ipp ing crude gypsum/anhydrite mixture to 

i t s cement p l a n t i n Kami oops. 

The O'Connor R i ve r gypsum depo s i t i n the northwestern pa r t of the 

p r o v i n c e , c l o s e to the A la ska border i s p r e sen t l y being eva luated 

as a p o s s i b l e source of crude gypsum f o r the markets i n the 

Vancouver and Tacoma a reas . Pa r t of t h i s market i s p r e sen t l y 

s u p p l i e d by gypsum imports from Mexico and Spa in . 
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4. MARKETS FOR GYPSUM 

4.1 PRODUCT GROUPS 

Gypsum p roduc t s , depending on t h e i r p roces s ing method and/or end-

use, are g e n e r a l l y d i v i d e d i n t o severa l c a t ego r i e s and groups. 

The market f o r gypsum i s mainly conta ined i n th ree major groups: 

1. Con s t r u c t i o n - gypsum used d i r e c t l y as a c o n s t r u c t i o n or 

b u i l d i n g m a t e r i a l ; 

2. I n d u s t r i a l - gypsum used i n the manufacture or p roces s ing of 

o the r m a t e r i a l s ; 

3. A g r i c u l t u r a l - gypsum used as a s o i l c o n d i t i o n e r . 

Gypsum products used i n the b u i l d i n g and c o n s t r u c t i o n i n d u s t r y do 

not c o n s t i t u t e s t r u c t u r a l components, but are used as cove r i ng and 

f i n i s h i n g m a t e r i a l . 

The l a r g e s t market f o r gypsum i n t h i s group i s i n wood frame 

b u i l d i n g s . 

The most v a l u ab l e c h a r a c t e r i s t i c o f gypsum i n the manufacture of 

c o n s t r u c t i o n m a t e r i a l s i s i t s f i r e - p r o o f i n g q u a l i t y . Qypsum i s 

noncombust ib le, a p roper ty t ha t has i t s ba s i s i n the combined 

water content of the product . When stucco i s rehydrated to make 

cove r i ng m a t e r i a l , i t r e v e r t s back to d i hyd ra te form and when the 

heat of f i r e h i t s a p l a s t e r w a l l , i t begins to l o s e i t s combined 

water which r e t a r d s the t ransmi s s i on of heat and f i r e . Th i s 

aspect i s e s p e c i a l l y important when wood f raming i s used i n 

b u i l d i n g s . 

4.1.1 Con s t r uc t i on Group 
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Another major advantage of gypsum f o r the c o n s t r u c t i o n i ndu s t r y 

i s i t s v e r s a t i l i t y and i t s economy of a p p l i c a t i o n . P l a s t e r can be 

used i n many forms as w e l l as wa l l b oa rd , c a s t b lock or t i l e . 

U t i l i z i n g d i f f e r e n t c a l c i n i n g methods and a d d i t i v e s , phy s i ca l 

p r o p e r t i e s of f i n i s h e d gypsum products can be v a r i e d w ide ly to 

meet d i f f e r e n t and o f ten s t r i n g e n t s p e c i f i c a t i o n s . 

The use of gypsum p a r t i t i o n and roo f t i l e has d e c l i n e d i n recent 

y e a r s , but these products are s t i l l p r e f e r r e d f o r some a p p l i c a 

t i o n s . 

Poured gypsum roof decks are u s u a l l y s p e c i f i e d f o r i n d u s t r i a l 

b u i l d i n g s . In such a p p l i c a t i o n s , a s p e c i a l l y fo rmulated p l a s t e r 

s l u r r y i s pumped i n p lace over a wa l l boa rd base to prov ide a 

comp le te l y f i r e - p r o o f r oo f . Other c o n s t r u c t i o n a p p l i c a t i o n s 

i n c l u d e water r e s i s t a n t sheath ing , p l a s t e r baseboard and f i r e -

p r o o f i n g b u i l d i n g s t e e l . 

4.1.2 I n d u s t r i a l Group 

Gypsum, i n t h i s ca tegory , can be d i v i d e d i n t o c a l c i n e d , anhydrous 

and an unca l c i ned gypsum product . 

The i n d u s t r i a l segment of the gypsum i ndu s t r y i s we l l developed i n 

the Uni ted S t a t e s , but markets are w ide l y s c a t t e r ed geog raph i ca l l y 

over the c o n t i n e n t . The i n d u s t r i a l group conta in s segments w i th 

many product l i n e s being s p e c i a l i z e d , and customers demand tens or 

hundreds of tonnes of a product r a t h e r than thousands of tonnes. 

The l a r g e s t use f o r c a l c i n e d gypsum by i ndu s t r y groups i s i n the 

manufacture of s a n i t a r y ware, p o t t e r y , metal c a s t i n g and decora

t i v e o b j e c t s . 

Mold ing p l a s t e r i s produced of h igh p u r i t y 95% gypsum and i s 

marketed on the ba s i s of i t s water demand, s t r e n g t h , whi te c o l o u r , 
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s e t t i n g t ime and t i g h t l y c o n t r o l l e d expansion and c o n t r a c t i o n 

q u a l i t i e s . I t can be made from e i t h e r a lpha o r beta hemi hydrate 

o r a combinat ion of the two. 

C a s t i n g p l a s t e r i s used by many i n d u s t r i e s . A h i g h l y s p e c i a l i z e d 

m a t e r i a l produc ing a s e t t i n g t ime i n on ly th ree t o f ou r minutes i s 

used i n denta l and o r thoped i c work. 

Another i n d u s t r i a l use i s as a cementing agent i n the w e l l 

d r i l l i n g i n d u s t r y , p a r t i c u l a r l y o i l and gas. A cementing agent i s 

made of low con s i s t ency a lpha hemihydrate and i s an e f f e c t i v e 

s e a l a n t f o r porous and cavernous rock s t r a t a . Qypsum, i n such 

a p p l i c a t i o n , may be mixed w i th other cement-base m a t e r i a l s . 

A s m a l l , but seemingly growing, use o f high den s i t y and h igh 

s t r eng th p l a s t e r s i s i n the maintenance of f l o o r s f o r quick 

p a t c h i n g , and h igh-use su r faces such as highways and a i r p o r t r un 

ways, because they do not have to be c l o s ed down f o r convent iona l 

r e p a i r s . In such a p p l i c a t i o n s , gypsum can be mixed w i th o the r 

c emen t i t i o u s m a t e r i a l s . 

Anhydrous gypsum, made from "second s e t t l e " s tucco w i thout water 

o f c r y s t a l l i z a t i o n o f t en c a l l e d " s o l u b l e a n h y d r i t e " , i s used as a 

d e s i c c a n t i n commercial a p p l i c a t i o n s , due t o i t s a b i l i t y to 

a t t r a c t water . 

A f i n e l y ground s o l u b l e anhyd r i t e i s a l s o used as a c a r r i e r f o r 

c e r t a i n i n s e c t i c i d e s which must remain dry t o ma in ta in t h e i r 

e f f e c t i v e n e s s . 

A dead-burned gypsum i s used f o r i n d u s t r i a l f i l l e r a p p l i c a t i o n s 

and f o r the manufacture of Keenes cement. Keenes cement i s a 

gene r i c name f o r dead-burned gypsum which, by the use of a d d i 

t i v e s , can be made to se t and harden a f t e r being mixed w i th water . 



4-4 

Unca l c ined i n d u s t r i a l gypsum i s raw or crude gypsum sometimes 

i n t e r m i x e d w i th anhyd r i te which i s used i n the cement i n d u s t r y as 

a r e t a r d e r , because ca l c ium su lphate c o n t r o l s the s e t t i n g t ime of 

P o r t l a n d cement. 

Te r r a a l b a , a high p u r i t y f i n e l y ground gypsum a t 95% gypsum and 

minus 325 mesh s i z e , w i th very wh i te c o l o u r , i s used as an i n e r t 

f i l l e r or d i l u e n t and a source of s o l u b l e and b i o l o g i c a l l y a v a i l 

a b l e c a l c i u m . 

G la s s batch gypsum i s unca l c i ned gypsum ground and s i z e d to the 

f i n e n e s s o f sand and i s used i n the manufacture of c on t a i ne r 

g l a s s . 

4.1.3 A g r i c u l t u r a l Group 

The o l d e s t use of gypsum on the North American c on t i nen t i s as a 

s o i l c o n d i t i o n e r . 

Land p l a s t e r can be produced from gypsum or anhydr i te i n an a i r -

swept m i l l to a r equ i r ed f i nenes s o f 75% to 95% pass ing 100 mesh. 

In a few western s t a t e s , p a r t i c u l a r l y C a l i f o r n i a , g yp s i t e i s s o l d 

i n l a r g e q u a n t i t i e s f o r s o i l f e r t i l i z e r . 

When gypsum i s a p p l i e d to s o i l , i t i s f o r these purposes: 

o b reak ing up compacted c l a y s , i n c r e a s i n g p o r o s i t y and a i d i n g i n 

d r a i nage ; 

o s upp l y i ng s o l u b l e ca l c i um f o r c rops and q u i c k l y a v a i l a b l e 

su lpha te su lphur : 

o n e u t r a l i z i n g sodium compounds i n a l k a l i s o i l s and connect ing 

h i gh sodium i r r i g a t i o n wate r s ; 

o improv ing a v a i l a b i l i t y and u t i l i z a t i o n of n i t r o g e n ; 

o c l e a n i n g up muddy farm ponds and s t i m u l a t i n g s o i l micro 

organ i sms. 
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In o ther a g r i c u l t u r a l - r e l a t e d a p p l i c a t i o n s , apar t from s o i l , 

ground gypsum i s added as an i n g r e d i e n t i n f o rmu l a t i n g feed f o r 

beef c a t t l e , d a i r y cows, and sheep. 

Today, however, gypsum a p p l i c a t i o n i n a g r i c u l t u r e has a l e s s e r 

use. I t i s b a s i c a l l y s u b s t i t u t e d by ca l c ium carbonate and l i m e 

stone and used i n a p p l i c a t i o n s where a source o f c a l c i um i s 

needed. 

A phosphogypsum i s used as a g r i c u l t u r a l f e r t i l i z e r i n C a l i f o r n i a . 

4.2 NORTH AMERICAN MARKET REVIEW 

4.2.1 Un i ted States Market 

In 1986, output of crude gypsum was 14.7 m i l l i o n tonnes va lued a t 

$ 126 m i l l i o n U.S., an i n c r e a s e of 11% compared to 1985 output . 

Leading s t a te s i n gypsum produc t i on are Texas, M i ch i gan , Iowa, 

Oklahoma, C a l i f o r n i a , and Nevada. They account f o r 85% o f the 

t o t a l crude gypsum p roduc t i on output . 

By-product gypsum, generated i n f l u e gas d e s u l p h u r i z a t i o n , 

phosphate rock a c i d u l a t i o n and o ther chemical p roces ses , i s not 

r e c l a i m e d , except f o r a minor amount f o r a g r i c u l t u r a l and w a l l -

board purposes. 

Imports of crude gypsum to the Un i ted States i n 1986 came from 

Canada (69%), Mexico (20%); Spain (10%); and Others (1%). 

Dur ing 1986, the gypsum i n d u s t r y f o l l owed the high a c t i v i t y of the 

c o n s t r u c t i o n and housing i n d u s t r y . The housing i n d u s t r y expe

r i e n c e d 1.8 m i l l i o n housing s t a r t s i n 1986 compared t o 1.7 m i l l i o n 

i n 1985. The s a l e s of gypsum wa l l boa rd i n 1986 i n c rea sed by 8% 
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from 1985 repo r ted s a l e s . Tota l wa l l boa rd shipments f o r 1986 were 

2.0 m i l l i o n square metres. 

A new wa l l boa rd p l a n t i n Oklahoma made severa l expansions and 

improvements t o the e x i s t i n g l i n e ope r a t i o n , which brought the 

gypsum board c a p a c i t y i n the s t a t e s up to 2.1 b i l l i o n square 

metres per y e a r . 

Th i s i n c rea sed c a p a c i t y was s u f f i c i e n t to meet i nc rea sed demand 

w i t hou t deve lop ing shor tages . 

The average p r i c e of wa l l boa rd i n twenty c i t i e s i n c rea sed s l i g h t l y 

from the beg inn ing of 1986 t o yea r -end . 

Shipments of imported wa l l boa rd from I t a l y and Spain i n c r ea sed , 

w h i l e the imports of wa l l b oa rd from Canada were 82.7 m i l l i o n 

square metres , an i n c rea se of 13% over imports i n 1985. 

Wal lboard expor t s from the Un i ted S tates to 33 d i f f e r e n t c oun t r i e s 

were 3.4 m i l l i o n square metres . 

Cu r ren t wa l l boa rd p roduc t i on c a p a c i t y i n the Un i ted S tates i s 

rough ly equal to demand. 

The major f i rms manufactur ing gypsum wa l lboa rd i n the Uni ted 

S t a te s are Un i ted S ta te s Qypsum w i th 22 p l a n t s , Nat iona l Gypsum 

w i t h 18 p l a n t s , Georg ia P a c i f i c w i t h 9 p l a n t s , and Genstar 

B u i l d i n g M a t e r i a l s w i th 5 p l a n t s . 

The Un i ted S ta te s consumes 26% of the w o r l d ' s p roduc t i on of crude 

gypsum to produce c a l c i n e d gypsum i n p r e f a b r i c a t e d products a t 

96%, and i n d u s t r i a l and b u i l d i n g p l a s t e r a t 4%. 

Leading s a l e s reg ion f o r p r e f a b r i c a t e d products are the South 

A t l a n t i c , West South C e n t r a l , P a c i f i c , and East North C e n t r a l . 
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Table 6 i n d i c a t e s the d i s t r i b u t i o n of gypsum products s o l d or used 

i n the United S ta te s by product group and use i n 1985. 

4.2.2 Canadian Market 

The United S ta te s i s the on ly expor t market f o r Canadian crude 

gypsum and gypsum wa l l b oa rd p r oduc t i on . Thus, gypsum product ion 

and sa le s i n Canada are i n d i r e c t response t o demand from the 

wa l l boa rd i n d u s t r i e s d o m e s t i c a l l y and i n the Un i ted S t a t e s . 

There are four l a r g e wa l l boa rd manufacturers i n Canada. Two are 

Canadian-owned, Domtar and Genstar , wh i l e the o ther two are 

fore ign-owned, Canadian Gypsum, owned by U.S. Gypsum, and Westroc 

I n d u s t r i e s , owned by B r i t i s h P l a s t e r Boards L t d . 

Canadian p roduct ion and markets are main ly concent ra ted i n 

A t l a n t i c Canada, p r i n c i p a l l y i n Nova S c o t i a and Newfoundland, 

where major depos i t s have been mined f o r many y e a r s . The A t l a n t i c 

r eg i on accounts f o r more than 75% o f Canadian gypsum product ion 

and f o r approx imate ly 70% o f exported gypsum. In 1984, 80% of the 

t o t a l Canadian crude gypsum product ion was exported from the 

A t l a n t i c r e g i o n , main ly t o the Un i ted S t a t e s . 

Shipments of crude gypsum from the gypsum qua r r i e s i n the A t l a n t i c 

r e g i on are d e l i v e r e d t o wa l l boa rd p l an t s and po r t l a nd cement 

p l a n t s i n Quebec, O n t a r i o , and the Uni ted S t a t e s . New Brunswick 

gypsum product ion i s used l o c a l l y by a cement producer. 

Gypsum product ion i n On ta r i o i s used o n - s i t e , except t h a t of the 

Westroc I ndu s t r i e s L i m i t e d mine i n Dumbar which sh ips gypsum to a 

wa l l boa rd p l a n t i n M i s s i s s auga . 

The p r a i r i e markets are served by gypsum product ion i n Manitoba 

and B r i t i s h Columbia. 



TABLE 6 

GYPSUM PRODUCTS1 SOLD OR USED IN THE UNITED STATES, 1985 

Quant i ty % Value % 

(OOO ' s Tonnes) ($000 U.S.) 

Con s t r uc t i on 

. B u i l d i n g P l a s t e r 279 1, .2 35,075 1.5 
9 

. P r e f a b r i c a t e d Products 17,774 74. .2 2,266,348 93.7 

Sub-Total 18,053 75, .4 2,301,423 95.2 

I n d u s t r i a l 

. P o r t l a n d Cement 4,129 17. .2 38,623 1.6 

. I n d u s t r i a l P l a s t e r 495 2. ,1 55,426 2.3 

. F i l l e r s and M i sce l l aneous 128 0. ,5 6,448 0.3 

Sub-Total 4,752 19. .8 100,497 4.2 

3 
A g r i c u l t u r e 1,145 4. .8 16,377 0.6 

TOTAL 23,950 100. ,0 2,418,296 100.0 

1. Inc ludes domest ic , imported and by-product gypsum. 

2. Inc ludes weight of paper, metal and other m a t e r i a l s and some 
by-product gypsum. 

3. Inc ludes most of 755,315 tonnes of by-product gypsum. 

Source: Un i ted S ta te s Bureau of Mines, M inera l Yearbook, 1985 
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Imports from Mexico, Spa in , and the Un i ted S t a t e s , are used by 

w a l l b o a r d and cement p l an t s s i t u a t e d i n the B r i t i s h Columbia 

P a c i f i c c oa s t a l r e g i on . 

The Canada-United S ta tes t r a d e , i n c l u d i n g gypsum wa l l boa rd , i s 

u s u a l l y i n t r uck loads of 18 t o 23 tonnes f o r d e l i v e r y to ware

hous ing or j o b - s i t e s . 

R e c e n t l y , due t o high demand r e q u i r i n g l a r g e r shipments, t r a n s 

p o r t a t i o n by r a i l has become q u i t e common. 

The present s t r u c t u r e of the Canadian gypsum i ndu s t r y i s not 

l i k e l y t o change. B u i l d i n g m a t e r i a l s p l a n t s have s u f f i c i e n t 

c a p a c i t i e s t o meet the sho r t - te rm reg i ona l demands f o r gypsum 

p roduc t i on and a l s o to supply some o f the high demand from the 

U n i t e d S t a t e s . 

4.2.3 P a c i f i c Northwest Market 

Most of B r i t i s h Co lumbia ' s products are s upp l i ed by gypsum from 

the p rov ince and imports from Mexico and Spa in . 

Gypsum p roduc t i on from Windermere, L u s s i e r R i v e r , and F a l k l a n d , 

a re used by wa l l boa rd and cement manufacturer s . 

Imports from Mexico and Spain have been made f e a s i b l e because o f 

h i gh demand, s t r i n g e n t q u a l i t y s p e c i f i c a t i o n s which are met by 

Mexican and Spanish gypsum, and a low c o s t bulk s h i pp i ng . 

Low p roduct ion co s t s and compe t i t i v e s h i pp ing arrangements p lay a 

major r o l e i n p l a c i n g such imported gypsum on Canadian markets. 

Some of the Spanish gypsum, due t o i t s compet i t i vene s s , i s back-

hau led to the Un i ted S ta tes p o r t s . 



4-9 

Table 7 g ives an overview o f gypsum board products f o r 1986 i n the 

Un i t ed S ta te s P a c i f i c market, e x c l ud i ng B r i t i s h Columbia. 

4.3 FACTORS AFFECTING MARKETABILITY 

The o b j e c t i v e of t h i s s e c t i o n i s to g ive the reader an i n t r o 

d u c t i o n to the major f a c t o r s t ha t h inder the market ing of gypsum 

i n the i n d u s t r i a l wo r l d . Each f a c t o r l i s t e d below i s d e a l t w i t h 

i n g r ea t e r d e t a i l i n subsequent s e c t i on s as i t would apply t o 

B r i t i s h Columbia. 

1. T r an spo r t a t i o n 

The most important f a c t o r t h a t w i l l determine the va lue of one 

gypsum depo s i t a ga i n s t another i s the co s t of t r a n s p o r t a t i o n 

from the mine to the market a r ea . " P l a ce Va lue " i s the term 

used to de s c r i be the market p o t e n t i a l o f a depos i t based on i t s 

r e l a t i v e market l o c a t i o n . 

A good example of " p l a c e v a l u e " i s witnessed i n the Uni ted 

S t a t e s where, h i s t o r i c a l l y , over o n e - t h i r d o f i t s gypsum needs 

a re imported to c oa s t a l markets because expo r t i ng c o u n t r i e s 

have depos i t s near deep water and, t h e r e f o r e , sh ipp ing co s t s to 

consumers are lower than from i n l a n d United S ta tes s i t e s . 

2. Grade 

An assessment of the grade of a gypsum depos i t i s r equ i red to 

compete w i t h a depos i t s e r v i n g the same market. More s p e c i f 

i c a l l y , i m p u r i t i e s must be ana lyzed to determine i f b e n e f i c i a 

t i o n i s r e q u i r e d and, i f so, i f i t i s economica l ly f e a s i b l e . 



TABLE 7 

GYPSUM BOARD PRODUCTS IN THE UNITED STATES PACIFIC REGION, 1986 

Quant i ty % 

(OOO1s Square Meters) 

Lath 830 0.26 

Veneer Base 2,211 0.69 

Sheath ing 2,800 0.87 

Regular Gypsum Board 164,145 51.08 

Type-X Gypsum Board 133,183 41.44 

Predecorated Board 1,335 0.41 

5/16 Mob i le Home Board 7,103 2.21 

Water/Moisture Re s i s t an t Board 9,752 3.03 

1. Data may not add to t o t a l s shown due t o independent rounding 

Source: Un i ted S tates Department of I n t e r i o r , Bureau of Mines 
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3. Cons t ruc t i on Indust ry 

In the recent pa s t , the p roduct ion of gypsum has r e l a t e d 

c l o s e l y to the b u i l d i n g c o n s t r u c t i o n i n d u s t r y . Wal lboard i s 

used e x t e n s i v e l y i n both r e s i d e n t i a l and n o n - r e s i d e n t i a l 

b u i l d i n g s and cement consumption i s s u b s t a n t i a l i n commercial 

b u i l d i n g developments. 

Although housing s t a r t s are a good i n d i c a t o r of demand f o r 

gypsum wa l l b oa rd , the i n c r e a s i n g use i n r e t r o f i t a p p l i c a t i o n s 

must be taken i n t o account as w e l l . 

4. Capt i ve Market 

Because crude gypsum i s a r e l a t i v e l y l ow-co s t commodity, i t i s 

economical to be a v e r t i c a l l y - i n t e g r a t e d mine and manufactur ing 

company. The manufactur ing f a c i l i t i e s of these i n t e g r a t e d 

companies are u s u a l l y l o c a t e d near the p a r t i c u l a r market. 

These l a r g e , w e l l - f i n a n c e d companies, have c a p t i v a t e d a 

market. 

V e r t i c a l i n t e g r a t i o n has caused s t rong compet i t i on i n the t e c h 

n o l o g i c a l l y advanced c o u n t r i e s i n c l u d i n g the Uni ted S t a t e s , 

Canada, Western Europe and Japan. 

5. By-Product Gypsum 

The t h r e a t of s y n t h e t i c or by-product gypsum being used i n 

s u b s t a n t i a l q u a n t i t i e s as a s u b s t i t u t e f o r na tu ra l gypsum has 

e x i s t e d f o r some t ime . By-product gypsum i s used i n Japan f o r 

both po r t l and cement r e t a r d e r and wa l l boa rd . C l o se r to home, 

s y n t h e t i c gypsum i s be ing used as a s o i l c o n d i t i o n e r i n 

C a l i f o r n i a , w h i l e a wa l l boa rd p l an t i n Texas uses minor 

q u a n t i t i e s i n i t s manufactur ing process . 
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By-product gypsum has not y e t made a s i g n i f i c a n t impact on the 

gypsum i n d u s t r y , main ly because of added co s t s t o remove or 

reduce i m p u r i t i e s to make i t acceptab le . However, i t should be 

noted t h a t i n c r e a s i n g volumes of by-product gypsum are being 

s t o c k p i l e d i n the Un i ted States and q u a n t i t i e s produced each 

yea r are enough to cover annual impor t s . 

6. Seasonal Operat ions 

C l i m a t i c c o n d i t i o n s o r seasonal changes, e x i s t i n g a t a gypsum 

d e p o s i t , may h inder or h a l t mining f o r s i g n i f i c a n t per iods of 

t ime and depr i ve in tended markets. Being unable to d e l i v e r 

c ou l d cause unfavourable consequences. 

7. Currency Exchange Rates 

L i k e many commodities des t i ned f o r f o r e i g n markets , the volume 

o f gypsum product expor t s are h i gh l y dependent upon the 

cur rency exchange r a t e . This i s o f p a r t i c u l a r importance t o 

Canadians where, h i s t o r i c a l l y , exports of gypsum t o the Un i ted 

S ta te s have f a r exceeded i n t e r n a l consumption. For example, 

shipments o f gypsum wa l l boa rd to the Un i ted S ta te s rose from 26 

m i l l i o n square metres i n 1983 to 723 m i l l i o n square metres i n 

1984. The 1984 shipments represent approx imate ly 35% o f the 

t o t a l Canadian c a p a c i t y . 
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5. OCCURRENCES OF GYPSUM IN THE PACIFIC RIM OF NORTH AMERICA 

The common g e o l o g i c a l o r i g i n of economic gypsum depo s i t s i s from 

evaporat ion and c o n c e n t r a t i o n of marine depos i t s i n dry c l i m a t e s , 

where the ca l c i um su lphate minera l s are depos i ted by p r e c i p i t a t i o n 

from aqueous s o l u t i o n s . 

Most commercial gypsum depos i t s were formed by the a c t i o n of 

su r face and ground water on anhyd r i t e . Hydrat ion o f anhyd r i te 

i n t o gypsum i s found a t depths ranging from 0 t o some 61 meters 

below the s u r f a c e . 

Many gypsum depo s i t s are Quaternary i n age, a l though gypsum, as 

found, i s produced from rock of d i f f e r e n t ages. The abundance of 

gypsum of Quaternary age i s due to the recent and con t i nu i n g 

conver s ion of anhyd r i t e t o gypsum. 

Gypsum t h a t i s u t i l i z e d i n commercial a p p l i c a t i o n s con ta i n s some 

10% to 15% o f i m p u r i t i e s . Some depos i t s may be 80% to 95% pure 

gypsum. 

The i m p u r i t i e s t h a t are t o l e r a t e d depend on: the type of 

i m p u r i t y , the product be ing manufactured, and the compet i t i v e 

s i t u a t i o n . 

D e t a i l s o f occurrences and minable depos i t s w i t h i n the North 

American P a c i f i c Rim i n c l u d i n g Idaho and Montana f o l l o w . 

5.1 UNITED STATES OCCURRENCES 

5.1.1 A laska 

There are th ree notab le occurrences of gypsum i n A l a s k a . Two have 

seen p roduct ion i n the pa s t . The Iyoukeen Cove proper ty on 

eas te rn Chichagof I s l a nd , 96 km west of Juneau, was d i s cove red i n 

1902. By 1926, some 454,000 tonnes of gypsum were mined from 
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underground by the P a c i f i c Coast Qypsum Company. Qypsum mined was 

high q u a l i t y " b l ue gypsum", but t e c h n i c a l and economic f a c t o r s 

f o r ced the mine c l o s u r e . 

Another d e p o s i t , known as Sheep Mountain, l i e s some 160 km n o r t h 

ea s t of Anchorage. The Sheep Mountain property c o n s i s t s of 

i r r e g u l a r pods of gypsum and anhyd r i t e i n hydrothermal zones 

a s s o c i a t ed w i t h porphyry copper - type m i n e r a l i z a t i o n . A small 

q u a n t i t y of gypsum w i th k a o l i n c l a y was e x p l o i t e d f o r p roduct ion 

o f b r i c k s i n the Anchorage area du r ing the 1950 ' s . A t h i r d 

no tab le gypsum occurrence i n A la ska i s a depos i t i n the northern 

Wrangell Mountains a t B a u l t o f f Mountain. Th i s depos i t c o n s i s t s of 

pods o f h igh-grade gypsum a s s o c i a t ed w i t h a high temperature 

a l t e r a t i o n zone i n a porphyry copper system. 

Locat ions of these depos i t s are noted on the accompanying map. 

5.1.2 Washington 

Crude gypsum i s mined by Agro M ine ra l s Inc. a t Poison Lake, 

Okanogan County, the on ly gypsum mine i n the S ta te of Washington. 

Agro M i ne ra l s Inc. has been min ing gypsum a t Poison Lake s i nce 

1948. The g ranu la ted gypsum product i s used main ly as a s o i l 

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

C a l c i n e d gypsum i s produced by Norwest Qypsum Inc. i n S e a t t l e , and 

by Domtar Qypsum America Inc. a t Tacoma, i n P i e r c e County. Gypsum 

f o r c a l c i n i n g i n these p l an t s i s sh ipped from other depos i t s ou t 

s i de the S ta te of Washington. Other noted occurrences of gypsum 

i n the s t a t e a re : 

1. O r t i n g , P i e r c e County - Grade too low f o r c u r r e n t economic 

use. 

2. Tacoma, P i e r c e County - Qypsum showing a shor t d i s tance from 

Tacoma, near O r t i n g . 



Source: U.S. Bureau of Mines 
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3. Mount Adams, Yakima County - Small q u a n t i t y , i n a c c e s s i b l e . 

4. Ahtanum Creek, Yakima County - Unknown r e se r ve s . 

5. Squaw Saddle, Yakima County - Sub-economic grade of gypsum. 

6. M inn ie P ro spec t , Okanogan County - Noncommercial q u a l i t y . 

7. Lenton F l a t , Okanogan County - S u f f i c i e n t q u a l i t y and quan t i t y 

t o warrant market i n v e s t i g a t i o n . 

8. B i t t e r Lake, Okanogan County - Small amount mined i n the pa s t . 

9. Jenny P r o s p e c t , F e r r y County - Commerc ia l e x t r a c t i o n 

i m p r a c t i c a l . 

Loca t i on s of these depos i t s are noted on the accompanying map. 

5.1.3 Oregon 

Qypsum s t r i n g e r s and c l u s t e r s of gypsum c r y s t a l s are known through 

many l o c a l i t i e s i n Oregon. Qypsum a l s o occurs as a gangue 

m a t e r i a l i n many of the v e i n - t ype d e p o s i t s . Some of these l o c a l i 

t i e s p rov ide specimens of s e l e n i t e and s a t i n spar , but none of 

these occurrences appear t o be of any commercial va lue f o r d e v e l 

opment. These l o c a l i t i e s are found i n western and southwestern 

Oregon, as shown on the accompanying map. 

The on ly gypsum depos i t where gypsum was mined between 1896 to 

1926, i s l o c a t e d near the Snake R i v e r , a few k i l omete r s north of 

Hunt ing ton , Baker County. Th i s depo s i t i s not c u r r e n t l y mined and 

f u t u r e e x p l o i t a t i o n seems u n l i k e l y f o r t h i s depo s i t . 

The l o c a t i o n s are noted on the accompanying map. 



Source: U * S . Bureau of Mines 



GYPSUM OCCURRENCES IN OREGON 

Gypsum, gypslte and anhydrite in Oregon. 

Source: U.S. Bureau of Mines 



5-4 

5.1.4 Cal i f o rm 'a 

P o t e n t i a l l y minable depos i t s of gypsum i n C a l i f o r n i a are known to 

e x i s t i n on ly one geo l og i c a l environment, l ake beds r e s u l t i n g from 

the t o t a l evapora t ion of i n l a n d bodies of water . 

A s u b s t a n t i a l pa r t of f i n i s h e d gypsum product s , manufactured i n 

C a l i f o r n i a , use imported gypsum mined e l sewhere. Crude gypsum i s 

imported to C a l i f o r n i a from Nevada, San Marcos I s l a nd , Baja 

C a l i f o r n i a , and Mexico. 

Noted occurrences of gypsum i n C a l i f o r n i a can be l i s t e d as 

f o l l o w s : 

1. F i s h Creek Mountain Depos i t , Imperia l and San Diego Counties 

- Th i s i s the l a r g e s t gypsum mine i n the Un i ted S t a t e s . The 

mined gypsum rock i s hauled by narrow-gauge r a i lway some 

40 km to the United S tates Gypsum p l an t a t P l a s t e r C i t y . 

2. Quatal Canyon, Ventura County - Gypsum occurs i n the eastern 

pa r t o f Cuyama V a l l e y . The quarry i s l o c a t e d i n the no r t h 

west f l a n k o f a no r thwes t - t rend ing a n t i c l i n e . The gypsum 

here i s a brown-coloured aggregate of g ra in s which does not 

a f f e c t q u a l i t y of the gypsum. 

3. L i t t l e Mar ia Mountains Depos i t s , R i v e r s i d e County - The 

gypsum occurs w i th c r y s t a l l i n e l imes tone , q u a r t z i t e and green 

s c h i s t o s e r ock s . Only one depos i t i s being worked at the 

present t ime . The quar ry , fo rmer ly operated by Utah 

Con s t r u c t i on Company, was acqu i red by the Fannin i n t e r e s t s to 

form the Fannin Super io r Gypsum Co., Inc. The m i l l i s 

l o c a t e d a t Inco S i d i n g on the Santa Fe Ra i lway. 
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4. Pal en Mountains Depo s i t , R i v e r s i d e County - A l a r g e depos i t 

o f gypsum i s known to e x i s t i n the Pal en Mountains, i n c l u d i n g 

marb le, q u a r t z , and t h e i r t he rma l l y metamorphosed d e r i v a 

t i v e s . In s p i t e of e x p l o r a t i o n and development a c t i v i t i e s i n 

the r e g i o n , no min ing of gypsum has been attempted. 

5. R i v e r s i d e Mountains Depos i t , R i v e r s i de County - A l a r g e 

depo s i t of p r e - T e r t i a r y gypsum occurs on the eas t face of the 

R i v e r s i d e Mountains, 6.4 km south of V i d a l . Development work 

has been done f o r an underground mine c o n s i s t i n g of short 

tunne l s and t e s t p i t s . R e l i e f i n the reg ion i s extreme and 

road c o n s t r u c t i o n i s d i f f i c u l t . 

6. C l a r k Mountain A rea , San Bernardino County - Undeveloped 

depos i t s of gypsum occur north of C lark Mountain. 

7. China Ranch Depos i t , Inyo County - Gypsum i s exposed along 

China Ranch Road. Underground mining methods have been used 

on t h i s d e p o s i t . 

8. Cuddy Canyon Depos i t , Kern County - A gypsum depos i t 3.2 km 

west of F r a s i e r Park , on the south - s ide of Cuddy Canyon, has 

been developed by an i n c l i n e d s h a f t . 

9. Avawatz Mountains Depos i t , San Bernardino County - Gypsum, 

s a l t and s e l e n i t e beds occur here i n a b e l t of f o lded and 

f a u l t e d T e r t i a r y beds t h a t are exposed i n the northern 

f o o t h i l l s o f the Avawatz Mountains. 

10. B r i s t o l Lake, San Bernardino County - Th i s i s the most 

important source of p laya gypsum. The p laya i s f i l l e d w i th 

b r i ne s a t u r a ted f i n e sediments covered by a ha rd , s a l t -

c r u s t ed s u r f a c e . 
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11. Danby Lake, San Bernardino County - Another p laya gypsum 

depos i t a long the nor theas te rn margin of the l a k e . 

L oca t i on s of these depos i t s are noted on the accompanying map. 

5.1.5 Nevada 

In 1984, Nevada produced 1,081,400 tonnes of crude gypsum from the 

Empire, Adams, Apex, and Blue Diamond d e p o s i t s . Three of these 

ope r a t i on s produced c a l c i n e d gypsum which was used i n the manu

f a c t u r e of w a l l b o a r d . The output of the f o u r t h mine was used i n 

the manufacture of cement. 

There are 26 l i s t e d gypsum depos i t s i n Nevada and a t o t a l of 20 

occur rences of bedded gypsum. Of the known d e p o s i t s , 10 are i n 

the western o n e - t h i r d of the s t a t e , and the o ther 16 are i n C l a r k 

and southern L i n c o l n Count ie s . 

Nevada ranked as the s i x t h l a r g e s t producer of gypsum i n 1984 and 

has an important r o l e i n gypsum supply to C a l i f o r n i a . 

Depos i t s and occurrences o f gypsum i n Nevada are l i s t e d as 

f o l 1ows: 

1. Empire, Per sh ing County - Most of the gypsum i s wh i t e , f i n e 

g r a i n e d , and n o n - f r i a b l e , p u r i t y o f gypsum content v a r i e s 

from 25% to 95%. Min ing i s c a r r i e d out by open p i t methods. 

The depo s i t i s l o c a t e d i n the western pa r t of the S e l e n i t e 

Range. The crushed gypsum i s hauled to the p l an t a t Empire, 

i n Weshoe County, some 10 km away. The p roper ty i s developed 

by Un i ted S ta tes Gypsum Co. Most of the mine output i s 

c a l c i n e d and used f o r the manufacture of wa l l boa rd at Empire 

and Fremont, C a l i f o r n i a . Patented c l a ims i n the area are 

owned by Un i ted S tates Gypsum Co. , Domtar Gypsum Inc., and 

Nat iona l Gypsum Co. 
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2. North Love lock , Per sh ing County - Located on the west s ide of 

the West Humboldt Range, gypsum i s w h i t e , f r i a b l e t o f i r m , 

w i t h minor i m p u r i t i e s of q u a r t z , m ica , and m o n t m o r i l l o n i t e . 

Gypsum was mined by a small open p i t , severa l a d i t s and a few 

t e s t p i t s . Three patented c l a ims owned by Un i ted S ta tes 

Gypsum Co. cover the area of the depo s i t . 

3. Love lock , Persh ing County - Gypsum c o n s i s t s of a medium grey 

c r u s t , severa l cent imete r s t h i c k , and i s devo id of vegeta 

t i o n . The gypsum m a t e r i a l i s w h i t e , f r i a b l e , i n the v a r i a b l e 

amounts of l i g h t - g r e y harder rock . 

I t i s s i t u t a t e d on the west s i de of the West Humboldt Range. 

Some a d i t s , t r ench i n g and road b u i l d i n g were c a r r i e d out on 

the p rope r t y . The c l a ims are owned by P a c i f i c Coast B u i l d i n g 

Products I nc . , and the Un i ted S tates Qypsum Co. Un i ted 

S t a t e s Qypsum Co. d r i l l e d i n 1940 and the area owned by 

P a c i f i c B u i l d i n g Products was d r i l l e d i n 1984. Small 

p roduc t i on was c a r r i e d out i n the pas t . 

4. C r y s t a l P l a c e r , Per sh ing County - Qypsum i s i n d i s t i n c t l y 

bedded, wh i te to grey i n c o l o u r , f r i a b l e and l o c a l l y i r o n 

s t a i n e d . I t i s l o c a t e d i n the West Humboldt Range eas t of 

Love lock . The depo s i t i s i n a c t i v e today. Some product ion 

was c a r r i e d out by open p i t min ing i n the past few yea r s . 

5. Mut t l ebury Canyon, Per sh ing County - Qypsum i s wh i te to l i g h t 

o l i v e - g r e y , f i n e g r a i ned , f r i a b l e , and f a i r l y un i form. The 

d e p o s i t i s l o c a t e d i n West Humboldt Range ea s t of Love lock. 

Minor past p roduct ion t o t a l l e d l e s s than 1,810 tonnes. The 

l a nd i s owned by South P a c i f i c Co. 

6. Corn Beef, Persh ing County - Qypsum i s snow-white, sugary and 

f r i a b l e . I t i s l o c a t e d i n the northwestern pa r t of the 
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S t i l l w a t e r Range. I t was exp lo red by a few sha l low trenches 

and c u t s . There was no past p r oduc t i on . 

7. Adams, Lyon County - Qypsum w i t h anhydr i te bedded depos i t was 

developed by open p i t m in ing . Qypsum supply i s shipped to 

two C a l i f o r n i a cement p l a n t s and one cement p l a n t i n Nevada. 

I t i s l o c a t e d on the southwestern f l ank of the V i r g i n i a Range 

about 2 km northwest o f Mound House. 

8. Ludwig, Lyon County - Qypsum i s white to l i g h t o l i v e - g r e y , 

sugary to compact, and f a i r l y pure. I t was developed by an 

i r r e g u l a r open p i t . The mine operated from 1911 to 1930. 

