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1. INTRODUCTION 

T h i s r e p o r t , p r e p a r e d j o i n t l y by M.W. Waldner o f Mohawk O i l Co. L t d . and 
inde p e n d e n t c o n s u l t a n t E.M. P l a n k d e t a i l s t h e f i n d i n g s o f a s t u d y c o n d u c t e d t o 
d e t e r m i n e t h e p r o d u c t i o n and c a p i t a l c o s t s a s s o c i a t e d w i t h an optimum system 
f o r m a n u f a c t u r i n g t i l e s and s l a b s from B r i t i s h Columbia Nephrite Jade. These 
p r o d u c t s a r e t o be made from lower g r a d e , y e t s t i l l a t t r a c t i v e n e p h r i t e w h ich 
h i t h e r t o had been u n s a l e a b l e b u t r e p r e s e n t s a s i g n i f i c a n t volume o f r e s e r v e s 
and p r o d u c t i o n . The s t u d y , a p l a n o f wh i c h i s a t t a c h e d as Appendix I I , and 
r e p o r t were j o i n t l y funded by Mohawk O i l Co L t d . , t h e Department o f Energy 
Mines and R e s o u r c e s o f Canada and the M i n i s t r y o f E n e r g y , Mines and P e t r o l e u m 
R e s o u r c e s o f B r i t i s h Columbia under t he C a n a d a / B r i t i s h C o l u m b i a M i n e r a l 
Development Agreement. 

The s t u d y encompassed i n t e r n a t i o n a l r e s e a r c h i n t o v a r i o u s c u t t i n g and g r i n d i n g 
t e c h n o l o g i e s a v a i l a b l e p r i m a r i l y i n N o r t h A m e r i c a and Euro p e , i n c l u d i n g 
r e s e a r c h i n t o Mohawks' own e x c l u s i v e m a n u f a c t u r i n g t e c h n i q u e s . The r e s e a r c h 
e v e n t u a l l y l e d t o the s t o n e c u t t i n g i n d u s t r y i n West Germany and I t a l y . The 
impetus f o r r e s e a r c h i n g the t i l e m a n u f a c t u r i n g t e c h n o l o g i e s came from the need 
t o enhance t he economics o f m i n i n g and m a r k e t i n g n e p h r i t e j a d e and t o reduce 
the c o s t o f m a n u f a c t u r i n g j a d e t i l e s and s l a b s m a n u f a c t u r e d from the 
c o n s t r u c t i o n q u a l i t y m a t e r i a l . 

The s t u d y f i n d i n g s a r e s p e c i f i c t o p r o d u c t i o n o f t i l e s and s l a b s from a 
B r i t i s h C o l u m b i a N e p h r i t e J a d e . The p h y s i c a l and c h e m i c a l c h a r a c t e r i s t i c s o f 
t h i s j a d e p r e c l u d e d the d i r e c t a p p l i c a t i o n o f a " s t a n d a r d " s t o n e t i l e 
p r o d u c t i o n system. 
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1.1 HISTORY 

The C r y Lake Jade Mines L t d . p r o p e r t i e s , now owned by Mohawk O i l Co. L t d . a r e 
l o c a t e d i n t h e P r o v e n c h e r Lakes - Kutc h o Creek a r e a o f N o r t h e r n B r i t i s h 
C o l umbia (see Figure 1) . Mohawk has been m i n i n g n e p h r i t e j a d e as a p r i m a r y 
p r o d u c t from t h i s a r e a s i n c e t he mid 1970's. A l t h o u g h some p r o d u c t i o n has 
been from a l l u v i a l b o u l d e r s , t he p r i m a r y p r o d u c t i o n has been m i n i n g i n - s i t u 
l e n s e s o f j a d e . D u r i n g t he p a s t 10 ye a r p e r i o d a p p r o x i m a t e l y 830 t o n s o f j a d e 
has been s h i p p e d from t h e m i n e s i t e v i a " c a t - t r a i n " t o t h e camp thenc e by a i r 
t o Dease Lake and f i n a l l y by t r u c k t o S o u t h e r n B.C. Most B.C. Jade p r o d u c t i o n 
f i n d s i t s way, i n raw form, t o o f f - s h o r e m a r k e t s , p r i m a r i l y Taiwan. T h i s o f f ­
s h o r e market i s m a i n l y f o r c a r v i n g and j e w e l l e r y q u a l i t y j a d e w h i c h a c c o u n t s 
f o r a p p r o x i m a t e l y 25% o f Mohawk's t o t a l p r o d u c t i o n . The r e m a i n i n g 75% o f 
p r o d u c t i o n has g e n e r a l l y been u n s a l e a b l e o r f e t c h e s p r i c e s below e x p l o r a t i o n , 
development and m i n i n g c o s t s . 

I n 1982 Mohawk i n i t i a t e d i n v e s t i g a t i o n s i n t o d e v e l o p i n g a market f o r the non-
c a r v i n g and n o n - j e w e l l e r y q u a l i t y j a d e . Jade t i l e s were i d e n t i f i e d as the 
most a t t r a c t i v e mechanism f o r m a r k e t i n g t h i s "lower grade" j a d e . A f t e r 
r e s e a r c h i n g m a n u f a c t u r i n g t e c h n i q u e s a p l a n t was e s t a b l i s h e d i n s o u t h e r n 
C a l i f o r n i a and 4x4 i n c h t i l e s were p r o d u c e d and s o l d b e g i n n i n g i n 1983. The 
t i l e m a n u f a c t u r i n g p r o c e s s a l l o w e d t he l i b e r a t i o n o f h i g h e r q u a l i t y j a d e and 
s i m p l i f i e d t h e j a d e g r a d i n g p r o c e s s i n a d d i t i o n t o e n h a n c i n g t he v a l u e o f the 
lower grade j a d e . A m a r k e t i n g campaign was o r g a n i z e d f o r i n t r o d u c t i o n o f the 
j a d e t i l e s and "JADE INTARSIA" was e s t a b l i s h e d as the t i l e s e c t o r o f Mohawk's 
j a d e b u s i n e s s . 

M a n u f a c t u r i n g and d i s t r i b u t i o n o f the f o u r i n c h square by o n e - e i g h t h i n c h 
t h i c k j a d e t i l e s has c o n t i n u e d s i n c e 1983, a l b e i t on a reduced s c a l e d u r i n g 
the p a s t y e a r . A f t e r an e x p e n d i t u r e o f a p p r o x i m a t e l y $1.5 m i l l i o n i n the j a d e 
t i l e b u s i n e s s and w i t h t h r e e y e a r s m a r k e t i n g and m a n u f a c t u r i n g e x p e r i e n c e i t 
became e v i d e n t t h a t the p r i c e o f the t i l e s had t o be reduc e d i f the n e c e s s a r y 
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s a l e s volumes were t o be a c h i e v e d f o r a v i a b l e o p e r a t i o n . The t i l e s c u r r e n t l y 
s e l l f o r more t h a n $150 per square f o o t , D e s i g n e r Net. A t a r g e t p r i c e o f $100 
or l e s s per square f o o t has been s e t and t h i s i s o n l y a c h i e v a b l e i f t i l e 
p r o d u c t i o n c o s t s can be d r a s t i c a l l y r e d u c e d . M a r k e t r e s e a r c h a l s o i n d i c a t e s 
t h a t t h e s a l e s volumes can be enhanced i f a g r e a t e r v a r i e t y o f p r o d u c t s can be 
o f f e r e d , i n c l u d i n g d i f f e r e n t s i z e t i l e s , s l a b s , and b l o c k s . Other uses f o r 
the l o w e r g r a d e j a d e have a l s o been i d e n t i f i e d i n c l u d i n g t a b l e l e g s , desk 
s e t s , book-ends and o t h e r home, c o m m e r c i a l , s o u v e n i r and g i f t i t e m s . However, 
the t i l e and s l a b m a n u f a c t u r i n g must be p r o f i t a b l e i f t h e remainder o f t h e 
" v a l u e - a d d e d " p a r t o f the b u s i n e s s and t h e b u l k j a d e s a l e s a r e t o be economic, 
even though an economic a n a l y s i s o f t h e b u s i n e s s would n e c e s s a r i l y i n c l u d e a l l 
a s p e c t s from m i n e s i t e t o s a l e a b l e p r o d u c t s . 



YUKON 

Afh N I N 1 U > 

WEATHER CONDITIONS COMPARISON 
C Mean Temp. 

Annual P r e c i p i t a t i o n F.F.D.* Spr. Sum. F a l l Wint. 
Terrace 109 cm (43") 151 6.3 15.5 6.7 -3.1 
Princ e Rupert 286 cm (113") n/a n/a 
Vancouver n o cm (43") 198 9.6 16.9 10.7 4.0 
Prin c e George 62 cm (25") 68 n/a 

* F r o s t Free Days 
Source: M i n i s t r y of A g r i c u l t u r e 

Climate of B.C. FIGURE 1 



- 4 -

1.2 TERMS OF REFERENCE 

The s t u d y f o c u s was t o r e s e a r c h a v a i l a b l e t e c h n i q u e s and t e c h n o l o g i e s f o r 
p r o d u c t i o n o f n e p h r i t e j a d e t i l e s and d e t e r m i n e p r e f e r r e d m a n u f a c t u r i n g 
equipment and optimum p l a n t d e s i g n and l o c a t i o n . The s t u d y i n c l u d e d an 
a n a l y s i s o f Mohawk's c u r r e n t t i l e m a n u f a c t u r i n g p l a n t and i d e n t i f i c a t i o n o f 
p r o d u c t i o n i n e f f i c i e n c i e s . A d d i t i o n a l l y , a v a i l a b l e a l t e r n a t e t e c h n i q u e s and 
t e c h n o l o g i e s were t o be a s c e r t a i n e d and e v a l u a t e d . P l a n t S i t e S e l e c t i o n 
e s s e n t i a l l y f o c u s e d on a n o r t h e r n or c e n t r a l B.C. p l a n t l o c a t i o n v e r s u s a 
s o u t h e r n (lower m a i n l a n d ) l o c a t i o n . A f o r e i g n p l a n t s i t e was n o t c o n s i d e r e d 
a l t h o u g h t a r i f f c o n s i d e r a t i o n s had p r e v i o u s l y d i c t a t e d a U n i t e d S t a t e s p l a n t 
l o c a t i o n . 

P r e v i o u s p r o d u c t i o n e x p e r i e n c e and m a r k e t i n g i n f o r m a t i o n a s s i s t e d i n 
d e t e r m i n i n g the b a s i c c r i t e r i a f o r t h e t i l e s p e c i f i c a t i o n s . These c r i t e r i a 
were: 

1. A 4x4 i n c h (approx 100 cm^) j a d e t i l e was t o r e t a i l f o r l e s s t h a n 
$11.00. T h i s t r a n s l a t e s t o a t o t a l m a n u f a c t u r e r ' s c o s t o f 
a p p r o x i m a t e l y $45.00 per square f o o t and a r e t a i l p r i c e o f under 
$100 per s q uare f o o t . 

2. Minimum p r o d u c t i o n r a t e s o f a t l e a s t 1100 square f e e t per month were 
t o be e x p e c t e d based upon a 40 hour work week. 

3. The raw j a d e b l o c k s c o u l d be c o n s i d e r e d t o be i n rough b o u l d e r form 
up t o d i m e n s i o n s o f 2x3x3 m e t r e s , but commonly l e s s t h a n 1 c u b i c 
m etre. 

4. A l l equipment must be CSA approved and c o m p a t i b l e w i t h a l l C a n a d i a n 
s t a n d a r d s . 

5. The p l a n t was t o have the c a p a c i t y t o produce s l a b s and b e v e l l e d 4x4 
i n c h , 6x6 i n c h , 8x8 i n c h , 4x8 i n c h and 12x12 i n c h t i l e s w i t h a 
minimum t h i c k n e s s o f a p p r o x i m a t e l y 1/8 i n c h . 
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These c r i t e r i a s e r v e d as the bases f o r c o m p a r i s o n o f the v a r i o u s equipment 
t y p e s and t e c h n i q u e s a v a i l a b l e . P r o d u c t i o n r a t e s and c o s t s were compared, 
p l a n t e x p a n d a b i l i t y a s s e s s e d , y i e l d from raw j a d e b o u l d e r s d e t e r m i n e d , and 
c a p i t a l equipment c o s t s i d e n t i f i e d . Assessment o f i n d i v i d u a l equipment 
m a n u f a c t u r e ' s a f t e r s a l e s s e r v i c e was done i n c l u d i n g p a r t s a v a i l a b i l i t y , 
t r a i n i n g programs, a c t u a l u s e r feedback and g e n e r a l i n d u s t r y s t a t u r e and 
p e r f o r m a n c e . 