Gypsum was sh ipped to a p l a s t e r m i l l a t Reno. L a t e r , p l a s t e r 

was produced on the p r o p e r t y . The mine i s l o c a t e d on the 

west edge of the S inga t se Range. 

9. Regan, M inera l County - Qypsum i s un i form, whi te to l i g h t 

g rey, f i n e - g r a i n e d to sugary and o f good q u a l i t y . The area 

was mined i n the 1930 's t o 1940 ' s . I t was b r i e f l y a c t i v e i n 

1983. I t i s l o c a t e d on the West Wassuk Range. 

10. White Queen, L i n c o l n County - Qypsum i s f i n e g r a i ned , f r i a b l e 

and porous. The area was exp lo red by sha l low cut s and d r i l l 

h o l e s . There has been no p r oduc t i on . I t i s l o c a t e d i n the 

southern p a r t of Tu le Spr ings H i l l . 

11. B u n k e r v i l l e R idge, C l a r k County - Qypsum i s wh i t e , mass ive, 

f i n e - g r a i n e d , and f r i a b l e . There has not been any past 

p r oduc t i on . Minor e x p l o r a t i o n was done by t r ench i n g . The 

depos i t i s l o c a t e d near the edge of the V i r g i n Mountains. 

12. White S ta r No. 2, C l a r k County - Qypsum i s laminated t o 

th in -bedded, wh i te to g r e y i s h orange-pink i n c o l o u r . Surface 

workings c o n s i s t of t h ree open p i t s . Underground work was 
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done by I n c l i n e d open s topes. The depos i t i s l o c a t e d on the 

west f l a nk o f Weiser Ridge. 

13. Anderson, C l a r k County - Qypsum i s of good q u a l i t y , w h i t e , 

f i n e - g r a i n e d , and f r i a b l e . The s i t e was exp lo red by a few 

sha l low p r o spec t s , p i t s , and an a d i t . There has been no past 

p r oduc t i o n . I t i s l o c a t e d i n the North Muddy Mountains, 

northwest of Overton. 

14. Apex (PABCO), C l a r k County - Qypsum was formed i n a marine 

environment and i s of coarse g r a i n s i z e . The area has been 

con t i nuou s l y mined s i n ce 1959 when PABCO Products Inc. b u i l t 

a washing p l a n t . The washed product was shipped to p l an t s i n 

the Los Angeles and San F ranc i s co Bay a reas . A wa l l boa rd 

p l an t was completed on the property i n 1965. In 1984, the 

ope ra t i on began supp l y i ng the Bay area w i th c a l c i n e d gypsum. 

Gypsum o f 92% t o 95% p u r i t y i s produced through the washing 

p l a n t . The l o c a t i o n i s east of Sunr i se Mountain, about 24 km 

eas t of Las Vegas. 

15. Blue Diamond, C l a r k County - Qypsum i s of good q u a l i t y , 

wh i t e , f i n e - g r a i n e d , and n o n - f r i a b l e . The crude gypsum i s 

produced by Genstar B u i l d i n g M a t e r i a l s Co. A l l p roduct ion i s 

by open p i t . Reserves are l a r g e . The l o c a t i o n i s i n the 

v i c i n i t y o f Blue Diamond H i l l , southwest o f Las Vegas. 

16. Wechech B a s i n , C l a r k County - Qypsum i s impure, c r ude l y 

bedded, and y e l l o w i s h - g r e y to pa le orange i n c o l o u r . Th i s 

s i t e was exp l o red by a few sha l low trenches and t e s t p i t s . 

There has been no past p roduc t i on . I t i s l o c a t e d i n the 

Wechech B a s i n , south of the V i r g i n Mountains. 

17. White Eag l e , C l a r k County - Qypsum occurs w i th do lomite and 

dark reddish-brown c l a y s t o n e . Qypsum i s abundant i n t h i s 

rock and i s e s t imated to be 30 m t h i c k . Th i s s i t e was mined 
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by open p i t methods between 1938 and 1956. The l o c a t i o n i s 

i n the Rainbow Gardens, eas t of Las Vegas. 

The S ta te of Nevada has an abundance o f known and mined d e p o s i t s , 

as w e l l as numerous occurrences as shown on the accompanying maps. 

Tab le 8A shows chemical analyses o f gypsum i n some depos i t s 

throughout the S t a t e o f Nevada. 

5.1.5 Idaho 

Gypsum i s found i n th ree w ide ly s c a t t e r e d a reas , Bear Lake County, 

Lemhi County, and Washington County. None of these depos i t s are 

l a r g e and the on ly ones t h a t have been worked are i n Washington 

County, where no more than 4,850 tonnes of gypsum have been 

produced. 

Because of t h e i r smal l s i z e and the i m p u r i t i e s conta ined i n the 

gypsum, small amounts of gypsum are expected to be produced from 

these depos i t s f o r l o c a l use as an a g r i c u l t u r a l m i n e r a l . 

Gypsum occurs some 5.6 km eas t of M o n t p e l i e r , Bear Lake County i n 

rocks o f the Wel l s Formation of Pennsy lvanian age. The gypsum i s 

i n bedded depos i t s about 305 metres above U.S. Highway 89. The 

gypsum ranges i n t h i c kne s s of 1.2 metres to 6 metres. I t i s 

w h i t e , sugary and, i n p l a c e s , pure. An a n a l y s i s shows 88% gypsum 

c o n t e n t , a l though the m a j o r i t y of the depos i t i s l e s s pure. The 

d e p o s i t i s not r e a d i l y a c c e s s i b l e and i s too s m a l l , except f o r a 

s o i l c o n d i t i o n e r used l o c a l l y . 

Small gypsum depo s i t s are repor ted i n Lemhi County. These 

depo s i t s are each l e s s than 30 metres i n l eng th and vary from 1.5 

metres to 4.6 metres i n w i d t h . The gypsum appears to be depos i ted 

by hot sp r ing s i n a f a u l t zone t h a t cu t s l imestone rock. Th i s 

gypsum i s mixed w i t h c a l c a r i o u s f a u l t gouge and b r e c c i a and i s too 

impure to be used commerc i a l l y . 
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TABLE 8A 

CHEMICAL ANALYSIS OF SOME NEVADA GYPSUM 

North Corn Blue Wechech White White 
% Lovelock Lovelock Beef Regan Apex Diamond Basin Queen Eagle 

s i o 2 1.54 1.13 1.43 0.38 9.43 0.33 5.35 0.87 1.53 

A 1 2 0 3 0.37 0.21 0.30 0.02 3.94 0.03 0.63 0.03 0.15 

F e 2 ° 3 
0.14 0.06 0.53 0.03 0.22 0.01 0.16 0.02 0.08 

CaO 38.0 34.7 32.8 31.8 27.7 33.4 30.5 32.3 31.6 

MgO 0.18 0.12 0.54 0.26 5.47 0.03 0.77 0.19 4.92 

Na 20 0.10 0.16 0.23 0.12 0.69 0.02 0.18 0.06 0.05 

K 2 0 0.13 0.08 0.08 0.06 0.68 0.02 0.45 0.04 0.15 

S 0 3 33.5 41.1 44.6 46.4 29.4 48.1 43.2 46.3 36.5 

c o 2 12.2 5.30 2.28 0.88 9.20 0.02 0.62 0.99 10.4 

H20+ 10.4 13.3 12.7 17.6 8.90 10.8 13.1 16.2 10.7 

H 2 0- 3.59 3.15 5.34 2.05 4.30 7.59 4.67 3.40 4.11 

Tota l 100.15 99.31 100.83 99.60 99.93 100.35 99.63 100.40 100.19 

Gypsum 1 72 88 96 TOO 63 103 93 99 78 

1. C a l c u l a t e d by fo rmula S 0 ? x 2.146 

Source: Nevada Bureau of Mines and Geology 1986 



5-11 

The most ex ten s i ve and a c c e s s i b l e gypsum depos i t s are i n 

Washington County. These i n c l u d e depos i t s a long the Snake R i v e r 

about 48 km north of Weiser , a depo s i t of unknown ex ten t near 

M ine ra l and a repor ted occur rence a t Iron Mountain. 

In the Snake d e p o s i t s , gypsum i s j u s t above r i v e r l e v e l a t the 

bottom of a steep canyon. I t occurs i n beds of 3.6 metres to 4.6 

metres i n t h i c kne s s i n a sequence of 305 metres of y e l l o w i s h - g r a y 

and green sha les of T r i a s s i a c age. The gypsum i s y e l l o w to b u f f , 

th in -bedded and medium c r y s t a l l i n e . Ana l y s i s of t h i s depo s i t 

shows 83.7% gypsum, 4.8% a n h y d r i t e , 2.1% c a l c i t e , and 9.4% 

i n s o l u b l e and o ther c o n s t i t u e n t s . 

A depo s i t south of M inera l i s r epo r ted to be i n two or more beds 

i n an outcrop of l imestone 30 metres wide. These beds, a l though 

f a u l t e d , can be t r a ced f o r 4 km along the outcrop. 

A d d i t i o n a l gypsum has been repor ted a t Iron Mountain, eas t o f 

M i n e r a l . Nothing e l s e i s known of t h i s occurrence. 

Gypsum of m i n e r a l o g i c a l i n t e r e s t on ly has been repor ted by Shannon 

(1926). These i n c l ude s e l e n i t e c r y s t a l s a s soc i a ted w i th massive 

b o r n i t e i n the south Peacock mine i n the Seven Dev i l s D i s t r i c t , 

Adams County; small c r y s t a l s o f gypsum found w i th na t i v e su lphur 

e a s t of Soda Sp r i ng s , Car ibou County; t h i n v e i n l e t s of s a t i n spar 

i n the o x i d i z e d ore and the ad jacent wa l l rock i n the A l de r Creek 

a r e a , Custer County; s e l e n i t e i n c l a y near Mountain Home, Elmore 

County; and gypsum a s s o c i a t e d w i t h s o l u b l e su lphates and n i t r a t e s 

i n smal l amounts i n the s o i l s southeast of Homedale, Owyhee 

County. 

The l o c a t i o n s of these depo s i t s are shown on the accompanying 

map. 
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Source: U.S. Bureau of Mines 
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5.1.7 Montana 

U.S. Qypsum has been min ing gypsum from t h e i r underground 

Shoemaker Mine f o r the manufacture of wa l lboa rd i n t h e i r adjacent 

p l a n t . This mine has been producing f o r f o r t y year s and i s 

p r e s e n t l y c l o s ed due t o non-compet i t i ve underground mining and 

t r a n s p o r t a t i o n . The wa l l boa rd market i n Montana d i d not expe

r i e n c e s i g n i f i c a n t growth and was i n 1986 a t about the same l e v e l 

as i n 1985. 

Maronic C o n s t r u c t i o n , I nc . , has been mining gypsum a t a s i t e i n 

the Raynesford area f o r use by the cement i n d u s t r y . The two 

Montana cement producers , Ideal Bas i c I ndu s t r i e s and Ka i s e r 

Cement, r epo r t t h a t demand f o r cement i n Montana has remained 

f l a t . 

Three gypsum occurrences are mapped i n Montana; the Peterson 

d e p o s i t , the McCarthy d e p o s i t , and the Ta lent depo s i t . 

The Peterson and McCarthy depo s i t s are l o c a t e d west of Lima i n the 

southern Tenday Range, and the Ta l en t depos i t i s l o c a t e d southeast 

o f D i l l o n i n the Snowcrest Range. 

These depos i t s are c u r r e n t l y i n a c t i v e except f o r annual assessment 

work a t the Peterson p r ope r t y . Past product ion has been recorded 

on l y from the Peterson d e p o s i t . No recent work has been done a t 

the McCarthy and Ta l en t d e p o s i t s . 

The l o c a t i o n s o f these depos i t s are shown on the accompanying 

map. 

1. Peterson depo s i t - Qypsum was repor ted p r i o r to 1908 on the 

East Fork of L i t t l e Sheep Creek about 9 km southwest of 

Lemhi, Beaverhead County. Qypsum at the Peterson depos i t i s 



GYPSUM OCCURRENCES IN MONTANA 

Source: U.S. Bureau of Mines 
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a dense to f i n e - g r a i n e d , whi te t o l i g h t - g r a y s o f t m a t e r i a l , 

which i s t i n t e d y e l l o w , red and brown when weathered. 

Massive gypsum exposed a t the su r face i s f r a c t u r e d or 

j o i n t e d . 

At the Peterson d e p o s i t , i n d i c a t e d reserves are determined 

f o r beds A and B. Ho r i zon ta l w idths o f gypsum beds are 4 

metres to 7 metres wide. Est imated ( i n d i c a t e d ) reserves are 

about 544,000 tonnes. About 5,442 tonnes o f gypsum ranging 

i n grade from 89% to 94% pure gypsum were mined and shipped 

to the Idaho P o r t l a n d Cement Company a t Inkom, Idaho between 

1940 and 1960. Qypsum has been produced from three a d i t s and 

a g l o r y ho l e . 

The geo l o g i c a l s t r u c t u r e of the p roper ty i s compl icated by 

superimposed f o l d s and poor ly exposed f a u l t s . Th i s complex

i t y w i l l c e r t a i n l y i nc rease the co s t o f e x p l o r a t i o n and 

p r oduc t i on . 

Sampling r e s u l t s taken a t the Paterson mine are shown i n 

Table 8B. 

McCarthy depo s i t - Qypsum was l o c a t e d i n 1939 near the head 

o f Deadwood Gulch i n the Tenday Range, Beaverhead County. 

Gypsum i n t h i s depo s i t i s s i m i l a r i n phy s i c a l appearance to 

gypsum a t the Peterson d e p o s i t . I t c o n s i s t s of w h i t e , 

f i n e - g r a i n e d o r saccha ro ida l s o f t ma te r i a l t h a t conta in s vugs 

and c a v i t i e s i n the outcrop produced by weather ing and 

s o l u t i o n a t the s u r f a ce . Some su r f ace gypsum exposure 

weather to pa le reddish-orange and l i g h t brownish-gray. 

S c a t t e r ed through some of the gypsum are g ra in s of t r a n s 

parent c o l o u r l e s s s e l e n i t e 1.5 mm i n d iameter . The McCarthy 

depo s i t con ta i n s some 127,000 tonnes of gypsum. Minimum 

mineable t h i c kne s s of 1.5 metres was cons ide red i n reserves 



TABLE 8B 

ANALYTICAL RESULTS FROM SAMPLES TAKEN AT PETERSON MINE, MONTANA 

Sample % Acid % % % % % % Wfl % 

No. Insol. F e ^ MgO CaO C02 SO3 ( 350°C) CaSO^O Description 

NP-3* 3.35 0.24 0.73 31.0 3.85 40.0 21.3 86.0 Bed A, lower a d i t 
2-1/2 m white gyp
sum aga inst f o o t -
wal 1. 

NP-4* 1.78 0.25 0.74 33.2 8.95 33.0 23.4 71.0 Bed A, lower a d i t 
1-1/4 m impure 
gypsum aga inst 
hanging wal 1. 

NP-5* 1.83 0.17 2.98 29.9 8.00 35.0 18.1 75.2 Bed A, 2-1/2 m 
white gypsum -
impregnated l i m e 
stone. 

NP-6 1.78 0.28 1.56 30.9 7.25 41.2 21 .2 88.6 Bed A, 2-1/2 m 
exposed white 
massive gypsum. 

* Samples NP-3 and NP-4 were taken across a +3-1/4 m gypsum bed. The hanging 

wa l l was not exposed. 

Source: Montana Bureau of Mines & Geology 
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c a l c u l a t i o n . The t h i c kne s s of gypsum beds ranges from 1.5 

metres to 4.0 metres i n bed A, and 0.6 metres t o 4.0 metres 

i n bed B. Ana l y s i s o f gypsum i n d i c a t e s the grade from 47% to 

91% pure gypsum. 

Sampling r e s u l t s from f i v e h o r i z o n t a l channel samples, taken 

from b u l l d o z e r c u t s , are shown i n Table 8C. 

3. Ta l en t depos i t - Qypsum was f i r s t d i s cove red i n 1930 near the 

head of A lkah Gulch i n Snowcrest Range. I t l i e s about 64 km 

southeas t of D i l l o n , Beaverhead County. Qypsum from the 

T a l e n t depos i t i s a f i n e - g r a i n e d o r s accha ro ida l wh i te s o f t 

m a t e r i a l ; a dense f i n e - g r a i n e d l i g h t - g r a y a l a b a s t e r l i k e 

m a t e r i a l ; and a c o l o u r l e s s s e l e n i t e y i e l d i n g t r an spa ren t 

c leavage f o l i a . The major type i s the wh i te saccha ro ida l 

v a r i e t y . I nd i ca ted reserves of 1,270,000 tonnes of gypsum 

were determined f o r the d e p o s i t . 

Sampling r e s u l t s from fou r su r face samples (Tl - T4) and one 

s i n k h o l e sample (T-5) are shown i n Table 8D. 

5.2 CANADIAN OCCURRENCES 

5.2.1 A l b e r t a 

Severa l occurrences of gypsum are known i n the P rov i nce . The 

known depo s i t s have not been developed due to t h e i r remoteness, 

i n a c c e s s i b i l i t y , and the l o c a t i o n s w i t h i n Nat iona l Parks bounda

r i e s . 

Two areas i n the nor theas te rn pa r t of the Prov ince may be d e v e l 

oped i n the f u t u r e . 

P r e s e n t l y , wa l l boa rd and cement p l an t s i n A l b e r t a use crude gypsum 

mined i n B r i t i s h Columbia and Manitoba. 



TABLE 8C 

ANALYTICAL RESULTS FROM SAMPLES TAKEN AT MCCARTHY MINE, MONTANA 

Sample % Acid % % % % % % hp % 

No. Insol. Fe 2 0 3 MgO CaO C0 2 SO3 (350°C) CaSO^O Description 

TM-1 2.40 0.76 0.52 31.3 6.20 39.2 21.3 84.3 2-1/2 m whi te 
massive gypsum i n 
g u l l d o z e r c u t . 

TM-2 28.4 0.19 0.35 26.1 10.9 21.8 14.7 46.9 3-1/2 m mixed 
gypsum and l i m e 
stone. 

TM-7 0.88 0.16 0.07 32.3 3.57 38.0 21.2 81.7 2 m white massive 
gypsum 60 f t . 

TM-8 0.52 0.28 0.11 32.0 3.34 42.3 21 .6 90.0 3-1/2 m whi te 
massive gypsum i n 
b u l l d o z e r c u t . 

TM-9 1.36 0.16 0.08 31.9 3.28 41.9 21.2 90.1 2-1/3 m white 
massive gypsum i n 
b u l l d o z e r c u t . 

Source: Montana Bureau of Mines & Geology 



TABLE 8D 

ANALYTICAL RESULTS FROM SAMPLES TAKEN AT TALENT PROPERTY, MONTANA 

Sample % Acid % % % % % % Hfl % % 

No. Insol. F e ^ MgO CaO C02 SO3 ( 350°C) Min. CaSO^O Description 

T - l 0.63 0.76 0.18 30.7 44.4 0.77 21.0 none 90.6 

T-2 1.67 0.21 0.78 31.0 40.8 2.86 21.4 none 87.7 

T-3 0.42 0.14 0.23 31 .7 43.0 3.27 21.1 none 92.4 

T-4 0.90 0.14 0.52 31.2 41.8 1.25 21.5 none 89.9 

T-5 9.75 0.42 3.62 29.1 29.7 12.45 22.5 0.15 63.8 

25 m h o r i z o n t a l 
sample of gypsum, 
east l imb. Two 
interbedded red 
s i l t s t o n e beds 
and 2 and 1-1/2 m 
t h i c k not i nc luded 
i n sample. 

56 m h o r i z o n t a l 
sample. I n t e r 
bedded l imestone 
beds 2/3 and 
1-1/4 m t h i c k 
not sampled. 

17 m h o r i z o n t a l 
sample, west 
1 imb. 

51 m h o r i z o n t a l 
sample, west 
l imb . I n t e r 
bedded b u f f -
y e l l o w do lomite 
and gray l i m e 
stone not sampled. 

10-1/2 m h o r i 
zonta l ch ip 
sample. I n t e r 
bedded gypsum, 
l imestone and 
s i 1tstone 

Source: Montana Bureau of Mines & Geology 
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The Peace Po i n t depos i t has e x c e l l e n t q u a l i t i e s , running to 95% 

gypsum content over t h i c kne s se s of 5 t o 10 metres. 

The F o r t McMurray depo s i t grades 84% gypsum, but r e q u i r e s under

ground min ing . Th i s depo s i t i s l o c a t e d on Athabasca R i ve r near 

the r a i l head a t the C i t y o f F o r t McMurray. 

Phosphogypsum, a by-product gypsum, i s produced a t f ou r f e r t i l i z e r 

p l a n t s i n A l b e r t a . In s p i t e of re sea rch programs to determine i t s 

use i n the manufacture of w a l l b o a r d , i t i s not commerc ia l l y used. 

Other gypsum occurrences are found a t : 

1. Mowitch Creek, T r i a s s i c age gypsum occurrence i n Western 

A l b e r t a . 

2. Fetherstonehaugh Creek, T r i a s s i c age gypsum occurrence i n 

Cen t ra l A l b e r t a - B r i t i s h Columbia border. 

3. Head Creek, Late Devonian age gypsum occurrence i n South

western A l b e r t a . 

4. S a l t R i v e r , Middle Devonian age gypsum occurrence i n No r th 

western A l b e r t a . 

5. Kananask i s , M iddle Devonian age gypsum occurrence i n South

western A l b e r t a . 

These l o c a t i o n s are noted on the accompanying map. 

5.2.2 B r i t i s h Columbia 

In B r i t i s h Columbia, the M i n i s t r y o f Energy, Mines and Petroleum 

Resources l i s t s 21 gypsum occurrences i n the P rov i nce . Most of 

the occurrences are l o c a t e d i n the southwestern pa r t of the 

p r o v i n c e , where mining of gypsum i s a w e l l - e s t a b l i s h e d i n d u s t r y . 



GYPSUM OCCURRENCES IN ALBERTA 
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Qypsum qua r r i e s are i n ope ra t i on a t L u s s i e r R i v e r , Windermere, and 

F a l k l a n d . 

The L u s s i e r R i ve r and Windermere depos i t s are s i t u a t e d i n the 

S t en f o r d Range of the Rocky Mountains i n the Kootenay D i s t r i c t of 

southeas tern B r i t i s h Columbia. 

These depos i t s are l o c a t e d w i t h i n the f o r e l a n d t h u r s t zone of the 

Western C o r d i l l e r a . The Beaver foot B r i s c e fo rmat ion s t r a t i g r a 

p h i c a l l y u n d e r l i e s the Burna i s f o rmat i on . The Beaver foot B r i s c e 

fo rmat ion c o n s i s t s of up t o 600 metres of carbonate rock w i th 

l imes tone a t the top and do lomi te a t the bottom. I t i s thought to 

be Ordou ic ian t o middle S i l u r i a n i n age. 

The Burnais format ion c on t a i n s the gypsum d e p o s i t s . I t i s 

composed p r i n c i p a l l y of we l l -bedded and f i n e l y laminated gypsum. 

The gypsum weathers l i g h t to dark gray, b l a c k , f e t i d , we l l 

b r e c i a t e d l imestone comprises a small percentage of t h i s u n i t . I t 

i s thought to be middle S i l u r i a n to middle Devonian age. 

The Burnais fo rmat ion i s most ly covered by g l a c i a l d r i f t . 

S i n kho l e s and " g y p s i t e " a re most r e l i a b l e i n d i c a t o r s of covered 

gypsum. 

The Burnais fo rmat ion has been t r a c e d f o r over 140 km from 

Windermere to Wardner. 

The Lu s s i e r R i ve r depo s i t i s p r e s en t l y operated by Domtar 

Con s t r u c t i o n M a t e r i a l s which sh ips crude gypsum to i t s wa l l boa rd 

p l a n t i n Edmonton. 

Westroc I ndu s t r i e s L i m i t e d operates a mine a t Windermere, from 

which i t sh ips crude gypsum to a wa l l boa rd p l a n t i n Vancouver, a 

d i s t a n c e of 800 km by r a i l . I t a l s o sh ips gypsum to cement p l an t s 

i n A l b e r t a and the Un i ted S t a t e s . 
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The Fa l k l and gypsum d e p o s i t , southeast of Kami oops, 1s mined by 

Canada Cement Lafarge f o r the cement p l a n t 1n Kami oops. 

A depo s i t on the O'Connor R i v e r i n northwest B r i t i s h Columbia i s 

p r e s e n t l y under e v a l u a t i o n by two Canadian companies and may be 

brought to a development and p roduct ion stage i f s a t i s f a c t o r y 

markets are found. 

The f o l l o w i n g i s a l i s t o f o ther gypsum occurrences i n B r i t i s h 

Columbia. 

1. B l u e b e l l Mine - Secondary gypsum occurrence i s r epo r t ed . 

2. Mayook - Bes ide Highway No. 3, a t Mayook S i d i n g , 26 km eas t 

o f Cranbrook. Canada Cement Company qua r r i ed some 91,000 

tonnes of gypsum f o r cement r e t a r d e r . Western Qypsum Company 

mined here from 1945 t o 1946. 

3. Chipka Creek - Th i s s i t e i s l o c a t e d a t the mouth o f Chipka 

Creek, a t r i b u t a r y t h a t f lows eas t i n t o Kootenay R i v e r , 1.6 km 

south of Wardner. A depo s i t i s 20 to 60 m t h i c k , w i t h steep 

d i pp i ng beds o f grey to b lack gypsum outcrops f o r 1 km a long 

the c reek . Some t r e n c h i n g , d r i l l i n g and t u n n e l l i n g was 

c a r r i e d out but no p roduc t i on f o l l o w e d . 

4. B u l l R i v e r - Th i s s i t e i s l o c a t e d on the banks o f B u l l R i v e r , 

4 km above the b r i d ge on the F o r t S tee le Road. Folded and 

f a u l t e d grey to b l ack gypsum, running 75% pure, i s present i n 

undetermined amounts. A t rench and a few e x p l o r a t i o n p i t s 

were dug and a 336 tonne shipment was made i n 1937. 

5. Mar t in - Th i s s i t e i s l o c a t e d on the no r t h - s i d e of Nine M i l e 

Creek, 2.5 km ea s t o f the Kootenay R i ve r , 15 km nor theas t of 

Canal F l a t s . Qypsum depos i t s are o v e r l a i n by 35 metres of 

t i l l . 
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6. Kootenay R i v e r - The l o c a t i o n 1s a long Kootenay R i v e r , 8 to 

16 km northwest of Canal F l a t s . The area o f 1,813 square 

meters i s u n d e r l a i n by gypsum fo rmat i on . Exposure on the 

e a s t bank r e v e a l s 3 t o 73 m high gypsum c l i f f s . Trenching 

and d r i l l i n g was done and on ly one t r i a l shipment was r e c o r d 

ed i n 1950. 

7. J o f f r e Creek - Loca t i on of gypsum occurrence i s noted on the 

ea s t s i de o f J o f f r e Creek, j u s t west o f the B r i t i s h Columbia-

A l b e r t a boundary, 56 km eas t of Invermere. 

8. Stoddard Creek - Qypsum i s exposed i n s i n kho l e s on the 

S t o d d a r t C reek -Shuswap Creek D i v i d e , 8 km n o r t h o f 

Windermere. 

9. Sweetsbr idge - Qypsum i s l o c a t e d some 300 m north of Highway 

97, some 6.4 km southeast of F a l k l a n d . White brown and grey 

gypsum i s exposed across 200 metres a long the h i l l s i d e . 

10. B r i t a n n i a Mine - Lenses of g rey -wh i te gypsum, 3 to 10 m 

w ide , were found i n the underground workings on the Fa i r v i ew 

C la im a t B r i t a n n i a Beach, 48 km north of Vancouver. 

11. Foregetmenot Creek - Massive wh i te and grey gypsum i s exposed 

on the Forgetmenot-Fetherstonehaugh D i v i d e , a s t r i d e the 

B r i t i s h Co lumb ia -A lbe r ta boundary. 

12. Morning Group - Qypsum i s noted on the hanging wa l l o f a dyke 

on the ea s t s i de of the Coqu i ha l l a R i v e r . 

14. Spatsum - Qypsum i s found as lumps and c r y s t a l s i n d i s i n t e 

g ra ted s c h i s t , j u s t west of Highway 1, a t Spatsum, 19 km 

south of A s h c r o f t . 

15. Len - Qypsum ve in s are repor ted w i t h copper molybdenum 

m i n e r a l i z a t i o n on Huck leberry Mountain, 10 km eas t of Tahtsa 

Lake. 



5-19 

16. A l i c e - Qypsum Is found 1n the gangue of molybdenite m i n e r a l 

i z a t i o n on the southeast f o rk o f L1me Creek, 8 km from A l i c e 

Arm. 

17. Galore Creek - Qypsum Is r epo r ted w i th anhyd r i t e i n ve in s 

w i t h copper m i n e r a l i z a t i o n a t the Galore Creek and Copper 

Canyon p r o p e r t i e s , 32 km southeast of the j u n c t i o n of the 

Scud and S t i k i n e R i v e r s . 

18. O'Connor R i v e r - Qypsum occurs 10 km west of Haines Road a t 

Kusawak Lake. The depo s i t i s s i t u a t e d w i t h i n the Alexander 

Te r r a i ne of the I n su l a r Tec ton i c B e l t . The gypsum i s w h i t e , 

f i n e l y c r y s t a l l i n e , w i t h few f o r e i g n i n c l u s i o n s , assay ing t o 

88% gypsum, 7% a n h y d r i t e , and 5% carbonates . The depos i t 

c o n s i s t s of th ree separate gypsum zones. 

Occurrences of gypsum i n B r i t i s h Columbia are shown on the 

accompanying map. 

5.2.3 Yukon 

No occurrences o f gypsum are r epo r ted i n Yukon T e r r i t o r y a t 

p r e sen t . 
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6. QUALITY OF GYPSUM 

6.1 QUALITY VERSUS END-USE 

The q u a l i t y of gypsum i s a measure of p u r i t y . Most crude gypsum 

con t a i n s i m p u r i t i e s i n the range of 10% to 15%, but some depo s i t s 

may con ta i n l e s s than 5% o r as much as 20%. Often t ime s , gypsum 

can be used as mined where p u r i t y i s s u f f i c i e n t l y h igh t h a t no 

upgrading i s r e q u i r e d . 

The amount of i m p u r i t y acceptab le i s mostly dependent upon the 

product be ing manufactured. Other c o n s i d e r a t i o n s , rega rd ing 

acceptab le i m p u r i t y l e v e l s , i n c l u d e the type of impu r i t y and 

market c o m p e t i t i o n . 

I n du s t r i e s u s ing gypsum as a raw m a t e r i a l have c a t e g o r i z e d i m p u r i 

t i e s i n t o th ree main types as f o l l o w s . 

1. I n so lub le s o r r e l a t i v e l y i n s o l u b l e s ( e . g . , l ime s tone , do l om i te , 

a n h y d r i t e , anhydrous c l a y s and s i l i c a ) ; 

2. So lub le c h l o r i d e s ( e . g . , h a l i t e and s y l v i t e ) ; 

3. Hydrous ( e . g . , su lphate s a l t s and hydrous c l a y s ) . 

The f o l l o w i n g s e c t i o n s g i ve an i n d i c a t i o n of s p e c i f i e d r e q u i r e 

ments of raw gypsum, i n c l u d i n g acceptab le impur i t y l e v e l s , f o r the 

w a l l b o a r d , cement, paper, extender and f i l l e r , and s p e c i a l t y 

markets . 

6.1.1 Wal lboard Indust ry 

Approx imate ly 70% o f a l l gypsum consumed i n North America i s f o r 

the purpose of manufactur ing wa l l boa rd . Wallboard manufacturers 

c a l c i n e raw gypsum to a hemihydrate o f ca lc ium su lphate t o produce 

the end product - gypsum wa l l b oa rd . Wal lboard manufacturers 

r e q u i r e the f o l l o w i n g s p e c i f i c a t i o n s to be met: 



6-2 

1. I n so l ub le or r e l a t i v e l y i n s o l u b l e m ine ra l s such as l imes tone , 

d o l o m i t e , a n h y d r i t e , anhydrous c l a y s , and s i l i c a m i n e r a l s , are 

r e q u i r e d to be c o n s i s t e n t and gene ra l l y l e s s than 20%. 

2. S o l ub le c h l o r i d e minera l - l e s s than 0.03%. 

3. Hydrous m ine ra l s ( e x c l ud i n g hydrous c l a y s ) - l e s s than 0.02% to 

0.03%; hydrous c l a y s - l e s s than 1.0% t o 2.0%. 

4. Co lour - p r e f e r wh i te gypsum. 

6.1.2 Cement Indust ry 

Cement i s formed by the b lend ing of ground raw gypsum and c l i n k e r . 

Gypsum ac t s as a r e t a r d e r f o r po r t l a nd cement, c o n t r o l l i n g the 

s e t t i n g t ime . The use of ca l c ium su lphate compounds i n cement 

products has been under ex ten s i ve r e sea r ch . The S O 3 content o f 

the gypsum, the type of cement being manufactured, and the mix of 

raw m a t e r i a l s used to make the cement c l i n k e r , are a l l f a c t o r s 

govern ing the amount of gypsum used. 4% t o 6% by weight of 

f i n i s h e d cement i s the amount of gypsum gene r a l l y found i n any 

P o r t l a n d cement p roduct . 

The research c a r r i e d out on s e t t i n g t ime and s t reng th development 

o f p o r t l a n d cement has r e s u l t e d i n t i g h t e r s p e c i f i c a t i o n s on raw 

m a t e r i a l s i n c l u d i n g gypsum. 

Gypsum f o r cement may be mixed (or contaminated) w i th anhyd r i t e . 

Cement manufacturers p r e f e r to have gypsum w i t h the f o l l o w i n g 

q u a l i t y s p e c i f i c a t i o n s : 

1. I n so lub le s - l e s s than 2%; 

2. S O 3 - g r ea te r than 41%; 

3. Mo i s tu re - l e s s than 4%; 

4. S i z e : Maximum 100% - l e s s than 2-1/2" t o 3-1/2" 

Minimum - l e s s than 10% f i n e r than 1/4". 
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6.1.3 Pulp and Paper Indust ry 

M inera l f i l l e r s are f i n e l y ground minera l s which can be i n c o r p o r 

a ted w i th va r i ou s compounds i n t o the manufacture of paper. 

M inera l f i l l e r s p rov ide paper w i t h g reate r o p a c i t y , s t r eng th , 

s u r f ace t e x t u r e , ink r e c e p t i v i t y , and whi teness , to mention a few 

c h a r a c t e r i s t i c s t h a t can be mod i f i ed by the a d d i t i o n o f f i l l e r s . 

The prime o b j e c t i v e o f f i l l e r usage i s the r educ t i on o f c o s t of 

the end paper p roduct . 

The key areas and r e l a t i v e p r o p e r t i e s which these i n d u s t r i a l 

m inera l f i l l e r s are i n c o r p o r a t e d i n t o the manufacture of paper are 

as f o l l o w s : 

F i l l e r : F i n e l y ground mine ra l s which are i n co rpo ra ted i n t o the 

m a n u f a c t u r e o f paper p r o d u c t s t o p r o v i d e some 

b e n e f i c i a l p roper ty such as ink r e c e p t i v i t y , su r face 

smoothness, c o l o u r , impact s t r eng th , and o p a c i t y . 

Coa te r s : F i n e l y ground mine ra l s t h a t are combined w i t h b inder s 

and a d d i t i v e s and spread on the su r face o f paper f o r 

the purpose o f improving p r i n t i n g p r o p e r t i e s and 

appearance. Key p r o p e r t i e s of minera l coate r s are 

b r i gh tne s s and wh i teness , easy d i s p e r s a b i l i t y and 

d i s i n t e g r a t i o n , low ab ra s i on , o p a c i t y , and high f l ow 

p r o p e r t i e s . 

Extenders : F i n e l y ground mine ra l s t h a t , when i n co rpo ra ted i n t o a 

compos i t ion t h a t con ta in s a base pigment, the mineral 

extender w i l l not i n h i b i t the o p t i c a l , p h y s i c a l , or 

chemical p r o p e r t i e s of the extender. 

The p r i n c i p a l i n d u s t r i a l minera l used as a substance i n the 

manufacture of paper products i s k a o l i n . Ta l c and ca l c ium 

carbonate are o c c a s i o n a l l y used i n s pec i a l c i r cumstances . The 
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f o l l o w i n g i d e n t i f i e s the f u n c t i o n s , a p p l i c a t i o n s and c h a r a c t e r i s 

t i c s of these p r i n c i p a l i n d u s t r i a l m inera l s used i n the product ion 

o f pu lp and paper. 

K a o l i n t Major f i l l e r i n the manufacture of a c i d - p r i n t i n g paper. 

§ Used as a f i l l e r , coa te r and extender i n f i n e papers to 

reduce p roduct ion co s t s by cove r i ng wood f i b r e con tent , 

enhance opac i t y and wh i tenes s , and improve p r i n t i n g 

q u a l i t y . 

§ Key p r o p e r t i e s i n c l u d e : chemical i n e r t n e s s , wh i teness , 

low ab ra s i ve p a r t i c l e content and f i n e p a r t i c l e s i z e . 

T a l c t P r i m a r i l y used as a p i t c h c o n t r o l agent. 

t Key p r o p e r t i e s i n c l u d e : smoothness, chemical i n e r t n e s s , 

and high r e f l e c t a n c e . 

Ca lc ium Carbonate 

§ Used i n the manufacture of a l k a l i n e papers . 

• Used as a c oa t i n g agent t o b r i gh ten paper, improve ink 

r e c e p t i v i t y , and produce a smooth s u r f a c e . 

0 Key p r o p e r t i e s i n c l u d e : wh i teness , chemical p u r i t y , and 

low abra s i venes s . 

There are numerous o ther m inera l s which can s u b s t i t u t e these 

p r i n c i p a l minera l substances, i n c l u d i n g gypsum, a l l o f which are 

o u t l i n e d i n Table 9. 

I t i s e v i den t from Table 9 t ha t gypsum has many common phy s i ca l 

p r o p e r t i e s as compared to k a o l i n , c a l c i t e and t a l c . The main 

p h y s i c a l p roper ty i n which k a o l i n and gypsum d i f f e r i s the 

chemical s t a b i l i t y whereas k a o l i n i s c hem i ca l l y i n e r t between a pH 

o f 4 to 9 and gypsum i s a c i d s o l u b l e . K ao l i n a l s o tends to have a 

h i ghe r r e f r a c t i v e i ndex , which b a s i c a l l y represents b r i gh tne s s , a 

h i ghe r o i l ab so rp t i on and p l a t y p a r t i c l e shapes, a l l o f which are 

regarded as f avou rab le f a c t o r s by the pulp and paper i n d u s t r y . 