P l a n t S i t e S e l e c t i o n was based upon the p r e m i s e t h a t t h i s n a t i v e B r i t i s h 
C o l umbia m i n e r a l ( N e p h r i t e Jade) would be p r o c e s s e d i n t h e P r o v i n c e . T h i s 
"value added" a p p r o a c h t o t h e j a d e i s a s e r i o u s d e p a r t u r e from the p r e v i o u s 
j a d e i n d u s t r y p r a c t i c e o f e x p o r t i n g the m a t e r i a l i n t h e raw form f o r 
p r o c e s s i n g o f f - s h o r e . The p r i m a r y c r i t e r i a i n the P l a n t S i t e S e l e c t i o n were: 

1. Raw m a t e r i a l and f i n i s h e d p r o d u c t t r a n s p o r t a t i o n c o s t s . 

2. A v a i l a b i l i t y o f an a p p r o p r i a t e work f o r c e . 

3. A v a i l a b i l i t y and c o s t o f w a t e r , e l e c t r i c power and t o a l e s s e r 
e x t e n t n a t u r a l g a s . ( S e r v i c e d l a n d ) . 

4. A v a i l a b i l i t y o f l e v e l , w e l l d r a i n e d l i g h t i n d u s t r i a l l a n d w h i c h 
would s u p p o r t heavy p r o d u c t i o n equipment w i t h o u t t h e need f o r 
e x p e n s i v e f o u n d a t i o n p r e p a r a t i o n . 

5. P r o x i m i t y t o d o m e s t i c and f o r e i g n m a rkets p r i m a r i l y the U.S., A s i a 
and Europe. T h i s i n c l u d e s e s t i m a t e d d i f f e r e n c e s i n m a r k e t i n g c o s t s 
between l o c a t i o n s . 

6. Impact o f weather c o n d i t i o n s on the o p e r a t i o n , e s p e c i a l l y impact and 
a s s o c i a t e d c o s t s o f o p e r a t i n g a h i g h water use p l a n t i n f r e e z i n g 
c o n d i t i o n s . 

7. A v a i l a b i l i t y and l e v e l o f F e d e r a l , P r o v i n c i a l and M u n i c i p a l 
Government a s s i s t a n c e programs. 
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2. SUMMARY 

T h i s r e p o r t d e s c r i b e s the r e s u l t s o f r e s e a r c h i n t o the f e a s i b i l i t y o f 
m a n u f a c t u r i n g 4x4 by 1/8 i n c h t h i c k t i l e s from B r i t i s h C o l u m b i a N e p h r i t e J a d e . 
T h i s s t u d y was j o i n t l y funded by Mohawk O i l Co. L t d . , and t h e F e d e r a l and 
P r o v i n c i a l Governments. The p r i m a r y c r i t e r i a f o r e s t a b l i s h i n g the f e a s i b i l i t y 
o f the v e n t u r e was t h a t the t i l e s must r e t a i l f o r l e s s t h a n $100.00 C a n a d i a n 
per square f o o t . That would r e q u i r e t o t a l m a n u f a c t u r i n g c o s t s t o be 
a p p r o x i m a t e l y $45.00 per square f o o t or l e s s . 

The s t u d y i n c l u d e d r e s e a r c h i n t o a l l p o s s i b l e r e l e v a n t c u t t i n g , g r i n d i n g and 
p o l i s h i n g t e c h n o l o g i e s and t e c h n i q u e s i n c l u d i n g t h e use o f h i g h p r e s s u r e w a t e r , 
l a s e r s , a b r a s i v e s l u r r i e s , and diamond s e t o r i m p r e g n a t e d t o o l s f o r c u t t i n g 
and/or g r i n d i n g j a d e . The r e s e a r c h i n c l u d e d a p p r a i s a l o f Mohawk's own 
t e c h n o l o g y and t e c h n i q u e s as w e l l as i d e n t i f y i n g and a s s e s s i n g o t h e r s . S i x 
European m a n u f a c t u r e r s o f s t o n e w o r k i n g equipment were i d e n t i f i e d as p o s s i b l e 
s u p p l i e r s o f a p p r o p r i a t e equipment w h i c h c o u l d e c o n o m i c a l l y produce j a d e 
t i l e s . 

A p r e f e r r e d m a n u f a c t u r e r o f equipment and a t i l e m a n u f a c t u r i n g t e c h n i q u e was 
i d e n t i f i e d and a p l a n t s i t e recommended. The b e s t a l t e r n a t i v e i s c o n s i d e r e d 
t o be e s t a b l i s h i n g a t i l e m a n u f a c t u r i n g p l a n t i n the Lower M a i n l a n d ( p r o b a b l y 
t h e S u r r e y area) u s i n g equipment m a n u f a c t u r e d by C a r l Meyer. T h i s West German 
m a n u f a c t u r e r c o m p l e t e d t i l e m a n u f a c t u r i n g t e s t work s u c c e s s f u l l y and a t the 
l o w e s t c o s t ; a p p r o x i m a t e l y $39.00 per square f o o t f o r 4x4 i n c h j a d e t i l e s . 
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3. NEPHRITE JADE CHARACTERISTICS 

There a r e e s s e n t i a l l y two t y p e s o f j a d e r e c o g n i z e d i n the w o r l d , an amphibole 
j a d e ( N e p h r i t e ) and a pyroxene j a d e ( J a d e i t e ) . The j a d e t h a t i s r e f e r r e d t o 
i n t h i s r e p o r t i s Nephrite Jade. N e p h r i t e Jade i s e s s e n t i a l l y a r o c k composed 
o f a matte o f f i b r o u s t r e m o l i t e . I d e a l l y , t h e c o m p o s i t i o n o f t r e m o l i t e 
a p proaches Ca2 Mg5 S i g O22 (OH)2. However, because t r e m o l i t e i s an amphibole 
m i n e r a l i n the c o n t i n u o u s t r e m o l i t e - f e r r o a c t i n o l i t e s e r i e s t h e c o m p o s i t i o n 
i s v a r i a b l e . The v a r i a t i o n s i n the c o l o u r o f n e p h r i t e a r e p r i m a r i l y due t o 
t h i s c o m p o s i t i o n a l v a r i a t i o n . There a r e o f t e n minor amounts o f o t h e r m i n e r a l s 
i n Mohawk's Jade i n c l u d i n g u v a r o v i t e (chrome g a r n e t ) c h r o m i t e , c h l o r i t e , t a l c 
and m a g n e t i t e . 