TABLE 9 

PROPERTIES OF MINERAL FILLERS 

Mohs 1 % 
1 Shape* 

S p e c i f i c 
cc per 100 q 

O i l 
Absorpt ion 

R e f r a c t i v e 
2 
Chemical 3 C o s t 

1 
1 

Hardness B r i ghtnes s 1 Shape* G r a v i t y 

cc per 100 q 
O i l 

Absorpt ion Index S t a b i 1 i t y 
3 C o s t 

Anatase 5.0-6.0 98.99 EQ 3.9 18-30 2.55 IN H 
1 A p l i t e 6 80-85 EQ 2.62 10-30 1.53 IN L 
j Aragon i te 3.5 75-90 EL 2.95 15-40 1.68 AS L 

Asbestos 2.5-4.0 EL 2.5-2.6 40-90 1.51-1.55 IN L,M 
i A t t a p u l g i t e 4.0 50-70 EL 2.2-2.6 30-50 1.50 IN L,M 
j B a r i t e 2.5-3.5 80-97 EQ 4.3-4.6 6-10 1.64 IN L,M 

Benton i te 1.5 50-90 PL 2.3-2.6 20-60 1.55-1.56 AS,BS L,M 
C a l c i t e 3.0 82-96 EQ 2.7 12-30 1.63-1.66 AS L,M 
D iatomite 4.5-6.0 65-90 PL 2.0-2.35 100-300 1.42-1.49 I L,M 
Dolomite 3.5-4.0 80-90 EQ 2.85 10-30 1.68 AS L 
Fe ldspar 6.0 EQ 2.57 10-30 1.52 IN L,M 
Gypsum-anhydrite 1.5-2.0 75-90 EQ 2.3 20-25 1.52 AS L 
Hematite 3.8-5.1 EQ 4.5-5.1 10-35 2.94-3.22 IN M 
Kao l i n 2.0-2.5 78-92 PL 2.6 25-50 1.56-1.58 IN L,M 
Mica 2.0-3.0 70-80 PL 2.7-3.0 25-50 1.59 IN L,M 
Nephel ine s yen i te 5.5-6.0 70-85 EQ 2.6-2.65 10-30 1.54 IN L,M 
P e r l i t e 5.0 70-85 EQ 2.5-2.6 50-275 1.48-1.49 IN M 
P y r o p h y l l i t e 1.0-2.0 75-85 PL 2.8-2.9 40-70 1.57-1.59 IN L,M 
R u t i l e 6.0-7.0 97-98 EQ 4.2 16-45 2.76 IN H 
S e p i o l i t e 4.0 60-75 EL 2.5 30-50 1.49 IN L,M 
S i l i c a 6.5-7.0 78-92 EQ 2.6-2.65 20-50 1.53-1.54 IN L,M 
Ta l c 1.0-1.5 85-96 PL 2.6-3.0 20-50 1.57-1.59 IN L,M 
V e r m i c u l i t e 1.5 PL 2.2-2.7 25-60 1.56 IN M 
W o l l a s t o n i t e 4.5 85-95 EL 2.9 25-30 1.63 IN L,M 
Z e o l i t e 3.5-4.0 75-90 EQ 2.1-2.2 30-100 1.48 AS L,M 

EQ - Equidimensional * IN - Chemica l l y i n e r t pH - 4 to 9 L - Low cost - 5<£/lb. or l e s s 
EL - Elongate AS - Ac id s o l ub l e M - Moderate cos t - 5<£/lb. t o 20<t/lb. 
PL - P l a t y BS - Base s o l ub l e H - High cos t - over 20C/lb. 

Source: Pigment, F i l l e r , Coater and Extender M ine ra l s 
Haydn M. Murray 
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6.2 QUALITY OF BRITISH COLUMBIA GYPSUM 

The q u a l i t y o f B r i t i s h Columbia gypsum was ana lyzed under the 

methods o u t l i n e d i n ASTM C471-66, "Standard Methods f o r Chemical 

A n a l y s i s of Qypsum and Qypsum P roduc t s " . 

Samples were obta ined from depos i t s l o c a t e d i n the I n t e r i o r and 

Coas ta l reg ions of the P r o v i n ce . 

Tab le 10 t a b u l a t e s the q u a l i t y of c o l l e c t e d gypsum from samples. 



TABLE 10 

CHEMICAL ANALYSIS OF SOME BRITISH COLUMBIA GYPSUM 

I n t e r i o r I n t e r i o r I n t e r i o r Bulk Mined S e l e c t i v e l y 
Deposit Deposit Deposit Coastal Mined 
Crude Crushed Screened Deposit Coasta l Deposit 
Gypsum Gypsum Gypsum Crude Gypsum Crude Gypsum 

% % 

Free Water 0.10 0.13 0.08 

Combined Water 16.86 17.11 17.24 
(H 20) 

Sodium C h l o r i d e 0.03 0.03 0.03 
(NaCl) 

Calc ium Oxide 30.8 31.7 31.4 
(CaO) 

Sulphur T r i o x i d e 39.5 42.7 41.3 
(S0 3 ) 

S i l i c a & Inso l 1.90 1.52 3.91 

Iron & Aluminium 0.19 0.18 0.24 
Oxides ( R 2 0 3 ) 

Magnesium Oxide 3.15 1.99 2.11 
(MgO) 

Gypsum Content 80.56 81.75 82.37 

0.35 

16.40 

0.03 

31.7 

39.9 

5.86 

0.31 

1.66 

78.36 

0.01 

16.97 

0.03 

31.48 

39.41 

3.46 

0.30 

1.77 

81.12 
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7. EVENTS, TRENDS AND ISSUES IN THE NORTH AMERICAN 
GYPSUM INDUSTRY 

Research has made i t c l e a r (see Sec t i on 3. Gypsum Product ion and 

T rade ) , backed by h i s t o r i c a l ev idence, t ha t the North American 

gypsum market i s dominated by the Uni ted S ta te s demand. Any 

contemplated mining of gypsum i n any area of North Amer ica, 

i n c l u d i n g the North American P a c i f i c Rim, should be based on 

s a t i s f y i n g a p a r t i c u l a r demand i n the Uni ted S ta te s market. Th i s 

s e c t i o n i s devoted to i d e n t i f y i n g and q u a n t i f y i n g f a c t o r s a f f e c t 

ing the demand f o r gypsum p r i m a r i l y i n the Un i ted S t a t e s . I t w i l l 

p rov ide a s t a t i s t i c a l base upon which a c r e d i b l e f o r e c a s t of 

gypsum a c t i v i t y i n the North American P a c i f i c Rim can be made i n a 

subsequent s e c t i o n . 

7.1 INDUSTRY STRUCTURE 

The gypsum i ndu s t r y i s h i g h l y i n t e g r a t e d w i th severa l companies 

commanding dominant p o s i t i o n . These i n t e g r a t e d companies operate 

wa l l boa rd p l an t s w i th c a p t i v e mines s c a t t e r e d throughout North 

America a t s t r a t e g i c l o c a t i o n s c l o se to the markets . The same 

companies s e l l gypsum f o r use i n the cement i n d u s t r y and a g r i 

c u l t u r e and serve other s p e c i a l t y markets, wh i l e the ma jo r i t y of 

crude gypsum i s consumed i n the manufacture of w a l l b o a r d . Leading 

gypsum companies are Un i ted S tates Gypsum Co. , w i t h 12 mines, 

Na t i ona l Gypsum Company, w i th 7 mines; Georgia P a c i f i c Corpora

t i o n , w i th 6 mines; Ce la tex Corp. , a s u b s i d i a r y of J im Welter 

Co rp . , and Genstar B u i l d i n g M a t e r i a l s C o r p o r a t i o n , w i th 3 mines 

each; and Weyerhaeuser Co. , w i th 1 mine. These s i x companies, 

w i th 32 mines, produce some 80% of the t o t a l crude gypsum in the 

Un i ted S t a t e s . 

Fourteen companies c a l c i n e gypsum at 70 p l an t s and market the 

gypsum produc t s . Leading producers are Uni ted S ta te s Gypsum Co., 

22 p l a n t s , Nat iona l Qypsum Co., 18 p l a n t s ; Georgia P a c i f i c Corp. , 

9 p l a n t s , Genstar B u i l d i n g M a t e r i a l s Co., 5 p l a n t s : and Ce la tex 
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Co rp . , 4 p l a n t s . These f i v e companies operate 58 p l an t s and 

produce 85% of the t o t a l gypsum products output i n the Uni ted 

S t a t e s . Another n ine companies make up f o r 15% o f the output . 

In Canada, the Prov ince o f Saskatchewan has one wa l l boa rd p l an t a t 

Saskatoon. Th i s p l a n t i s owned by Domtar and crude gypsum f o r the 

p l a n t comes from the Domtar Quarry a t Qypsumvi l le, Manitoba. 

The Prov ince of A l b e r t a has no gypsum product ion o f i t s own and 

r e l i e s on sources i n B r i t i s h Columbia and Manitoba t o supply three 

wa l l boa rd p l an t s and three cement p l a n t s . Domtar and Westroc each 

own a wa l l boa rd p l an t i n or near Calgary wh i l e Domtar a l s o 

operates a wa l l boa rd p l a n t i n Edmonton. Canada Cement Lafarge 

operates cement p l an t s i n Exshaw and Edmonton. Genstar a l s o 

operates a cement p l an t i n Edmonton. 

In B r i t i s h Columbia, Westroc I ndu s t r i e s operates a mine i n 

Windermere p r i m a r i l y supp l y i ng crude gypsum to i t s wa l lboa rd 

p l a n t s i n Ca l ga r y , A l b e r t a and New Westminster, B r i t i s h Columbia. 

Domtar a l s o operates a mine i n the East Kootenays and sh ips crude 

gypsum to i t s wa l l boa rd p l a n t i n Ca l ga r y . 

The two cement p l an t s near Vancouver operated by Canada Cement 

La fa rge and Genstar both import crude gypsum from Spa in . The 

Canada Cement Lafarge p l a n t i n Kami oops rece i ve s i t s gypsum from 

i t s l o c a l mine i n F a l k l a n d . 

In the Prov ince of On ta r i o , Westroc I ndu s t r i e s L im i t ed operates an 

underground mine a t Drumbo, west of Hami l ton. The crude gypsum i s 

s h i p p e d 110 km by r a i l t o W e s t r o c 1 s w a l l b o a r d p l a n t i n 

M i s s i s s auga . Canadian Gypsum Company, a s u b s i d i a r y of Un i ted 

S ta te s Gypsum, mines crude gypsum from underground opera t ions a t 

H a g e r s v i l l e , south of Hami l ton. A l l gypsum i s processed i n i t s 

wa l l boa rd p l a n t a t the mine s i t e . Domtar Con s t ruc t i on M a t e r i a l s 

L i m i t e d mines underground gypsum depos i t s a t Ca l edon i a , north of 

H a g e r s v i l l e . The gypsum i s t rucked t o i t s two wa l l boa rd p lan t s 

l e s s than 2 km from the mine. 
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In the P rov ince of Quebec, there are four wa l l boa rd p l an t s i n the 

Montreal a r e a . The Domtar Con s t ruc t i on M a t e r i a l s L i m i t e d p l an t at 

Montreal i s p r e s en t l y i d l e , Westroc has a p l a n t l o c a t e d at S te . 

Ca ther ine d ' A l e x a d r i e , and Canadian Qypsum Company has two w a l l -

board p l a n t s , one i n Montreal and another i n S t . Jerome. Crude 

gypsum f o r these p l an t s i s brought i n by sh ip from the gypsum 

mines i n Nova S c o t i a . F i n i s hed gypsum products are t ran spor ted to 

markets i n Quebec, On ta r i o , and the Un i ted S t a t e s , by t r a c t o r -

t r a i l e r and r a i l . 

In the P rov i nce of New Brunswick, Canada Cement Lafarge i s the 

on ly company min ing gypsum. The quarry i s l o c a t e d a t I n t e r v a l e , 

i n the southern pa r t of New Brunswick, and s u p p l i e s the company's 

cement p l a n t a t Havelock, l o ca ted 10 km to the northwest. 

P roduct ion i s over 100,000 tonnes per y e a r . 

In the P rov i nce of Newfoundland, F l i n t k o t e Hold ings L im i ted 

(Genstar) operates an open p i t mine a t F l a t Bay i n southwestern 

Newfoundland. A t l a n t i c Qypsum L im i ted has a small wa l lboard p l a n t 

l o c a t e d a t Corner Brook, some 100 km nor theas t of the F l a t Bay 

a r ea . The F l a t Bay quarry supp l i e s gypsum to A t l a n t i c Gypsum's 

wa l l boa rd p l a n t . At F l a t Bay, F l i n t k o t e i s producing about 

550,000 tonnes per y e a r , moving crude gypsum to a dock f a c i l i t y a t 

S t . George ' s Bay where i t i s loaded on sh ips de s t i ned f o r the east 

coas t of the Un i ted S t a t e s . 

In the P rov ince of Nova S c o t i a , s i x companies have gypsum qua r r i e s 

producing 73% o f the t o t a l gypsum mined i n Canada and expo r t i ng 

over 90% o f the crude gypsum to the Un i ted S t a t e s . The l a r g e s t 

gypsum producer i n Nova S c o t i a i s Nat iona l Gypsum (Canada) 

L i m i t e d . Na t i ona l Gypsum produced 7.7 m i l l i o n tonnes of crude 

gypsum i n 1985 from a s i n g l e open p i t mine, making i t the l a r g e s t 

gypsum mine i n the western wo r l d . The mine i s l o c a t e d at East 

M i l f o r d , H a l i f a x County. Th i s gypsum i s shipped to markets i n 

c e n t r a l Canada and the eas tern United S t a t e s . 



7-4 

In Nova S c o t i a , Fundy Gypsum, a s ub s i d i a r y o f Un i ted S ta te s 

Gypsum, produced 1.5 m i l l i o n tonnes of crude gypsum i n 1985 from 

two qua r r i e s near Windsor, Hants County. Most of the gypsum i s 

wa l l boa rd grade, and i s t r an spo r ted by u n i t t r a i n t o s h i pp i ng 

f a c i l i t i e s a t Hant spor t . Ocean-going ve s se l s t r a n s p o r t t h i s 

gypsum from Hantsport t o Boston, Massachusetts, and t o Galena 

Park, Texas. 

L i t t l e Narrows Gypsum i s another s ub s i d i a r y of Un i ted S ta tes 

Gypsum, and i s l o c a t e d on t i d e water a t L i t t l e Narrows, V i c t o r i a 

County on Cape Breton I s l a nd . Th i s gypsum i s shipped to c e n t r a l 

Canada and a long the ea s te rn seaboard from Boston, Massachusett s , 

t o Houston, Texas. In 1985, the mine produced 1 m i l l i o n tonnes. 

Georg ia P a c i f i c operates a quarry a t R i ve r Denys i n Inverness 

County on Cape Breton I s l and which produced j u s t under 1 m i l l i o n 

tonnes of crude gypsum i n 1985. The gypsum product i s moved by 

u n i t t r a i n to a po r t f a c i l i t y a t Por t Hawkesbury and i s then 

shipped to Georgia P a c i f i c ' s p l an t s a long the eas te rn seaboard. 

Domtar Con s t r uc t i on M a t e r i a l s L im i t ed operates a quarry and 

c a l c i n i n g p l a n t i n Windsor, Hants County. 

Canada Cement Lafarge a l s o operates a small gypsum quarry i n 

B r o o k f i e l d , Ca lChes te r County, which supp l i e s the needs of i t s 

cement p l a n t . 

From ana l y z i n g the s t r u c t u r e of gypsum companies i n Canada, i t i s 

obvious t ha t the pa t t e rn i s the same as i n the Un i ted S t a t e s ; we l l 

i n t e g r a t e d w i th c a p t i v e mines, t r a n s p o r t a t i o n systems, and 

markets. In Canada, Domtar Cons t ruc t i on M a t e r i a l s , Westroc 

I ndu s t r i e s L i m i t e d , Canada Cement La fa rge , Nat iona l Gypsum 

(Canada), and th ree o the r Un i ted S tates s u b s i d i a r i e s are the main 

producers of crude gypsum and gypsum f i n i s h e d products w i t h 

c a p t i v e mines and market share d i v i d e d amongst them. 
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7.2 LEADING INDICATORS OF GYPSUM DEMAND 

The t o t a l demand f o r gypsum over the past s i x t y years has very 

much been a f un c t i o n of the hea l t h of the b u i l d i n g / c o n s t r u c t i o n 

i n d u s t r y . Moreover, the demand f o r the p r e f a b r i c a t e d products 

(wa l lboard ) i n d u s t r y , has c o n s i s t e n t l y dominated the gypsum demand 

p a t t e r n . Table 11 prov ides h i s t o r i c a l ev idence to support t h i s 

s tatement. 

More recent s t a t i s t i c s con t i nue t o support the r e l a t i o n s h i p 

between gypsum consumption and c o n s t r u c t i o n a c t i v i t i e s , accord ing 

to the Un i ted S tates Bureau of M ines , Minera l Yearbook, 1985 

(Reference Table 12). B u i l d i n g p l a s t e r , po r t l and cement, and 

p r e f a b r i c a t e d products c o n s t i t u t e 92.6% of the gypsum products 

s o l d or used i n the United S ta tes i n 1985. 

In Canada, a l l crude gypsum remain ing i n the country (30% of the 

t o t a l p roduct ion ) goes i n t o wa l l boa rd manufacture or po r t l and 

cement p r oduc t i on . 

Without doubt, the l ead i ng i n d i c a t o r of gypsum demand i n North 

America i s the l e v e l of c o n s t r u c t i o n a c t i v i t y . In the f o l l o w i n g 

s e c t i o n , d e t a i l s are prov ided on va r i ou s types of c o n s t r u c t i o n , 

i t s r e l a t i o n to wa l lboard and cement p r o d u c t i o n , and f o reca s t s of 

a c t i v i t i e s . 

For d i s c u s s i o n purposes, the c o n s t r u c t i o n i ndu s t r y has been 

d i v i d e d i n t o two product demands: wa l l boa rd and cement. 

Crude gypsum requirements f o r wa l l boa rd manufacture account f o r 

over 70% of the t o t a l gypsum consumed i n North America. 

7.3 CONSTRUCTION INDUSTRY 

7.3.1 Wal lboard Demand 



TABLE 11 

UNITED STATES GYPSUM DEMAND PATTERN, 1973 - 1983 

(000 's Tonnes) 

1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 

P r e f a b r i c a t e d 
Products 

12,510 10,781 8,938 10,747 12,658 13,423 13,790 11,815 11,726 11,085 14,215 

P l a s t e r , I n d u s t r i a l 
and B u i l d i n g 

1,019 866 752 721 712 824 708 717 688 623 643 

Cement Retarder 3,762 3,681 2,942 3,099 3,583 3,818 3,650 3,524 3,296 2,782 3,587 

A g r i c u l t u r e 1,318 1,516 1,344 1,555 1,519 1,368 1,542 1,504 1,383 1,180 1,187 

F i l l e r s and 
M i sce l l aneous 

106 112 161 221 161 148 112 122 102 112 179 

Tota l Demand^ 18,717 16,955 14,138 16,343 18,633 19,581 19,803 17,681 17,195 15,782 19,812 

1. Data may not add t o t a l s shown due to independent rounding. 

Source: Minera l Facts and problems, 1985 



TABLE 12 

CALCINED AND UNCALCINED GYPSUM PRODUCTS1 SOLD OR USED IN THE UNITED STATES, 1985 

Gypsum Type/Use 

Unca lc ined 

. P o r t l a n d cement 
2 

. A g r i c u l t u r e 

. F i l l e r s and M i sce l laneous 

Quant i t y % 

(000 's Tonnes) 

4,129 17.2 

1,145 4.8 

128 0.5 

Sub-Tota l 5,402 22.5 

C a l c i n e d 

. B u i l d i n g P l a s t e r 279 1.2 

. I n d u s t r i a l P l a s t e r 495 2.1 
3 

. P r e f a b r i c a t e d Products 17,774 74.2 

Sub-Tota l 18,548 77.5 

TOTAL 23,950 100.0 

1. Inc ludes domest ic , imported and by-product gypsum. 

2. Inc ludes most of 755,315 tonnes of by-product gypsum. 

3. Inc ludes weight of paper, metal and other m a t e r i a l s and some 

by-product gypsum. 

Source: United S tates Bureau of Mines, Minera l Yearbook, 1985 
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The cu r r en t annual North American market f o r crude gypsum used i n 

wa l lboa rd manufactur ing i s about 1.8 b i l l i o n square meters . 

Approximately 1.65 b i l l i o n square metres of t h i s t o t a l i s i n the 

Un i ted S ta tes and the remain ing 150 m i l l i o n square meters i s i n 

Canada. P roduct ion c a p a c i t y i n Canada exceeds annual domestic 

market demand by approx imate ly 30% and i n the Un i ted S t a t e s , 

p roduct ion c a p a c i t y roughly matches demand. 

The t r a d i t i o n a l measure used to p r e d i c t gypsum demand has been new 

housing s t a r t s . However, the emergence of s i g n i f i c a n t housing 

r e p a i r and remode l l i ng and i nc reased use of gypsum wa l lboard i n 

n o n - r e s i d e n t i a l DUI'1 d ings are i n f l u e n c i n g the s i z e and s t r u c t u r e 

of the cu r r en t market. 

7.3.1.1 Un i ted S tates Housing S t a r t s 

The hea l th of the gypsum wa l l boa rd i ndu s t r y i n North America has 

always been c l o s e l y t i e d t o the Uni ted S ta te s housing s t a r t s . 

Leve l s of housing s t a r t s have h i s t o r i c a l l y f l u c t u a t e d and c o i n c i d e 

w i th peaks and v a l l e y s i n i n t e r e s t r a t e s , i n f l a t i o n ra tes and 

unemployment r a t e s . 

S ince 1982, when the r e ce s s i on was at i t s lowest and f o l l o w i n g a 

60% inc rease i n housing i n 1983, housing s t a r t s have c l imbed 

g r adua l l y from 1.7 m i l l i o n i n 1983 to 1.8 m i l l i o n i n 1986. 

Economic f a c t o r s account ing f o r the inc rease i n c l ude a drop i n 

i n t e r e s t r a t e s , i n c r e a s i n g employment, and a r e l a t i v e l y low 

i n f l a t i o n r a t e of approx imate ly 3% per y ea r . 

I t should be noted t h a t there were major r eg i ona l s h i f t s i n 

housing s t a r t s i n the Un i ted S tates i n 1986. Table 13 shows the 

changes from 1985 to 1986 i n housing s t a r t s by r e g i o n . 



TABLE 13 

UNITED STATES HOUSING STARTS BY REGION, 1985 - 1986 

Region % of Nat iona l Tota l 

1985 1986 

Northeast 12.9 14.3 

Midwest 12.8 14.7 

South 46.7 43.5 

West 27.5 27.3 

Source: Markets 87-90, Widman Management L im i ted 
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I t i s known t ha t other f a c t o r s must now be cons idered to p r e d i c t 

wa l l boa rd consumption. F i gu re 5 attempts to c o r r e l a t e the Un i ted 

S t a te s consumption o f wa l l boa rd and the Un i ted S tates p r i v a t e 

hous ing s t a r t s f o r the year s 1976 to 1986. 

7.3.1.2 Repa i r and Remodel l ing i n Un i ted S ta te s Housing 

Widman Management L i m i t e d l r e p o r t e d , i n t h e i r market study on 

Canadian lumber (Markets 87 -90 ) , t h a t of the t o t a l lumber produc

t i o n i n the Un i ted S tates i n 1986, the r e p a i r and remodel l ing 

market accounted f o r 28% compared to 16.3% i n 1972. S i m i l a r l y , a 

1984 Un i ted S ta te s Qypsum Company p u b l i c a t i o n repor t s the t o t a l 

annual expend i tu re on housing r e p a i r s and renovat ions i n the 

Un i t ed S ta tes as $ 60 b i l l i o n U.S. and an annual growth rate i n 

t h i s market of 12%. 

Approx imate ly o n e - t h i r d , or 30 m i l l i o n , of the e x i s t i n g housing 

u n i t s i n the Un i ted S tates are over 45 years o l d ; t h e r e f o r e , the 

demand f o r r e p a i r and remode l l i ng p roduc t s , i n c l u d i n g wa l l boa rd , 

shou ld i nc rea se s u b s t a n t i a l l y . 

7.3.1.3 Un i ted S ta tes Non-Res ident ia l Con s t r u c t i o n 

Manufacturers of wa l lboard have conf i rmed that because of i t s f i r e 

r e t a r dan t c h a r a c t e r i s t i c s , the use of gypsum wa l lboa rd i n commer

c i a l and i n s t i t u t i o n a l b u i l d i n g s i s i n c r e a s i n g . However, non

r e s i d e n t i a l c o n s t r u c t i o n of h igh r i s e condominiums and commercial 

o f f i c e b u i l d i n g s i n which l a r ge q u a n t i t i e s of type-x wa l lboard i s 

used, i s s ub jec t to great f l u c t u a t i o n s . 

7.3.1.4 Un i ted S ta te s Lumber Consumption Versus Wal lboard Demand 

With re fe rence to F i gu re 6, the c o r r e l a t i o n made between lumber 

consumption i n the Uni ted S ta tes f o r r e s i d e n t i a l , n o n - r e s i d e n t i a l , 

1 A Vancouver-based Management c o n s u l t i n g f i r m 



FIGURE 5 

UNITED STATES WALLBOARD CONSUMPTION AND PRIVATE HOUSING STARTS, 1976 - 1986 

Legend: fia S i n g l e Un i t s 

WalIboard 

M u l t i p l e Un i t s 



FIGURE 6 

TOTAL UNITED STATES WALLBOARD CONSUMPTION 

AND UNITED STATES LUMBER CONSUMPTION BY END-USE, 1976 - 1986 
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and r e p a i r sec to r s of c o n s t r u c t i o n and wa l lboa rd demand, 1s much 

more r e a l i s t i c than a comparison between p r i v a t e housing s t a r t s 

and wa l lboard consumption. Th i s conf i rms t h a t r e p a i r and remodel 

l i n g a c t i v i t i e s are a f a c t o r i n i n f l u e n c i n g the s i z e of the 

wa l lboa rd market. 

7.3.1.5 Canadian Housing S t a r t s 

Housing s t a r t s i n Canada p a r a l l e l t rends i n the Un i ted S ta te s 

because of response to the same economic f a c t o r s . Widman Manage

ment L im i ted repo r t s an 11% i n c rea se i n housing s t a r t s i n Canada 

f o r 1986 over 1985. 1985 s t a r t s t o t a l l e d 165,826 and e s t imate s 

f o r 1986 are a t 183,000. 

Reg i ona l l y , Ontar io and Quebec housing s t a r t s have remained s t a b l e 

w h i l e s t a r t s i n B r i t i s h Columbia have r i s e n s i g n i f i c a n t l y over 

1985 t o t a l s . In the p r a i r i e s , A l b e r t a housing s t a r t s have 

d e c r e a s e d due t o a r e c e s s i o n i n t he o i l i n d u s t r y w h i l e 

Saskatchewan and Manitoba r epo r t i nc reased l e v e l s over 1985. 

Table 14 prov ides d e t a i l s on housing s t a r t s by p rov ince from 1984 

t o 1986. 

7.3.1.6 S p e c i a l t y Wal lboard 

Recent United S ta tes s t a t i s t i c s revea l an i nc rea se i n s p e c i a l t y 

wa l l boa rd p roduc t i on . Qypsum has taken over more o f the m o b i l e -

home market where 5/16 i nch products are i n i n c r e a s i n g demand. 

Of a l l wa l lboard products consumed i n the P a c i f i c Region o f the 

Un i ted S tates i n 1986 (Refer to Sec t i on 4, Table 7 ) , type-X 

wa l l b oa rd , predecorated board, 5/16 i nch board and water/ mo i s tu re 

r e s i s t a n t board made up 47.1%. 



TABLE 14 

CANADIAN HOUSING STARTS BY PROVINCE, 1984 - 1986 

1984 

Prov ince Un i t s % 

Newfoundland 2,720 2 .0 

P r i n ce Edward 
I s land 

643 0 .5 

Nova S c o t i a 4,598 3 .4 

New Brunswick 2,873 2 .1 

Quebec 41,902 31 .1 

Ontar io 48,171 35 .7 

Manitoba 5,308 3 .9 

Saskatchewan 5,221 3 .9 

A l b e r t a 7,295 5 .4 

B r i t i s h Columbia 16,169 12 .0 

Canada 134,900 100 .0 

1985 1986 

Un i t s % Un i t s % 

2,854 1.7 2,883 1.4 

788 0.5 1,110 0.6 

6,923 4.2 7,571 3.8 

4,142 2.5 4,045 2.0 

48,031 29.0 60,348 30.2 

64,871 39.1 81,470 40.8 

6,557 4.0 7,699 3.9 

5,354 3.2 5,510 2.8 

8,337 5.0 8,462 4.2 

17,969 10.8 20,687 10.3 

165,826 100.0 199,785 100.0 

Source: Canada Mortgage and Housing 
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7.3.2 Cement Demand 

7.3.2.1 Un i ted S ta tes Scene 

Table 15 prov ides s t a t i s t i c s on cement product ion and consumption 

i n the Un i ted States f o r the yea r s 1982 to 1986. 

P roduct ion came from one s t a t e agency and f o r t y - e i g h t companies 

ope ra t i ng 144 p l an t s i n 40 s t a t e s . Quan t i t i e s produced i n 1986 

i n c l uded 69.1 m i l l i o n tonnes of po r t l and cement and 3.3 m i l l i o n 

tonnes of masonry cement. 50% of the po r t l and cement came from 

s i x s t a t e s : C a l i f o r n i a , Texas, Pennsy l van ia , M i ch i gan , M i s s o u r i , 

and Alabama. 

D i s t r i b u t i o n by end-use was as f o l l o w s : 

. Ready-mix concrete 70.0% 

. Concrete Products ( b l ock , p ipe and precast ) 12.0% 

. B u i l d i n g Ma te r i a l Dealers 6.0% 

. Highway Cont rac to r s 5.0% 

. Other Con t rac to r s 7.0% 

Table 16 p rov ides d e t a i l s on c a p a c i t i e s by s t a t e s . 

Cement consumption h i t a r eco rd high i n the Uni ted S ta te s i n 1986 

and was 5% above 1985 l e v e l s . R e g i o n a l l y , the nor theas t and north 

c e n t r a l reg ions exper ienced the l a r g e s t gains w i t h 11% each, 

f o l l owed by the west w i th 3%. 

S t a t i s t i c s on Canadian consumption were not r e a d i l y a v a i l a b l e a t 

the t ime of t h i s w r i t i n g . However, the Po r t l and Cement A s s o c i a 

t i o n , o f the Un i ted S t a t e s , repor ted a consumption f i g u r e f o r 

Canada dur ing November 1986 of 569,800 tonnes, more than 2% above 

7.3.2.2 Canadian Scene 



TABLE 15 

UNITED STATES CEMENT SALIENT STATISTICS, 1982 - 1986 

(000 ' s Tonnes) 

1982 1983 1984 1985 1986E 

P roduct ion 57,463 63,871 70,474 70,651 72,379 

( P o r t l a n d , Masonry 

& Other) 

Shipments from 58,108 64,336 72,711 75,310 77,004 

M i l l s ( Inc ludes 

Masonry Cement 

Imports 1 2,640 3,828 7,880 12,807 15,419 

Exports 182 107 73 89 63 

Apparent Consumption 59,520 66,606 76,472 79,323 83,263 

1. Import Sources (1982 - 1985): Canada 40% 
Spain 23% 
Mexico 21% 
Other 16% 

Est imate 

Source: United S tates Bureau of Mines 



TABLE 16 

UNITED STATES CEMENT PLANT CAPACITIES BY STATES, 1985 

Rank F i n i s h Gr ind ing S ta te 

(000*s Tonnes) 

1 11,668 Texas 
2 11,618 C a l i f o r n i a 
3 6,911 Pennsy lvan ia 
4 6,606 Mich igan 
5 5,053 Alabama 
6 4,718 F l o r i d a 
7 4,600 M i s sou r i 
8 3,171 New York 
9 3,039 Iowa 

10 2,927 South C a r o l i n a 
11 2,692 Indiana 
12 2,177 Kansas 
13 2,097 Ohio 
14 2,026 Colorado 
15 1,887 Oklahoma 
16 1,842 Maryland 
17 1,755 Washington 
18 1,672 South Dakota 
19 1,630 A r i zona 
20 1,590 Georg ia 
21 1,438 Arkansas 
22 1,429 Nebraska 
23 1,307 I l l i n o i s 
24 1,286 Utah 
25 1,089 V i r g i n i a 
26 932 Tennessee 
27 765 West V i r g i n i a 
28 726 Kentucky 
29 691 Maine 
30 680 Loui s i ana 
31 617 Montana 
32 599 New Mexico 
33 544 Oregon 
34 499 Wyomi ng 
35 489 Nevada 
36 476 M i s s i s s i p p i 
37 318 Idaho 
38 263 Hawaii 
39 195 Wiscons in 
40 145 A la ska 

94,157 Tota l 

There are no cement-producing p lant s i n the f o l l o w i n g s t a t e s : 

Connect icut Del aware D i s t r i c t of Columb 
Massachusetts Minnesota New Hampshire 
New Jer sey North C a r o l i n a North Dakota 
Rhode I s land Vermont 

Source: Po r t l and Cement A s s oc i a t i on Market and Economic Research, 
December 31, 1985 
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the y e a r e a r l i e r l e v e l . R e g i o n a l l y , On ta r i o r e g i s t e r e d a s i z e a b l e 

i n c r e a s e , b u t o t h e r p r o v i n c e s d e c l i n e d . P o r t l a n d Cement 

A s s o c i a t i o n a l s o repo r ted shipments f o r the f i r s t e leven months of 

1986 to be 6.8 m i l l i o n tonnes, which was 4.5% more than the yea r 

e a r l i e r p e r i o d . 

S t a t i s t i c s on Canadian p roduct ion o f cement f o r 1985 and 1986, by 

p r o v i n c e , are g iven i n Table 17; Table 18 p rov ides d e t a i l s on 

c a p a c i t i e s by p r ov i n ce . 

7.3.3 Con s t r u c t i o n Fo recas t s 

7.3.3.1 Un i ted States Housing S t a r t s and Lumber Consumption 

Widman Management L t d . has made p r e d i c t i o n s on Un i ted S tates 

hous ing s t a r t s f o r the pe r i od 1987 through 1990. Table 19 

i n d i c a t e s those p r e d i c t i o n s which were based on p r e d i c t e d moderate 

l e v e l s of i n t e r e s t r a t e s . 

The 1987 l e v e l o f 1.7 m i l l i o n s t a r t s i s cons ide red unusual and a 

c y c l i c a l downturn i s l i k e l y to occur i n the next y e a r . In 1989 

and 1990, a s t rong c l imb i s a n t i c i p a t e d . 

The cor respond ing f o r e c a s t f o r lumber consumption i n the Un i ted 

S t a t e s f o r r e s i d e n t i a l , n o n - r e s i d e n t i a l , and r e p a i r and remodel

l i n g i s p rov ided i n Table 20 a long w i t h a f o r e c a s t of wa l lboard 

use based on a d i r e c t p r o p o r t i o n . The growth i n wa l l boa rd use f o r 

the year s 1987 through 1990 averages a t 3.2%. Research done by 

P r e s s ! e r * i n d i c a t e s a s i m i l a r p a t t e r n . 

7.3.3.2 Canadian Housing S t a r t s 

Based on the same economic f a c t o r s p resent i n the Un i ted S t a t e s , 

Widman Management has p r e d i c t e d housing s t a r t s i n Canada to f o l l o w 

t h a t i n d i c a t e d i n Table 21. 

1 M i ne ra l s Fac t s and Problems, 1985 



TABLE 17 

CEMENT PRODUCTION IN CANADA, 1985 - 1986 

1985 1986 

Prov ince Quant i t y Value Quant i ty Value 
(000' s Tonnes) ($000) (000 ' s Tonnes) ($000! 

Newfoundland X 8,779 X 9,300 

Nova S c o t i a X 21,079 X 20,449 

New Brunswick X 12,366 X 8,406 

Quebec 3,094 183,794 3,231 200,700 

Onta r i o 4,093 283,677 3,965 282,189 

Manitoba 343 35,725 431 46,104 

Saskatchewan X 19,237 X 20,007 

A l b e r t a 1,143 148,882 934 124,951 

B r i t i s h Columbia 988 74,818 1,013 78,740 

Canada 10,192 788,357 10,058 790,846 

X - Too small t o r epo r t 

Source: Energy, Mines and Resources, Canada 



TABLE 18 

CANADIAN CEMENT PLANT CAPACITIES BY PROVINCE, 1985 

Rank F i n i s h G r i nd ing Prov inces 

(000 's Tonnes) 

1 5,567 Ontar io 

2 4,095 Quebec 

3 3,491 A l b e r t a 

4 1,744 B r i t i s h Columbia 

5 890 Manitoba 

6 485 Nova S c o t i a 

7 376 Saskatchewan 

8 315 New Brunswick 

9 250 Newfoundland 

17,214 Tota l 

There are no cement producing p l an t s i n the f o l l o w i n g p rov inces : 

P r i n c e Edward I s l and 

Source: Po r t l and Cement A s s o c i a t i o n Market and Economic Research, 
December 31, 1985 



TABLE 19 

UNITED STATES HOUSING FORECAST, 1987 - 1990 

Year Number of Un i t s 

(000 ' s ) 

1987 1,500 

1988 1,575 

1989 1,675 

1990 1,775 



TABLE 20 

UNITED STATES SOFTWOOD LUMBER AND WALLBOARD CONSUMPTION FORECAST, 1987 - 1990 

Lumber Wal lboard 

( M i l l i o n s Board Feet) ( M i l l i o n s Square Meters) 

Non-
Year R e s i d e n t i a l R e s i d e n t i a l Repair & Remodel l ing Tota l 

1987 15,330 6,600 12,700 34,630 1,750 

1988 16,065 6,675 12,975 35,715 1,810 

1989 16,855 6,725 13,200 36,780 1,860 

1990 17,745 6,850 13,300 37,895 1,920 



TABLE 21 

CANADIAN HOUSING FORECAST, TSo7 - 1990 

Year Number of Un i t s 

1987 180,000 

1988 165,000 

1989 175,000 

1990 185,000 
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7.3.3.3 Heavy Con s t r u c t i on and Non-Res ident ia l B u i l d i n g 

Eng ineer ing News Record proved to be the best source on market 

t rends i n heavy c o n s t r u c t i o n and n o n - r e s i d e n t i a l b u i l d i n g i n the 

Un i ted S t a t e s . Table 22 i n d i c a t e s Eng ineer ing News Record ' s 

p r e d i c t i o n f o r c o n t r a c t s i n the United States f o r 1986 and 1987. 

The Canadian Con s t r u c t i on A s s o c i a t i o n i s f o r e c a s t i n g i nc reases i n 

the n o n - r e s i d e n t i a l c o n t r a c t c o n s t r u c t i o n i ndu s t r y cons tant d o l l a r 

expend i ture of 4.5% through to 1995, based on the d i f f e r e n c e s of 

Western Accord and the May 1985 fede ra l budget. The c o n s t r u c t i o n 

i ndu s t r y has expressed a concern t h a t Canada's i n f r a s t r u c t u r e 

network needs se r i ou s a t t e n t i o n , l ead i ng to major renovat ions and 

upkeep p r o j e c t s s i m i l a r to those begun i n the Un i ted S tates on 

t h e i r highway systems. An implemented program i n such a context 

would a l l ow the c o n s t r u c t i o n and the mining i n d u s t r y to p lan f i v e 

to ten yea r s ahead, r a t he r than to i n ve s t i n s ho r t - t e rm s u r v i v a l 

p r o j e c t s as the main i n c e n t i v e . 

7.4 AGRICULTURE 

Unca lc ined and by-product gypsum are commonly used f o r a g r i 

c u l t u r a l purposes i n the Un i ted S t a t e s , wh i l e on l y o c c a s i o n a l l y 

used i n Canada. In 1983, gypsum demand f o r a g r i c u l t u r a l purposes 

was 1.2 m i l l i o n tonnes, o r 6% of the t o t a l Un i ted S ta te s gypsum 

demand. Approx imate ly 60% of t h i s amount of gypsum used (689,000 

tonnes) was by -product gypsum, wh i le the balance was unca l c i ned . 

The va lue of by -product gypsum so ld f o r a g r i c u l t u r a l uses i n 1983 

was $ 7.1 m i l l i o n U.S.; r ep re sen t i ng an average u n i t value of $ 

10.30 U.S. per tonne. 

An e s t imated 90% o f gypsum used f o r a g r i c u l t u r a l purposes are 

w i t h i n the South A t l a n t i c S t a t e s , and in C a l i f o r n i a . In these 

l o c a t i o n s , c e r t a i n leguminous crops requ i re a s i g n i f i c a n t amount 

of s o l u b l e c a l c i u m . Gypsum i s a l so used to n e u t r a l i z e a l k a l i n e 



TABLE 22 

UNITED STATES CONSTRUCTION CONTRACTS FORECAST (MILLIONS U.S. DOLLARS) 

Est imate Forecast % Chg. % Chg. 

Type of Work 1985 1986* 1987 '85-86 '86-87 

To ta l C o n s t r u c t i o n * * 160,046 
Heavy C o n s t r u c t i o n , To ta l 40,405 

Water Use and C o n t r o l 12,941 
Waterworks 3,219 
Sewerage 6,463 
Dams, R e s e r v o i r s , Waterways 3,259 

T r an spo r t a t i on 19,597 
Highways, S t r e e t s 15,042 
Br idges 4,555 

E l e c t r i c i t y , Gas, Communi- 2,462 
c a t i o n s 

Other Heavy C o n s t r u c t i o n 5,405 
Non -Res iden t i a l B u i l d i n g s 82,740 

Manufactur ing 7,561 
Commercial 47,623 

O f f i c e s , Banks 24,739 
S to re s , M e r c a n t i l e 13,044 
Warehouses 6,967 
Garages, S e r v i c e s S t a t i on s 2,873 

Educat iona l 8,805 
H o s p i t a l s , H e a l t h Treatment 7,743 
Government S e r v i c e 2,994 
Other ( L e i s u r e , R e l i g i o u s , 8,014 

M i s ce l l aneou s ) 
M u l t i - U n i t R e s i d e n t i a l 36,901 

Apartments 29,875 
H o t e l s , M o t e l s , Do rm i to r i e s 7,026 

153,923 143,552 -4 -7 
41,225 40,025 +2 -3 
13,400 13,850 +4 +3 
3,550 3,700 +10 +4 
6,250 6,400 -3 +2 
3,600 3,750 +10 +4 

20,700 19,425 +6 -6 
15,750 14,750 +5 -6 
4,950 4,675 +9 -6 
2,000 2,000 -19 0 

5,125 4,750 -5 -7 
78,173 74,840 -6 -4 
6,700 7,300 -11 +9 

42,794 38,206 -10 -11 
20,200 16,450 -18 -19 
12,872 12,268 -1 -5 
6,873 6,958 -1 +1 
2,849 2,530 -1 -11 
9,775 9,925 +11 +2 
7,525 7,775 -3 +3 
2,885 2,677 -4 -7 
8,494 8,957 +6 +5 

34,525 28,687 -6 -17 
27,514 22,450 -8 -18 

7,011 6,237 0 -11 

P r e l i m i n a r y 
Excludes 1-2 Fami l y Houses 

Source: ENR-Dodge/DRl 
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and s a l i n e s o i l c o n d i t i o n s , s o f t e n i n g of c l a yey s o i l s , s o i l 

s t a b i l i t y and p r o v i d i n g the ba s i c n u t r i e n t s of ca l c i um and 

su lphur . 

S a l i e n t s t a t i s t i c s f o r the Un i ted S ta tes demand f o r a g r i c u l t u r a l 

purposes are prov ided i n Table 23. 

7.5 PULP AND PAPER INDUSTRY 

World consumption o f paper and paperboard products i nc reased an 

e s t imated 3.0% i n 1986 and i s expected to inc rease a f u r t h e r 4.0% 

i n 1987. I t i s a n t i c i p a t e d t h a t i n the next four y e a r s , pulp 

p r i c e s w i l l i nc rease s i g n i f i c a n t l y from $ 500 U.S. per tonne to 

$ 620 U.S. per tonne by the yea r 1990. This s i g n i f i c a n t p r i c e 

i nc rea se of pu lp p r i c e s should have a p o s i t i v e e f f e c t on the 

f i l l e r and extender markets as pulp and paper manufacturers seek 

l e s s expens ive p a r t i a l s u b s t i t u t e s o ther than pulp as a f i l l e r f o r 

s p e c i a l t y paper p roduct s . 

Gypsum may as w e l l , due to i t s c h a r a c t e r i s t i c s and co s t advantage 

over k a o l i n , become an acceptab le f i l l e r to be used i n pulp and 

paper manufacture. 

With appa ren t l y modest l e v e l s of economic growth, one can expect 

cont inued demand growth i n paper and paperboard products through 

the ba lance of the 1980 ' s . An annual growth r a te of 3.5% to 4.5% 

i n consumption of paper and paperboard products over the next f ou r 

yea r s would be c o n s i s t e n t w i th the past two years growth r a t e s . 

Th i s growth r a t e should r e f l e c t westcoast (North American) pulp 

and paper manufacturers c u r r e n t consumption of 272,160 tonnes of 

minera l f i l l e r i n c r e a s i n g to 317,500 tonnes by the yea r 1990. 



TABLE 23 

DEMAND FOR GYPSUM IN UNITED STATES AGRICULTURE, 1973 - 1983 

(OOO's Tonnes) 

1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 

1,318 1,516 1,344 1,555 1,520 1,368 1,542 1,504 1,383 1,180 1,188 
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EXTENDER, FILLER AND SPECIALTY MARKETS 

M inera l f i l l e r s and extenders are ma te r i a l s that can be i n c o r 

porated w i th other compounds to achieve a v a r i e t y of d i f f e r e n t 

r e s u l t s . The primary reasons f o r i n d u s t r i e s to u t i l i z e mineral 

f i l l e r s are to reduce p roduc t i on c o s t s ; increase hardness, b r i t -

t l e n e s s , impact s t r eng th ; and modify f i r e r e s i s t a n c e , su r face 

t e x t u r e , f l ow c h a r a c t e r i s t i c s , heat c o n d u c t i v i t y , thermal expan

s i o n , phy s i ca l c h a r a c t e r i s t i c s , de f o rm i t y , v i s c o s i t y and s o f t en i ng 

p o i n t . 

Gypsum i s known to be i n co rpo r a t ed i n l i m i t e d amounts as a mineral 

f i l l e r i n the manufacture of p l a s t i c s , paper, co t ton goods, p a i n t , 

rubber , p e s t i c i d e s , f oods , pharmaceut ical and ce ramic s . The 

g r ea te s t p o t e n t i a l f o r gypsum, w i t h i n the f i l l e r markets, i s 

w i t h i n the manufacture of p a i n t , paper and p l a s t i c s . 

S a l i e n t s t a t i s t i c s f o r the Un i ted States demand of gypsum f o r 

minera l f i l l e r and extender purposes are unava i l ab le f o r s p e c i f i c 

geographic a reas , though t o t a l demand between the years 1973 and 

1983 i s o u t l i n e d i n Table 24. 

In the Uni ted S t a t e s , m inera l f i l l e r demand i s f o r 60% c a l c i n e d 

gypsum and 40% unca l c ined gypsum. Recent s t a t i s t i c s (Minera l 

Indust ry Surveys, 1986) i n d i c a t e t h a t i n 1985, 104,872 tonnes of 

unca l c i ned gypsum was s o l d or used by United S tates producers f o r 

minera l f i l l e r and mi sce l l aneous uses. 

In B r i t i s h Columbia, 1985: 8,800 tonnes of k a o l i n and 9,600 tonnes 

of t a l c were imported f o r the manufacture of p l a s t i c s and rubber 

p roduc t s ; wh i l e i n 1983, 2,900 tonnes of ca lc ium carbonate , k a o l i n 

and t a l c were consumed by p a i n t manufacturers. Though t h i s i s not 

a s i g n i f i c a n t amount, i t p rov ides an i n s i g h t as to the p o t e n t i a l 

o f minera l f i l l e r a p p l i c a t i o n s w i t h i n B r i t i s h Co lumbia ' s market-

pi a ce . 



TABLE 24 

DEMAND FOR GYPSUM IN UNITED STATES FILLER AND MISCELLANEOUS MARKETS, 1973 - 1983 

(000*s Tonnes) 

1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 

106 112 161 221 161 148 112 122 103 112 179 

Source: J.W. P r e s s l e r (1985) 
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O v e r a l l , i n the mineral f i l l e r and extender markets, the s p e c i f i c 

minera l f i l l e r i s chosen by the user ba lanc ing co s t s versus 

performance. Fac to r s taken i n t o c o n s i d e r a t i o n i n c l u d e : geographic 

l o c a t i o n and a s s oc i a ted t r a n s p o r t a t i o n c o s t s , phy s i ca l c h a r a c t e r 

i s t i c s and p u r i t y of p roduct , a long w i t h a s s oc i a ted hand l ing and 

p roces s ing c o s t s . The f i l l e r market i s very compet i t i v e among the 

e s t a o l i s h e d f i l l e r s ( k a o l i n , ca l c i um carbonate, and t a l c ) and, 

t h e r e f o r e , i t would be d i f f i c u l t f o r a new product to penetrate a 

s i g n i f i c a n t po r t i on of the c u r r e n t market. 

In B r i t i s h Columbia, the s a l i e n t s t a t i s t i c s , as per Minera l P o l i c y 

Sector I n te rna l Report MR1 86/2, on the consumption of k a o l i n , 

c a l c i um carbonate and t a l c by pulp and paper p l an t s between the 

yea r s 1980 and 1985 are o u t l i n e d i n Table 25. 

The es t imated value of k a o l i n c l a y consumed i n 1985 by B r i t i s h 

Columbia pulp and paper manufacturers i s $ 1.7 m i l l i o n . This 

represents on ly a small f r a c t i o n of the va lue of k a o l i n c l a y 

consumed by the r e s t of Canadian pulp and paper manufacturers , 

p r i m a r i l y l o c a t e d i n eas tern Canada, of $ 17 m i l l i o n . The prime 

reason f o r t h i s occurrence i s t ha t most f i n e papers, which r equ i r e 

a s i g n i f i c a n t po r t i on of minera l f i l l e r , are l o c a t e d w i t h i n 

Onta r i o and Quebec. 

The demand f o r gypsum w i t h i n the s p e c i a l t y markets i s l e s s than 1% 

of the t o t a l demand and s i g n i f i c a n t l y l e s s than 1% o f the t o t a l 

product va l ue . Ca l c i ned gypsum i s used as a c a s t i n g p l a s t e r or 

denta l p l a s t e r , as a cementing agent i n o i l and gas we l l d r i l l i n g , 

ce ramic s , and as a maintenance compound f o r quick patch ing of 

h igh-use s u r f a ce s . Anhydrous gypsum, when heated to 204 deg.C, 

c rea te s a " s o l u b l e a n h y d r i t e " which i s s o l d i n va r ious p a r t i c l e 

s i z e s as de s i ccan t i n l a b o r a t o r y and commercial a p p l i c a t i o n s and 

as a c a r r i e r of c e r t a i n i n s e c t i c i d e s . When heated to 482 deg.C, a 

dead-burned or i n s o l u b l e anhydr i te i s formed which can be used i n 

the manufacture of Keenes cement or as an i n d u s t r i a l f i l l e r . 



TABLE 25 

MINERAL FILLER CONSUMPTION IN BRITISH COLUMBIA PULP AND PAPER PLANTS, 1980-1985 

K a o l i n 

Ca lc ium Carbonate 

Ta lc 

(Tonnes) 

1980 1981 1982 

3,760 3,544 3,664 

- 28,925 4,776 

- 1,699 1,293 

1983 1984* 1985* 

4,601 6,275 8,830 

3,611 16 38 

1,783 3,614 9,566 

P a r t i a l use by pulp and paper i n d u s t r i e s 

Source: Energy, Mines & Petroleum Resources, Canada, Minera l P o l i c y Sector 
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BY-PRODUCT GYPSUM 

By -p roduct gypsum generated i n f l u e gas desul p h u r i z a t i o n , 

phosphate rock a c i d u l a t i o n , and o ther chemical processes i n the 

Un i t ed S ta te s and Canada i n not r e c l a imed , except f o r the small 

amount s o l d f o r a g r i c u l t u r a l and wa l l boa rd purposes. 

The recovery of by-product gypsum from phosphor ic a c i d and other 

a c i d manufactur ing , i n c l u d i n g thermal power p l a n t s tack desulphur

i z a t i o n , c o u l d a l t e r some minor l o c a l supply s i t u a t i o n s , but the 

i n t e g r a t i o n of the gypsum i ndu s t r y p lus c e r t a i n t e c h n i c a l problems 

seem l i k e l y to prevent a major s h i f t to widespread usage of 

by -p roduct gypsum. 

Phosphogypsum, a by-product of the phosphate f e r t i l i z e r i n du s t r y , 

i s produced at four f e r t i l i z e r p l a n t s i n A l b e r t a . Research 

programs have been conducted to determine i f phosphogypsum cou ld 

be used i n the manufacture of w a l l b o a r d , but no commercial use i s 

made o f A l b e r t a ' s phosphogypsum at p re sent . 

Phosphate producers i n F l o r i d a have always had problems w i th 

phosphogypsum. For every tonne of phosphor ic a c i d manufactured, 

f i v e tonnes of phosphogypsum are produced and s t o c k p i l e d next to 

the phosphate chemical p l a n t s . 

Acco rd i ng t o "Chemical Week", the researches have found a way to 

process phosphogypsum making s u l p h u r i c a c i d and aggregate f o r 

roads . The phosphogypsum i s fed to a r o t a t i n g c i r c u l a r grate w i th 

petro leum coke, waste phosphatic c l a y s and p y r i t e s . The mixture 

i s burned i n a s e r i e s of sea led zones on the g r a t e . The new gas 

produced i s h igh S O 2 and i s c o l l e c t e d f o r use as a feed gas i n a 

c o n v e n t i o n a l , m e t a l l u r g i c a l - t y p e s u l phu r i c a c i d p l a n t . The s o l i d 

by -p roduct which remains on the g rate a f t e r the r eac t i on i s 

d i s cha rged i n a dry form. Accord ing to the t e c h n i c a l expe r t s , the 

m ix tu re y i e l d s more than 90% su lphur recovery and a road aggregate 

t h a t l ooks p romi s ing . 
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A re search conducted a t C-E Raymond's N e p e r v i l l e , I l l i n o i s , 

l a bo r a t o r y f a c i l i t i e s , has r e s u l t e d i n the development of an 

i nnova t i v e commercial c a l c i n i n g process which a l lows h i g h - q u a l i t y 

wa l l boa rd to be produced from by-product gypsum of f l u e gas 

d e s u l p h u r i z a t i o n a t c o a l - f i r e d power p l a n t s . 

P o s s i b l e u t i l i z a t i o n of by-product gypsum from the manufacture of 

phosphor ic a c i d , h y d r o f l u o r i c a c i d , c i t r i c a c i d , t i t a n i u m o x i d e , 

and r e f i n e r y f l u e gas desul p h u r i z a t i o n , would prov ide some r e l i e f 

f o r environmental problems and augment the m i t i g a t i o n process of 

these i n d u s t r i e s . The r e c y c l i n g and u t i l i z a t i o n of by-product 

gypsum, r e s u l t i n g from d e s u l p h u r i z a t i o n of s tack gases from 

c o a l - b u r n i n g power p l a n t s , would prov ide some b e n e f i t to the 

u t i l i t i e s i n d u s t r y . Storage of the waste sludge w i l l become more 

c r i t i c a l as the co s t of l and inc reases and the p u b l i c concern f o r 

s o l i d waste p o l l u t i o n i n t e n s i f i e s . However, as long as the co s t 

f o r s o l i d waste d i sposa l cont inues to be economical and s o l i d 

waste p o l l u t i o n remains n o n - c r i t i c a l , on ly a small amount of the 

p o t e n t i a l l y u se fu l by-product gypsum w i l l be used. 

UNITED STATES GYPSUM DEMAND FORECAST 

M i n e r a l s , Fact s and Problems, 1985, presents p r o j e c t i o n s and 

f o r e c a s t s f o r the Uni ted S ta te s gypsum demand f o r the year 2000. 

The p r e d i c t i o n s presented (Re fe r Tables 26 and 27) are cons idered 

c r e d i b l e and r e a l i s t i c based on a n a l y t i c a l procedures used. 

With permis s ion from the proper a u t h o r i t i e s , the a n a l y s i s and 

d i s c u s s i o n are repeated he re , word - fo r -word , except the tonnage 

has been converted to m e t r i c . 

End-use-demand data f o r gypsum were c o r r e l a t e d w i th va r i ou s 

economic i n d i c a t o r s . A s t a t i s t i c a l p r o j e c t i o n f o r each end-use 

was de r i ved from an independent f o r e c a s t of the i n d i c a t o r t h a t 



TABLE 26 

PROJECTIONS AND FORECASTS FOR UNITED STATES GYPSUM BY END-USE - 2000 

(OOP's Tonnes)  

2000 

Contingency Forecast s f o r Un i ted S ta tes 

Forecast Range 

End-Use 1983 S t a t i s t i c a l , Low High Probable 
P r o j e c t i o n s  

Con s t r u c t i o n : 

. P r e f a b r i c a t e d 14,219 
Products 

. P l a s t e r , 643 
I n d u s t r i a l and 
B u i l d i n g 

. Cement Set 3,588 
Regarder 

A g r i c u l t u r e 1,187 

F i l l e r s and 179 
M i sce l l aneous 

T o t a l " 19,816 

1. S t a t i s t i c a l p r o j e c t i o n s , prov ided by the Branch of Economics A n a l y s i s , are 
de r i ved from reg re s s i on ana l y s i s based on h i s t o r i c a l t ime s e r i e s data and 
from f o r e c a s t s of economic i n d i c a t o r s such as GNP and FRB index. A s t a t i s t i 
c a l p r o j e c t i o n of zero i n d i c a t e s t ha t demand w i l l vanish at or before year 
2000, based on the h i s t o r i c a l r e l a t i o n s h i p . P r o j e c t i o n equat ions w i th a 
c o e f f i c i e n t of de te rminat ion (R-squared) l e s s than 0.70 are i n d i c a t e d by an 
a s t e r i s k ( * ) . 

25,946 

0 

4,717 

1,542* 

236* 

19,958 

544 

4,355 

1,452 

181 

26,309 

26,309 

635 

4,717 

1,542 

245 

33,566 

24,494 

544 

4,355 

1,542 

236 

30,845 

2. Data may not add to t o t a l s shown because of independent rounding 



TABLE 27 

SUMMARY OF FORECASTS OF UNITED STATES AND REST-OF-WORLD GYPSUM DEMAND, 1990-2000 

(000 's Tonnes! 

2000 
Probable 

Average Annual 
Forecast Range Probable Growth Rate 

1983-2000 
1983 Low High 1990 2000 (percent) 

Un i ted S ta te s 

To ta l 19,816 26,309 33,566 23,587 30,845 2.6 

Cumulat ive - 390,096 453,600 154,224 426,384 

Rest -Of -Wor ld 

To ta l 58,044 77,112 96,163 68,947 87,091 2.4 

Cumulat ive - 1,179,360 1,270,080 444,528 1,179,360 

World: 

To ta l 77,859 103,421 129,730 92,534 117,936 2.5 

Cumulat ive - 1,542,240 1,723,680 598,752 1,632,960 
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showed the best c o r r e l a t i o n . A f o r e c a s t of each end-use c o n s i d 

ered the impacts of t e chno l og i c and s o c i a l c on t i n genc i e s on the 

demand f o r gypsum. 

Prefabricated Products. - The use of wa l l boa rd has grown 

f a s t e r than t h a t of a lmost any other b u i l d i n g m a t e r i a l , w i th an 

annual growth r a te of 3.2% over the l a s t 21 y e a r s . Use of p r e 

f a b r i c a t e d p roduc t s , p r i m a r i l y gypsum wa l lboard f o r housing and 

b u i l d i n g s r e l a t e s to growth i n new c o n s t r u c t i o n a c t i v i t y and 

housing s t a r t s . The s t a t i s t i c a l p r o j e c t i o n of 25.9 m i l l i o n tonnes 

f o r the year 2000 was obta ined from the reg res s ion equat ion w i th 

Gross P r i v a t e Domestic Investment as an exp lanatory v a r i a b l e . The 

high s ide of the 2U00 f o r e c a s t demand range i s e s t a b l i s h e d at 26.3 

m i l l i o n tonnes on the assumption t ha t the h i s t o r i c a l p a t t e rn w i l l 

cont inue i n t o the f u t u r e , notwi ths tand ing the recent depressed 

year s of 1981 and 1982 of low housing and b u i l d i n g s t a r t s . The 

low demand f o r e c a s t of 19.9 m i l l i o n tonnes was obta ined by 

assuming a s t rong c o m p e t i t i v e market from plywood and o ther 

manufactured wooden board , and t h a t demand w i l l be slowed by 

con t i nu i n g h igh mortgage i n t e r e s t ra te s and c o n s t r u c t i o n c o s t s , 

h igher den s i t y condominiums and high r i s e apartments, and 

decreased popu la t i on growth. The near-h igh p o s i t i o n of 24.5 

m i l l i o n tonnes was s e l e c t e d f o r the probable demand. 

Building and Industrial Plaster. - The l a b o u r - i n t e n s i v e nature 

of p l a s t e r use i n the Un i ted S tates has caused a l ong - te rm d e c l i n e 

i n i t s use i n the l a s t 21 y e a r s . Regress ion a n a l y s i s i n d i c a t e s a 

15% negat ive growth r a te f o r b u i l d i n g p l a s t e r , and a 1.4% growth 

rate f o r i n d u s t r i a l p l a s t e r . These t rends are expected to 

cont inue a l though b u i l d i n g p l a s t e r i s p r ed i c t ed to approach an 

i r r e d u c i b l e minimum of 181,440 tonnes per y e a r . I n d u s t r i a l 

p l a s t e r , p r i n c i p a l l y used f o r c a s t i n g and molding has had a modest 

growth ra te i n the l a s t 21 year s and c o r r e l a t e s we l l w i th the 

Un i ted S tates p o p u l a t i o n . Combining both types of p l a s t e r , the 

s t a t i s t i c a l p r o j e c t i o n o f zero f o r 2000 was obta ined by an 
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e x c e l l e n t c o r r e l a t i o n w i th the Un i ted S ta tes popu la t i on as an 

independent v a r i a b l e . The h igh s i de of the 2000 f o r e c a s t demand 

range i s e s t a b l i s h e d a t 635,040 tonnes, an o p t i m i s t i c no-growth 

s i t u a t i o n from the p re sen t , and the low demand f o r e c a s t of 544,320 

tonnes was obta ined by assuming c on t i nu i n g economic pressures on 

housing co s t s i n which more p r e f a b r i c a t i o n and u n i t c o n s t r u c t i o n 

procedures w i l l be p r a c t i c e d . The low of 544,320 tonnes was 

s e l e c t e d f o r the probable demand. 

Cement Reta rder . - New c o n s t r u c t i o n a c t i v i t y was used i n the 

r eg re s s i on equat ion as an exp lanato ry v a r i a b l e to obta in the 

s t a t i s t i c a l p r o j e c t i o n of 4.7 m i l l i o n tonnes f o r cement se t 

r e t a r d e r i n the manufacture of cement i n the yea r 2000. The high 

s i de of the 2000 f o r e c a s t demand range i s e s t a b l i s h e d a t 4.7 

m i l l i o n tonnes on the cont ingency t h a t t h i s h i s t o r i c a l pa t te rn 

w i l l cont inue to 2000 unabated. The low s ide of the 2000 f o r e c a s t 

demand range of 4.4 m i l l i o n tonnes was obta ined by assuming 

c o n s t r a i n t s on the c o n s t r u c t i o n i n d u s t r y , i n c l u d i n g housing 

because of c on t i nu i n g h igh i n t e r e s t r a t e s , and low popu la t ion 

growth. The probable annual demand i n 2000 f o r gypsum use as a 

cement se t r e t a r de r i s s e l e c t e d a t 4.4 m i l l i o n tonnes, which 

c o i n c i d e s w i th a 5% average gypsum requirement of the probable 

cement consumption i n 2000. 

A g r i c u l t u r e . - There was no good c o r r e l a t i o n of t h i s end-use 

wi th any of the a v a i l a b l e economic i n d i c a t o r s . The s t a t i s t i c a l 

p r o j e c t i o n of 1.5 m i l l i o n tonnes of gypsum f o r a g r i c u l t u r a l use i n 

2000 was obta ined from the reg re s s i on equat ion w i th the Federal 

Reserve Board (FRB) A g r i c u l t u r a l Chemicals index as an independent 

v a r i a b l e . Th i s p r o j e c t i o n was s e l e c t e d as a probable demand 

f o r e c a s t . The probable demand f o r e c a s t of 1.5 m i l l i o n tonnes was 

a l s o obta ined by e x t r a p o l a t i n g the r e s u l t of a r eg re s s i on equation 

of 21 y e a r s ' data us ing t ime as the exp lanato ry v a r i a b l e . The 

h a r v e s t e d c r o p a c r e a g e i n the South A t l a n t i c S t a t e s and 

C a l i f o r n i a , the areas t ha t use over 90% o f the a g r i c u l t u r a l 
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gypsum, was used i n the reg re s s i on equat ion as an a d d i t i o n a l 

exp lana to ry v a r i a b l e to ob ta i n 1.5 m i l l i o n tonnes of gypsum used 

i n 2000. Th i s was s e l e c t e d as a low demand f o r e c a s t , because 

l i t t l e i n c rea se i n crop acreage i s expected through 2000. Be t t e r 

u t i l i z a t i o n of crop acreage, the improving technology of ob t a i n i n g 

maximum crop p r o d u c t i v i t y i n c l u d i n g f e r t i l i z e r u t i l i z a t i o n , and 

the need to promote n i t r ogen f i x a t i o n i n leguminous c r op s , 

i n d i c a t e the cont inued use of gypsum i n the f u t u r e , but no 

o p t i m i s t i c p r o j e c t i o n can exceed the probable demand f o r e c a s t of 

1.5 m i l l i o n tonnes, so t h a t was a l s o s e l e c t ed as the h igh demand 

f o r e c a s t . 

F i l l e r s and M i s c e l l a n e o u s . - The s t a t i s t i c a l p r o j e c t i o n of 

235,872 tonnes of gypsum f o r f i l l e r s and mi sce l laneous uses i n the 

year 2000 was obta ined from the reg re s s i on equat ion w i th the 

Un i ted S ta tes popu la t i on as the independent v a r i a b l e . The 21-year 

h i s t o r i c a l t ime s e r i e s i n d i c a t e s an average 4.5% growth ra te per 

y e a r . An o p t i m i s t i c h igh s i de of the 2000 f o r e c a s t demand range 

was e s t a b l i s h e d a t 244,944 tonnes on the assumption of a c o n t i n u 

a t i o n of t h i s hea l thy growth r a t e . The low demand f o r e c a s t of 

181,440 tonnes was obta ined by assuming a s lowing of demand f o r 

these s p e c i a l t y uses by s t rong compet i t i on w i th o ther ma te r i a l s 

such as k a o l i n , p u l v e r i z e d ca l c i um carbonate, and t a l c . The near 

h igh of 235,872 tonnes was s e l e c t e d f o r the probable demand. 
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8. PRICE STRUCTURE OF GYPSUM 

8.1 PRICE VERSUS END-USE 

Wal lboard and other gypsum products are p r i c e d to y i e l d a s a t i s 

f a c t o r y r e tu rn on investment f o r a manufacturer and at the same 

t ime to compete w i th a l t e r n a t i v e p roduct s . 

There are no market quota t i on s f o r wa l lboard and crude gypsum. 

Cap t i ve p roduct ion rece i ve s an ' a s s i gned va l ue ' which r e f l e c t s 

p roduc t i on co s t s on l y , so t h a t the t rue value of gypsum, the main 

component i n the manufacture of w a l l b o a r d , i s not r evea led . 

When crude gypsum i s s upp l i ed to wa l lboard and cement manufac

t u r e r s or other un re la ted gypsum products producers, a c o n t r a c t 

p r i c e , which i s i n f l uenced by the p r i c e from the next a v a i l a b l e 

sou rce , i s always negot ia ted between the s e l l e r and the buyer. 

The average p r i c e i n U.S. d o l l a r s per tonne of crude gypsum p r i c e d 

FOB mine and c a l c i n e d gypsum p r i c e d FOB p l an t dur ing the pe r i od 

from 1981 to 1986 i s shown i n Table 28. 

Th i s t a b u l a t i o n shows tha t a p r i c e of crude gypsum a c t u a l l y f e l l 

7.8% from i t s 1982 l e v e l . I t has been constant f o r the l a s t th ree 

y e a r s , averag ing $ 8.69 U.S. per tonne. 

On the c o n t r a r y , a p r i c e of c a l c i n e d gypsum shows a wider f l u c t u a 

t i o n dur ing the same per i od w i th an upward t rend of 37.3% from 

1982 to 1986 p r i c e l e v e l . 

The pr imary reason f o r the cons tan t p r i c e l e v e l of crude gypsum i s 

the l a r g e - s c a l e i n t e g r a t ed o p e r a t i o n s , dominated by a small number 

of l a r g e companies. 



TABLE 28 

AVERAGE PRICE IN U.S. DOLLARS PER TONNE1 OF CRUDE GYPSUM, 1981 - 1986 

1982 1982 1983 1984 1985 1986 

Crude Gypsum 9.48 9.40 8.64 8.82 8.62 8.67 

C a l c i n e d Gypsum 23.11 19.42 21.59 23.05 26.14 26.67 

1. F.O.B. Mine 

Source: M inera l Commodity Summaries 1986 and 1987 
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Although the market i s dominated by a small number of l a r g e 

companies, the re i s a h igh degree o f c ompe t i t i o n . D i s t r i b u t i o n 

p a t t e r n s vary w i t h s a l e s be ing d i r e c t from p l an t t o l a r g e b u i l d i n g 

c o n t r a c t o r s , and through b u i l d i n g product who le sa le r s t o r e t a i l 

o u t l e t s . 

The l a r g e r c o n t r a c t o r s , b u i l d i n g supply cha in s t o r e s , or pu r 

cha s i n g a s s o c i a t i o n s , normal ly go t o tender on l a r ge wa l lboa rd 

purchases. Once a cha in o r a s s o c i a t i o n negot ia te s a p r i c e f o r 

w a l l b o a r d , i n d i v i d u a l r e t a i l o u t l e t s are ab le to p l ace orders 

d i r e c t l y w i th the manufacturer . 

P r i c e i n f o rmat i on on the margin s t r u c t u r e used by i n d i v i d u a l f i rms 

i s d i f f i c u l t t o o b t a i n . Some i n d i c a t i o n s on average va lues can be 

summarized from a v a i l a b l e t r ade i n f o rma t i on s t a t i s t i c s and c u r r e n t 

s e l l i n g p r i c e . 

Average t o t a l c o s t of manufactur ing gypsum board, as repor ted t o 

S t a t i s t i c s Canada, per hundred square meters, i s i n the order o f 

$ 118.41 CDN. Cur rent s e l l i n g p r i c e to l a r ge c on t r a c t o r s and 

c h a i n s to re s i n Canada are i n the order of $ 156.08 CDN per 

hundred square meters . Cur rent p r i c e s f o r sma l l e r customers 

buy ing from b u i l d i n g m a t e r i a l s u p p l i e r s i n c e n t r a l Canada are i n 

the order of $ 193.76 to $ 204.52 CDN. per hundred square meters 

i n t r u c k load l o t s d e l i v e r e d t o the j ob s i t e . 

S a l e s to the Un i ted S ta te s are more p r o f i t a b l e , the c u r r e n t p r i c e s 

be ing i n the o rder of $ 209.90 U.S. per hundred square meters i n 

t r u c k l oad l o t s d e l i v e r e d t o the j ob s i t e . The Un i ted S ta tes 

market appears to be more p r o f i t a b l e than does the Canadian 

market. 

Data compi led f o r the P a c i f i c Northwest market r evea l s t ha t a 

p r i c e of crude gypsum d e l i v e r e d t o the customer ' s wa l l boa rd p l a n t 

s i t e ranges from $ 23.00 U.S. t o $ 26.00 U.S. per tonne. 
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The p r i c e of crude gypsum f o r the cement i ndu s t r y d e l i v e r e d to the 

p l a n t s i t e i s quoted between $ 30.00 CDN to $ 33.00 CDN per tonne 

i n the Vancouver and S e a t t l e market a reas . 

A f u t u r e crude gypsum producer i n B r i t i s h Columbia w i l l have to 

compete i n the gypsum market i n the P a c i f i c Northwest a r ea . An 

o u t l i n e of the p r i c e s t r u c t u r e of gypsum d e l i v e r e d to the P a c i f i c 

Northwest market area i s g iven i n Table 29. 

The re fo re , a producer of crude gypsum i n B r i t i s h Columbia w i l l 

have to undercut the p r i c e o f e i t h e r Spanish or Mexican gypsum f o r 

at l e a s t $ 1.00 U.S. per tonne, i n order to be compet i t i v e i n the 

cement or wa l l boa rd market a r e a . 

Accord ing to Data Resources Inc . , of Lex ing ton , Massachussets, 

mate r i a l p r i c e s f o r e c a s t f o r 1989 f o r gypsum board and po r t l and 

cement w i l l f o l l o w the t rend which i s o u t l i n e d i n Table 30. 

A drop of 0.5% i n gypsum board p r i c e s i s p red i c ted f o r 1987, and, 

t h e r e a f t e r , an i nc rea se of 2.2% and 3.1% i n 1988 and 1989 r e spec t 

i v e l y . 

Fo recas t f o r p o r t l a n d cement p r i c e f o r 1987 i s 0.3% drop w i th 

sharp i nc rea se s of 2.8% and 5.0% i n 1988 and 1989 r e s p e c t i v e l y . 



TABLE 29 

PRICE OF CRUDE GYPSUM DELIVERED TO THE PACIFIC NORTHWEST 

Purchase P r i c e 
FOB Nearest 
Port F r e i gh t Other Costs Tota l Cost 

Gypsum Source $U.S./Tonne $U.S./Tonne $U.S./Tonne $U.S./Tonne 

Spain 5.00 - 6.00 10.00 - 11.00 2.50+ 
(40,000 Tonne) 

13.00 - 14.00 
(25,000 Tonne) 

$ 25.00 
Vancouver 

Mexico Domtar $ 26.00 
S e a t t l e 

Windermere, B.C. Westroc $ 23.00 
Vancouver 



TABLE 30 

PRICE FORECASTS FOR GYPSUM BOARD AND PORTLAND CEMENT, 1985 - 1989 

1985 1986 1987 1988 1989 

(%) (%) (%) (%) (%) 

Gypsum Board -2.3 2.9 -0.5 2.2 3.1 

P o r t l a n d Cement 2.0 -1.6 -0.3 2.8 5.0 

Source: Data Resources Inc. 
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9. GYPSUM SUPPLY AND DEMAND IN THE PACIFIC RIM OF 
NORTH AMERICA 

In the P a c i f i c Rim o f North Amer ica , commercial gypsum depos i t s 

a re i n three major areas which are not evenly d i s t r i b u t e d through 

the r e g i on . Due to h igh l and t r a n s p o r t a t i o n co s t s r e l a t i v e to the 

base c o s t of the gypsum, the gypsum i n these areas i s converted t o 

the end-use product i n r e l a t i v e l y l o c a l p l a n t s . 

Other a reas , p r i n c i p a l l y on the c o a s t , u t i l i z e gypsum imported 

ma in l y from Mexico and Spa in . The cos t s o f gypsum from these 

sources i s compet i t i ve due t o the a b i l i t y to sh ip i n bulk by sea 

and the lower mining c o s t s a t these l o c a t i o n s . 

9.1 SUMMARY 

F i gu re s 7 and 8 g r a p h i c a l l y d e p i c t the movement of crude gypsum 

and the est imated supply and demand i n the P a c i f i c Rim of North 

Amer i ca . 

In the f o l l o w i n g s e c t i o n s , d e t a i l s o f supply and usage of gypsum 

i n the P a c i f i c Rim of North America have been q u a n t i t i e d . 

9.2 PRODUCERS 

The three main min ing areas of gypsum i n the P a c i f i c Rim of North 

Amer i ca , as dep i c ted i n F i gu re 9, a r e : 

a) Southern C a l i f o r n i a and Southern Nevada; 

b) Northwestern Nevada; and 

c) B r i t i s h Columbia. 

Other producing areas are Washington S ta te and Centra l C a l i f o r n i a . 

The gypsum depos i t s i n these areas are gene ra l l y of a lower p u r i t y 

and used p r i n c i p a l l y i n a g r i c u l t u r e . 



FIGURE 7 

CRUDE GYPSUM FLOW IN THE PACIFIC RIM OF NORTH AMERICA 

Crude Gypsum Sources Crude Gypsum Users 

B r i t i s h Columbia 

Washington 

C a l i f o r n i a 

Nevada 

Mexico 

Spain 

5-

A l b e r t a 

B r i t i s h Columbia 

Washington 

C a l i f o r n i a 

Nevada 

Oregon 

Ar i zona 



FIGURE 8 

ESTIMATED SUPPLY/DEMAND OF GYPSUM IN THE PACIFIC RIM OF NORTH AMERICA 

(Tonnes) 

B r i t i s h Columbia 

526,180 

Nevada 

.1,088,640 

C a l i f o r n i a 

Mexico 

Domestic 

2,812,320 

Imports 

1,515,024 

Tota l Supply 

4,336,416 

Wallboard 

2,812,320 

A g r i c u l t u r e 

317,520 

Others 

208,656 

Non -Pac i f i c 

Rim 

408,240 



FIGURE 9 

LOCATION OF ACTIVE GYPSUM MINES IN THE PACIFIC RIM OF NORTH AMERICA (1985) 

Key 

B r i t i s h Columbia: 
1. F a l k l and 
2. L u s s i e r R iver 
3. Windermere 

Washington: 
4. Poison Lake, Okanagan County 

C a l i f o r n i a : 
5. A rcher , Kings County 
6. Amboy, San Bernardino County 
7. Lost H i l l s (2 ) , Kern County 
8. Quatal Canyon, Ventura 

County 
9. M id land, R i v e r s i de County 

10. Farming Camp, San Lu i s 
Obispo County 

11. P l a s t e r C i t y , Imper ia l County 
Nevada: 

12. Las Vegas (2) , C la rk County 
13. Empire, Persh ing County 
14. Adams C l a im, Lyon County 
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By-product gypsum 1s manufactured i n Northern C a l i f o r n i a . Th i s 1s 

a small percentage o f the t o t a l gypsum produced 1n the P a c i f i c Rim 

o f North America and 1s u t i l i z e d almost e x c l u s i v e l y i n the a g r i 

c u l t u r a l a r ea . 

Table 31 l i s t s the p roduc t i on of gypsum by Prov ince and s t a t e . 

9.2.1 B r i t i s h Columbia 

Qypsum i s mined i n B r i t i s h Columbia p r i m a r i l y a t two l o c a t i o n s , 

both i n the East Kootenays. 

The Westroc I ndu s t r i e s mine a t Windermere, i s c u r r e n t l y producing 

approx imate ly 454,000 tonnes per y ea r . Approximately 80% of t h i s 

p roduct ion i s used i n i t s own wa l lboa rd p lan t s i n Ca l ga r y , A l b e r t a 

and Vancouver, B r i t i s h Columbia. The remaining 20% i s s o l d f o r 

both the cement i n d u s t r y and a g r i c u l t u r a l uses. Sh ipp ing o f the 

gypsum i s both by t ruck and r a i l , w i t h s l i g h t l y more r a i l than 

t r u c k . 

Domtar u t i l i z e s a l l i t s p roduct ion of approx imately 118,000 tonnes 

per yea r from i t s L u s s i e r R i v e r mine i n i t s own wa l l boa rd p l a n t i n 

Edmonton, A l b e r t a . The gypsum i s a l l shipped by r a i l . 

The mine a t F a l k l a n d i s owned by Canada Cement Lafarge and 

operates on ly th ree months o f the y e a r . I t s t o t a l output i s 

consumed by i t s cement p l a n t i n Kami oops. 

9.2.2 Washington 

The only mine i n Washington i s a t present producing a n e g l i g i b l e 

amount. The e n t i r e output i s s o l d l o c a l l y f o r use as a s o i l 

c o n d i t i o n e r i n a g r i c u l t u r e . 