The unique p h y s i c a l and c h e m i c a l c h a r a c t e r i s t i c s o f N e p h r i t e Jade make i t a 
v e r y d u r a b l e b u i l d i n g m a t e r i a l , b u t a l s o a v e r y d i f f i c u l t m a t e r i a l t o work. 
A t a h a r d n e s s o f between 6 and 7 on t h e Mohs Hardness S c a l e , i t i s much h a r d e r 
t h a n such m a t e r i a l s as m a r b l e and onyx, a t a p p r o x i m a t e l y h a r d n e s s 3. Jade i s 
about e q u i v a l e n t i n h a r d n e s s t o the p r i m a r y m i n e r a l s w h i c h c o n s t i t u t e g r a n i t e 
but j a d e i s much d i f f e r e n t t e x t u r a l l y and c o m p o s i t i o n a l l y . G r a n i t e i s 
composed o f t h r e e p r i m a r y m i n e r a l s and s e v e r a l minor a c c e s s o r y m i n e r a l s a l l 
c r y s t a l l i n e i n n a t u r e . A c c o r d i n g t o Learning ( 1 9 7 8 ) , N e p h r i t e Jade i s 
e s s e n t i a l l y a m o n o m i n e r a l l i c r o c k c h a r a c t e r i z e d by a p e c u l i a r t e x t u r e i n w h i c h 
m i c r o f i b r o u s t r e m o l i t e o c c u r s as t w i s t e d and f e l t e d b u n d l e s , t u f t s and s h e a f -
l i f e a g g r e g a t e s i n i n t e r l o c k i n g random o r i e n t a t i o n , whereas g r a n i t e i s an 
ag g r e g a t e composed o f l a r g e i n d i v i d u a l c r y s t a l s . Jade has a v e r y h i g h 
c o m p r e s s i v e s t r e n g t h , i n e x c e s s o f 61,000 l b s / i n 2 ( B e l y k e t a l 1973), w h i c h i s 
g r e a t e r than s t e e l . J a d e has a h i g h d e n s i t y , about 3.0, e q u i v a l e n t t o about 
185 l b s / f t ^ , o r more t h a n 5% g r e a t e r t h a n t h e d e n s i t y o f g r a n i t e . 



- 8 -

4. CUTTING, GRINDING AND POLISHING PROCESSES 

The p h y s i c a l c h a r a c t e r i s t i c s o f the j a d e a f f e c t how the m a t e r i a l c a n be c u t , 
ground and p o l i s h e d . C h e m i s t r y i s not v e r y i m p o r t a n t , s i n c e j a d e i s 
g e n e r a l l y i n e r t , e s s e n t i a l l y u n a f f e c t e d by s t r o n g s o l v e n t s , a c i d s or b a s e s . 
T h e r e f o r e , t h e f o l l o w i n g p h y s i c a l c h a r a c t e r i s t i c s appear t o be c r i t i c a l f o r 
w o r k i n g j a d e : 

Hardness 
C o m p r e s s i v e S t r e n g t h 
S p e c i f i c G r a v i t y 
T e x t u r e 

6 t o 7 
+61,000 l b s / i n 2 

approx. 3.0 (185 l b s / f t . 3 ) 
m i c r o f i b r o u s matte - random o r i e n t a t i o n 

C e r t a i n l y c o l o u r i s a c r i t e r i a from an a e s t h e t i c v i e w p o i n t as i s t h e 
t r a n s l u c e n c y and l u s t r e . One o f the r e a s o n s f o r s p e c i f y i n g t h a t t he t i l e s 
must be t h i n i s due t o t h e t r a n s l u c e n c y . However, t h i s does n o t a f f e c t how 
the j a d e w i l l g r i n d , c u t , o r p o l i s h . 

4.1 CUTTING PROCESSES 

C u t t i n g t e c h n o l o g i e s and t e c h n i q u e s i n v e s t i g a t e d i n c l u d e d : 

1. H i g h p r e s s u r e w a t e r ; 2. l a s e r s ; 3. sawing e m p l o y i n g a b r a s i v e s l u r r i e s ; 
4. Diamond s e t or im p r e g n a t e d saw b l a d e s o f v a r i o u s c o n f i g u a t i o n s . 

These systems were i d e n t i f i e d by r e s e a r c h i n g i n d u s t r i e s w h i c h c u t h a r d 
m a t e r i a l s i n c l u d i n g m e t a l , s t o n e , wood, g l a s s , and o t h e r m i n e r a l s . 
M a n u f a c t u r e r s a r e l i s t e d i n Appendix I. H i g h p r e s s u r e water was g e n e r a l l y 
i n e f f e c t i v e ; l a s e r beams may have l i m i t e d s p e c i f i c a p p l i c a t i o n s ; sawing u s i n g 
a b r a s i v e s l u r r i e s was g e n e r a l l y u n s u c c e s s f u l ; diamond s e t saws gave t h e most 
f a v o u r a b l e o v e r a l l r e s u l t s . 
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4.1.1 HIGH PRESSURE WATER 

H i g h p r e s s u r e water c u t t i n g has 
c r y s t a l l i n e , n a t u r a l m a t e r i a l . Flow 
a system t h a t i s marketed by Admac 
g r a n i t e and o t h e r m a t e r i a l s . 

met w i t h some s u c c e s s when used on 
Systems o f K e n t , Washington has d e v e l o p e d 
, w h i c h i s employed i n c u t t i n g m a r b l e , 

D i s c u s s i o n s w i t h Rod Draughton and J i m White i n d i c a t e d t h a t a l t h o u g h t h e i r 
system c o u l d c u t j a d e i t would n o t be v i a b l e on a co m m e r c i a l b a s i s . The 
system uses h i g h p r e s s u r e water w i t h a b r a s i v e s added t o t h e water s t r e a m . 
F a i l u r e o f the j a d e t e s t c u t t i n g was a t t r i b u t e d t o the m a t e r i a l ' s h a r d n e s s , 
f i b r o u s n a t u r e and random o r i e n t a t i o n o f t h e f i b r e s . 