TABLE 31 

PACIFIC RIM GYPSUM PRODUCTION BY PROVINCE AND STATE 

Quan t i t i e s Mined (000 's Tonnes) 

S t a te/P rov i nce 1980 1981 1982 983 1984 1985 

B r i t i s h Columbia 784 685 415 460 412 

Washington (1) (1) (1) (1) (1) (1) 

C a l i f o r n i a 1,491 1,321 987 1,100 1,254 1,208 

Nevada 773 706 595 905 1,081 1,095 

T o t a l s 3,048 2,666 1,942 2,466 2,747 

(1) Reported q u a n t i t i e s are inc luded w i t h other non-meta l i c minera l s 

as the volume i s min ima l . 
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9.2.3 C a l i f o r n i a 

The mines producing gypsum i n C a l i f o r n i a f o r the c a l c i n i n g p l a n t s 

and cement i n d u s t r y are l o c a t e d i n Southern C a l i f o r n i a . The 

l a r g e s t producing mine i n the Un i ted S tates i s a t P l a s t e r C i t y i n 

Imper ia l County, which produces i n excess of 1.5 m i l l i o n tonnes 

per y e a r . The gypsum rock from t h i s mine i s used p r i n c i p a l l y i n 

t h e o w n e r ' s (U . S . Gypsum) l o c a l w a l l b o a r d and p l a s t e r 

manufactur ing p l a n t . 

R i v e r s i d e County i s a second l a r g e producer of gypsum. Super i o r 

Gypsum, a t B l y t h e , mines approx imate ly 544,320 tonnes per y e a r . 

Approx imate ly 80% of i t s p roduc t i on i s used i n the cement 

i n d u s t r y , main ly i n southern C a l i f o r n i a w i th a small amount be ing 

sh ipped to A r i z o n a . The ba lance o f i t s p roduct ion i s s o l d f o r 

a g r i c u l t u r a l use. 

Other sma l l e r depos i t s of lower grade gypsum and g yp s i t e are mined 

i n the San Joagu in V a l l e y . A l though these depos i t s are too low i n 

pe rcent gypsum to be u t i l i z e d i n the p l a s t e r and cement i n d u s t r y , 

they are used e x t e n s i v e l y t o t r e a t the a l k a l i n e s o i l s which 

predominate i n the a g r i c u l t u r a l areas o f the s t a t e . 

By-product gypsum i s a l s o manufactured i n C a l i f o r n i a . The amount 

produced as a percentage of the t o t a l gypsum used i s m in ima l . 

Th i s product i s used almost e n t i r e l y as a s o i l c o n d i t i o n e r as are 

the low grade g yp s i t e d e p o s i t s . 

9.2.4 Nevada 

The producing areas of Nevada are the south of C la rk County, and 

the northwest of Lyon and Per sh ing Count i e s . 
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The two mines i n C la rk County, owned by PABCO and Un i ted S ta te s 

Gypsum, u t i l i z e the gypsum i n t h e i r own p l an t s l o c a l l y t o produce 

wa l l b oa rd and p l a s t e r . The Un i ted S ta te s Qypsum mine i n Per sh ing 

County produces approx imate ly 1.22 m i l l i o n tonnes per y e a r f o r use 

i n i t s own p l a n t . 96% t o 97% i s c a l c i n e d to produce w a l l b o a r d , 

w i t h the ba lance s o l d f o r a g r i c u l t u r e . 

A r t Wi lson Co. markets approx imate ly 80% o f the 90,720 tonnes per 

y e a r output from i t s mine i n Carson C i t y to the cement i n d u s t r y i n 

Northern C a l i f o r n i a and Northern Nevada. The balance i s used f o r 

a g r i c u l t u r a l purposes. 

The wa l l boa rd i n d u s t r y consumes approx imate ly 70% of the gypsum 

used i n North Amer ica. 

Wal lboard p l a n t s are g e n e r a l l y l o c a t e d r e l a t i v e l y c l o s e to the 

source of supply of crude gypsum due to the high t r a n s p o r t a t i o n 

c o s t s . 

In the P a c i f i c Rim o f North Amer ica, the m a j o r i t y of p l a n t s are 

l o c a t e d e i t h e r : 

a) a t the s i t e o f the mine which s upp l i e s i t ; 

b) a long the c o a s t , where the re i s easy access to bulk un load ing 

f a c i l i t i e s f o r imported gypsum. 

See F i gu re 10 f o r l o c a t i o n s of wa l l boa rd p l a n t s . 

9.3 CONSUMERS 

9.3.1 Wal lboard Indus t ry 

9.3.1.1 B r i t i s h Columbia 

The two p l a n t s i n B r i t i s h Columbia, Westroc I ndu s t r i e s and Domtar 

C o n s t r u c t i o n , are l o c a t e d w i t h i n easy access of waterborne bulk 

shipments i n the Greater Vancouver a r e a . 



FIGURE 10 
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Domtar imports a l l i t s gypsum, p r i n c i p a l l y from t h e i r own mine i n 

San Marcos. 

Westroc I n d u s t r i e s 1 mine a t Windermere, B r i t i s h Columbia, 

s u p p l i e s a l l t he gypsum f o r i t s w a l l b o a r d p l a n t i n New 

Westminster. Current consumption averages 131,544 tonnes per 

y e a r . 

9.3.1.2 A l b e r t a 

A l l th ree wa l lboard p l an t s i n A l b e r t a rece i ve crude gypsum from 

ou t s i de the p rov i nce . 

Westroc I ndu s t r i e s operates a wa l l boa rd p l an t i n Ca lgary w i th 

gypsum a r r i v i n g from West roc 1 s mines i n eastern B r i t i s h Columbia 

and Mani toba. 

Domtar 1 s wa l lboard p l an t i n Ca lga ry i s p r e sen t l y c l o s e d , wh i l e i t s 

p l a n t i n Edmonton rece i ve s i t s crude gypsum supply from Domtar s 

mine a t L u s s i e r R i ve r i n the East Kootenays of B r i t i s h Columbia. 

9.3.1.3 Washington 

Domtar and Northwest Gypsum are the two wa l lboard p l an t s on the 

coa s t of Washington. The i r t o t a l requirements of approx imate ly 

508,032 tonnes per year are p rov ided by imported mate r i a l from 

both Mexico and Spa in . Domtar 1 s supply i s t o t a l l y from i t s own 

mine i n San Marcos and Northwest Gypsum being s upp l i ed by both San 

Marcos and Spa in . 

9.3.1.4 C a l i f o r n i a 

There are seven wa l lboard manufactur ing p lan t s i n C a l i f o r n i a , s i x 

of which are l o ca ted on the c o a s t , and one i n Imperial County. 
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In 1986, an e s t imated 1,814,400 tonnes of gypsum were used to 

manufacture w a l l b o a r d . The s i x coa s t a l p l a n t s were s u p p l i e d by 

imported gypsum, w h i l e the U.S. Qypsum p l a n t i n Imper ia l County 

was s upp l i ed e n t i r e l y from i t s own l o c a l mine. 

9.3.1.5 Nevada 

The three wa l l boa rd manufactur ing p l an t s i n Nevada are a l l l o c a t e d 

w i t h i n sho r t hau l i n g d i s t a n c e of the mines s upp l y i ng them. The 

p l a n t s , w i th t h e i r r e s p e c t i v e mines, are each owned and operated 

by i t s own parent company. 

9.3.2 Cement Industry 

The cement produc ing p l a n t s i n the P a c i f i c Rim o f North America 

a re more w ide l y d i s t r i b u t e d than the wa l l boa rd p l a n t s . They are 

g e n e r a l l y l o c a t e d c l o s e r t o the supply of l i m e , as t h i s i s the 

main i n g r e d i e n t i n the making of cement (Refer t o F i gu re 11). 

The gypsum component o f the cement v a r i e s from 3% t o 6% so the 

h i g he r t r a n s p o r t a t i o n c o s t s do not have a s i g n i f i c a n t bea r i ng on 

t he l o c a t i o n s o f the p l a n t s . 

The cement p l an t s on the coa s t u t i l i z e both domestic and imported 

gypsum. Imports are p r i n c i p a l l y from Spa in. 

The mines of southern Nevada and southern C a l i f o r n i a supply gypsum 

t o the cement p l a n t s i n c e n t r a l C a l i f o r n i a and western A r i z ona as 

w e l l as t h e i r own l o c a l markets . 

The northwestern Nevada mines sh ip gypsum i n t o Oregon and nor thern 

C a l i f o r n i a f o r the cement i n d u s t r y . 



FIGURE 11 

LOCATION OF CEMENT PRODUCING PLANTS IN THE PACIFIC RIM OF NORTH AMERICA 

Key 

A l a s ka : 
1. Anchorage 

B r i t i s h Columbia: 
2. Kami oops 
3. Richmond 
4. De l t a 

A l b e r t a : 
5. Edmonton (2) 
6. Exshaw 

Washington: 
7. Be l l ingham 
8. S e a t t l e 
9. Meta l i ne F a l l s 

Oregon: 
10. Durkee 

C a l i f o r n i a : 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 

Nevada: 
23. Fe rn ley 

Redding 
San Andreas 
Permanente 
Davenport 
Lebec 
Mono l i th 
Mojave 
Co l ton 
R i v e r s i d e (2) 
Lucerne V a l l e y 
Orogrande 
V i c t o r v i l i e 

TO 
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In B r i t i s h Columbia, the cement p l a n t a t Kami oops r e ce i ve s i t s 

gypsum from the l o c a l mines a t F a l k l a n d . The p l an t s i n the 

Vancouver area u t i l i z e gypsum from both B r i t i s h Columbia and 

f o r e i g n sou rces . 

The A l b e r t a cement p l an t s r e l y p r i m a r i l y on sources o f crude 

gypsum i n B r i t i s h Columbia and to a l e s s e r e x ten t i n Manitoba. 

9.3.3 Pulp and Paper Industry 

C u r r e n t l y , t he re are no pulp and paper manufacturers on the West 

Coast u t i l i z i n g gypsum as a mineral f i l l e r o r extender i n the 

manufacture of paper o r pu lp . The paper i n d u s t r y h e a v i l y favours 

the use o f k a o l i n as a minera l f i l l e r and a l s o uses ca l c ium 

carbonate f o r s p e c i a l c oa t i n g a p p l i c a t i o n s . West Coast pulp and 

paper manufacturers annua l l y consume 275,000 tonnes of k a o l i n and 

160,000 tonnes of ca l c i um carbonate. The k a o l i n i s almost whol ly 

produced i n Georg ia and South C a r o l i n a and i s t r an spo r ted by r a i l 

t o v a r i ou s consumers on the West Coast a t an average c o s t of U.S. 

$70 per tonne. 

Pulp and paper manufacturers p re sen t l y have a good supply o f both 

k a o l i n and carbonate from w i t h i n the Un i ted S ta te s and would be 

r e l u c t a n t t o conver t t h e i r present c a p i t a l i n t e n s i v e p l a n t f a c i l i 

t i e s t o the use of gypsum as a minera l f i l l e r o r extender i n the 

near f u t u r e . Loca t ion s o f major paper produc ing p l an t s i n the 

P a c i f i c Rim o f North America are shown on F i gu re 12. 

9.3.4 F i l l e r s , Ex tender s , and S p e c i a l t y Markets 

Qypsum i s on l y used to a l i m i t e d ex tent as a minera l f i l l e r i n the 

manufacture o f p l a s t i c s , rubber, p a i n t , foods , pharmaceut ica l and 

ce ram ic s . In 1983, 199,000 tonnes of gypsum were used f o r these 

purposes, a s i g n i f i c a n t i n c rea se over the pas t f i v e year s (1979 

112,000 tonnes ) . There are no s t a t i s t i c s a v a i l a b l e as to the 



FIGURE 12 

LOCATION OF MAJOR PAPER PRODUCING PLANTS IN THE PACIFIC RIM OF NORTH AMERICA 

Key 

B r i t i s h Columbia: 
1. Burnaby 
2. C ro f ton 
3. E l k F a l l s 
4. K i t i m a t 
5. New Westminster (2) 
6. Por t A l be rn i 
7. Powell R i ve r 
8. P r i n ce George 

Washington: 
9. Be l l ingham 

10. Camas 
11. E ve re t t 
12. Hoquiam 
13. Longview (3) 
14. Por t Angeles 
15. Por t Townsend 
16. S te i lacoom 
17. Tacoma (2) 
18. Vancouver 
19. Wal l u l a 

Oregon: 
20. Albany 
21. C l a t s k a n i e 
22. Gard iner 
23. Halsey 
24. Newberg 
25. North Bend 
26. Oregon C i t y 
27. S t . Helens 
28. S p r i n g f i e l d 
29. Toledo 
30. West Lynn 

C a l i f o r n i a : 
31. Ant ioch (2) 
32. Ontar io 
33. Pomona (2) 
34. Por t Huaneme 
35. Santa C l a r a (2) 
36. Stockton 
37. Vernon 
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d i s t r i b u t i o n o f gypsum used i n the manufacture o f these goods, 

though i t i s understood t h a t Un i ted S ta tes Qypsum Company, i n c l u d 

i n g i t s n ine s u b s i d i a r y companies, i s one of the prime producers 

o f r e f i n e d gypsum f o r s p e c i a l i z e d gypsum end-uses. 

Table 32 compi les minera l f i l l e r and extender requirements by West 

Coast pu lp and paper manufacturers . 

9.3.5 A g r i c u l t u r e 

S t a t i s t i c s f o r the P a c i f i c Rim on the amount o f gypsum used f o r 

f e r t i l i z e r and s o i l c o n d i t i o n e r are almost u n a t t a i n a b l e . However, 

i t i s known t h a t bes ides the small mine a t Poison Lake, 

Washington, produc ing f o r a g r i c u l t u r e , Greenacres Qypsum and Lime 

Co. operates a p l a n t i n Spokane, Washington p roce s s i ng crude 

gypsum from the East Kootenays of B r i t i s h Columbia f o r a g r i 

c u l t u r a l use. The annual crude gypsum consumption f o r t h i s p l a n t 

i s approx imate ly 10,000 tonnes. 



TABLE 32 
MINERAL FILLER AND EXTENDER REQUIREMENTS BY WESTCOAST PULP AND PAPER MANUFACTURERS 

M i l l Location Paper Production 

(Tonnes Per Day) 

F i l l e r Requirements 

(Tonnes Per Year) 

Type 

Island Paper M i l l s New Westminster, B r i t i s h Columbia 372 8,618 

Bel kin Paper Burnaby, B r i t i s h Columbia 454 816 Coating Clay 

MacMillan Bloedel Ltd. Port A lbe rn i , and Powell River, 
B r i t i s h Columbia 

3,348 1,361 - 2,722 

James River Corporation 
(Crown Zellerbach) 

Camas, Washington 970 36,288 
2,722 

F i l l e r Clay 
Coating Clay 

Grays Harbour Paper Co. Hoquiam, Washington 340 10,886 
11,794 

F i l l e r Clay 
CaC0 3 F i l l e r 

R.W. Paper Co. 
(Weyerhaeuser) 

Longview, Washington 1,111 10,886 F i l l e r Clay 

Boise Cascade Vancouver, and Wal lu la, Washington 

St. Helen, Oregon 

18,144 
14,515 
7,258 

• 29,030 

F i l l e r Clay 
Coating Clay 
F i l l e r Clay 
F i l l e r Clay 

James River Corporation 
(Crown Zellerbach) 

Port land, Oregon 

Clatskanie, Oregon 
West Lynn, Oregon 

245 

821 
454 

907 
544 

10,886 
36,288 

Coating Clay 
CaCO- F i l l e r 
F i l l e r Clay 
Coating Clay 

Island Paper M i l l Antioch, C a l i f o r n i a - 227 F i l l e r Clay 

Simpson Paper Co. Pomona, C a l i f o r n i a 
Ripon, C a l i f o r n i a 

Anderson, C a l i f o r n i a 

-
7,258 

816 
15,422 
9,072 
1,361 

F i l l e r Clay 
F i l l e r Clay 
Coating Clay 
F i l l e r Clay 
Coating Clay 

Federal Paperboard Commerce, C a l i f o r n i a - 1,814 Coating Clay 

Container Corporation of 
America 

Santa C la ra , C a l i f o r n i a - 3,629 Coating Clay 

National Gypsum Stockton, C a l i f o r n i a 
Long Beach, C a l i f o r n i a -

544 
19,051 

Coating Clay 
CaC0 3 F i l l e r 

U.S. Gypsum Torrance, C a l i f o r n i a - 27,216 CaC0 3 F i l l e r 

Supro Products Pomona, C a l i f o r n i a - 9,072 CaC0 3 F i l l e r 

Hamilton Mater ials Orange, C a l i f o r n i a - 77,112 CaC0 3 F i l l e r 

Marshall/Fi U r a l Los Angeles, C a l i f o r n i a - 18,144 F i l l e r Clay 

Summary: Total 
Total 

Kaoline used per annum: 
carbonate used per annum: 

249,480 tonnes 
145,152 tonnes 
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10. FORECAST OF THE GYPSUM INDUSTRY IN THE PACIFIC RIM OF 
NORTH AMERICA 

10.1 DEMAND FORECAST 

The gypsum i n d u s t r y , a t p re sen t , i s d i r e c t l y dependent on the 

c o n s t r u c t i o n i n d u s t r y and housing s t a r t s 1n the Un i ted S t a t e s . 

The two main products from gypsum are f o r wa l lboa rd and as a se t 

r e t a r d e r i n po r t l a nd cement, account ing f o r approx imately 90% o f 

the usage. 

The responses from manufacturers on these products r e l a t e d t o 

s h o r t - t e r m supply and demand are t h a t there w i l l be l i t t l e or no 

i n c r e a s e i n product ion over the next y e a r . 

The p r o j e c t i o n f o r the P a c i f i c Rim i s t h a t t h i s area w i l l ma in ta in 

i t s normal average percentage o f t o t a l Un i ted S tates housing 

s t a r t s . 

The a n t i c i p a t e d 1987 housing s t a r t s a re expected to be down t o 1.5 

m i l l i o n from the est imated 1.8 m i l l i o n i n 1986. The p r o j e c t e d 

t r e n d i s then f o r a gradual i n c r e a s e back t o the 1.8 m i l l i o n by 

1990. 

As many of the e x i s t i n g hous ing u n i t s are o l d e r , the demand f o r 

r e p a i r and remode l l i ng products i s expected t o i nc rea se substan

t i a l l y . Th i s t rend w i l l o f f s e t some of the lower demand f o r 

p roduct s used i n new housing s t a r t s . 

The p r o j e c t e d demand f o r gypsum i n the Un i ted States i s expected 

t o i n c r ea se to a consumption r a t e o f between 26 and 34 m i l l i o n 

tonnes by the yea r 2000 (Re fe r Table 24, Sec t ion 7 ) . Th i s 

r ep re sen t s an i n c rea se of between 20% and 48% over the 1985 

q u a n t i t y of almost 25 m i l l i o n tonnes. 
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Through t h i s p e r i o d , the P a c i f i c Rim area of North America i s 

expected to ma in ta in approx imate ly 27% of the t o t a l Un i ted S ta te s 

usage i n c o n s t r u c t i o n and f i l l e r s , and approx imate ly 60% of the 

a g r i c u l t u r e demand. Th i s w i l l represent an i nc rease o f between 7 

m i l l i o n and 9 m i l l i o n tonnes per year by 2000. 

Tab le 33 dep i c t s the f o r e c a s t of North Amer i ca ' s P a c i f i c Rim 

gypsum by end-use. 



TABLE 33 

FORECAST FOR NORTH AMERICA'S PACIFIC RIM GYPSUM BY END-USE - 2000 

(OOP's Tonnes)  

2000 

Contingency Forecast s f o r P a c i f i c Rim of North America 

Forecas t Range 

End-Use Low High Probable 

C o n s t r u c t i o n : 

. P r e f a b r i c a t e d Products 5,389 7,103 6,613 

. P l a s t e r , I n d u s t r i a l 147 171 147 
and B u i l d i n g 

. Cement Set Retarder 1,176 1,274 1,176 

A g r i c u l t u r e 871 925 925 

F i l l e r s and M i sce l laneous 49 66 63 

T o t a l 1 7,632 9,539 8,924 

1. Data may not add to t o t a l s shown because of independent rounding 
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11. MARKET OPPORTUNITIES FOR BRITISH COLUMBIA GYPSUM 

11.1 CONCLUSIONS 

Gypsum i s an abundant i n d u s t r i a l mineral commodity throughout the 

w o r l d . I t s u se, however, i s dependent on the b u i l d i n g con s t ruc 

t i o n i n d u s t r y , t h e r e f o r e , developments are g e n e r a l l y l i m i t e d to 

i n d u s t r i a l i z e d c o u n t r i e s . 

A f t e r the Un i ted S t a t e s , Canada i s the w o r l d ' s second l a r g e s t 

producer of crude gypsum. The two c o u n t r i e s , combined, produce 

about 24% o f the wor ld output . 

Over 70% o f the gypsum consumed i n North America i s des t inea f o r 

w a l l b o a r d , w h i l e other p r i n c i p a l uses of gypsum are as a set 

r e t a r d e r i n cement, account ing f o r 18%, and as a s o i l c o n d i t i o n e r 

i n a g r i c u l t u r e , account ing f o r 6% of the t o t a l crude gypsum 

p r o d u c t i o n . 

Approx imate ly 72% of the gypsum consumed i n Canada goes to the 

product ion of wa l l boa rd and r e l a t e d p roduct s , 26% i s used as a set 

r e t a r d e r i n the manufacture of cement, wh i l e the remainder i s used 

f o r o ther a p p l i c a t i o n s . 

Although new c o n s t r u c t i o n m a t e r i a l s are c o n s t a n t l y being i n t r o 

duced, gypsum wa l l boa rd remains popular due to i t s low p r i c e , ease 

of i n s t a l l a t i o n , and proven i n s u l a t i n g and f i r e r e t a r d i n g proper

t i e s . P r e s e n t l y , Canadian wa l lboa rd manufactur ing capac i t y 

exceeds n a t i o n a l consumption by over 30%. 

The markets f o r gypsum and gypsum products are dominated by a 

small number of l a r ge manufacturers . These l a r g e manufacturers 

are h i g h l y i n t e g r a t e d , w i th t h e i r own gypsum mines, t r a n s p o r t a t i o n 

equipment, manufactur ing f a c i l i t i e s i n c l u d i n g paper and wa l l boa rd , 

and a d i s t r i b u t i o n network. In the North American market scene, 

t h i s i n d u s t r y i s h i gh l y c o m p e t i t i v e . 
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In the Canadian c o n t e x t , Westroc and Domtar are the two l a r ge 

wa l l boa rd manufacturers w i th whom a f u t u r e producer w i l l have to 

nego t i a te the sa le s of crude gypsum. I f these i n t e g r a t e d compa

n i e s r equ i r e a d d i t i o n a l s upp l i e s of crude gypsum or are w i l l i n g to 

s u b s t i t u t e imported gypsum w i t h B r i t i s h Columbia gypsum, then 

the re i s the p o s s i b i l i t y o f deve lop ing a new gypsum mine i n 

B r i t i s h Columbia. 

The success or f a i l u r e of a p o t e n t i a l crude gypsum producer, w i l l 

depend on the w i l l i n g n e s s of these companies to cons ider a 

d i f f e r e n t s u p p l i e r or curb the imports of gypsum to B r i t i s h 

Col umbia. 

Witn regard to the cement i n d u s t r y , a fu tu re producer of gypsum 

w i l l have to approach Canada Cement Lafarge and Genstar Cement, as 

we l l as the other cement p l a n t s on the west c o a s t , i n order to 

ob t a i n a c o n t r a c t f o r supp ly . 

A p o t e n t i a l producer of crude gypsum i n B r i t i s h Columbia w i l l have 

to be h i g h l y mot ivated i n order to penetrate t h i s v e r t i c a l l y 

i n t e g r a t e d i n d u s t r y , develop a mine and s e l l crude gypsum to a 

wallDoard or cement manufacturer . 

Any f u t u r e producer of crude gypsum i n B r i t i s h Columbia w i l l have 

to captu re a market share by being h i g h l y compet i t i v e i n p r i c e and 

gypsum q u a l i t y , together w i th guaranteed long-term supply. 

The best oppo r tun i t y f o r B r i t i s h Co lumbia ' s gypsum i s i n the 

supply of crude gypsum to the wa l l boa rd and cement p l an t s l o ca ted 

i n the Vancouver por t area and i n S e a t t l e and Tacoma i n Washington 

S t a t e . These areas can be s upp l i ed by barge t r a n s p o r t a t i o n from 

the c oa s t a l gypsum depos i t s i n B r i t i s h Columbia. 
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The North American market 1s dominated by the Un i ted S ta te s demand 

and any contemplated development o f gypsum resource 1n B r i t i s h 

Columbia w i l l depend on the crude gypsum demand i n the P a c i f i c 

Northwest market a r ea . 

I t i s important t o secure a long - term supply c o n t r a c t of gypsum to 

a customer be fo re a t tempt ing to develop and operate a gypsum 

mi ne. 

Tables 34 and 35 d e p i c t the oppo r tun i t y f o r B r i t i s h Co lumbia ' s 

gypsum i n the P a c i f i c Northwest market regard ing wa l l boa rd and 

cement. 

11.2 RECOMMENDATIONS 

I t i s recommended t h a t a p o t e n t i a l developer of a gypsum depo s i t 

i n B r i t i s h Co lumbia, on the ba s i s o f t h i s document and p r i o r to 

mine development, undertake an ex ten s i ve s t r a t e g i c survey of the 

P a c i f i c Northwest market a r ea . 

W i th i n such a s t r a t e g i c survey, the t r a n s p o r t a t i o n aspect must be 

w e l l understood and ana l yzed . Qypsum, as any o the r i n d u s t r i a l 

m i n e r a l , i s s e n s i t i v e to t r a n s p o r t a t i o n co s t from the mine to the 

manu fac tu re r ' s p l a n t . The c o s t of t r a n s p o r t a t i o n e i t h e r by l and 

o r by sea i s the major c o s t i tem i n gypsum development and min ing , 

wh i ch , i f not manageable, can make the p r o j e c t uneconomical. 

Any f u t u r e producer of crude gypsum i s adv i sed t o e s t a b l i s h 

ongoing, meaningful d i s cu s s i on s w i t h the companies i n B r i t i s h 

Columbia such as Westroc, Domtar, Genstar and Canada Cement 

La f a r ge . With t h e i r support and w i l l i n g n e s s to buy gypsum from a 

new s u p p l i e r , a p o t e n t i a l producer has a chance t o p l ace B r i t i s h 

Co lumbia ' s crude gypsum on the market f o r these companies, or 

through them t o some other consumers i n the Un i ted S t a t e s . 



TABLE 34 

PACIFIC NORTHWEST WALLBOARD MARKET 

Company Loca t i on 

Est imated 
Annual 

Requirements 
(Tonnes) 

Current 
Supp l i e r 

Means of Po in t of 
T r an spo r t a t i on O r i g i n 

Westroc I ndu s t r i e s Vancouver 131,500+ Own R a i l B r i t i s h Columbia 

Domtar Con s t ruc t i on 
Mater i a l s 

Vancouver 190,000 Own Ship Mexico 

Norwest Gypsum S e a t t l e 200,000 Domtar 

Dwight Prehime 

Minera l Resource 
Trading Co. 

Ship 

Ship 

Mexico 

Spain 

Domtar Con s t ruc t i on Tacoma 
M a t e r i a l s 

326,600 Own Ship Mexico 

Tota l 848,100 

Note: The t o t a l gypsum usage of 848,100 tonnes by the wa l lboard i ndu s t r y i n the P a c i f i c Northwest i s not conf irmed 
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Regarding a market f o r cement, the p l an t s ou t s ide B r i t i s h Columbia 

are i n B e l l Ingham, S e a t t l e , and Anchorage, and are operated by 

Columbia Cement, Ash Grove Cement West, I nc . , Ideal Bas i c 

I n d u s t r i e s , and Anchorage Sand/Gravel, r e s p e c t i v e l y . 

These wa l l boa rd and cement companies should be contac ted by a 

f u t u r e B r i t i s h Columbia-based crude gypsum producer t o d i s cu s s the 

p o s s i b i l i t y o f supply from gypsum depos i t s l o c a t e d i n B r i t i s h 

Columbia. 

11.3. OPPORTUNITY FOR BRITISH COLUMBIA'S GYPSUM 

11.3.1 Summary 

I t appears t h a t the bes t oppo r tun i t y f o r a new gypsum producer i n 

B r i t i s h Columbia i s i n the area of crude gypsum supply to the 

wa l l boa rd i n d u s t r y . 

The succes s fu l market ing o f crude gypsum can be accompl ished 

through s u b s t i t u t i n g the f o r e i g n supply of gypsum p re sen t l y used 

by the Westroc and Domtar p l a n t s i n Vancouver, w i t h gypsum from 

B r i t i s h Columbia. I t i s envisaged t h a t a producer of crude gypsum 

i n the v i c i n i t y o f 200,000 tonnes annual product ion from a depos i t 

i n the coa s t a l reg ion o f B r i t i s h Columbia cou ld come on stream, 

p r o v i d i n g t ha t a s ucce s s f u l long- term c o n t r a c t i s negot i a ted w i th 

e i t h e r Westroc and/or Domtar, p r e f e r a b l y both . 

Another market area f o r crude gypsum i n the wa l lboard i ndu s t r y may 

be w i t h Norwest Gypsum i n S e a t t l e , Washington. Norwest Gypsum 

p r e s e n t l y imports i t s gypsum supply from Mexico through Domtar and 

from Spain through M inera l Resource Trading Corp. However, i n 

t r y i n g to supply Norwest Gypsum, any fu tu re producer must be 

c a r e f u l not to undermine Domtar 's supply p o s i t i o n , s i n ce Domtar 

may be a cand idate f o r l a r g e shipments from B r i t i s h Columbia. 



TABLE 35 

PACIFIC NORTHWEST CEMENT MARKET 

Company Locat ion 

Est imated 
Annual 

Requirements 
(Tonnes) 

Current 
Supp l i e r 

Means of 
T ran spo r ta t i on 

Po in t of 
O r i g i n 

Canada Cement 
Lafarge L t d . 

Vancouver 13,610 P a c i f i c Bas in 
Coal and Carbon 

Ship Spain 

Genstar Cement Vancouver 30,000 P a c i f i c Bas in 
Coal and Carbon 

Ship Spain 

Columbia Cement Bel l ingham 22,680 P a c i f i c Bas in 
Coal and Carbon 

Sh ip/Ra i l Spain 

Ashgrove Cement 
West Inc. 

S e a t t l e 9,100 P a c i f i c Bas in 
Coal and Carbon 

Ship Spain 

Ideal Bas i c I ndu s t r i e s S e a t t l e 30,000 P a c i f i c Bas in 
Coal and Carbon 

Ship Spain 

Anchorage Sand/Gravel Anchorage 15,000 Korea (Cement) or 
Norwest Gypsum, 
S e a t t l e 

Ship/Barge 

Tota l 120,390 
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Because these companies, as we l l as those i n the Un i ted S t a t e s , 

are v e r t i c a l l y i n t e g r a t e d , i t i s not l i k e l y t h a t they w i l l shut 

down some of t h e i r mining opera t ions i n order to accommodate a 

newcomer on the supply market scene. A newcomer w i l l have to be 

ext remely c o m p e t i t i v e , s e l l i n g a s upe r i o r product and must be 

w i l l i n g to cu t the ongoing p r i c e o f crude gypsum i n order to gain 

a f o o t h o l d i n the marketp lace. 

I t i s recommended t ha t p r i m a r i l y the wa l lboa rd and secondly the 

cement markets be cons idered by a f u tu re gypsum developer i n 

B r i t i s h Co lumbia, because these markets can s u s t a i n economics 

f o r a new gypsum mine, due to high consumption demand. Other 

s p e c i a l t y markets and the a g r i c u l t u r a l sec to r do not demand enough 

volume on which a f u t u r e producer can plan a commercial mine 

o p e r a t i o n . 

A f u t u r e gypsum producer i n B r i t i s h Columbia should cons ider 

c oa s t a l gypsum depos i t s which cou ld economica l l y compete w i th 

imported gypsum from Mexico and Spa in . 

I t i s h i g h l y recommended t h a t an e f f o r t to capture a pa r t or the 

e n t i r e s e c t o r of the imported supply be s e r i o u s l y cons idered i n an 

e f f o r t to expand B r i t i s h Co lumbia ' s gypsum i n d u s t r i a l mineral 

base. 

Once the market f o r e i t h e r wa l lboa rd or cement i s cap tu red , i t i s 

e a s i e r to sp i n o f f p roduct ion of crude gypsum f o r minor q u a n t i t i e s 

as demanded by a g r i c u l t u r e and s p e c i a l t y markets . However, as 

mentioned b e f o r e , these markets alone cannot s u s t a i n any gypsum 

development i n the prov ince i f the wa l lboard and cement markets 

are not secured. 

Outs ide B r i t i s h Columbia, the a v a i l a b l e crude gypsum markets f o r 

wa l l boa rd are i n S e a t t l e and Tacoma, where Norwest Gypsum and 

Domtar p r e s e n t l y supply the wa l lboard p l an t s w i t h gypsum from 

Mexico and Spa in . 
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B a s i c a l l y , Domtar and Westroc have a dominant p o s i t i o n on the west 

coas t and i t i s u n l i k e l y that a crude gypsum s u p p l i e r can wage a 

t r a d e / market ing war w i th the two. 

The p o t e n t i a l market l o c a t i o n s f o r B r i t i s h Co lumbia ' s gypsum are 

h i g h l y s e n s i t i v e t o d i s tance and mode of t r a n s p o r t a t i o n from the 

sou rce . 

A p r e l i m i n a r y h igh- low scenar io of operat ing cos t s to mine a 

gypsum depos i t i n the coas ta l region of B r i t i s h Columbia, assuming 

demand p roduct ion of 200,000 tonnes and t r a n s p o r t i n g the crude 

gypsum t o the P a c i f i c Northwest, i s summarized i n Table 36. 

Th i s cost comparison g ives a d i r e c t i o n f o r f u tu re p lanning and 

con s i de ra ton f o r opening up a gypsum depos i t near the c o a s t l i n e i n 

B r i t i s h Columbia. It g ives a range of ope ra t i ng and t r an spo r 

t a t i o n c o s t s , showing a t i g h t p r o f i t margin f o r the operator . 

I t w i l l be up t o a f u tu re operator t o determine at what cost and 

p r o f i t margin t o operate once the market i s secured. 

I t i s , however, apparent that the cost of t r a n s p o r t a t i o n must be 

c o n t r o l l e d and i f not brought to a reasonable l e v e l i n comparison 

w i t h the f i n a l p r i c e of crude gypsum, the p r o j e c t development may 

not be f e a s i b l e i n s p i t e of secured market n iche f o r sa les of 

crude gypsum. 

In g e n e r a l , i f f u tu re producers of B r i t i s h Columbia ' s gypsum 

resources can con t ro l t r a n s p o r t a t i o n c o s t , ma in ta in a premium 

q u a l i t y p roduct , compete with imported gypsum, guarantee a long 

term supply and obta in a reasonable market share, they can 

s u c c e s s f u l l y penetrate the c u r r e n t l y cap t i ve market c o n t r o l l e d by 

v e r t i c a l l y - i n t e g r a t e d companies. 



TABLE 36 

OPERATING COSTS1 FOR A COASTAL BRITISH COLUMBIAN GYPSUM PRODUCER 

1986 $CDN/Tonne 

A c t i v i t y High Low 

1. M in ing 7.25 5.50 

2. Crush ing and Dock F a c i l i t y 4.35 3.50 

3. Land T ran spo r ta t i on 10.00 8.25 

4. Mar ine T ran spo r ta t i on 9.50 8.50 

5. Management and Market 1.75 1.25 

T o t a l , F.O.B. Customer 's Dock $ 32.85 $ 27.00 

1. Assuming a demand of 200,000 tonnes and d e l i v e r y to the P a c i f i c 

Northwest 
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A comparison of B r i t i s h Columbia gypsum and imported gypsum 

regard ing compet i t i on f a c i n g crude gypsum producers i n the 

p rov ince are dep i c ted i n Table 37. 

11.3.2 Market Share f o r B r i t i s h Co lumbia ' s Gypsum Producers 

The two immediate market t a r ge t s on which a f u tu re gypsum producer 

i n B r i t i s h Columbia must concent ra te are the wa l lboard and cement 

i n d u s t r i e s . 

The g rea te s t p o t e n t i a l f o r a f u t u r e gypsum producer i n the 

p rov ince i s w i t h i n the wa l lboard i ndu s t r y w i th annual crude gypsum 

demand i n the P a c i f i c Northwest area exceeding 800,000 tonnes per 

annum. This market i s c a p t i v e and hard to capture because of 

v e r t i c a l i n t e g r a t i o n of gypsum-wal1 board manufactur ing companies 

and the i n d u s t r y ' s r e l uc tance to adopt new untested gypsum sources 

and s u p p l i e r s . However, i f a f u tu re producer of crude gypsum 

cou l d meet the i n d u s t r y ' s standards f o r r e l i a b i l i t y , q u a l i t y and 

p r i c e , then the market cou ld be secured. I n i t i a l p o t e n t i a l i n 

t h i s market c ou l d be w i th Westroc and Norwest Gypsum. There i s 

a l s o an e x c e l l e n t growth p o t e n t i a l i n t h i s s ec to r w i th Domtar and 

i t s w e l l - e s t a b l i s h e d markets. 

The cement i n d u s t r y i s most concerned w i th the p r i c e of gypsum per 

tonne d e l i v e r e d to dock a t the p l an t s i t e , r a t he r than the p u r i t y 

of gypsum con ten t . As long as a p o t e n t i a l f u tu re producer of 

crude gypsum can demonstrate a r e l i a b l e source and s p e c i f i e d 

q u a l i t y of gypsum at a p r i c e advantage over a company's own gypsum 

source or Spanish gypsum, he should be able to capture most of the 

annual demand o f crude gypsum i n the P a c i f i c Northwest a r e a , which 

i s e s t imated to exceed 100,000 tonnes per annum. 

When one of these market sec to r s i s e s t a b l i s h e d , there i s a 

p o t e n t i a l f o r secondary markets. These secondary markets , such as 

a g r i c u l t u r e , extenders and f i l l e r s , and s p e c i a l t y markets, cannot 



TABLE 37 

BRITISH COLUMBIA GYPSUM VERSUS IMPORTED GYPSUM 

Item 

B.C. Coas ta l 

Gypsum Depos i t 

B.C. I n t e r i o r Mexican 

Gypsum Deposit Gypsum 

Spani sh 

Gypsum 

Q u a l i t y : 

Combined H^O 

Nacl 

CaO 

SOo 

I n so lub le s 

R 2 ° 3 
MgO 

Gypsum 

T ran spo r t a t i on Sea Barg ing 

16.97% 

0.03% 

31.48% 

39.41% 

3.46% 

0.30% 

1.77% 

81.12% 

Supply 

Source 

Currency 
Exchange 

R e l i a b l e 

Free 

16.68% 

0.03% 

30.8% 

39.5% 

1.90% 

0.19% 

3.15% 

80.56% 

Ra i l r o ad 

R e l i a b l e 

Capt ive 

Data 

N/A 

High Q u a l i t y 
( s i m i l a r t o 
Spani sh 
gypsum) 

Sea 
Shipping 

U n r e l i a b l e 

Capt ive 

20.0% 

0.03% 

33.5% 

45.1% 

0.74% 

0.32% 

0.04% 

95.6% 

Trans-
Ocean 
Shipping 

U n r e l i a b l e 

Free 

Depends on U.S. & CDN $ Exchange Rates 
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be cons idered as a pr imary market because the crude gypsum con 

sumption by these markets i s not h igh enough to j u s t i f y mine 

development w i th a s s o c i a t e d c a p i t a l and operat ing c o s t . A t y p i c a l 

c oa s t a l gypsum depo s i t would have to be developed a t 200,000 

tonnes per annum i n o rder to be cos t compet i t i ve (see Chapter 

12 ) . 

A long - term market p o t e n t i a l f o r B r i t i s h Co lumbia ' s crude gypsum 

may be i n the pulp and paper i n d u s t r y , once t h i s i n du s t r y adopts 

gypsum i n s tead of k a o l i n f o r paper f i l l e r . Such a t r a n s i t i o n w i l l 

be a slow process and i s not a n t i c i p a t e d i n the near f u t u r e . 

O v e r a l l , a f u t u r e crude gypsum producer i n B r i t i s h Columbia should 

be ab le to capture almost 100% of the cement i n d u s t r y demand and 

some 30% of the wa l lboa rd i n d u s t r y demand i n the P a c i f i c Northwest 

market a rea . 

11.3.3 D i s t r i b u t i o n Channels f o r B r i t i s h Co lumbia ' s Gypsum Producer 

I t i s recommended t ha t a f u t u r e producer of crude gypsum who l a c k s 

in-house e x p e r t i s e , should use a one - leve l channel to market and 

d i s t r i b u t e the product to manufactur ing markets. However, once 

the markets and d i s t r i b u t i o n channels have been f i r m l y e s t a b l i s h e d 

and the gypsum producer has c on t r o l over r e l i a b l e product ion and 

q u a l i t y s p e c i f i c a t i o n s , then the market ing at a z e r o - l e v e l channel 

or d i r e c t l y to wa l l boa rd and/or cement manufacturers should be 

cons i dered. 

A l s o , i f the gypsum p roduce r ' s market research i n d i c a t e s a good 

secondary market f o r s p e c i a l i z e d gypsum products , then the recom

mended d i s t r i b u t i o n channel would be to con t ro l the manufactur ing 

o f such p roduct s , i n s t ead of j u s t s e l l i n g minor q u a n t i t i e s of 

gypsum to secondary markets . Examples of the d i f f e r e n t l e v e l 

channels t ha t a f u t u r e crude gypsum producer may cons ider are 

o u t l i n e d below. 
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Wa l lboard : (Year 1-2) Producer - M a r k e t / D i s t r i b u t i o n Agent -

Manufacturer - R e t a i l e r -

Consumer 

(Year 3+) Producer - Manufacturer - Wholesaler -

R e t a i l e r - Consumer 

Cement: (Year 1-2) Producer - M a r k e t / D i s t r i b u t i o n Agent -

Manufacturer - Consumer 

(Year 3+) Producer - Manufacturer - Consumer 

Secondary: (Year 1+) Producer - Manufacturer/Producer -

Wholesaler - R e t a i l e r -

Consumer 

11.3.4 Market ing Concerns f o r B r i t i s h Co lumbia ' s Gypsum Producer 

A f u t u r e producer of crude gypsum i n B r i t i s h Columbia must have a 

thorough knowledge of crude gypsum supply and demand, markets, 

t r a n s p o r t a t i o n and development c o s t s . Some of the concerns to be 

d e a l t w i th are l i s t e d below: 

1. Future demand f o r gypsum i s t o t a l l y dependent on con s t r uc 

t i on/hous i ng a c t i v i t y . 

2. Cont ro l over t r a n s p o r t a t i o n c o s t s . 

3. Low p r o f i t margin per u n i t c o s t . 

4. Capt i ve markets . 

5. Dea l i ng w i t h v e r t i c a l l y i n t eg ra ted companies. 

6. Assurance of r e l i a b l e supply to consumer. 

7. Q u a l i t y c o n t r o l to meet market s p e c i f i c a t i o n s . 

8. Long-term c o n t r a c t s to be secured p r i o r to m in i ng . 
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9. Market i s l o c a l l y d e f i n e d , t h e r e f o r e , i nc reased r i s k to 

ex te rna l f a c t o r s . 

10. A b i l i t y to undercut c o m p e t i t i o n . 

11. F i n a n c i a l resources to e x p l o r e , bulk sample, mine on t r i a l 

b a s i s , develop and produce. 

12. Geographic and c l i m a t i c drawbacks. 

13. D i s tance to consumer 's c e n t r e . 

Any f u t u r e producers would have to address these concerns together 

w i th o ther s t h a t may occur before making a d e c i s i o n to develop a 

gypsum d e p o s i t . 
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12. CASE STUDY FOR THE DEVELOPMENT OF A COASTAL GYPSUM 
DEPOSIT IN BRITISH COLUMBIA 

12.1 INTRODUCTION 

Dur ing the course o f market re search and survey, i t became 

apparent t h a t the gypsum market i s a " c a p t i v e market" dominated by 

v e r t i c a l l y i n t e g r a t e d gypsum produc ing companies who c o n t r o l 

m i n i n g , t r a n s p o r t a t i o n , p roce s s i ng and products d i s t r i b u t i o n . In 

o t h e r words, those l a r ge companies are producers and consumers o f 

crude gypsum. 

I t i s a l s o c l e a r t ha t any f u t u r e deve loper o f crude gypsum i n 

B r i t i s h Columbia must have a c l e a r pe rcept i on o f the co s t s 

i n v o l v e d i n the development of a gypsum d e p o s i t , paying s p e c i a l 

a t t e n t i o n to t r a n s p o r t a t i o n . 

S i n ce the f u t u r e gypsum development i n B r i t i s h Columbia w i l l 

depend on secu r i ng the market p o s i t i o n , ma in ta i n i ng low t r a n s p o r t 

a t i o n c o s t and being p r i c e c o m p e t i t i v e , i t was f e l t prudent t o 

develop as c l o s e as p o s s i b l e case study f o r the b e n e f i t o f the 

u n i n i t i a t e d . 

The case study desc r ibed i n d e t a i l on the f o l l o w i n g pages, addres 

ses c a p i t a l and ope ra t i ng c o s t s w i t h i n -dep th r a t i o n a l e o f a 

t y p i c a l c oa s t a l gypsum depo s i t produc ing 200,000 tonnes of crude 

gypsum per y e a r . 

I t i s c on se r va t i ve and accu ra te w i t h i n the bounds of i t s assump

t i o n s and, together w i th market o p p o r t u n i t i e s f o r B r i t i s h Columbia 

gypsum, i t c r ea te s a f u l l p i c t u r e of what a f u t u r e gypsum producer 

may expect and a t what c o s t a gypsum depo s i t can be developed. 
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12.2 ENGINEERING 

Min ing Method: 

I t i s planned to proceed w i t h min ing o f the h i l l s i d e - t y p e gypsum 

d e p o s i t l o c a t e d i n the c o a s t a l reg ion o f B r i t i s h Columbia by open 

p i t method. The p lan c a l l s f o r t e r r a c e s to be developed on the 

h i l l s i d e , forming benches a t d i f f e r e n t e l e v a t i o n s . The min ing can 

proceed a t the upper e l e v a t i o n advancing from the f o o t w a l l t o the 

hanging wa l l and i n t o the h i l l s i d e . I t can then cont inue t o the 

lower e l e v a t i o n s towards the bottom of the ore body by t e r r a c i n g 

the ore body i n 6 metre h igh benches. The upper p i t l i m i t i s 

enve lop ing 1,130 metres topograph ic contour and the lower p i t 

l i m i t i s l y i n g on 980 metres e l e v a t i o n . The h i l l s i d e i s s l o p i n g 

a t d i f f e r e n t angles a cco rd i ng to t e r r a i n landscape rang ing from 20 

degrees to 37 degrees. 

The f i n a l p i t l i m i t s o f the working faces and on the f o o t w a l l and 

hanging wa l l s i de s are p r o j e c t e d a t a 60 degree s l ope . The 

work ing s lopes on bench faces of 6 metres i n he ight w i l l be s t e 

eper and d r i l l e d v e r t i c a l l y . They w i l l s lope down to a sa fe angle 

o f repose a f t e r the b l a s t . 

The f i n a l bench l i m i t s on each bench w i l l be d r i l l e d w i t h angled 

ho le s i n order t o assure s a f e t y and s t a b i l i t y of the f i n a l p i t 

w a l l s . The width o f the working bench w i l l not be l e s s than 10 

metres . The s a f e t y berm w i l l be l e f t on every t h i r d bench or 

every 18 metres and w i l l be 3 metres wide. Each y e a r , a min ing 

b l ock of some 100,000 c u b i c metres o f gypsum w i l l be mined out i n 

one or two benches depending on the product ion schedule and o ve r 

burden s t r i p p i n g . 

I t i s planned t o remove overburden which c o n s i s t s main ly o f top 

s o i l and c l a y by b u l l d o z e r and/or backhoe. The overburden l a y e r 

i s 3 metres to 5 metres i n t h i c k n e s s . When f e a s i b l e , t h i s 
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overburden w i l l be pushed by b u l l d o z e r down the h i l l t o the f l a t 

a r e a , or i t w i l l be loaded i n t o a t ruck w i th a backhoe and hauled 

t o the f l a t area i n o rder to prevent i t s r o l l i n g i n t o the r i v e r . 

The waste rock w i l l be removed by l o ade r and hauled by t ruck t o a 

des i gna ted waste dump f o r s t o c k p i l i n g . The waste rock w i l l be 

d r i l l e d and b l a s t e d p r i o r t o d i g g i n g . 

The gypsum rock w i l l be d r i l l e d and b l a s t e d , the muck p i l e w i l l be 

l oaded by l oade r onto a t ruck and hauled away t o a c ru she r . The 

jaw c rusher w i l l c rush the ore to a s i z e of minus f i v e i n che s , as 

r e q u i r e d by the wa l l boa rd manufacturer . The crushed gypsum w i l l 

be s t o c k p i l e d and immediately loaded onto the highway t r uck s f o r 

shipment to the des ignated dock f a c i l i t y . I t w i l l be s t o c k p i l e d 

t h e r e f o r l oad ing onto barges and sh ipp ing to customers. 

12.3 MINING PARAMETERS 

The mine opera t i on i s based on one 12-hour s h i f t per day w i th 8.5 

e f f e c t i v e working hours. 

The l o ad i n g o f crushed gypsum onto highway t r u c k s i s based on two 

12-hour s h i f t s per day. 

The ope ra t i on i s s ea sona l , one ope ra t i ng yea r i s 150 days, or f i v e 

months, (June to October i n c l u s i v e ) . 

The f o l l o w i n g parameters are used i n the mining p lan and concep

t u a l eng ineer ing co s t e s t imate s tudy. 

P roduc t i on of gypsum s a l a b l e 

wa l l b oa rd product 200,000 tonnes/year 
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Losses of gypsum rock du r i n g c r u sh i ng 

t r a n s p o r t a t i o n and hand l i ng 5% 

Gypsum rock p roduc t i on from the mine 

Waste rock removal from the mine 

Waste to ore r a t i o 

Operat ing season 

P roduct i ve hours 

D a i l y product ion o f gypsum rock 

Hour ly product ion of gypsum rock 

D a i l y waste rock removal 

Hour ly waste rock removal 

Bank ( i n - s i t u ) den s i t y o f gypsum 

and waste rock 

Loose (b la s ted) den s i t y o f gypsum 

and waste rock 

Loose dens i t y of crushed gypsum(-5" s i 

Jaw crusher c a p a c i t y (maximum) 

Jaw crusher s i z e 

Jaw crusher s e t t i n g 

M in ing bench he ight 

Working bench width (minimum) 

D r i l l i n g pa t te rn i n gypsum rock 

D r i l l i n g pa t te rn i n waste rock 

D r i l l i n g subgrade 

Pr imary l oader bucket c a p a c i t y 

Secondary l oader bucket c a p a c i t y 

Rock truck box c a p a c i t y 

10,000 tonnes/year 

210,000 tonnes/year 

126,000 tonnes/year 

0.6:1.0 (tonne:tonne) 

150 days 

8.5 hour s/ sh i f t/day 

1,400 tonnes/day 

165 tonnes/hour 

840 tonnes/day 

99 tonnes/hour 

2.1 tonnes/cubic metre 

1.7 tonnes/cubic metre 

ze)1.4 tonnes/cubic metre 

210 tonnes/hour 

30" x 42" 

5" 

6 metres 

10 metres 

3 metres x 3 metres 

4 metres x 4 metres 

0.5 metres 

5.4 cub i c metres 

4.4 cub i c metres 

23.5 cub i c metres. 

Reserves 

D r i l l i n d i c a t e d gypsum re se rve s 

Minable gypsum rese rves 

M in ing recovery 

Mine l i f e a t 210,000 tonnes/year 

p roduct ion 

Average gypsum content i n gypsum rock 

(ore) 

2.50 m i l l i o n tonnes 

2.25 m i l l i o n tonnes 

90% 

10.7 yea r s 

83% 
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Product ion Volumes  

Qypsum Rock P roduc t i on 

210,000 tonnes/150 days, 1,400 tonnes/day; 165 tonnes/hour 123,529 

c u b i c metres/150 days; 823 cub i c metres/day, 97 c u b i c metres/hour. 

Waste Rock Removal 

126,000 tonnes/150 days, 840 tonnes/day; 99 tonnes/hour 74,118 

c u b i c metres/150 day s . , 494 cub i c metres/day; 58 c u b i c metres/ 

hour. 

To ta l P roduc t i on from the Mine (gypsum and waste rock) 

336,600 tonnes/150 days; 2,244 tonnes/day; 264 tonnes/hour; 

198,000 cub i c metres/150 days, 1,320 cub i c metres/day; 155 cub i c 

metres/hour. 

The den s i t y f o r both gypsum and waste rock a f t e r b l a s t i n g i n i t s 

l oo se s t a t e i s 1.7 tonnes/cub ic metre. 

Crusher P roduc t i on 

Crusher feed i s 210,000 tonnes/150 days; 1,400 tonnes/day; or 165 

tonnes/hour. 

Crusher output i s 206,000 tonnes/150 days; 1,373 tonnes/day; or 

165 tonnes/hour. 

Es t imated c r u she r recovery i s 98% account ing f o r 2% l o s s of gypsum 

du r i ng c r u s h i n g . 

The den s i t y o f gypsum rock a f t e r c ru sh ing i n i t s l oo se crushed 

s t a t e i s 1.4 tonnes/cub ic metre. 
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S h i f t Working Hours 

The 12-hour s h i f t i s broken down i n t o the f o l l o w i n g increments: 

- 1-hour l unch (not pa id) 

- 1/2-hour morning c o f f e e break (pa id ) 

- 1/2-hour a f ternoon c o f f ee break (pa id ) 

- 1-1/2-hour l o s t i n de lays and p r e v e n t a t i v e maintenance. 

Accounts f o r 51 minutes p roduc t i ve hour i n the 10-hour working 

pe r i od per day exc l ud i ng lunch and c o f f e e breaks . 

- 10-hours ( t o t a l working hours) x 60 min. = 600 min./day 

- 1-1/2-hours l o s t (de lays and maintenance) x 60 min. = 90 

min./day 

- 8-1/2-hours ( e f f e c t i v e working hours) x 60 min. = 510 min./day 

The re fo re , 10 working hours/day x 51 minute p roduc t i ve hour equals 

510 minutes/day or 8.5 hours , tha t i s a 51 minute-hour ded icated 

to p roduc t i on i n s t ead of one f u l l 60 minute-hour . 

12.4 COST ESTIMATES SUMMARY 

Cost e s t imates c o n s i s t i n g of the c a p i t a l and operat ing co s t 

p r o j e c t i o n s are presented on the co s t summary sheets . A l l d o l l a r s 

are i n Canadian d o l l a r s . 

The ope ra t i n g co s t r e f l e c t s the t y p i c a l p roduct ion y e a r , and i s 

i n c u r r e d a t f u l l p roduct ion of 200,000 tonnes of crushed gypsum to 

a minus 5" s i z e . 

The ope ra t i n g c o s t does not i n c l ude d e p r e c i a t i o n and replacement 

of equipment s i nce a l l equipment i s i n a used s t a t e and mainte

nance i s p a r t of the o v e r a l l ope ra t i ng c o s t . 

The c a p i t a l c o s t es t imates po i n t to a high c a p i t a l expenditure 

p r o f i l e i n the order of $ 3.5 m i l l i o n , r e q u i r i n g a prolonged pay

back pe r i od o f up to s i x y e a r s . 
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However, the c a p i t a l expend i tures w i t h c o n t r a c t min ing can be 

reduced s u b s t a n t i a l l y i f a s u i t a b l e mining c o n t r a c t o r i s found a t 

$ 5.00/tonne o r l e s s . 

Assuming t h a t a tonne of gypsum can be s o l d f o r an average p r i c e 

o f $ 32.00, the ope ra t i ng c o s t o f $ 27.04 makes the p r o j e c t 

f i n a n c i a l l y v i a b l e w i t h a $ 4.96/tonne gross p r o f i t margin. 

Th i s p r o f i t margin can be s i g n i f i c a n t l y i nc reased i f the c o s t of 

t r a n s p o r t a t i o n , both t r u c k i n g and ba rg ing , cou ld be reduced by $ 

1.50 and $ 1.00, r e s p e c t i v e l y . Th i s would have an immediate 

impact on c a p i t a l expend i ture narrowing i t s payback to t h ree 

y e a r s , thereby reduc ing the r i s k and making the p r o j e c t more 

a t t r a c t i v e f o r immediate development w i t h a $ 7.46/tonne gross 

p r o f i t margin i n s t e a d of the present $ 4.96/tonne gross p r o f i t 

marg in . 

An exchange r a t e of Canadian d o l l a r versus American d o l l a r w i l l 

have an impact on any economics because of crude gypsum exported 

t o the Un i ted S t a t e s , and the p r i c e s e t i n American d o l l a r s . Th i s 

c o s t e s t imate i s based on the va lue o f the Canadian d o l l a r i n the 

f o u r t h qua r t e r o f 1986 a t an exchange r a t e of 40%. 

12.5 COST SUMMARY 

B r i t i s h Columbia Coastal Qypsum Depos i t 

C a p i t a l Cost 

Case Study: Qypsum rock i s crushed a t the mine s i t e and t r a n s 

po r ted to des ignated dock f a c i l i t y , a d i s t ance of 

some 120 km by l a n d . 
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1. Mine S i t e P repa ra t i on and C o n s t r u c t i o n . 

1986 $ CDN. 

P e r m i t t i n g 8,000 

Environmental Impact Study 45,000 

A d d i t i o n a l I n - F i l l D r i l l i n g 26,000 

Survey ing and Topographic Maps 38,000 

Mine Preproduct ion S t r i p p i n g 45,000 

Mine Preproduct ion Bench Development 20,000 

Mine Access Roads Development 17,000 

Sub-Total 199,000 

2. Mine Equipment (Used) 

1 Rubber-T i red Loader (5.4 cub i c metre bucket 

f o r gypsum and waste rock) 160,000 

2 Rock Trucks (32 tonnes f o r gypsum 

and waste rock) 310,000 

1 B u l l d o z e r 215,000 

1 D r i l l and Compressor 120,000 

1 Backhoe Excavator 125,000 

1 S e r v i c e Truck 16,000 

2 P ick -Up Trucks (4x4) 24,000 

1 Crush ing P l a n t 180,000 

1 Rubber-T i red Loader (4.4 cub i c metre bucket f o r 

crushed gypsum 80,000 

1 D ie se l Fuel Tank (12,000 Ga l l on s ) 12,000 

1 Gaso l i ne Fuel Tank (3,000 Ga l l on s ) 3,000 

2 L i g h t P l an t s 12,000 

1 Truck Sca le 27,000 

Sub-Total 1,284,000 
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3. Equipment M o b i l i z a t i o n and I n s t a l l a t i o n 

Mine Equipment M o b i l i z a t i o n 50,000 

Crush ing P l a n t I n s t a l l a t i o n 12,000 

Truck Sca le I n s t a l l a t i o n 6,000 

Crane Rental ( a s s i s t i n g assembly a t the 

mine, c rusher and camp) 15,000 

Sub-Total 83,000 

4. Camp S i t e P repa ra t i on and Con s t r u c t i on 

S i t e L e v e l l i n g and Aggregate Spreading 12,000 

Garbage Dump Excavat ion and P repa ra t i on 3,000 

Sewage Excavat ion and I n s t a l l a t i o n 4,000 

Sewage Treatment 10,000 

Sub-Total 29,000 

5. B u i l d i n g s (Used) 

Camp T r a i l e r s , F u l l y Equipped 60,000 

T.V. Dish and Camp Rec rea t i ona l Equipment 12,000 

Maintenance Shop and Warehouse 42,000 

Generator Set 17,000 

Water Supply System 18,000 

Exp lo s i ve s Magazine 13,000 

M o b i l i z a t i o n 25,000 

I n s t a l l a t i o n ( e l e c t r i c a l and plumbing) 17,500 

M a t e r i a l s and Supp l i e s 10,000 

Sub-Total 214,500 
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6. Access Road P r epa r a t i o n and Con s t r uc t i on 

Borrow P i t Development 3,000 

Access Road Eng ineer ing Design 17,000 

Access Road F i e l d Te s t i ng 15,000 

Access Road Con s t r u c t i o n 285,000 

B a i l e y Br idge 35,000 

C u l v e r t s 20,000 

Sub-Total 375,000 

7. Access Road Equipment 

Gravel Screening P l a n t 45,000 

Gravel Truck 35,000 

Grader 60,000 

Equipment M o b i l i z a t i o n and I n s t a l l a t i o n 15,000 

Sub-Total 155,000 

8. Po r t F a c i l i t y P repa ra t i on and Con s t ruc t i on 

Dock S i t e P repa ra t i on and M o d i f i c a t i o n s 8,000 

Sub-Total 8,000 

9. Dock S i t e Equipment and B u i l d i n g s 

O f f i c e T r a i l e r 6,000 

Yard Fence and Gate 4,000 

S t o c k p i l e S tacker 30,000 

Barge Loading S tacker 50,000 

Rubber-T i red Loader 60,000 

S t o c k p i l e T a r p a u l i n Covers 30,000 

Power Supply S t a t i o n 35,000 

Rubber-T i red Dozer 60,000 
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Equipment and Warehouse Shed 12,000 

Equipment M o b i l i z a t i o n 20,000 

M a t e r i a l s and I n s t a l l a t i o n 8,000 

Sub-Total 315,000 

10. Cons t ruc t i on Manpower and Supp l i e s 

Cons t ruc t i on Camp Operat ions 4,336 

Cons t ruc t i on Manpower 17,954 

Cons t ruc t i on Management Overhead 12,000 

Spare Tools and M a t e r i a l s f o r Con s t ruc t i on 5,000 

T ran spo r ta t i on o f S u p p l i e s , M a t e r i a l s , People 10,000 

Sub-Total 49,290 

TOTAL (1-10) 2,711,790 

11. Contingency a t 10% 271,179 

12. Working C a p i t a l a t 20% 542,358 

OVERALL TOTAL (1-12) 3,525,327 

12.6 CAPITAL COST ESTIMATES DISCUSSION 

1. Mine S i t e P r epa ra t i on and Con s t ruc t i on ($ 199,000)  

Pe rm i t t i n g ($ 8,000): 

I t i s presumed t h a t t h i s money w i l l be spent dur ing the 

p e r m i t t i n g s tage. Th i s c o s t w i l l cover a c q u i s i t i o n of 

necessary l and and environmental documents such as f o r e s t r y , 
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w i l d l i f e , f i s h e r i e s , a r chaeo l og i c , c l i m a t i c , s o i l , and highway 

i n f o rma t i on maps. I t w i l l a l s o cover o ther r e g u l a t o r y f i l i n g 

and r e g i s t r a t i o n o f permits as r e q u i r e d , as w e l l as i n cu r r ed 

t r a v e l expenses to V i c t o r i a . 

Environmental Impact Study ($ 45,000): 

Th i s c o s t w i l l cover some 900 manhours by a c o n s u l t a n t dur ing 

approval and p e r m i t t i n g stages o f the p r o j e c t . The e n v i r o n 

mental impact study w i l l have t o cover water , f l o r a and fauna 

i n the immediate reg ion impacted by the mine development. I t 

w i l l propose m i t i g a t i v e measures to be undertaken by a 

deve loper r ega rd ing water q u a l i t y , geotechn ica l/hydro logy 

problems, and f i s h h a b i t a t p r e s e r v a t i o n . 

A d d i t i o n a l ( I n - F i l l ) D r i l l i n g ($ 26,010): 

Th i s sum i s a l l o c a t e d f o r e x t r a d r i l l i n g i n s i d e c u r r e n t l y 

p r o j e c t e d p i t l i m i t boundar ies , i n order t o b e t t e r de f i ne the 

f i n a l min ing l i m i t s , recoverab le o re , and gypsum anhydr i te 

c o n t a c t . I t w i l l a l l o w f o r the a d d i t i o n a l d r i l l i n g o f 210 

metres c o n s i s t i n g o f 5 core ho l e s , approximate 42 metres deep 

a t $ 87.00/metre f o r a t o t a l o f $ 18,270 w i t h m o b i l i z a t i o n and 

d e m o b i l i z a t i o n o f $ 2,000. The sampling o f each 1.5 metre 

i n t e r v a l and l a b o r a t o r y assay ing o f 140 samples a t $ 35.00/ 

sample i s i n c l u d e d i n the o v e r a l l c o s t f o r a t o t a l o f $ 4,900. 

The camp c o s t f o r f ou r d r i l l e r s f o r s i x days a t $ 35.00/man/ 

day i s i n the o rder o f $ 840.00. 

D r i l l i n g o f 210 metres a t $ 87.00/metre $ 18,270 

M o b i l i z a t i o n and Demob i l i z a t i on of D r i l l i n g 2,000 

Laboratory Sampling and A n a l y s i s , 

140 Samples a t $ 35.00/sample 4,900 
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Camp Cost 4 D r i l l e r s f o r 6 Days 

a t $ 35.00/man/day 840 

$ 26,010 

Surveying and Topographic Maps ($ 38,000): 

I t i s e s t imated t h a t some 760 manhours a t $ 50.00/hour w i l l be 

spent on topograph ic maps and su r vey i ng , i n o rder t o a ccu ra te 

l y map the t e r r a i n w i t h i n a 3 km r ad i u s o f the mine a rea. The 

topography w i l l be p r o j e c ted w i t h i n 2 metre to 5 metre 

con tou r s , which w i l l f a c i l i t a t e d e t a i l e d mine p lann ing on 

1:100 s c a l e . The c l a i m boundaries w i l l a l s o be surveyed by a 

q u a l i f i e d l e g a l surveyor and w i l l be drawn on a topographic 

map. A combinat ion o f a e r i a l photographs, government maps and 

f i e l d surveys w i l l be u t i l i z e d t o accompl i sh t h i s ta sk . 

Mine P reproduct ion S t r i p p i n g ($ 45,000): 

I t i s e s t imated t h a t i n i t i a l l y an area of 50 metres x 85 

metres , o r 4,250 square metres, w i l l have t o be s t r i pped o f 3 

metre t h i c k overburden i n order t o expose gypsum rock. Thus, 

12,750 cub i c metres of overburden w i l l be moved a t an e s t i 

mated c o s t of $ 3.53/cubic metre, o r 321 b u l l d o z e r hours a t $ 

140.00/hour. 

Mine P reproduct ion Bench Development ($ 20,020): 

I t i s e s t imated t h a t d r i l l i n g , b l a s t i n g and b u l l d o z e r pushing 

w i l l have t o be c a r r i e d out i n o rde r t o e s t a b l i s h the f i r s t 

working bench i n the gypsum rock . Some 140 hours of b u l l d o z e r 

work and d r i l l work, i n c l u d i n g e x p l o s i v e s , i s est imated a t $ 

20,020 i n t o t a l . Th i s i n c l ude s 70 hours of b u l l d o z e r work a t 

$ 140.00/hour and 70 hours of d r i l l i n g and b l a s t i n g work a t $ 

146.00/hour. 
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Mine Access Roads Development ($ 17,000): 

Th i s sum w i l l cover some 120 hours ( a t $ 140.00/hour) o f 

b u l l d o z e r and backhoe work needed to cu t mine access roads on 

the hanging wa l l and f o o t w a l l s i de of the depo s i t . These 

access roads are necessary f o r the rock t r u ck s which w i l l haul 

the gypsum and waste rock t o t h e i r des ignated l o c a t i o n s , i . e . , 

c ru sh i ng p l a n t and waste dump. The backhoe excavator hours 

w i l l be spent i n c on j unc t i on w i t h the b u l l d o z e r , c u t t i n g 

dra inage and d i v e r s i o n d i t c he s t o prevent the r u n - o f f water 

e n t e r i n g and f l o o d i n g the mine benches. 

Mine Equipment - Used ($ 1,284,000): 

1 Rubber-T i red Loader (5.4 cub i c metre bucket gypsum and waste  

rock l o ad i n g a t $ 160,000) 

Th i s money i s a l l o c a t e d f o r the purchase of one l oader w i t h 

V-edge rock bucket w i t h t e e t h , such as C a t e r p i l l a r 988B, o r 

e q u i v a l e n t . The l oade r w i l l be used as a pr imary d igg ing and 

l o a d i n g machine f o r gypsum min ing and waste rock removal. 

The general s p e c i f i c a t i o n s f o r a 988B l oade r a r e : 

Bucket s i z e = 5.4 cub i c metre (heaped c a p a c i t y ) 

Bucket s t ruck c a p a c i t y = 4 . 6 cub i c metres 

Bucket f i l l f a c t o r = 85% 

The e f f e c t i v e bucket l oad i n one c y c l e l oad i ng a 32 tonne 

t r uck w i t h rock box volume o f 23.5 cub i c metres heaped 

c a p a c i t y i s 3.9 cub i c metres (4.6 x 0.85). There fo re , to f i l l 

a t ruck w i th 32 tonnes of gypsum rock , approx imately f i v e 

l o ade r buckets are needed. I t i s e s t imated t h a t one l o ad i n g 

c y c l e takes approx imate ly 1 minute, i n f i v e minutes or l e s s , 

the l oade r loads one t ruck w i th a volume o f 19.5 cub i c metres , 

o r approx imate ly 33.2 tonnes assuming b l a s t e d gypsum rock 

den s i t y of 1.7 tonnes/cubic metre. 
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2 Rock Trucks (32 tonnes gypsum and waste rock hau l i ng a t  

$ 310,000): 

I t i s e s t imated t h a t each o f f -h ighway rock haulage t r u c k , used 

and i n good working c o n d i t i o n , w i l l c o s t about $ 155,000. 

Th i s e s t imate i s based on a r e l i a b l e C a t e r p i l l a r 769C o f f -

highway haulage t r u c k . One l o ade r w i l l l oad both t r u c k s , one 

t r u c k always c a r r y i n g the waste rock as scheduled. The l oade r 

w i l l move from the gypsum rock t o the waste rock area on the 

same bench and l oad the t r u c k s as scheduled i n a d a i l y 

p r oduc t i on r o u t i n e . 

The s p e c i f i c a t i o n s f o r the C a t e r p i l l a r 769C of f -h ighway hau le r 

a r e : 

Heaped t ruck box c a p a c i t y = 23 . 5 cub ic metres 

St ruck t ruck box c a p a c i t y = 17.4 cub i c metres 

Top speed = 69 km/hour 

Because o f the l i g h t gypsum rock den s i t y when b l a s t e d (1.7 

tonnes/cub ic metre) , the s t ruck box c a p a c i t y of 17.4 cub i c 

metres i s not s u f f i c i e n t f o r a needed volume of 19.5 cub i c 

metres . The t ruck can, t h e r e f o r e , be loaded near i t s heaped 

c a p a c i t y , but i t i s p r e f e r a b l e t o modify the t ruck box w i th 

v e r t i c a l l y extended s ideboards . Such s ideboards w i l l a l l o w 

f o r expanded volume c a p a c i t y and w i l l a l s o prevent s p i l l a g e of 

gypsum which would occur du r ing haulage i f loaded to a heaped 

c a p a c i t y . 

In e s t i m a t i n g the t ruck haulage c y c l e , i t i s presumed t h a t 

each t ruck w i l l cover a d i s t ance o f 2 km from the mine, e i t h e r 

t o a dump s i t e or to a c ru sh ing s i t e . Such a d i s t ance w i l l be 

t r a v e l l e d i n 10 minutes i n c l u d i n g the r e tu rn t r i p to the mine, 

so the t o t a l d i s tance t o and f r o i s 4 km. F u l l y loaded t ruck 

t r a v e l s d o w n h i l l , empty t ruck t r a v e l s u p h i l l on a s lope not 

exceed ing 8%. 
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The f o l l o w i n g g i ves a breakdown of such c y c l e : 

Truck speed f u l l y loaded = 30.0 km/hour (from the mine) 

2 km d i s t ance t r a v e l l e d 4.0 min. ( to the c ru sher or waste 

dump) 

Truck p o s i t i o n i n g and un load ing = 2.5 minutes ( a t the 

c ru sher o r waste dump) 

Truck speed empty = 40.0 km/hour (from the c rusher o r 

waste dump) 

2 km d i s t ance t r a v e l l e d = 3 minutes ( to the mine l o ad i n g 

s i t e ) 

Truck p o s i t i o n i n g f o r l o ad i n g = 0.5 minutes ( a t the 

l oader ) 

Thus t o t a l t r uck c y c l e t ime i s 10 minutes. 

Loader and Truck P roduc t i on Cyc le 

Load c y c l e to l o a d one t ruck = 5 minutes 

Truck c y c l e haulage = 10 minutes 

Complete c y c l e = 15 minutes 

There fo re , i n 15 m inute s , 33 tonnes of gypsum rock are 

removed. Wi th in one hour, f ou r hauls are complete, or 4 x 33 

= 132 tonnes. Dur ing one s h i f t ope ra t i on , 34 hauls are 

completed by one t ruck (4 x 8.5 = 34) . 

D a i l y p roduct ion w i t h one t ruck i s 34 x 33 = 1,122 tonnes, or 

132 tonnes/hour x 8.5 hours = 1,122 tonnes. 

The t o t a l p roduct ion requi rement per day c a l l f o r : 

Gypsum Rock = 1,400 tonnes 

Waste Rock 840 tonnes 

Total = 2,240 tonnes , or 264 tonnes/hour. 

There fo re , to meet t h i s requ i rement, two t ruck s are needed. 
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S ince one loader can produce 3.9 cub ic metres , or 6.6 tonnes 

per one-minute c y c l e , i t w i l l produce 396 tonnes per hour. 

Th i s i s 132 tonnes per hour above the r e q u i r e d product ion of 

264 tonnes per hour. The re fo re , the l oade r has enough 

c a p a c i t y and c a p a b i l i t y to serve two t ruck s w i t h enough spare 

t ime to t r a v e l from the gypsum muck p i l e to the waste rock 

muck p i l e , as r equ i r ed by the product ion s chedu le . 

The l oade r needs 40 minutes i n an hour to l oad e i g h t t r uck 

loads i n order to ach ieve the hour l y p roduct ion t a r g e t . Thus, 

w i t h i n 40 minutes of a 51 minute hour, i t w i l l accompl i sh i t s 

task and s t i l l have enough t ime l e f t f o r bench c leanup, or 

s e l e c t i v e d igg ing through the gypsum rock muck p i l e . 

1 B u l l d o z e r ($ 215,000): 

The b u l l d o z e r w i l l be equipped w i t h a t i l t i n g rock push blade 

and s i n g l e shank r i p p e r . The co s t es t imate i s based on a 

C a t e r p i l l a r D8L machine or e q u i v a l e n t . The b u l l d o z e r w i l l be 

used f o r s t r i p p i n g and pushing the overburden, road deve lop

ment, bench development, access road r e p a i r s , c u t - a n d - f i l l 

c o n s t r u c t i o n , l e v e l l i n g and spreading m a t e r i a l s on waste dumps 

and pads. I t w i l l a l s o a s s i s t the loader i n muck p i l e l oad ing 

opera t i on s when c a l l e d f o r . 

1 D r i l l and Compressor ($ 120,000): 

An a i r t r a c k d r i l l o r h yd r au l i c type d r i l l s e l f - p r o p e l l e d on 

c r aw le r s capable of d r i l l i n g 3-1/2" to 4 .0 " h o l e , w i l l be used 

f o r b l a s t - h o l e d r i l l i n g . The b l a s t - h o l e pa t t e r n i n gypsum 

rock w i l l be 3 metres x 3 metres, wh i l e i n the waste rock, i t 

can be i nc reased to 4 metres x 4 metres, or w i d e r , depending 

on the nature of the rock. The inc reased spac ing i s p o s s i b l e 

because no f ragmentat ion c o n t r o l , except one f o r the loader 

bucket , i s necessary. 
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A backhoe equipped w i t h a 1.0 cub i c metre o r 2.1 c ub i c metre 

bucket w i l l be employed on a v a r i e t y of j obs such as d i t c h i n g , 

drainage c o n t r o l , s t o c k p i l i n g , s e l e c t i v e d i g g i n g , overburden 

s t r i p p i n g , g rave l p i t d i g g i n g , c lean-up work, and t ruck 

l oad i ng when needed i n emergency s i t u a t i o n s when the l oade r i s 

down. I t w i l l be used i n s o r t i n g the waste rock out o f the 

gypsum muck p i l e and i t w i l l l oad a grave l t ruck w i t h aggre

gate when needed f o r road maintenance. 

1 Se r v i ce Truck ($ 16,000): 

The s e r v i c e t ruck w i l l be equipped w i th a weld ing u n i t and 

boom d e r r i c k . The t r u ck w i l l p rov ide s e r v i c e to equipment i n 

the f i e l d such as l u b r i c a t i o n , o i l change, t i r e change, 

p reven ta t i ve maintenance and small r e p a i r s . The boom d e r r i c k 

w i l l serve as a l i g h t c r ane , l i f t i n g t i r e s and o the r heav ie r 

p ieces o f machinery. 

2 P ick-Up Trucks (4x4 a t $ 24,000): 

Two 4x4 u n i t s w i l l be prov ided f o r personnel t r a n s p o r t a t i o n , 

small pa r t s and s u p p l i e s hand l i ng , e x p l o s i v e t r a n s p o r t a t i o n 

dur ing the l o a d i n g o f the b l a s t , and f o r the s u p e r v i s o r ' s 

use. 

Both v e h i c l e s w i l l be equipped as r equ i r ed by the mine s a f e t y 

r e g u l a t i o n s f o r e x p l o s i v e s , so t ha t e i t h e r one can accommodate 

e xp l o s i v e s haulage from the magazine area t o the b l a s t s i t e . 

1 Crushing P l a n t ($ 180,000): 

A 30" x 42" jaw c r u s h e r , w i t h the jaw s e t t i n g of 5" and the 

c a p a c i t y of up t o 210 tonnes per hour, w i l l be employed to 

reduce run-of -mine gypsum rock to a minus 5" s i z e f r a c t i o n . 
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The c ru she r w i l l be s t a t i o n a r y , equipped w i t h I t s own power 

p l a n t and capab le o f running the j aw, apron f eede r , and p o r t 

ab l e r a d i a l s t a c k e r . I t w i l l be equipped w i t h a hopper 

(dumping chute) capab le of r e c e i v i n g a d i r e c t l o ad from the 

t r u c k . The p l a n t w i l l be l o c a t e d on a s u i t a b l e pad as c l o s e 

as p o s s i b l e t o the mine ope ra t i n g benches. The r equ i r ed 

product s i z e f o r wa l l b oa rd i s minus 6 " , t h e r e f o r e , the c rusher 

s e t t i n g o f 5" w i l l a s sure t ha t p a r t i c l e s no b i g ge r than 6" are 

d i s cha rged from the j aws . 

The f o l l o w i n g i s a breakdown of the c ru sh ing p l a n t components: 

Jaw Crusher w i t h Power P l an t $ 85,000 

(Double Toggle B lack Type) 

Apron Feeder and G r i z z l y 20,000 

Po r t ab l e Rad ia l S tacker 36" x 100' 40,000 

Hopper-Dumping Chute 25,000 

Conveyor Ex tens ion 36" x 40 ' a t $ 250.00/foot 10,000 

TOTAL $ 180,000 

1 Rubber -T i red Loader (4.4 cub i c metre bucket) Crushed Gypsum  

Loading ($ 80,000) : 

One r u b b e r - t i r e d l o a d e r w i th general purpose bucket w i l l be 

employed i n l o a d i n g the highway t r u c k s w i t h crushed gypsum. 

Th i s i s based on a C a t e r p i l l a r 980C wheel l o a d e r w i th the 

f o l l o w i n g s p e c i f i c a t i o n s . . 

B u c k e t heaped c a p a c i t y = 4 .4 c u b i c me t r e s ( l o o s e 

m a t e r i a l ) 

Bucket s t r uck c a p a c i t y = 3.8 c u b i c metres 

Bucket f i l l f a c t o r = 90% 

E f f e c t i v e bucket l oad = 3.8 x 0.90 = 3.4 cub i c metres, or 

4.8 tonnes based on crushed gypsum d e n s i t y of 1.4 

tonnes/cub ic metre 

Assume one l o a d i n g c y c l e = 1 minute 
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To l oad one 30 tonne highway t ruck w i t h a box c apac i t y o f 

20.4 cub i c metres , s i x l o a d e r buckets must be dumped 

i n t o a t ruck box. 