4.1.2 LASER 

T e s t work has r e p o r t e d l y been c a r r i e d o u t by Nana Corp. o f A l a s k a and B a t t e l l e 
on A l a s k a n j a d e e m p l o y i n g l a s e r s . P e r s o n a l communications (D. Anderson - Aug. 
'86) s u g g e s t t h a t t e s t c u t t i n g o f j a d e u s i n g s t e a d y and i n t e r m i t t e n t l a s e r s 
p r o v e d u n s a t i s f a c t o r y . The c u t s were uneven and tended t o have t h e shape o f 
an i n v e r t e d V ( i e : w i d e r a t the bottom o f the c u t ) . A l s o t h e d e p t h o f the 
c u t was l e s s t h a n one i n c h and l e f t a g l a s s y , s l a g - l i k e r e s i d u e . T e s t work 
c o n d u c t e d f o r Mohawk by Cut - A - D i e o f Markham, O n t a r i o met w i t h some s u c c e s s . 
F l a t j a d e s l a b s were s u c c e s s f u l l y c u t u s i n g a 600 w a t t CO 2 l a s e r , a R o y a l 
Z e n i t h - C o h e r e n t E v e r l a s e 525. T h i s machine i s computer c o n t r o l l e d and f u l l y 
a u t o m a t i c . C u t - A - D i e does custom c u t t i n g and e t c h i n g a t a c h a r g e - o u t r a t e o f 
$150.00 per hour. Custom l a s e r c u t t i n g c an a l s o be done by A r v a n o f 
Vanco u v e r , B.C. C u t - A - D i e ' s l a s e r c u t t h r o u g h a 4 wx4'' - 1/8" t h i c k t i l e 
making complex i n t e r n a l c u t s a t a c u t t i n g r a t e o f 20 i n c h e s p e r minute u s i n g 
the c o n t i n u o u s wave mode. The k e r f l o s s was a p p r o x i m a t e l y 0.2mm. The edges 
o f the c u t were t h e roughness o f 80 g r i t sandpaper and b l e a c h e d (burned) w h i t e 
on t h e s u r f a c e (no s i g n i f i c a n t p e n e t r a t i v e damage). There was no s i g n i f i c a n t 
b u r n i n g on the s i d e t h a t t h e beam e n t e r e d and a p p r o x i m a t e l y .5ram o f burn 
damage on e x i t s i d e . The l a s e r c o u l d have a p p l i c a t i o n s f o r e t c h i n g and 
c u t t i n g s l a b s and t i l e s . T h i s machine w i l l p e r f o r m i n t e r n a l ( j i g s a w ) c u t s o r 
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e x t e r n a l c a t s on f l a t s u r f a c e s . The l a s e r t e s t e d would n o t c u t uneven 
s u r f a c e s because the l i g h t r a y must be f o c u s e d and s t r i k e the s u r f a c e t o be 
c u t a t a c o n s t a n t d i s t a n c e from the l i g h t s o u r c e . The de p t h o f the c u t i s 
l i m i t e d by the d i s p e r s i o n o f the r a y which o c c u r s as the s u r f a c e t o be c u t 
becomes f u r t h e r from the f o c a l p o i n t o f the beam as t h e c u t deepens. 

4.1.3 ABRASIVE SLURRIES 

B r e t o n s.p.a. o f I t a l y m a n u f a c t u r e s a r e c i p r o c a t i n g p e r f o r a t e d s t e e l gang saw 
which employs an a b r a s i v e s l u r r y as a c u t t i n g agent composed o f l i m e , m i n e r a l 
c u t t i n g s and s t e e l s h o t . A d e t a i l e d d e s c r i p t i o n o f the system f o l l o w s under 
the t e s t r e s u l t s from B r e t o n ' s e x p e r i m e n t s , (see Sub S e c t i o n 5.1). The system 
r e l i e s p r i m a r i l y on the a b r a s i v e s l u r r y d i s l o d g i n g m i n e r a l c r y s t a l s from the 
st o n e b e i n g c u t and/or t he m a t e r i a l b e i n g s o f t e r t h a n s t e e l . T h i s s l u r r y o f 
l i m e , s t e e l s l o t and s a w - c u t t i n g s i s r e c i r c u l a t e d and t h u s the m i n e r a l 
c u t t i n g s a l s o a s s i s t i n t h e c u t t i n g p r o c e s s . The system f a i l e d t o p e r f o r m 
s a t i s f a c t o r i l y p r o b a b l y due t o the h a r d , f i b r o u s n a t u r e o f t h e j a d e . 

4.1.4 DIAMOND SAWS 

There a r e e s s e n t i a l l y t h r e e s t y l e s o f diamond saws t h a t were i n v e s t i g a t e d : 

1. D i s c ( c i r c u l a r ) saws o f v a r i o u s d i a m e t e r s f o r b l o c k i n g , s l a b b i n g , b u c k i n g 
and r i p p i n g . 