One c y c l e takes 1 minute, t h e r e f o r e , 6 minutes are 

needed to load one highway t r u c k . 

6 c y c l e s x 3.4 cub i c metres 20.4 cub i c metres x 1.4 

tonnes/cubic metre = 28.6 tonnes. 

Thus, one 30-tonne highway t ruck would c a r r y 28.6 tonnes o f 

c rushed gypsum. The d a i l y p roduc t i on of gypsum to be hauled 

t o a dock f a c i l i t y i s 1,373 tonnes , o r 48 t ruck l o a d s . 

Presuming t h a t the t r u ck s can t r a v e l a t an average speed o f 60 

km/hour, and t h a t i t w i l l take 6 hours turnaround t ime f o r one 

t r u c k ( a l l o w i n g f o r lunch and unscheduled d e l a y s ) , then one 

t r u c k can make fou r t r i p s dur ing a 24-hour pe r i od on a haul 

d i s t a n c e of 120 km to and from dock f a c i l i t y - mine s i t e . 

The re f o r e , i t i s e s t imated t h a t a f l e e t o f 12 highway t r u c k s 

must be deployed on a 24-hour b a s i s f o r 150 days t o achieve a 

p roduc t i on goal of 206,000 tonnes o f crushed gypsum d e l i v e r y 

t o the des ignated dock f a c i l i t y . S ince i t takes one l oader 6 

minutes t o l oad one t r u c k , the l o a d e r can l o ad 12 t ruck s i n 1 

hour and 12 minutes, say 1.5 hours . Assuming t h a t a l l 12 

t r u c k s a r r i v e f o r l o ad i n g a t approx imate ly the same t ime, i t 

w i l l take 1.5 hours on every s i x t h hour f o r the l oade r to l o ad 

a l l 12 t r u c k s , thus , the l oade r w i l l be u t i l i z e d 1.5 x 4 = 6 

hours . Presumably, the t r u ck s w i l l be spaced out dur ing the 

haulage and w i l l not a r r i v e a t the l o a d i n g and unloading 

p o i n t s a t the same t ime. On t h i s premise, one l oade r i s s u f 

f i c i e n t t o be employed dur ing two s h i f t s w i t h one operator on 

each s h i f t . The operator s on t h i s j ob w i l l work s h i f t hours 

from 12 noon to 12 midn ight so t h a t no spare operator i s 

needed f o r the s h i f t change from graveyard t o day s h i f t and 

v i c e v e r s a . 
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The haulage t r uck d r i v e r s should a l s o change every 8 o r 12 

hour s h i f t . S ince the t r u c k i n g w i l l be c o n t r a c t e d , the 

l o g i s t i c s of schedule and number o f d r i v e r s i s not d i s cu s sed 

here . The t r u c k s w i l l be covered by t a r p a u l i n s du r i ng 

t r a n s p o r t when inc lement weather c o n d i t i o n s are f o r e c a s t . 

The t r a v e l l e d highway w i l l a l s o have to be eva luated rega rd ing 

b r i dge c r o s s i n g s and a l l o w a b l e l o a d s , road w i d t h , curves and 

s l o p e s , and i f any upgrading o f the highway i s needed. The 

p o s s i b i l i t y o f i n v e s t i g a t i n g the permit f o r heav ie r l oads 

should be addressed as w e l l . 

The e s t imate i n t h i s study i s based on the assumption t h a t 

loads up t o 30 tonnes are a l l owed on the highway and t h a t no 

upgrading o f the highway i s needed. 

1 D ie se l Fuel Tank (12,000 Ga l l on s a t $ 12,000): 

One 12,000 g a l l o n (48,000 l i t r e s ) d i e s e l f ue l tank w i l l be 

i n s t a l l e d a t the mine s i t e s upp l y i ng f ue l f o r the mine 

equipment, the c ru sh i ng p l a n t and the camp. 

1 Gaso l i ne Fuel Tank (3,000 Ga l l on s a t $ 3,000): 

One 3,000 g a l l o n (12,000 l i t r e ) ga so l i ne f ue l tank w i l l be 

i n s t a l l e d a t the mine s i t e f o r l i g h t - d u t y v e h i c l e s and o the r 

l i g h t - d u t y equipment powered by g a s o l i n e . 

2 L i g h t P l a n t s ($ 12,000): 

These l i g h t p l a n t s w i l l supply a d d i t i o n a l l i g h t i n g a t the 

crushed gypsum l o a d i n g s i t e dur ing the n i gh t s h i f t o p e r a t i o n . 
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1 Truck Sca le ($ 27,000): 

One t ruck s ca l e w i l l be e r e c t ed a t the mine s i t e t o weigh 

gypsum-loaded highway t r u c k s p r i o r to t h e i r l e a v i n g f o r a 

des i gnated dock f a c i l i t y . 

Equipment M o b i l i z a t i o n and I n s t a l l a t i o n ($ 83,000)  

Mine Equipment M o b i l i z a t i o n ($ 50,000): 

Th i s c o s t i s a l l o c a t e d to equipment t r a n s p o r t a t i o n charges f o r 

heavy-duty mining and c ru sh i ng equipment to the mine s i t e . I t 

i s e s t imated t h a t approx imate ly $ 1.10/km or some $ 2,000 to $ 

5,500 per l o a d , depending on i t s we ight , w i l l be charged f o r 

i n d i v i d u a l p ieces o f equipment. I t i s a l s o presumed t h a t 

equipment w i l l be purchased w i t h i n a d i s t ance of 2,000 km from 

the mine development s t ag ing a r e a . There w i l l be a t l e a s t 8 

heavy loads and 3 l i g h t e r loads o f equipment shipped to the 

s i t e . 

Crush ing P l a n t I n s t a l l a t i o n ($ 12,000): 

I t i s e s t imated t h a t some $ 12,000 w i l l be spent on c ru sh ing 

p l a n t i n s t a l l a t i o n and assembly. Th i s c o s t i n c l ude s a l l 

necessary we ld i ng , w i r i n g , base pad cement work, c l a dd i n g and 

power p l a n t - c o n t r o l board connect i on and s t a r t - u p . 

Truck Sca le I n s t a l l a t i o n ($ 6,000): 

I t i s e s t imated t h a t t h i s money w i l l be spent on proper 

i n s t a l l a t i o n , assembly and w i r i n g o f the s c a l e , i n c l u d i n g base 

p r e p a r a t i o n and sw i tch board by a q u a l i f i e d c o n t r a c t o r . 
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Crane Rental ($ 15,000): 

Th i s money i s a l l o c a t e d t o r e n t a l of the crane t h a t w i l l 

a s s i s t assembly and i n s t a l l a t i o n of the c ru sh ing p l a n t mine 

shop, t ruck s c a l e , and o t he r heavy-duty p ieces o f machinery. 

I t i s assumed t h a t a c rane can be rented a t some $ 200.00 per 

hour p lus opera to r f o r 8 hours per day f o r 7 days. In t h i s 

e s t ima te , some $ 3,000 i s a l l o c a t e d to m o b i l i z a t i o n and 

d e m o b i l i z a t i o n o f the c r ane . 

Campsite P repa ra t i on and Con s t r u c t i o n ($ 29,000) 

S i t e L e v e l l i n g and Aggregate Spread ($ 12,000): 

I t i s e s t imated t h a t some 85 hours of b u l l d o z e r and grader 

t ime w i l l be needed to l e v e l and prepare a pad w i th grave l 

topp ing and proper dra inage f o r the camp l o c a t i o n a t $ 140.00 

per hour. 

Garbage Dump Excavat ion and P repa ra t i on ($ 3,000): 

I t i s e s t imated t h a t t h i s money w i l l be spent on proper 

garbage dump c o n s t r u c t i o n f o r d i spo sa l o f camp garbage and 

a l s o f o r d i s po sa l of waste m a t e r i a l s from the mine equipment 

shop maintenance a rea . Spent o i l s and lubes w i l l be c o l l e c t e d 

i n b a r r e l s and s to red s e p a r a t e l y . Such waste can be dest royed 

a t the des ignated s i t e by bu rn ing . 

Sewage Excavat ion and I n s t a l l a t i o n ($ 4,000): 

A sewage lagoon w i l l be excavated and p roper l y dyked by us ing 

heavy-duty equipment f o r some 50 hours a t a r a t e o f $ 140.00 

per hour. A lagoon o f dimensions 20 metres x 10 metres x 5 

metres can be excavated p r o v i d i n g a volume of 1,000 cub i c 

metres f o r sewage d i s p o s a l . 
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Sewage Treatment ($ 10,000): 

I t i s e s t imated t h a t t h i s money w i l l be spent on proper sewage 

t reatment comply ing w i t h a l l necessary government r e g u l a t i o n s 

and g u i d e l i n e s . 

B u i l d i n g s - Used ($ 214,500) 

Camp T r a i l e r F u l l y Equipped ($ 60,000): 

The t r a i l e r w i l l c o n s i s t of s l e ep i n g qua r te r s t o accommodate 

13 permanent employees p lus 3 spare qua r te r s f o r v i s i t o r s , 

c o n t r a c t o r s , and i n s p e c t i o n o f f i c i a l s from the government. 

The s l e e p i n g qua r te r s w i l l be of a s i n g l e type "Atco 

T r a i l e r s " . The k i t c h e n t r a i l e r , wash c a r t r a i l e r , o f f i c e 

t r a i l e r , and r e c r e a t i o n a l t r a i l e r w i l l be t i e d i n t o the same 

complex w i t h the s l e e p i n g t r a i l e r s . A l l t r a i l e r s w i l l be 

f u l l y equipped w i t h necessary equipment, f u r n i t u r e , plumbing 

and u t e n s i l s which are i n c l uded i n the above c o s t e s t ima te . 

T.V. Dish and Camp Rec rea t i ona l Equipment ($ 12,000): 

Th i s c a p i t a l expend i tu re w i l l a l l ow f o r the purchase of 

app rop r i a te r e c r e a t i o n a l equipment and i n s t a l l a t i o n of the 

T.V. d i s h antenna. I t w i l l a l s o cover the c o s t o f a d d i t i o n a l 

s upp l i e s f o r the t r a i l e r s , such as f u r n i t u r e , e x t r a hea te r s , 

c u r t a i n s and bedding. 

Maintenance Shop and Warehouse ($ 42,000): 

Th i s c o s t i s a l l o c a t e d f o r the shop f a c i l i t y . A b u i l d i n g o f 8 

metres x 12 metres x 8 metres dimensions w i l l be e rec ted a t 

the s i t e which w i l l be equipped w i t h a small overhead crane of 

2 tonne c a p a c i t y . E l e c t r i c a l w i r i n g w i thou t heat ing i s 

i n c l uded w i t h the b u i l d i n g . 
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Generator Set ($ 17,000): 

Th i s money i s a l l o c a t e d f o r a generator of up t o 150 kw to 

supply power to the camp and the maintenance shop. 

Water Supply System ($ 18,000): 

I t i s e s t imated t ha t a proper water supply system w i th pumps, 

p i p e s , water tank, power supp ly , and water t reatment w i l l c o s t 

some $ 18,000. 

E xp l o s i ve s Magazine ($ 13,000): 

A s torage f o r exp lo s i ve s and caps , boos ter s and primacords 

w i l l be needed o n - s i t e . One b u i l d i n g w i l l be used f o r 

e x p l o s i v e s and a separate sma l l e r b u i l d i n g w i l l be prov ided 

f o r s torage of caps, boosters and pr imacords . The b u i l d i n g s 

w i l l conform to sa fe ty r e g u l a t i o n s . 

M o b i l i z a t i o n ($ 25,000): 

Th i s money i s a l l o c a t e d f o r t r a n s p o r t a t i o n o f the camp 

t r a i l e r s , shop and other b u i l d i n g s to the s i t e . 

M a t e r i a l s and Supp l ie s ($ 10,000): 

M a t e r i a l s such as maintenance t o o l s , propane b o t t l e s , f i r s t -

a i d s t a t i o n , sa fety equipment, k i t c h e n u t e n s i l s and s u p p l i e s , 

w i l l be purchased f o r a c a p i t a l expend i tu re o f $ 10,000. 

These m a t e r i a l s and supp l i e s are needed i n a d d i t i o n to other 

equipment dur ing the camp se t -up . 
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Access Road P repa r a t i on and Con s t ruc t i on ($ 375,000)  

Borrow P i t Development ($ 3,000): 

I t i s e s t imated t h a t t h i s money w i l l be needed f o r borrow p i t 

excava t i on and p r epa r a t i on of aggregate m a t e r i a l . Some 21 

hours of b u l l d o z e r t ime are a l l o c a t e d i n t h i s c o s t a t a r a t e 

o f $ 140.00 per hour. 

Access Road Eng ineer ing Design ($ 17,000): 

Th i s c o s t w i l l cover eng ineer ing de s i gn , f i e l d survey and 

mapping o f the road a l i gnment , rock and s o i l t ype s , p r o f i l e s 

and volume c a l c u l a t i o n s , and c o n s t r u c t i o n requirements 

rega rd ing geotechn ica l and hydrogeology a spec t s . Some 340 

manhours are a l l o c a t e d to t h i s c o s t c e n t r e . 

Access Road F i e l d Te s t i n g ($ 15,000): 

I t i s e s t imated t h a t t h i s money w i l l be spent on excavat ion of 

dra inage d i t c he s a long the road a l i gnment, t e s t i n g the depth 

o f muskeg i n the swampy areas and check ing the s i t e f o r a 

borrow p i t . Such t e s t i n g w i l l a l l ow f o r accura te e s t imate o f 

the road c o n s t r u c t i o n c o s t through d i f f e r e n t s e c t i on s of road 

a l i gnment . 

Access Road Con s t r u c t i on ($ 285,000): 

I t i s e s t imated t h a t t h i s c a p i t a l expend i ture i s r equ i r ed f o r 

some 14 km of access road c o n s t r u c t i o n from a t u r n - o f f a t the 

Highway t o the mine s i t e . The access road a l ignment i s broken 

down i n t o f i v e d i f f e r e n t s e c t i on s accord ing to t e r r a i n 

f e a t u r e s . Sec t i on I l i e s on a good ground f o r 3 km and can be 

b u i l t by convent iona l methods a t a c o s t of $ 14,000/km f o r a 

t o t a l o f $ 43,500. Sec t i on II i s t r a v e r s i n g muskeg and a 

swampy ground f o r a d i s t ance o f 6 km. I t i s e s t imated t h a t 
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t h i s s e c t i o n can be b u i l t a t a co s t of $ 33,000/km f o r a t o t a l 

o f $ 198,000. Sec t i on I I I , t r a v e r s i n g the a l l u v i a l f a n , does 

not have to be b u i l t because of i t s hard grave l s u r f a c e . Th i s 

s e c t i o n , w i t h a l ength of 2 km, w i l l not i n c u r any c a p i t a l 

expend i tu re . Sec t i on s IV and V, of 3 km i n l e n g t h , can be 

b u i l t a t convent iona l co s t as exper ienced i n c l a s s 4 standard 

f o r e s t r y type roads a t a co s t of $ 14,500/km f o r a t o t a l o f $ 

43,500. 

Sec t i on I - 3 km a t $ 14,500/km = $ 43,500 

Sec t i on II - 6 km at $ 33,000/km = 198,000 

Sec t i on I I I - 2 km - n i l w i l l be graded on ly 

Sec t i on IV - 1 km a t $ 14,500/km = 14,500 

Sec t i on V - 2 km at $ 14,500/km = 29,000 

TOTAL $ 285,000 

Average co s t f o r a 12 km access i s $ 23,750/km of road. 

B a i l e y Br idge ($ 35,000): 

I t i s e s t imated t h a t one br idge w i l l be needed f o r r i v e r 

c r o s s i n g . A used B a i l e y b r i d ge , 5 metres wide w i t h the span 

of some 1 5 - 2 0 metres , i s est imated to be a v a i l a b l e a t $ 

35,000. 

C u l v e r t s ($ 20,000): 

Th i s money i s a l l o c a t e d to purchasing numerous c u l v e r t s of 600 

mm i n d iameter t o be used i n drainage c o n t r o l and stream 

c r o s s i n g s . 
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7. Access Road Equipment ($ 155,000)  

Gravel Screening P l a n t ($ 45,000): 

I t i s planned to i n s t a l l a small p o r t a b l e sc reen ing p l an t f o r 

aggregate ma te r i a l c l a s s i f i c a t i o n t o ob t a i n p roper l y s i z e d 

m a t e r i a l f o r access road maintenance, mine road maintenance, 

c ru sh i ng p l a n t , and camp pads. 

Gravel Truck ($ 35,000): 

One grave l t ruck i s cons idered necessary f o r a continuous and 

p r ope r l y scheduled aggregate haulage a long the access road and 

o the r areas of the mine s i t e . 

Grader ($ 60,000): 

One grader w i l l be c on s t an t l y employed on the access road and 

around the mine s i t e , keeping and ma i n t a i n i n g the roads i n 

good c o n d i t i o n on a d a i l y b a s i s . Cat 14G grader or equ i va l en t 

i s s u f f i c i e n t . 

Equipment M o b i l i z a t i o n and I n s t a l l a t i o n ($ 15,000): 

Th i s money i s a l l o c a t e d t o t r a n s p o r t a t i o n of the gravel 

s c reen ing p l a n t and the grader t o the mine s i t e . 

8. Dock F a c i l i t y P repa ra t i on and Con s t r uc t i on ($ 8,000) 

Dock S i t e P repa ra t i on and M o d i f i c a t i o n s ($ 8,000): 

Th i s money i s es t imated to be spent f o r minor ground prepara

t i o n and m o d i f i c a t i o n s a t the dock f a c i l i t y i n order to accom

modate gypsum s t o c k p i l i n g and shop/warehouse e r e c t i o n , as we l l 

as the l o ad i n g o f two barges s imu l t aneou s l y . 
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Dock S i t e Equipment and B u i l d i n g ($ 315,000) 

O f f i c e T r a i l e r ($ 6,000): 

An o f f i c e t r a i l e r i s needed f o r a d m i n i s t r a t i v e and s u p e r v i s i n g 

f u n c t i o n s , mon i to r ing and c o - o r d i n a t i n g the work a c t i v i t i e s a t 

the dock s i t e . 

Yard Fence and Gate ($ 4 ,000) : 

I t i s assumed t ha t a fence and gate w i l l be e rec ted around the 

y a r d where equipment, shop and o f f i c e t r a i l e r s are l o c a t e d . 

Th i s w i l l be done f o r s e c u r i t y reasons. About 400 metres of 

f ence , a t a co s t of $ 9.80 per metre, i s es t imated f o r t h i s 

work i n c l u d i n g i n s t a l l a t i o n . 

S t o c k p i l e S tacker ($ 30,000): 

A s t o c k p i l e s t acke r w i t h a hopper a t i t s bottom to r e ce i ve the 

l oad from the highway ( rear -end) dump t ruck s w i l l convey 

crushed gypsum to the s t o c k p i l e . I t i s assumed t ha t a p o r t 

ab le s t a c ke r w i th a 36" b e l t conveyor about 40 metres long a t 

an angle of 35 degrees w i t h a dumping he ight of 20 metres w i l l 

be used f o r crushed gypsum s t o c k p i l i n g . I t i s est imated t h a t 

such a system would c o s t $ 750.00/metres x 40 metres = $ 

30,000. 

Barge Loading S tacker ($ 50,000): 

Here aga i n , a po r t ab l e s t a c ke r o f the same o r i g i n as a s t o ck 

p i l e s t a c k e r i s e s t imated a t $ 750.00/metres and some 60 

metres i n l e n g t h . Th i s s t a cke r w i l l be po s i t i o ned a t the very 

edge of the dock ex t r ud i ng i t s l eng th across to the barge. I t 

w i l l be loaded by a l o ade r t h a t w i l l dump the gypsum i n the 

hopper a t the bottom of the s t a c ke r . 
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Rubber -T i red Dozer ($ 60,000): 

A r u b b e r - t i r e d wheel dozer w i l l be used c o n s t a n t l y around the 

gypsum s t o c k p i l e , l e v e l l i n g the p i l e s made by the s tacker and 

w i l l a s s i s t i n p i l i n g up gypsum f o r l oader ope ra t i on dur ing 

barge l o a d i n g . This machine i s based on the C a t e r p i l l a r 814B 

whee l - type t r a c t o r or e q u i v a l e n t . 

Rubber -T i red Loader ($ 60,000): 

A l oade r w i l l be used a t the dock f a c i l i t y to feed the s t ock 

p i l e s t a cke r when the t rucks cannot load d i r e c t l y i n t o the 

hopper. I t w i l l help b u i l d the s t o c k p i l e and w i l l ac t as a 

spare machine when the s tacke r i s not ope r a t i n g . Th i s machine 

i s based on the C a t e r p i l l a r wheel loader 966D or equ i va l en t 

w i t h a bucket s i z e of 3.0 cub ic metres , general purpose, loose 

m a t e r i a l l o a d i n g . 

S t o c k p i l e Ta rpau l i n Covers ($ 30,000): 

S ince the s t o c k p i l i n g of gypsum w i l l be c a r r i e d out i n the 

open, the t a r p a u l i n covers w i l l be used to p r o t e c t s t o c k p i l e d 

gypsum from p r e c i p i t a t i o n . I t i s planned t ha t a t any one t ime 

some 42,000 tonnes of gypsum w i l l be s t o c k p i l e d w a i t i n g f o r 

shipment. I t i s es t imated t h a t an area of 50 metres x 30 

metres x 20 metres w i l l always be occupied by a gypsum s tock 

p i l e o f 42,000 tonnes. The co s t est imate assumes a p r i c e o f 

$ 10.00/square metre f o r the t a r p a u l i n covers f o r the t o t a l 

area of 3,000 square metres. 

In o rder to enhance the drainage and the p o r o s i t y w i t h i n the 

s t o c k p i l e , t r a f f i c on the p i l e and compaction of the p i l e w i l l 

be avo ided . 
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The drainage around the p i l e w i l l d i v e r t the water shed from 

the t a r p a u l i n covers away from the p i l e . 

Power Supply S t a t i o n ($ 35,000): 

Th i s money i s p rov ided f o r a power s t a t i o n (motor-generator 

se t ) capable of producing 350 kw to run e l e c t r i c a l equipment 

such as the s t a cke r and p rov ide l i g h t i n g and heat. Th i s can 

be achieved by an independent d i e s e l - f u e l e d s t a t i o n o r the 

money can be a l l o c a t e d t o the i n s t a l l a t i o n of a t rans fo rmer 

t h a t can take the power from the e x i s t i n g g r i d (overhead power 

l i n e s ) . 

Equipment and Warehouse Shed ($ 12,000): 

I t i s planned to equip the dock f a c i l i t y w i th a modular-

p r e f a b r i c a t e d type b u i l d i n g f o r the storage of equipment, 

t o o l s , and pa r t s which are e s s e n t i a l to operate the f a c i l i t y . 

Equipment M o b i l i z a t i o n ($ 20,000): 

Th i s co s t i s a l l o c a t e d f o r the t r a n s p o r t a t i o n of equipment to 

the dock s i t e . 

M a t e r i a l s and I n s t a l l a t i o n ($ 8,000): 

Th i s money w i l l cover the c o s t o f a d d i t i o n a l m a t e r i a l s and 

i n s t a l l a t i o n not covered e l sewhere, but necessary dur ing the 

c o n s t r u c t i o n phase. 

10. Cons t ruc t i on Manpower and Supp l i e s ($ 49,290) 

Cons t ruc t i on Camp Operat ions ($ 4,336): 

I t i s es t imated t h a t dur ing the c o n s t r u c t i o n phase, the camp 

w i l l operate f o r 14 days w i t h 5 people who w i l l be s o l e l y 
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engaged i n the I n s t a l l a t i o n and assemblage of equipment. I t 

i s t h e r e f o r e e s t imated t h a t . 

5 men x 14 days x $ 35.00 = $ 2,450 

Fuel a t 13 1/hour x 24 hours x 

14 days x $ 0.36/1 = 1,572 

O i l and lube a t 20% o f f ue l c o s t = 314 

Tota l c o n s t r u c t i o n camp opera t i ng 

c o s t = 2,450 + 1,572 +314 = $ 4,336 

Con s t r uc t i on Manpower ($ 17,954): 

I t i s assumed t h a t 3 tradesmen and 2 he lper s w i l l be engaged 

i n 14 days c o n s t r u c t i o n work i n s t a l l i n g equipment a t any one 

t ime . The re fo re , the f o l l o w i n g i s e s t imated: 

3 tradesmen a t $ 24.00/hour s t r a i g h t t ime 

x 8 hours x 10 days = $ 5,760 

3 tradesmen a t $ 36.00/hour overt ime 

x 3 hours x 10 days = 3,240 

3 tradesmen a t $ 36.00/hour Saturdays, 

and Sundays x 11 hours x 4 days = 4,752 

Sub-Total = $ 13,752 

2 he lper s a t $ 11.00/hour s t r a i g h t t ime 

x 8 hours x 10 days = 1,760 

2 he lpe r s a t $ 16.50/hour overt ime 

x 3 hours x 10 days = 990 

2 he lpe r s a t $ 16.50/hour Saturdays, 

and Sundays x 11 hours x 4 days = 1,452 

Sub-Total = $ 4,202 

Tota l c o n s t r u c t i o n manpower = $ 13,752 + $ 4,202 = $ 17,954. 
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Th i s e s t ima t i on i s based on one 12-hour work ing s h i f t w i th 11 

pa id hours , 8 hours a t s t r a i g h t t ime and 3 hours a t time and a 

h a l f f o r each hour. I t i s a l s o assumed t h a t du r ing a 14 day 

d u r a t i o n , 4 days w i l l be Saturdays and Sundays being pa id as 

overt ime hours; f o r 11 working hours each Saturday and 

Sunday. 

Con s t r u c t i on Management Overhead ($ 12,000): 

Th i s money w i l l cover management, s u p e r v i s i o n , and a d m i n i s t r a 

t i v e cos t s dur ing the 14-day c o n s t r u c t i o n pe r i od when equ ip 

ment i s be ing assembled and i n s t a l l e d . 

Spare Tools and M a t e r i a l s f o r Cons t ruc t i on ($ 5,000): 

Th i s money i s a l l o c a t e d f o r t o o l s and m a t e r i a l s which may be 

damaged or l o s t dur ing c o n s t r u c t i o n and must be r ep l a ced . 

T r an spo r t a t i on of S u p p l i e s , M a t e r i a l s , People ($ 10,000): 

Dur ing c o n s t r u c t i o n a c t i v i t i e s , i t w i l l o f t en be necessary to 

t r an spo r t people between the nearest supply cen t re and the 

s i t e , and to b r i n g i n s upp l i e s and m a t e r i a l s . I t i s est imated 

tha t a t ruck load of approx imate ly $ 2,000 worth of m a t e r i a l s 

and s upp l i e s w i l l be shipped to the c o n s t r u c t i o n s i t e every 

t h i r d day dur ing the 14 day c o n s t r u c t i o n a c t i v i t y . I t i s a l s o 

assumed t ha t dur ing t h i s c o n s t r u c t i o n p e r i o d , a l l major equ ip 

ment, shop f a c i l i t y and c ru sh ing p l an t w i l l be i n s t a l l e d . 

. Contingency ($ 271,179): 

A cont ingency of 10% o f the c a p i t a l co s t i s conta ined i n t h i s 

c a p i t a l co s t e s t imate . I t i s f e l t t ha t a cont ingency of on ly 

10% i s s u f f i c i e n t s i nce the c a p i t a l co s t e s t imate i s broken 

down i n t o d e t a i l e d co s t c e n t r e s , and no new technology i s used 

i n the p roces s . 
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12. Working C a p i t a l ($ 542,358): 

Working c a p i t a l o f 20% o f the t o t a l c a p i t a l expend i tu re i s 

e s t imated t o s u f f i c e f o r the f i r s t ope ra t i n g season. Th i s 

work ing c a p i t a l w i l l c a r r y the ope ra t i on f o r the f i r s t th ree 

months be fo re the gypsum shipments can commence. In the f i r s t 

ope ra t i n g y e a r , on ly the l a s t two months out of the f i v e month 

ope ra t i ng season w i l l produce gypsum a t the r a t e of 40,000 

tonnes per month f o r a t o t a l o f 80,000 tonnes. 

S ince t h i s p r o j e c t does not i n co rpo r a t e any new technology o r 

comp l i ca ted m e t a l l u r g i c a l recovery processes but i s a ba s i c 

qua r r y - t ype o p e r a t i o n , i t i s not expected t h a t the p r o j e c t 

l e a r n i n g curve w i l l extend beyond the f i r s t ope ra t i ona l 

season. 

The working c a p i t a l o f $ 542,358 i s 52% o f the t y p i c a l annual 

min ing c o s t , which w i l l s u f f i c e f o r the f i r s t th ree months to 

pay s a l a r i e s and consumables necessary to run the mine. I t i s 

assumed t h a t the payments f o r gypsum w i l l be made immediately 

upon d e l i v e r y to cus tomer ' s po r t f a c i l i t y . 

12.7 OPERATING COST SUMMARY 

B r i t i s h Columbia Coastal Qypsum Depos i t 

Operat ing Cost 

Case Study: Gypsum rock i s crushed a t the mine s i t e and t r a n s 

por ted t o a des ignated dock f a c i l i t y , a d i s t ance of 

some 120 km by l and . 
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1. Manpower 

1986 $ CDN. 

Mine Manpower (11 people - Operat ing and 

Maintenance) S t r a i g h t Time 138,160 

Regular Overtime 3 hours/day 77,715 

Regu lar Overtime Saturdays and Sundays 103,620 

As Required Overtime ( e x t r a overt ime) 10,020 

Camp Manpower (1 Cook), S t r a i g h t Time 

a t $ 3,500/month 17,500 

Camp Manpower (1 Cook ' s he lper ) 

S t r a i g h t Time a t $ 2,500/month 12,500 

Mine Su rvey ing , Mapping and Q u a l i t y Contro l 

(Con t r ac t a t $ 4,000/month) 20,000 

Sub-Tota l 379,515 

2. B e n e f i t s (Mine and Camp Manpower) 

Ho l i day Pay a t 4.0% 14,381 

C P . P . a t 1.7% 6,112 

W.C.B. a t 6.0% 21,571 

U.I.C. and W.I. a t 1.5% 5,393 

Sub-Total 47,457 

3. Camp Operat ions 

Permanent Workforce a t $ 35.00/man/day f o r 

13 people f o r 150 days 68,250 

V i s i t o r s a t $ 35.00/man/day f o r 150 days 5,250 

F u e l , O i l and Lube 18,533 

Pa r t s and Maintenance (5% of camp c a p i t a l ) 3,000 

Sub-Total 95,000 
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4. Mine Operat ions (Consumables) 

F u e l , O i l and Lube 173,405 

Pa r t s and Maintenance (10% o f equipment c a p i t a l ) 128,400 

E x p l o s i v e s , Caps, Pr imers and Pr imacords 101,000 

Consumable M a t e r i a l s and Supp l i e s 15,000 

Gaso l ine 5,000 

Q u a l i t y Cont ro l (Sampling and Laboratory Ana l y s i s ) 5,000 

Sub-Total 427,805 

5. Land T ran spo r ta t i on t o Dock F a c i l i t y 

T ruck ing a t $ 9.30/tonne x 206,000 tonnes 1,915,800 

Road Maintenance Operat ions ( F u e l , O i l and Lube) 8,156 

Road Equipment Par t s and Maintenance 

(10% of c a p i t a l ) 14,000 

Sub-Total 1,937,956 

6. Storage and Loading a t Dock F a c i l i t y 

Loading a t $ 1.40/tonne 280,000 

S t o c k p i l i n g Dock Charges a t $ 0.70/tonne 

f o r 42,000 tonnes 29,400 

Dock F a c i l i t y Lease Rental f o r 3,200 square metres 

a t $ 2.27/square metre/month f o r 5 months 36,320 

Dock F a c i l i t y Equipment Pa r t s and Maintenance 

(5% of c a p i t a l ) 10,000 

F u e l , O i l and Lube: Loader and Dozer 23,385 
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Sh ipping Superv i so r 50,000 

Marine Surveyor 15,000 

Dock F a c i l i t y Manpower 78,062 

S t o c k p i l e S tacker and Load-Out S tacke r : 

F u e l , O i l and Lube 10,000 

Communications 1,000 

Consumable M a t e r i a l and Supp l ie s 4,800 

Real E s t a te Rental and U t i l i t i e s 7,500 

Sub-Total 545,467 

7. Marine T r an spo r t a t i on t o Customer ' s Po r t 

Barging and Insurance a t $ 8.75/tonne 1,750,000 

Sub-Total 1,750,000 

8. Annual M o b i l i z a t i o n and Demob i l i z a t i on 

Camp and Equipment Storage and Mo thba l l i n g 1,750 

Camp and Equipment S t a r t - u p 1,750 

Equipment T ran spo r t a t i on to Cent ra l Shop 25,000 

Equipment T r an spo r t a t i on to Mine S i t e 25,000 

Demob i l i z a t i on Manpower 4 Men f o r 7 Days 6,212 

M o b i l i z a t i o n Manpower 4 Men f o r 7 Days 6,212 

Dock F a c i l i t y Storage and Mo thba l l i n g 1,521 

Dock F a c i l i t y S t a r t - u p 1,521 

Sub-Total 68,966 

9. Market ing 

Market ing Cost a t $ 0.50/tonne 100,000 

Sub-Total 100,000 
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10. Head O f f i c e Overhead 

Accounting 10,000 

Communications ( te lephone, mob i le rad io ) 2,000 

Insurance 5,000 

Property Tax 5,000 

Leases, L icenses and Claims 13,000 

Legal Fees 1,000 

Management 19,000 

Sub-Total 55,000 

11. Mining Tax and R o y a l t i e s 

Min ing Tax and R o y a l t i e s Not Inc luded i n Operat ing 

Cost 

TOTAL (1-10) 5,407,199 

Tota l annual ope ra t i ng c o s t f o r 200,000 tonnes of gypsum i s 

$ 5,407,199, or $ 27,04/tonne. 

Operat ing Cost Breakdown 

1986 1986 No. 

No. Cost Centre $ CDN/YEAR $ CDN/TONNE 

1. Manpower 379,515 1.90 

2. Bene f i t s 47,457 0.24 

3. Camp Operat ions 95,033 0.47 

4 . Mine Operat ions 427,805 2.14 

5. Land T ran spo r ta t i on t o Dock 1,937,956 9.70 

6. Storage and Loading a t Dock 545,467 2.70 

7. Marine T ran spo r t a t i on 1,750,000 8.75 

8. Annual M o b i l i z a t i o n and Demob i l i z a t i on 68,966 0.34 
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9 Market ing 100,000 0.50 

10. Head O f f i c e Overhead 55,000 0.27 

11. Mining Tax - -_ 

TOTAL 5,407,199 27.04  

Operat ing Cost Centre Grouping 

1986 1986 

Cost Centre $ CDN/YEAR $ CDN/TONNE 

Mining (1 + 2 + 3 + 4 + 5/Road 

Maintenance Operat ion + 8) 1,040,932 5.21 

Land T r a n s p o r t a t i o n t o Dock 

(5/Truck ing) 1,915,800 9.58 

Storage and Loading a t Dock (6) 545,467 2.73 

Marine T r a n s p o r t a t i o n (7) 1,750,000 8.75 

Market ing (9) 100,000 0.50 

Head O f f i c e Overhead (10) 55,000 0.27 

TOTAL 5,407,199 27.04 

12.8 OPERATING COST ESTIMATE DISCUSSION 

1. Manpower ($ 379,515) 

Mine Manpower (11 People - Operat ing and Maintenance a t 

$ 338,230) 

I t i s e s t imated t h a t 11 people w i l l be employed a t the mine as 

shown on the manpower l i s t below: 
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No. o f Operators 

Loader Operator (Ore and Waste Min ing) 1 

Truck Operators (Ore and Waste Hau l ing) 2 

B u l l d o z e r Operator 0.5 

Backhoe Operator 0.5 

D r i l l Operator 0.5 

B l a s t e r 0.5 

Gravel Truck Operator 0.5 

Grader Operator 0.5 

Loader Operator (Crushed Gypsum Loading) 2 

Crush ing P l a n t Operator 1 

S e r v i c e Truck Operator 0.5 

M e c h a n i c / E l e c t r i c i a n 0.5 

Superv i so r 1 

TOTAL 11 

The ope ra t i on i s one 12-hour s h i f t per day. One loader 

ope ra to r i s r e q u i r e d f o r l o ad i ng ore and waste. 

Two t r uck opera to r s are needed to operate two haulage t rucks 

which are scheduled f o r ore and waste h a u l i n g . 

One ope ra to r i s r e q u i r e d f o r the b u l l d o z e r and the backhoe. 

These machines w i l l be used as r e q u i r e d and the operator w i l l 

ope ra te the machine scheduled f o r a p a r t i c u l a r work. During a 

s h i f t d u r a t i o n , the ope ra to r w i l l sw i t ch from one machine to 

another as necessary. 

One ope ra to r i s r e q u i r e d f o r b l a s t h o l e d r i l l i n g , and the same 

ope r a t o r w i l l be r e q u i r e d to ho ld a b l a s t e r ' s c e r t i f i c a t e i n 

o rde r t o handle the e xp l o s i v e s and l oad the holes when 
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d r i l l i n g i s completed on the b l a s t s i t e . During the l o ad i n g 

o f e x p l o s i v e s , he w i l l be ass igned a h e l p e r , o r w i l l be 

a s s i s t e d by a s u p e r v i s o r . 

One ope ra to r i s r e q u i r e d f o r the grader and grave l t r u c k . The 

same opera to r w i l l spread the aggregate a longs ide the s ec t i on s 

o f the road and, when done, w i l l sw i tch t o ope ra t i ng the 

g rader . 

Two operato r s are r equ i r ed f o r l o ad i n g of crushed gypsum onto 

the highway t r u c k s . S ince t h i s opera t i on i s cont inuous 

throughout the 24-hour p e r i o d , one operator f o r each 12 hour 

s h i f t i s necessary. In o rder t o avo id s h i f t change, t h i s work 

w i l l be scheduled from 12 noon to 12 midnight and 12 midn ight 

t o 12 noon, so t h a t each operator w i l l have the same hours and 

c o n d i t i o n s o f work. Th i s arrangement w i l l e l i m i n a t e otherwise 

necessary break pe r i od s and the need f o r e x t r a personnel to 

f i l l i n du r ing s h i f t changes. 

One c ru sh i ng p l a n t opera to r i s r equ i red to operate the 

c ru sh i ng p l a n t , conveyors , and po r t ab l e s t a c k e r . 

One m e c h a n i c / e l e c t r i c i a n i s r equ i r ed f o r maintenance work on 

equipment. He w i l l a l s o operate the s e r v i c e t ruck and w i l l be 

a s s i s t e d by the equipment operator whose equipment i s being 

r e p a i r e d . 

One s upe r v i s o r i s r equ i r ed to c o - o rd i na te and admin i s te r the 

e n t i r e o p e r a t i o n . He w i l l be the ho lder of a mine foreman's 

c e r t i f i c a t e and f i r s t - a i d c e r t i f i c a t e . The s upe r v i s o r w i l l be 

r e spon s i b l e f o r p roduct ion and s a f e t y on the s i t e . 
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Operators wages are computed as f o l l o w s : 

Equipment Operator - s t r a i g h t t ime = $ 14.00/hr. 

- overt ime (1-1/2) = $ 21.00/hr. 

M e c h a n i c / E l e c t r i c i a n - s t r a i g h t t ime = $ 16.00/hr. 

- overt ime (1-1/2) = $ 24.00/hr. 

Supe rv i s o r - s t r a i g h t t ime = $ 15.00/hr. 

- overt ime (1-1/2) = $ 22.50/hr. 