2. R e c i p r o c a t i n g saws p r i m a r i l y f o r b l o c k i n g o r s l a b b i n g . 

3. Band saw p r i m a r i l y f o r b l o c k i n g and s l a b b i n g . 

B l a d e s f o r a l l o f t h e above saws a r e e i t h e r c o n t i n u o u s r i m - diamond s e t or 
impre g n a t e d b l a d e s , o r segmented - diamond s e t or impr e g n a t e d b l a d e s . Diamond 
c u t t i n g t e c h n o l o g y i s the most common i n t h e s t o n e and m i n e r a l c u t t i n g 
i n d u s t r y . V i r t u a l l y e v e r y m a n u f a c t u r e r o f s t o n e c u t t i n g equipment has a t 
l e a s t one s t y l e o f saw d e s i g n e d t o a c c e p t diamond b l a d e s . 
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The p r i n c i p l e b e h i n d diamond sawing t e c h n o l o g y i s t h a t diamonds, hardness 10, 
w i l l c u t t h e s o f t e r j a d e or g r a n i t e w h ich has a h a r d n e s s o f between 6 and 7. 
Other p h y s i c a l c h a r a c t e r i s t i c s b e s i d e s h a r d n e s s do a f f e c t t h i s m e c h a n i c a l 
sawing p r o c e s s , e s p e c i a l l y the t e x t u r e o f the m a t e r i a l t o be c u t . The t y p i c a l 
p r o c e s s f o r c u t t i n g g r a n i t e i n v o l v e s the " p l u c k i n g - o u t " o f i n d i v i d u a l 
c r y s t a l s , the c u t t i n g o f a s o f t e r m a t e r i a l by a h a r d e r m a t e r i a l and the 
a b r a s i v e n a t u r e o f t h e m i n e r a l s t h a t c o m p r i s e the saw c u t t i n g s . The diamond 
c u t t i n g p r o c e s s f o r j a d e i s based p r i m a r i l y upon the h a r d n e s s d i f f e r e n c e 
between the c u t t i n g medium (diamond) and the j a d e . The saw b l a d e must be a b l e 
t o s e v e r t h e randomly o r i e n t e d matte o f f i b r o u s n e p h r i t e r a t h e r t h a n d i s l o d g e 
i n d i v i d u a l c r y s t a l s . The c u t t i n g s a r e n o n - a b r a s i v e and t e n d t o p l u g the 
c u t t i n g t o o l ' s s u r f a c e i n h i b i t i n g , r a t h e r t h a n a s s i s t i n g , the c u t t i n g p r o c e s s . 
Commonly water j e t s a r e d i r e c t e d i n t o the c u t aimed a t o r near where the saw 
b l a d e meets the j a d e . Most o f the c u t t i n g s y s t e m s , w i t h the p o s s i b l e 
e x c e p t i o n o f the band saw r e l y on h i g h speeds f o r t h e b l a d e s and h i g h p r e s s u r e 
between the saw b l a d e and m a t e r i a l b e i n g c u t . The water a c t s as a c o o l a n t f o r 
the b l a d e and f l u s h e s t h e c u t t i n g s o u t o f t h e saw c u t . 
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4.2 GRINDING AND POLISHING PROCESSES 

The p h y s i c a l c h a r a c t e r i s t i c s o f t h e j a d e a f f e c t how the m a t e r i a l i s worked. 
A l l the g r i n d i n g and p o l i s h i n g t e c h n i q u e s i n v o l v e w o r k i n g the j a d e w i t h 
diamond t o o l s and h a r d g r i t s a n d i n g d i s c s o r powder. The t e c h n i q u e s a r e 
e s s e n t i a l l y one o f two t y p e s : 

1. L a p p i n g u s i n g p o l i s h i n g / l a p p i n g g r i t s . 

2. G r i n d i n g and p o l i s h i n g u s i n g diamond t o o l s and sandpaper t y p e 
diamond g r i t . 

The Mohawk System employs a l a p p i n g and p o l i s h i n g p r o c e s s w h i c h r e l i e s on 
a d d i t i o n o f a g r i t s l u r r y . The s l u r r y f l o o d s t h e t i l e s u r f a c e w h i l e a 
r o t a t i n g p l a t e s p i n s on t h e t i l e s u r f a c e and t h e t a b l e s p i n s . The two s t a g e 
l a p p i n g and p o l i s h i n g p r o c e s s uses two d i f f e r e n t g r i t s i z e s . The f i n a l p o l i s h 
i s dependent upon t i m e f o r each s t a g e . 

The c o m m e r c i a l s t o n e g r i n d i n g and p o l i s h i n g machines made i n Germany and I t a l y 
u n i v e r s a l l y employ g r a d a t i o n a l l y f i n e r diamond s e t t o o l s mounted i n r o t a t i n g 
heads, w h i c h g r i n d and p o l i s h t he t i l e s u r f a c e . G e n e r a l l y an e i g h t head 
g r i n d e r / p o l i s h e r has been recommended f o r j a d e . T h i s t e c h n i q u e r e l i e s on a 
c o m b i n a t i o n o f head ( t o o l ) p r e s s u r e on the t i l e s u r f a c e , t h e r o t a t i o n o f the 
diamond s e t t o o l on t h e s u r f a c e t o be p o l i s h e d and on some machines t h e 
diamond s e t t o o l a l s o o s c i l l a t e s . 
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5. TILE MANUFACTURING PLANTS 

Many m a n u f a c t u r e r s o f c u t t i n g , g r i n d i n g and p o l i s h i n g equipment were 
c o n t a c t e d . There a r e s e v e r a l equipment m a n u f a c t u r e r s who produce c o m p l e t e , 
f u l l y i n t e g r a t e d equipment packages and many more m a n u f a c t u r e r s , p r i m a r i l y i n 
I t a l y , who produce s p e c i a l t y equipment e x c l u s i v e l y f o r one o r per h a p s two 
seqments o f a m u l t i f a c e t e d t i l e m a n u f a c t u r i n g system. W i t h the e x c e p t i o n o f 
the h i g h p r e s s u r e water and l a s e r c u t t i n g s y s t e m s , o n l y t h e i n t e g r a t e d 
m a n u f a c t u r e r s were asked t o p e r f o r m t e s t s f o r the manufac t u r e o f j a d e t i l e s 
and s l a b s . There were s e v e r a l r e a s o n s f o r t h i s d e c i s i o n : 

1. The ma j o r , i n t e g r a t e d equipment m a n u f a c t u r e s c o u l d s u p p l y a p r o p e r l y 
e n g i n e e r e d , and s i z e d p l a n t , whereas t he m a n u f a c t u r e r s o f 
s p e c i a l i z e d equipment d i d not have p r o p e r l y s i z e d equipment f o r an 
i n t e g r a t e d p l a n t . 

2. The s p e c i a l i z e d equipment m a n u f a c t u r e r s c o u l d n o t s u p p l y the 
e x p e r t i s e t o d e s i g n an e n t i r e p l a n t . 

3. A f t e r s a l e s s e r v i c e from s m a l l , f o r e i g n equipment m a n u f a c t u r e r s was 
d i f f i c u l t t o d e t e r m i n e b ut e x p e c t e d t o be poor i n c o m p a r i s o n t o the 
l a r g e r f i r m s . 

4. The s m a l l companies g e n e r a l l y c o u l d not o f f e r i n s t a l l a t i o n and 
t r a i n i n g a s s i s t a n c e e x c e p t a t a h i g h c o s t . 

5. O n l y the l a r g e r equipment m a n u f a c t u r i n g companies c o u l d p e r f o r m the 
t e s t work r e q u i r e d t o d e t e r m i n e i f a c e r t a i n p i e c e o f equipment o r 
an o v e r a l l p l a n t d e s i g n was v i a b l e . 
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From the s h o r t l i s t o f companies i d e n t i f i e d as p o s s i b l y b e i n g a b l e t o p e r f o r m 
the n e c e s s a r y t e s t s and/or s u p p l y an i n t e g r a t e d t i l e p r o d u c t i o n l i n e , s i x 
companies agr e e d t o p e r f o r m t e s t s and/or s p e c i f y a p l a n t . S e v e r a l t o o l 
m a n u f a c t u r e r s a l s o a g r e e d t o p e r f o r m t e s t s , b u t e v e n t u a l l y none o f t h e s e 
companies were g i v e n j a d e d i r e c t l y from Mohawk f o r t e s t work, a l t h o u g h s e v e r a l 
c o n t r i b u t e d a s s i s t a n c e on t o o l t e c h n o l o g y t o t h e equipment m a n u f a c t u r e r s . A l l 
companies who p e r f o r m e d t e s t work a g r e e d t o p e r f o r m t h e t e s t s a t no c h a r g e i f 
Mohawk d e l i v e r e d the j a d e f r e e o f c h a r g e t o t h e i r t e s t f a c i l i t i e s and d i d n o t 
r e q u i r e t h a t the j a d e be r e t u r n e d . A c o m p l e t e l i s t o f a l l m a n u f a c t u r e r ' s 
r e s e a r c h e d i s d e t a i l e d i n Appendix V, a l o n g w i t h b r i e f d e s c r i p t i o n s o f t h e i r 
b u s i n e s s e s . The most i m p o r t a n t m a n u f a c t u r e r s names, a d d r e s s e s , phone and 
t e l e x numbers and c o n t a c t names a r e l i s t e d i n Appendix I. The s i x 
m a n u f a c t u r e r s o f equipment i d e n t i f i e d as b e s t c a n d i d a t e s f o r s u p p l y i n g 
a p p r o p r i a t e i n t e g r a t e d equipment i n c l u d e d t h r e e I t a l i a n f i r m s ; B r e t o n , G r e g o r i 
and P e d r i n i and t h r e e German f i r m s ; C a r l Meyer, L o f f l e r and H e n s e l . Two o f 
the I t a l i a n companies r e f u s e d t o t a k e d e l i v e r y o f the j a d e a f t e r i t was 
s h i p p e d and two German companies d i d p r e l i m i n a r y bench s c a l e t e s t i n g a g r e e i n g 
t o do f u l l s c a l e t e s t s i f t h e i r systems and systems d e s i g n s l o o k e d v i a b l e 
a f t e r the p r e l i m i n a r y t r i a l s , economic e v a l u a t i o n s and c o m p a r i s o n s . Two 
m a n u f a c t u r e r s p e r f o r m e d f u l l s c a l e t e s t on t h e j a d e . The r e s u l t s o f the 
c o m p a r i s o n s a r e i l l u s t r a t e d on Table I . The equipment c o s t s l i s t e d do n o t 
i n c l u d e such i t e m s as t r a n s p o r t a t i o n , s e t - u p c o s t s , t r a i n i n g , t a x e s e t c . , 
because such c o s t s were n o t p r o v i d e d by a l l m a n u f a c t u r e r s . I r r e s p e c t i v e o f 
w h i c h company i s chosen as p r e f e r r e d , t h e s e a d d i t i o n a l c o s t s would be 
i n c u r r e d . 



TABLE I - PLANT COMPARISONS (1,000 FT2/MO. - 4" X 4" TILES) 

PLANT 
COUNTRY OF 

ORIGIN 
TILE SIZES PRODUCED 

4x4 4x8 6x6 8x8 12x12 SLABS 

% YIELD (*3) FACTORY 
TILE FROM PRODUCTION SUPPORT PLANT 

THICKNESS RAW COSTS & PARTS AREA 
(4" x 4") BOULDERS PER F T 2 AVAILABLE (FT 2) 

WATER 
REQUIREMENTS 
(LITRES/MO.) 

BRETON ITALY X X X X X X 3-5mm 30% $32.40 FAIR 7,800 4.9 m i l l i o n 

GREGORI ITALY X X X X X X 3-5mm Approx. 
25% 

$38.15 POOR 7,500 N/A ( E s t . a p p r o x . 
5 m i l l i o n ) 

PEDRINI ITALY X X X X X X 3-5mm Approx. 
25% 

$35.15 POOR 7,400 N/A ( E s t . approx. 
5 m i l l i o n ) 

CARL MEYER W. GERMANY X X X X X X 3-5mm 50% $22.55 GOOD 4,800 1.5 m i l l i o n 

LOFFLER W. GERMANY x x x x x x 3-5mm 22% $34.25 FAIR TO 6,500 N/A ( E s t . approx. 
( S l a b s min. 10mm) GOOD 3 m i l l i o n ) 

HENSEL W. GERMANY X X X X X X 3-5mm 40% $26.52 GOOD 5,200 2.9 m i l l i o n 

MOHAWK (*1) 
( C u r r e n t P l a n t ) 

U.S.A. & CAN. x x x 3mm 27% $97.68 FAIR 3,150 1 m i l l i o n 

MOHAWK U.S.A. & CAN. x x x 3mm 35% $57.95 FAIR 4,800 3 m i l l i o n 

(*D 

(*2) 

(*3) 

- Based on ac t u a l production of 225 f t 2 per month. 

- Exclusive of f r e i g h t , taxes, duty, set-up costs, e tc. (Complete $CDN. - F.O.B. O r i g i n ) . . 

- Labour, t o o l s , jade. 



TABLE I (cont'd) 

PLANT 
NO. OF 

POWER EMPLOYEES 

PRODUCTION 
RATE 

(4"x4" TILES) 

PLANT BACKING 
SET-UP & REQUIRED TEST (*2) 
TRAINING FOR TOOLS WORK EQUIPMENT 
PROGRAM PRODUCTION AVAILABLE SUCCESS COSTS MISCELLANEOUS 

BRETON 450 hp 
650 kw 

+2,000 f t 2 YES YES FAIR PARTIAL $773,300 R e q u i r e s b o u l d e r s be en c a s e d i n g r o u t 
Maximum w i d t h o f s l a b 40" 

GREGORI 

PEDRINI 

CARL MEYER 

LOFFLER 

740 hp 
510 kw 

620 hp 
430 kw 

250 hp 
200 kw 

261 hp 
210 kw 

7-8 E s t i m a t e 
1,500-2,000 f t 2 / M o . 