C a l c u l a t i o n Procedure 

Equipment Operators : 

S t r a i g h t t ime = 8 h r s . x $14.00/hr. x 110 days 

x 9 operators 110,880 

Overtime = 3 h r s . x $21.00/hr. x 110 days 

x 9 operators 62,370 

S a t . ' s & Sun. ' s = 11 h r s . x $21.00/hr. x 40 days 

x 9 operators 83,160 

Ex t r a Overtime = 2 h r s . x $21.00/hr. x 40 days 

x 4 operators 6,720 

Sub-Total $ 263,130 

M e c h a n i c / E l e c t r i c i a n 

S t r a i g h t t ime = 8 h r s . x $16.00/hr. x 110 days 

x 1 tradesman 14,080 

Overtime = 3 h r s . x $24.00/hr. x 110 days 

x 1 tradesman 7,920 

Sat . s & Sun. ' s = 11 h r s . x $24.00/hr. x 40 days 

x 1 tradesman 10,560 

Ex t r a overt ime = 2 h r s . x $24.00/hr. x 50 days 

x 1 tradesman 2,400 

Sub-Total $ 34,960 
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Supe r v i s o r : 

S t r a i g h t t ime = 8 h r s . x $15.00/hr. x 110 days 

x 1 s upe r v i s o r 

= 3 hrs x $22.50/hr. x 110 days 

x 1 s upe r v i s o r 

= 11 h r s . x $22.50/hr. x 40 days 

x 1 s upe r v i s o r 

= 1 h r . x $22.50/hr. x 40 days 

x 1 s upe r v i s o r 

$ 13,200 

Overtime 

7,425 

S a t . ' s & Sun. ' s 

9,900 

Ex t ra overt ime 

900 

Sub-Total $ 31,425 

During one 12-hour s h i f t , an ope ra to r gets pa id f o r 11 hours. 

One hour i s ded icated f o r lunch and i s not pa i d . During these 

11 hours, 8 hours are pa id as s t r a i g h t t ime, wh i l e 3 hours are 

pa i d as overt ime (one and a h a l f t i m e s ) . I t i s e s t imated t h a t 

du r i ng the 5 month pe r i od (150 days ) , 40 days w i l l be 

Saturdays and Sundays f o r which a l l 11 hours are pa id a t the 

r a t e of one and a h a l f t imes o f the s t r a i g h t time wage s c a l e . 

I t i s a l s o e s t imated t h a t some e x t r a t ime w i l l be accumulated 

f o r work on an as r equ i r ed b a s i s and as the need a r i s e s . Th i s 

i s p r o j e c t ed as 2 hours f o r 5 opera to r s f o r 40 days. For the 

m e c h a n i c / e l e c t r i c i a n tradesman, these e x t r a hours on an as 

needed bases are p r o j e c t e d as 2 hours f o r 50 days. The 

s upe r v i s o r w i l l a l s o have one hour e x t r a overt ime f o r 40 days 

t o be ab le t o work on a d m i n i s t r a t i o n , p lann ing , s h i f t r e p o r t s , 

and q u a l i t y c o n t r o l . 

The work f o r c e w i l l be h i r e d as permanent employees f o r 

seasonal work of 5 months d u r a t i o n each yea r . 
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Camp Manpower ($ 30,000): 

One cook w i l l be h i r e d f o r the camp a t a r a t e o f $ 3,500/ 

month. No a l lowance f o r overt ime i s g iven f o r t h i s p o s i t i o n . 

The cook w i l l be i n charge of the food s upp l i e s and k i t c h e n 

f a c i l i t i e s and w i l l c o - o r d i n a t e h i s p lann ing and budget w i th 

the s upe r v i s o r . A l s o , one cook ' s he lper w i l l be h i r e d a t a 

r a t e o f $ 2,500/month. No overt ime i s a l l owed f o r t h i s 

p o s i t i o n e i t h e r . The c ook ' s he lpe r w i l l he lp i n the k i t c h e n 

and i n o ther work around the camp, as r equ i r ed . He w i l l a l s o 

d r i v e a v e h i c l e t o the nearest supply cen t re and back when 

f e t c h i n g s upp l i e s and m a t e r i a l s . 

M i n i n g , Su rvey ing , Mapping and Q u a l i t y Contro l ($ 20,000): 

I t i s e s t imated t h a t mine surveyors w i l l be c on t r a c t ed once 

per month f o r d e t a i l e d p i t survey and mapping which w i l l keep 

the p lann ing and q u a l i t y c on t r o l up to date. At a r a t e of 

$ 4,000 per month, f i v e surveys per opera t ing season w i l l be 

c a r r i e d ou t . 

B e n e f i t s ($ 47,457) 

B e n e f i t s are c a l c u l a t e d as the percentages o f the t o t a l mine 

and camp manpower c o s t ($ 359,515) exc lud ing c o n t r a c t survey 

and q u a l i t y c o n t r o l . 

These percentages are computed as f o l l o w s : 

Ho l iday Pay a t 4.0% = 14,381 

C P . P . a t 1.7% 6,112 

21,571 

5,393 

W.C.B. a t 6.0% 

U.I.C. & W.I. a t 1.5% 

Tota l 47,457 
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Camp Operat ions ($ 95,033)  

Permanent Work Force ($ 68,250): 

Th i s c o s t i s c a l c u l a t e d a t a r a t e of $ 35.00/man/day f o r 13 

peop le . $ 35.00/man/day x 150 days x 13 people = $ 68,250. 

V i s i t o r s ($ 5,250): 

I t i s e s t imated t h a t v i s i t o r s and some c o n t r a c t o r s w i l l be 

s t a y i n g i n the camp p e r i o d i c a l l y f o r sho r t du r a t i on s . 

The re fo re , one e x t r a space f o r one man per day f o r 150 days i s 

a l l o c a t e d f o r t h i s c o s t subcent re . $ 35.00/man/day x 150 days 

x 1 man = $ 5,250. 

F u e l , O i l and Lube ($ 18,533): 

I t i s es t imated t h a t the camp f u e l consumption u t i l i z i n g one 

30 kw generator i s 13 l i t r e s / h o u r . 

13 1/hr. x 24 h r s . x 150 days $ 46,800 

46,800 1 x $ 0.36 $ 16,848 

Assuming 10% of the f ue l c o s t i s f o r o i l and l ube , then: 

$ 16,848 x 0.10 = $ 1,685 + $ 16,848 = $ 18,533. 

Par t s and Maintenance ($ 3,000): 

I t i s es t imated t h a t 5% o f the camp c a p i t a l c o s t w i l l be 

needed to ma inta in the camp. 

$ 60,000 x 0.05 = $ 3,000 

This money i s a l l o c a t e d f o r pa r t s and replacement of pa r t s 

needed to operate the camp and other consumables d i r e c t l y 

a s soc i a ted w i th the camp o p e r a t i o n s . 
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Mine Operat ions ($ 427,805)  

F u e l , O i l and Lube ($ 173,045): 

Fuel consumption i s based on C a t e r p i l l a r s p r o j e c t i o n s f o r 

C a t e r p i l l a r equipment. The working c o n d i t i o n s were e s t imated 

as medium hard w i t h the f o l l o w i n g f ue l consumption r a t e s : 

(1) 1 Rubber-T i red Loader (988B) or equ i va l en t = 44.0 1/hr. 

(2) 2 Rock Trucks (769C) or equ i va l en t = 23.0 1/hr. 

ea . 

(3) 1 B u l l d o z e r (D8L) or equ i va l en t = 40.0 1/hr. 

(4) 1 Backhoe (235) o r equ i v a l en t = 23.0 1/hr. 

(5) 1 Rubber-T i red Loader (980C) or equ i va l en t = 30.0 1/hr. 

(6) 1 D r i l l and Compressor = 30.0 1/hr. 

(7) 1 Grader (14G) or equ i v a l en t = 21.0 1/hr. 

(8) 1 Crusher = 40.0 1/hr. 

Equipment U t i l i z a t i o n and Work Hours are est imated as f o l l o w s : 

Equipment 

Total A v a i l a b i l i t y Work 

Hours & U t i l i z a t i o n Hours 

(1) 1 Rubber-T i red Loader 1,800 

(Ore and Waste Loading) 

(2) 2 Rock Trucks 3,600 

(Ore and Waste Loading) 

(3) 1 B u l l d o z e r 1,800 

(4) 1 Backhoe 1,800 

(5) 1 Rubber-T i red Loader 3,600 

(Crushed Qypsum Loading) 

(6) 1 D r i l l and Compressor 1,800 

(7) 1 Grader 1,800 

(8) 1 Crusher 1,800 

80% 

80% 

80/60% 

80/40% 

80% 

80/70% 

80% 

80% 

1,440 

2,880 

1,080 

720 

2,880 

1,260 

1,440 

1,440 

Tota l hours are hours a v a i l a b l e dur ing one s h i f t ope ra t i on 

f o r 150 days. 
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12 hours x 150 days = 1,800 hours . 

A v a i l a b i l i t y i s e s t imated to equal u t i l i z a t i o n , i . e . , when 

equipment 1s a v a i l a b l e , i t w i l l be u t i l i z e d a l l the t ime. In 

the case o f the bul ldozer/backhoe o p e r a t i o n , the u t i l i z a t i o n 

i s e s t imated 60:40 r a t i o r e s p e c t i v e l y , due t o one operator 

be ing as s i gned t o both machines. 

In the case of the d r i l l - c o m p r e s s o r a v a i l a b i l i t y , t h i s i s 

e s t imated a t 80% a v a i l a b i l i t y and 70% u t i l i z a t i o n because the 

same o p e r a t o r w i l l spend t i m e l o a d i n g t h e h o l e s w i t h 

e x p l o s i v e s when not d r i l l i n g . 

Fuel c o s t i s es t imated a t $ 0.36/1 i t r e d e l i v e r e d to the mine 

s i t e . 

The c o s t o f f ue l i s computed as f o l l o w s : 

(1) 44 1/hr. X 1,140 h r s . = 63,360 1 X $ 0.36 = 22,810 

(2) 23 1/hr. X 2,880 h r s . = 66,240 1 X $ 0.36 = 23,846 

(3) 40 1/hr. X 1,080 h r s . = 43,200 1 X $ 0.36 = 15,552 

(4) 23 1/hr. X 720 h r s . = 16,560 1 X $ 0.36 5,962 

(5) 30 1/hr. X 2,880 h r s . = 86,400 1 X $ 0.36 = 31,104 

(6) 30 1/hr. X 1,260 h r s . = 37,800 1 X $ 0.36 = 13,608 

(7) 21 1/hr. X 1,440 h r s . = 30,240 1 X $ 0.36 10,886 

(8) 40 1/hr. X 1,440 h r s . = 57,600 1 X $ 0.36 20,736 

TOTAL $ 144,504 

O i l and Lube i s es t imated a t 20% of the t o t a l f u e l co s t f o r 

the t o t a l o f $ 28,900. 

The re fo re , f u e l , o i l and lube i s : $ 144,504 + 28,901 = 

$ 173,405. 
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Pa r t s and Maintenance ($ 128,400): 

Th i s c o s t i s e s t imated a t 10% o f the mine equipment c a p i t a l 

c o s t . $ 1,284,000 x 0.10 = $ 128,400. Th i s e s t imate covers 

equipment a t the mine o n l y . 

E x p l o s i v e s , Caps, Pr imers and Primacord ($ 101,000): 

I t i s e s t imated t h a t a powder f a c t o r o f 0.15 kg/tonne o f 

gypsum rock and waste rock on a d r i l l p a t t e rn o f 3 metres x 3 

metres and 4 metres x 4 metres r e s p e c t i v e l y , i s s u f f i c i e n t t o 

break the ma te r i a l by b l a s t i n g . 

The Amount of Exp lo s i ve s f o r E n t i r e P roduc t i on . 

210,000 tonnes (gypsum) + 126,000 (waste) 336,000 tonnes x 

0.15 kg/tonne = 50,400 kg of e x p l o s i v e s . 

The prepacked amonium n i t r a t e base e xp l o s i v e "Economix" w i l l 

be used f o r b l a s t i n g . The bags of economix w i l l be loaded 

i n t o 4" d iameter d r i l l h o l e s , approx imately 6.5 metres deep. 

Th i s e xp l o s i v e comes i n 25 kg bags a t a c o s t of $ 34.00 per 

bag. 

There fo re , the e x p l o s i v e s c o s t i s : 

$ 34.00:25 kg = $ 1.36/kg 

50,400 kg x $ 1.36 = $ 68,544, say $ 69,600 

The c o s t of e x p l o s i v e s , caps , boos te r s , p r imer s , pr imacord 

and de lays i s e s t imated a t $ 32,400. 

Thus, the t o t a l c o s t of e xp l o s i v e s i s $ 101,000. 
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The gypsum rock w i l l be d r i l l e d and b l a s t e d on 6.0 metre h igh 

benches. D r i l l i n g w i l l i n co rpo r a t e a subgrade of 0.5 metres 

i n o rder t o break the rock smoothly and even ly a long each 

bench e l e v a t i o n . The subgrade he lps t o c o n t r o l the grade on 

the bench f l o o r s . 

The b l a s t s w i l l be of 9,639 tonnes magnitude secur ing enough 

broken ore f o r a s i x day ore supp ly . Each b l a s t w i l l be 

d r i l l e d minimum 8 rows deep and 16 ho les l ong on a 3 metre x 3 

metre d r i l l p a t t e rn i n o rder to c o n t r o l proper f ragmentat ion 

i n the muck p i l e and backbreak on the bench. The b l a s t s w i l l 

be d r i l l e d e i t h e r by v e r t i c a l ho les o r angled h o l e s , depending 

on the nature o f the rock . 

The b l a s t des ign w i l l be: 

8 rows deep and 16 rows l ong , o r 21 metres x 45 metres i n 

d imens ion. 

Volume o f b l a s t e d ma te r i a l i n each b l a s t : 

21 metres x 45 metres x 6 metres (bench he ight ) 5,670 cub i c 

metres . 

Tonnage of b l a s t e d m a t e r i a l : 

5,670 cub i c metres x 1.7 tonnes/cubic metre = 9,636 tonnes. 

Number o f holes i n one b l a s t , 3 metre x 3 metre p a t t e r n , 8 

rows deep and 16 rows long = 8 x 16 = 128 ho l e s . 

Metres d r i l l e d i n each b l a s t i n c l u d i n g subgrade: 

128 ho les x 6.5 metres = 832 metres. 
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Tota l metres d r i l l e d 1n o r e : 

210,000 tonnes: 9,636 tonnes (one b l a s t ) = 22 b l a s t s 

22 b l a s t s x 832 metres = 18,304 metres 

Waste Rock D r i l l i n g and B l a s t i n g C a l c u l a t i o n s : 

D r i l l p a t te rn 

D r i l l i n g depth = 

B l a s t design 

B l a s t dimension = 

B la s ted volume = 

B la s ted tonnage 

Number of ho les i n one b la s t= 

Metres d r i l l e d i n each b la s t= 

Tota l metres d r i l l e d i n 

waste 

4 metres x 4 metres 

6.5 metres 

5 rows deep and 9 rows l ong 

(4x4) x (8x4) = 16 metres x 32 

metres 

16 metres x 32 metres x 16 

metres 

3,072 cub ic metres 

3,072 cub ic metres x 1.7 

tonnes/cubic metre = 5,222 

tonnes 

5 x 9 = 45 ho les 

45 holes x 6.5 metres = 292.5 

metres 

126,000 tonnes:5,222 tonnes = 

24 b l a s t ; 24 b l a s t s x 292.5 

metres = 7,020 metres. 

Tota l metres d r i l l e d i n ore and waste: 

18,304 metres + 7,020 metres = 25,324 metres. 

Consumable M a t e r i a l s and Supp l i e s ($ 15,000): 

Th i s money i s a l l o c a t e d f o r m a t e r i a l s and s upp l i e s such as 

s a f e t y and p r o t e c t i v e equipment and other consumables used 

dur ing mining o p e r a t i o n s . 
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Gaso l ine ($ 5,000): 

I t i s e s t imated t h a t some 13,889 l i t r e s o f g a s o l i n e w i l l be 

consumed by v e h i c l e s and o ther equipment powered by g a s o l i n e . 

I t i s e s t imated t h a t the p i ck -up (4x4) t ruck w i l l be t r a v e l 

l i n g to the neares t supply cen t re and back a t l e a s t once a 

week to b r i n g i n g r o c e r i e s and s u p p l i e s , and w i l l commute t o a 

dock f a c i l i t y on an as needed b a s i s . One v e h i c l e w i l l be 

d r i ven by the cook ' s he lpe r who w i l l b r i n g i n the g r o c e r i e s 

and supp l i e s from a supply cen t re on a r e g u l a r b a s i s . 

The ga so l i ne c o s t f o r the p i ck -up t r u ck s i s e s t imated as 

f o l l o w s : 

Consumption per 100 km = 25 l i t r e s or 0.25 l i t r e s / k m 

Travel Mine-Supply Centre-Mine once a week = 1,000 km 

Total g a so l i ne consumption = 1,000 km x 0.25 1/km x 22 t r i p s 

= 5,500 l i t r e s 

Gaso l ine c o s t = 5,500 1 x $ 0.40/1 = $ 2,200. 

Travel Mine-Dock F a c i l i t y - M i n e once a month - 250 km 

Tota l g a s o l i ne consumption 250 km x 0.25 1/km x 5 t r i p s = 

312.5 l i t r e s . 

Gaso l ine c o s t = 312.5 1 x $ 0.40/1 = $ 125.00. 

Travel on s i t e f o r two p ick -ups and one s e r v i c e v e h i c l e : 

I t i s e s t imated t h a t these v e h i c l e s w i l l cover approx imate ly 

120 km per day t r a v e l l i n g on and around the mine s i t e . 

120 km x 150 days x 0.25 1/km x $ 0.40/1 = $ 1,800. 

Total g a so l i ne consumption f o r v e h i c l e s : 

$ 2,200 + $ 125.00 + $ 1,800 = $ 4,125.00 
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The r e s t of the money ($ 875.00) i s a l l o c a t e d t o o ther small 

equipment and machines t ha t use g a s o l i n e . 

Total g a so l i ne co s t = $ 5,000.00. 

Q u a l i t y Cont ro l ($ 5,000): 

I t i s e s t imated t h a t gypsum samples w i l l be c o l l e c t e d and 

p e r i o d i c a l l y sent to a Vancouver l a b o r a t o r y f o r ana ly ses . 

Assuming a c o s t of $ 50.00 f o r s h i pp i ng and a n a l y s i s of one 

sample, a t o t a l o f 100 samples w i l l be ana lyzed dur ing one 

ope ra t i ona l season on an as r equ i r ed b a s i s . 

Land T ran spo r ta t i on to a Dock F a c i l i t y ($ 1,937,956) 

Truck ing ($ 1,915,800): 

The co s t of t r u c k i n g i s e s t imated a t $ 9.30/tonne. This was 

chosen as a con se r va t i ve e s t imate from severa l ranges of 

budget co s t s quoted by va r ious t r a n s p o r t companies. I t i s 

e s t imated t h a t a f t e r c r u sh i n g , a t o t a l tonnage o f 206,000 

tonnes of gypsum w i l l be t r an spo r ted t o a dock f a c i l i t y . 

Mined tonnage i s 210,000, crushed tonnage i s 206,000 tonnes, 

and s h i p p e d tonnage t o cu s t omer i s 200,000 t o n n e s . 

Approx imate ly 5% o r 10,000 tonnes account f o r l o s s e s at the 

mine dur ing c r u s h i n g , and other l o s s e s du r i ng t r a n s p o r t a t i o n 

and rehand l i ng a t the dock f a c i l i t y du r ing s t o c k p i l i n g and 

l o ad i n g of gypsum i n t o barges. 

Road Maintenance Operat ions ($ 8,156): 

Inc luded i n t h i s e s t imate are g rave l s c reen ing p l a n t and a 

g rave l t r u c k . The grader i s i n c l uded i n the mine opera t ing 

c o s t c e n t r e . 
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Gravel Screening P l a n t : 

500 ope ra t i ng hours x 25 1/hr. = 12,500 1 x $ 0.36 = $ 4,500 

O i l and lube a t 10% o f $ 4,500 = $ 450.00 

Tota l co s t = $ 4,500 + 450 = $ 4,950 

I t i s e s t imated t h a t 500 ope ra t i n g hours w i l l produce enough 

aggregate f o r the access and mine roads upkeep dur ing one 

ope ra t i ng season. 

Gravel Truck: 

540 ope ra t i ng hours x 15 1/hr. x $ 0.36 = $ 2,916 

O i l and lube a t 10% of $ 2,916 = $ 290 

Tota l co s t = $ 2,916 + 290 = $ 3,206 

Ove ra l l t o t a l = $ 4,950 + 3,206 = $ 8,156 

I t i s e s t imated t h a t 540 ope ra t i n g hours are needed f o r the 

grave l t r uck t o spread the aggregate f o r grad ing on the 

access and mine roads dur ing one ope ra t i ng season. 

Road Equipment Pa r t s and Maintenance ($ 14,000): 

Th i s c o s t i s e s t imated a t 10% o f the equipment c a p i t a l c o s t 

i n c l u d i n g the s c reen i ng p l a n t , g rave l t ruck and grader. 

$ 45,000 + 35,000 + 60,000 = $ 140,000 

$ 140,000 x 0.10 = $ 14,000 

Storage and Loading a t a Dock F a c i l i t y ($ 545,467) 

Loading ($ 280,000): 

Th i s e s t imate i s based on d i s cu s s i on s and quotes from po r t 

a u t h o r i t i e s whereby a charge o f $ 1.40/tonne i s used f o r 
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barge l o a d i n g a t the dock f a c i l i t y w i t h a l o a d - o n - r o l l - o f f 

barge l o a d i n g method. The re fo re , 200,000 tonnes x $ 1.40/ 

tonne = $ 280,000. 

S t o c k p i l i n g Dock Charges ($ 29,400): 

Th i s e s t imate i s a l s o based on quotes from po r t a u t h o r i t i e s 

whereby $ 0.70/tonne would be charged f o r s torage of s t ock 

p i l e d gypsum. I t i s envisaged t h a t on ly 42,000 tonnes of 

gypsum w i l l be s t o c k p i l e d i n i n ven to r y a t the dock. There

f o r e , 42,000 tonnes x $ 0.70 = $ 29,400. 

No o the r wharfage, hand l i ng , dockage, o r p i e r storage fees 

r ega rd ing s torage and l o ad i n g o f gypsum are cons idered i n t h i s 

e s t imate except the l o ad i n g and s t o c k p i l i n g charges as 

de s c r i bed above. 

The c o s t e s t imate i s done on the premise t h a t the Dock 

A u t h o r i t y w i l l not charge o the r taxes and fees above and 

beyond those a l ready quoted f o r l o a d i n g and s t o c k p i l i n g 

i nventory . 

Dock F a c i l i t y Lease Rental ($ 36,320): 

I t i s e s t imated t h a t a l ea se r e n t a l o f $ 2.27/square metre/ 

month w i l l be charged f o r dock f a c i l i t y f o r some 3,200 square 

metres . 3,200 square metres x $ 2.27/square metre = $ 7,264 x 

5 months = $ 36,320. 

Dock F a c i l i t y Equipment Pa r t s and Maintenance ($ 10,000): 

I t i s e s t imated t h a t t h i s c o s t w i l l amount to 5% of the 

equipment c a p i t a l i n c l u d i n g l o a d e r , dozer , and two s t a cke r s . 

The re f o r e , ($ 60,000 + 60,000 + 80,000) x 0.05 = $ 10,000. 
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F u e l , O i l and Lube ($ 23,385): 

The consumption of f u e l , o i l and lube f o r the dock f a c i l i t y 

equipment, l o a d e r , doze r , and s t a c k e r s , i s compi led on the 

ba s i s of ope ra t i ng hours . 

Fuel consumption r a t e : 

(1) 1 Loader (996D) o r e q u i v a l e n t = 17.0 1/hr. 

(2) 1 Dozer (814B) o r e q u i v a l e n t = 21.0 1/hr. 

(3) 1 S t o c k p i l e S tacker = 13.0 1/hr. 

(4) 1 Loadout S tacker = 15.0 1/hr. 

The f ue l consumption r a t e s are based on l i g h t - d u t y c o n d i t i o n s . 

Equipment U t i l i z a t i o n and Work Hours: 

Tota l A v a i l a b i l i t y / Work 

Hours U t i l i z a t i o n Hours 

(1) 1 Loader 1,800 80/60% 1,080 

(2) 1 Dozer 1,800 80/50% 900 

(3) 1 S t o c k p i l e S tacker 3,600 80/80% 1,440 

(4) 1 Loadout S tacker 480 90% 432 

Cost Computation: 

(1) 17 1/hr. x 1,080 h r s . x $ 0.36 = $ 6,610 

(2) 21 1/hr. x 900 h r s . x $ 0.36 = 6,804 

(3) 13 1/hr. x 1,440 h r s . x $ 0.36 = 6,739 

(4) 15 1/hr. x 432 h r s . x $ 0.36 = 2,333 

TOTAL $22,486 
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O i l and lube i s c a l c u l a t e d a t 4% o f the t o t a l which i s 

cons ide red to be s u f f i c i e n t due t o low equipment u t i l i z a t i o n , 

g i v i n g a t o t a l o f $ 23,385 f o r equipment f u e l , o i l and l u b e . 

Sh ipp ing Superv i so r ($ 50,000): 

I t i s e s t imated t h a t a permanent employee on an annual s a l a r y 

w i l l be working on dock s i t e a t $ 50,000/year. The sh i pp ing 

s u p e r v i s o r w i l l c o n t r o l and c o - o r d i n a t e a l l l o ad i n g and 

s to rage a t the dock f a c i l i t y and w i l l adm in i s t e r and superv i se 

the work of the c o n t r a c t o r ' s and o the r s . 

Mar ine Surveyor ($ 15,000): 

I t i s a n t i c i p a t e d t h a t a marine surveyor from the Po r t 

A u t h o r i t y w i l l survey and v e r i f y every shipment accord ing to 

tonnage loaded onto the barge before i t i s shipped to 

customers. 

Dock F a c i l i t y Manpower ($ 78,062). 

I t i s e s t imated t h a t one equipment operator and one tradesman 

( m e c h a n i c / e l e c t r i c i a n ) w i l l be employed du r ing the day s h i f t 

hours on a 12 hour s h i f t . 

Operators Wages: Equipment Operator and Tradesman 

S t r a i g h t t ime = $ 16.00/hour 

Overtime (1-1/2) = $ 24.00/hour 

S t r a i g h t t ime = 8 h r s . x $ 16.00/hr. x 110 days 

Overtime 

x 2 operato r s = 

3 h r s . x $ 24.00/hr. x 110 days 

x 2 operato r s = 

$ 28,160 

15,840 
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S a t . ' s & Sun. ' s = 11 h r s . x $ 24.00/hr. x 40 days 

x 2 opera to r s = 

E x t r a overt ime = 2 h r s . x $ 24.00/hr. x 40 days 

x 2 opera to r s = 

21,120 

3,840 

TOTAL $ 68,960 

Dur ing the day s h i f t hours , two operator s w i l l operate the 

l oader/dozer and s t o c k p i l e s t a c k e r . The highway t r u ck s 

d e l i v e r i n g crushed gypsum dur i ng the day s h i f t hours w i l l dump 

the gypsum d i r e c t l y onto the s t a c k e r hopper a t the bottom of 

the s t a cke r . During the n i gh t s h i f t hours, the highway t r u ck s 

w i l l dump gypsum onto a p i l e next t o the s t a c k e r , s i nce no 

equipment i s planned to operate du r i ng the n i gh t s h i f t . 

On the day s h i f t , the p i l e of gypsum w i l l be dumped onto a 

s t o c k p i l e hopper by a l o a d e r . 

In an emergency, when the s t a c k e r i s broken, a l oader w i l l 

c a r r y and dump the gypsum on the s t o c k p i l e from the highway 

t r u c k s d i scharge p i l e . 

B e n e f i t s ($ 8,850): 

The b e n e f i t s are c a l c u l a t e d as a corresponding percentage of 

the t o t a l manpower c o s t ($ 67,040) f o r each p a r t i c u l a r b e n e f i t 

group. 

These percentages are computed as f o l l o w s : 

Ho l iday pay 

C.P.C. 

a t 4.0% 

a t 1.7% 
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W • C • B • a t 6.0% 4,138 

1,034 U.I.C. & W.I. a t 1.5% 

TOTAL $ 9,102 

The t o t a l c o s t of manpower a t the dock f a c i l i t y f o r equipment 

operator s i s $ 68,960 + 9,102 = $ 78,062. 

Communications ($ 1,000): 

Th i s sum of money i s a l l o c a t e d f o r communications, assuming 

telephone and r a d i o communication w i th head o f f i c e and the 

mine o f f i c e r e s p e c t i v e l y . 

I t i s e s t imated t h a t approx imate ly $ 300.00/month w i l l be 

spent on the te lephone system. 

Real E s tate Rental and U t i l i t i e s ($ 7,500): 

Some ren ta l charges w i l l apply to the dock f a c i l i t y dur ing the 

f i v e month o p e r a t i o n . There fo re , i t i s e s t imated t h a t $ 

2.27/square metre per month w i l l be charged f o r r e n t a l o f a 

space 30 metres x 22 metres = 660 square metres. The o f f i c e 

t r a i l e r and warehouse shed can be accommodated i n t h i s space 

f o r a t o t a l o f $ 1,500/month or $ 7,500 f o r f i v e months. 

E l e c t r i c i t y and water are i n c l uded i n t h i s c o s t . 

Marine T r a n s p o r t a t i o n ($ 1,750,000) 

Barging and Insurance ($ 1,750,000): 

Th i s co s t i s d e r i v e d from the in-house data on barge t r a n s 

p o r t a t i o n which was compi led s p e c i f i c a l l y f o r the purpose of 

ob t a i n i n g a budget c o s t e s t imate f o r t r a n s p o r t a t i o n of gypsum 

t o markets on the North American P a c i f i c Coast. A co s t of $ 

8.75/tonne of gypsum was d e l i n e a t e d without any backhau l . 
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I t i s assumed t h a t 40,000 tonnes/month o f gypsum are shipped 

from the des ignated dock f a c i l i t y t o cus tomer ' s p o r t . The 

shipment i s planned t o be c a r r i e d out by two 5,000 tonne 

barges w i t h one tug boat . A tug w i l l p u l l two barges i n 

tandem. One barge t r a i n would be t r a v e l l i n g , wh i l e the other 

would be loaded a t the dock f a c i l i t y , t hu s , making i t f e a s i b l e 

t o sh ip 40,000 tonnes o f gypsum per month. I t would take f i v e 

months t o sh ip a l l 200,000 tonnes t o customers. 

Annual M o b i l i z a t i o n and Demob i l i za t i on ($ 68,966) 

I t i s e s t imated t h a t $ 3,500 i s going t o be spend f o r camp 

s to rage , mo thba l l i n g and s t a r t - u p o f the min ing ope ra t i on s . 

Equipment m o b i l i z a t i o n and d e m o b i l i z a t i o n ( t r a n s p o r t a t i o n ) f o r 

the min ing opera t i on s i s es t imated a t $ 50,000. 

M o b i l i z a t i o n and d e m o b i l i z a t i o n manpower a t the mine s i t e . 

8 people x 8 h r s . x $ 14.00/hr. x 7 days = $ 6,272 s t r a i g h t 

time 

8 people x 4 h r s . x $ 21.00/hr. x 7 days = 4,704 overt ime 

Sub-Total $ 10,976 

B e n e f i t s 1,448 

TOTAL $12,424 

M o b i l i z a t i o n and d e m o b i l i z a t i o n manpower a t the dock s i t e . 

4 people x 8 h r s . x $ 16.00/hr. x 3 = $ 1,536 s t r a i g h t 

days time 

4 people x 4 h r s . x $ 24.00/hr. x 3 

days = 1,152 overt ime 

Sub-Total $ 2,688 
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B e n e f i t s = 354 

TOTAL $ 3,042 

9. Market ing ($ 100,000) 

I t i s e s t imated t h a t a reasonable p r o f i t of $ 0.50/tonne cou ld 

be used f o r n e g o t i a t i o n w i th a market ing f i r m i f the market ing 

e f f o r t t o s e l l 200,000 tonnes of gypsum i s combined w i th an 

ou t s i de market ing s p e c i a l i s t and in-house s t a f f , o r to h i r e a 

market ing s p e c i a l i s t permanently a l l o c a t i n g t h i s money to an 

in -house market ing department. 

10. Head O f f i c e Overhead ($ 55,000) 

I t i s e s t imated t h a t the a d d i t i o n a l account ing l oad dur ing the 

min ing ope ra t i on can be handled p a r t i a l l y w i t h the in-house 

e s t a b l i s h e d system and w i th e x t r a help h i r e d on a temporary 

b a s i s , not exceeding $ 10,000 f o r the f i v e month opera t ing 

season. 

Communications u s ing telephone and mobi le r ad i o i s es t imated 

a t $ 2,000, o r $ 400 per month f o r the f i v e month opera t i ng 

season. 

Insurance i s e s t imated a t $ 5,000, which would cover the 

property in su rance as r equ i r ed by law. 

Proper ty tax f o r the camp and mine s i t e area i s es t imated a t 

$ 5,000. 

Leases, l i c e n s e s and c l a ims co s t i s e s t imated a t $ 13,000 

which w i l l s u f f i c e t o pay r en t a l on a l l c l a ims i n the area 

covered by the gypsum d e p o s i t . 
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Legal fees are es t imated a t $ 1,000 based on in-house expe

r i e n c e . 

A management c o s t of $ 19,000 w i l l cover t r a v e l and v i s i t s to 

the mine and o the r a d m i n i s t r a t i v e i n c i d e n t a l s r e l a t e d t o the 

min ing o p e r a t i o n . 

. M in ing Tax and R o y a l t i e s 

M in ing tax and r o y a l t i e s are not i n c l uded i n t h i s ope ra t i ng 

c o s t . 

TOTAL (1-10) $ 5,407,199 

The t o t a l annual ope ra t i ng c o s t f o r 200,000 tonnes of gypsum 

i s $ 5,407,199, or $ 27.04/tonne. 



APPENDIX 1: LIST OF MINING COMPANIES IDENTIFIED FOR SURVEY 

P rov i nce or S t a t e , and Company Mine Name 

B r i t i s h Columbia: 

o Canada Cement Lafarge 

o Domtar Inc. 

o Westroc I ndu s t r i e s L t d . 

Washington: 

o Agro M i ne ra l s Inc. 

Cal i f o r n i a . 

o Glen C. Archer Gypsum 

o CalMat Co. 

o CV Organic F e r t i l i z e r s Co. 

o Fann in -Super io r Gypsum Co. 

o H.M. Holloway Inc. 

o Monol i th Po r t l and Cement Co. 

o Super i o r Gypsum Co. 

o Tembler Gypsum Co. 

o U.S. Gypsum Corp. 

Nevada: 

o Genstar Gypsum Products Co. 

o P a c i f i c Coast B u i l d i n g Products Inc 

o U.S. Gypsum Corp. 

o A r t Wi lson Co. 

F a l k l a n d 

L u c c i e r R i ve r 

Windermere 

Poison Lake 

Archer 

S ho re l e r Annex 

Amboy 

Los t H i l l s 

Lost H i l l s 

Quatal Canyon 

Mid land 

Farming Camp 

P l a s t e r C i t y 

Las Vegas 

Las Vegas 

Empire 

Adams Cla im 



APPENDIX 2: LIST OF WALLBOARD MANUFACTURERS IDENTIFIED FOR 
SURVEY 

Prov ince or S t a t e , and Company 

B r i t i s h Columbia: 

o Westroc I ndu s t r i e s L t d . 

o Domtar Inc. 

A l b e r t a : 

o Domtar Inc. 

o Westroc I ndu s t r i e s L t d . 

Washington: 

o Domtar Qypsum America Inc. 

o Norwest Qypsum Inc. 

C a l i f o r n i a : 

o Domtar Qypsum America Inc. 

o Nat iona l Qypsum Co. 

o U.S. Qypsum Corp. 

Nevada: 

o Genstar Qypsum Products Co. 

o P a c i f i c Coast B u i l d i n g Products Inc. 

o U.S. Qypsum Corp. 

P l an t Loca t i on ( s ) 

New Westminster 

Surrey 

Calgary (c lo sed) 

Edmonton 

Calgary 

Tacoma 

S e a t t l e 

Ant ioch 

Long Beach 

Richmond 

Long Beach 

Newark 

P l a s t e r C i t y 

Fremont 

Las Vegas 

Apex 

Empi re 



APPENDIX 3: LIST OF CEMENT PRODUCERS IDENTIFIED FOR SURVEY 

Prov ince or S t a t e , and Company 

A l a s k a : 

o A la ska Bas ic I n du s t r i e s 

B r i t i s h Columbia: 

o Canada Cement Lafarge L t d 

o Genstar Cement L t d . 

A l b e r t a : 

o Canada Cement Lafarge L t d . 

o Genstar Cement L td 

Washington: 

o Ideal Bas ic I ndu s t r i e s 

o Lehigh Po r t l and Cement Co. 

o SME 

Oregon: 

o Ash Grove Cement West 

Cal i f o r n i a : 

o CalMat Co. 

o General P o r t l a nd Inc. 

o Genstar Cement Co. 

o R i ve r s i de 

o Ka i s e r Cement Corp. 

o Lone Star I ndu s t r i e s Inc. 

o Monol i th Po r t l a nd Cement Co. 

o Southwestern Po r t l a nd Cement Co. 

Nevada: 

o Nevada Cement 

P l a n t Loca t i on ( s ) 

Anchorage 

Kami oops 

Richmond 

De l t a 

Exshaw 

Edmonton 

Edmonton 

S e a t t l e 

Me ta l i ne F a l l s 

Be l l ingham 

Durkee 

Col ton 

Moj ave 

Lebec 

San Andreas 

Redding 

R i v e r s i d e 

Oro Grande 

Permanente 

Lucerne V a l l e y 

Davenport 

Monoli th 

V i c t o r v i l l e 

Fe rn l ey 



APPENDIX 4 : LIST OF PAPER PRODUCERS IDENTIFIED FOR SURYEY 

Prov ince o r S t a t e , and Company 

B r i t i s h Columbia: 

o Bel k i n Paper 

o Crown Fo re s t I ndu s t r i e s L td 

o B.C. Fo re s t Products Ltd 

o Eurocan Pulp and Paper 

o I s land Paper M i l l s L t d . 

o S co t t Paper 

o MacMi l lan B loedel L td 

Washington: 

o Georgia P a c i f i c 

o Crown Z e l l e r b a c h (James R i ve r Corp.) 

o S co t t Paper 

o Grays Harbor Paper Co. 

o Longview F i b r e Co. 

o R.W. Paper Co. 

o North P a c i f i c Paper Corp. 

o ITT Rayonier Inc. 

o Boise Cascade 

o Simpson Timber Co. 

o Weyerhaeuser Co. 

Oregon: 

o W i l l amet te I n d u s t r i e s 

o Crown Z e l l e r b a c h (James R i ve r Corp.) 

o James R i ve r Corp. 

o Pub l i s he r s Paper 

P l a n t Loca t i on ( s ) 

Burnaby 

E lk F a l l s 

Richmond 

C ro f ton 

K i t i m a t 

New Westminster 

New Westminster 

Po r t A l be rn i 

Powel1 Ri ver 

Be l l ingham 

Camas 

Po r t Angeles 

E v e r e t t 

Hoquiam 

Longview 

Longview 

She!ton 

S te i l acoom 

Vancouver 

Tacoma 

Tacoma 

Al bany 

C l a t s k a n i e 

West Lynn 

Newburg 



APPENDIX 4 : LIST OF PAPER PRODUCERS IDENTIFIED FOR SURYEY 
(continued) 

Oregon: (cont inued) 

o P u b l i s h e r s Paper 

o Weyerhaeuser Co. 

o Georgia P a c i f i c 

o Bo ise Cascade 

Cal i f o r m ' a . 

o Simpson Paper Co. 

o Crown Z e l l e r b a c h (James R i ve r Corp.) 

o F ib reboard Corp. 

o Nat iona l Gypsum Co. 

Oregon C i t y 

North Bend 

Spr ing F i e l d 

Toledo 

S t . Helens 

Shasta M i l l 

An t i och 

Ant ioch 

Stockton 
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