4-5 1,720 f t 2 / M o . 

Approx ima t e l y 
1,500 f t 2 / M o . 

NO 

NO 

YES 

YES 

YES 

YES 

NO 

YES 

FAIR 

FAIR 

GOOD 

NO $674,600 

NO $910,750 

S l a b s maximum w i d t h o f 40" 
H i g h water c o n s u m p t i o n 

S l a b maximum w i d t h 21" 
B l o c k saw s t e p c u t s , n o t s i n g l e p a s s 
A l l o w i n g t h i n n e r b l a d e s 

YES $742,000 - Can p r o d u c e 62" wide s l a b s 
- Bandsaw o p e r a t e s w i t h segments m i s s i n g 

FAIR NO $650,000 Low p r e s s u r e p o l i s h e r 
S l a b s up t o 108" wide by 10mm t h i c k 
c an be c u t 

HENSEL 2 5 0 hp 5 1,650-1,850 f t 2 / M o . 
200 kw 

YES YES GOOD PARTIAL $510,000 - C u t 1 8 " x l 2 " s l a b maximum 

MOHAWK 65 hp 
48 kw 

5 225 f t 2 / M o . N/A NO GOOD YES $216,550 - S l a b s maximum w i d t h 21" 

MOHAWK 200 hp 
145 kw 

14 1,125 f t 2 / M o . N/A NO GOOD YES $461,550 
( t o t a l i n c l u d i n g c u r r e n t p l a n t c a p i t a l ) 



TILE COST VS. J A D E R E C O V E R Y - T A B L E III 
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5.1 BRETON s.p.a. 

B r e t o n ' s b l o c k sawing t e c h n o l o g y i s a v e r t i c a l , o s c i l l a t i n g o r r e c i p r o c a t i n g , 
m u l t i b l a d e gang saw u s i n g a l i m e s l u r r y and s t e e l s h o t as a c u t t i n g a g e n t . 
A n o t h e r p o s s i b l e saw ty p e i s a m u l t i b l a d e diamond d i s c saw. However, the d i s c 
saws can o n l y p roduce s l a b s l e s s t h a n o n e - h a l f t h e b l a d e d i a m e t e r ( c u t t i n g 
d e p t h o f b l a d e ) whereas the r e c i p r o c a t i n g saw, does not have the same 
l i m i t a t i o n s . The p o l i s h i n g t e c h n i q u e i s e s s e n t i a l l y t h e same as t h e o t h e r s 
r e s e a r c h e d w i t h t he e x c e p t i o n o f C a r l Meyer who uses a lower p r e s s u r e p r o c e s s . 
A s c h e m a t i c o f B r e t o n ' s system i s i l l u s t r a t e d i n Figure 2 and d e s c r i b e d i n 
d e t a i l below. 

STEP 1 

P l a c e t he j a d e b o u l d e r s i n a b o x - l i k e form. O r i e n t t h e b o u l d e r s i n the same 
d i r e c t i o n , pack as t i g h t l y as p o s s i b l e and encase i n a cement and sand ( s o f t 
g r o u t ) j a c k e t . Each b l o c k t o be a p p r o x i m a t e l y 1000x2000x1000mm. 

STEP 2 

Load b l o c k s under gang b l o c k i n g saw and c u t i n t o s l a b s . A v e r t i c a l 
r e c i p r o c a t i n g band, gang saw was t e s t e d . The s t e e l p e r f o r a t e d bands and a 
c u t t i n g s l u r r y o f s t e e l s h o t and l i m e f a i l e d t o c u t the j a d e a t an a c c e p t a b l e 
r a t e , t h e b l a d e s tended t o brea k and t h e minimum s l a b t h i c k n e s s was 10mm. The 
o t h e r two saws t e s t e d were the o s c i l l a t i n g M a s t e r b r e t o n HG and r e c t i l i n e a r 
B o x e r b r e t o n HSE. 

A r e c i p r o c a t i n g , diamond segmented b l a d e , gang saw, t h e "Diabreton-HSW" had 
t r o u b l e w i t h segments t e a r i n g o f f , and was c o n s i d e r e d u n a c c e p t a b l e . 

A l a r g e d i a m e t e r diamond segmented c i r c u l a r ( d i s c ) saw p e r f o r m e d , b u t t h e r e 
was some t r o u b l e w i t h segments b r e a k i n g o f f . I t was fou n d t h a t t h e b o u l d e r s 
s t i l l had t o be encased i n g r o u t . The O r t o b r e t o n 4EG or 2EG w i t h up t o 8 
v e r t i c a l b l a d e s and one h o r i z o n t a l c u t - o f f b l a d e w i l l c u t up t o 8 b l o c k s 
a u t o m a t i c a l l y , i n a s t e p c u t t i n g sequence. T h i s system, t he most s u c c e s s f u l , 
uses a p p r o x i m a t e l y 425 1/min. o f water and has a t o t a l o f 182.5 h.p. (140 kw). 



B R E T O N S Y S T E M F I G U R E 2 

J A D E and GROUT 

S T E P I S T E P 2 

S T E P 4 - A C R Y L I C or 
F I B E R G L A S S S T E P 3 

S T E P 9 

GROUT 

S T E P 7 
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STEP 3 

A p p l y a c r y l i c s h e e t or chop f i b r e g l a s s t o t h e back o f each s l a b o f j a d e and 
cement a g g r e g a t e . 

STEP 4 

P o l i s h the s l a b s u s i n g a L e v i b r e t o n KG 40/012. T h i s p o l i s h e r has 7 v e r t i c a l 
s p i n d l e g r i n d i n g heads f o r d r e s s i n g ( l a p p i n g ) the s l a b and 2 heads f o r 
p o l i s h i n g . I t can p o l i s h up t o 200 f t ^ per hour. T h i s machine uses 250 
1/min. o f water and has a t o t a l o f 140 h.p. (105 kw). 

STEP 5 

A j i g - s a w i s used (manual) t o c u t the p o l i s h e d j a d e s l a b s o u t from t he j a d e 
and cement s l a b s . T h i s i n v o l v e s c u t t i n g o n l y t he cement g r o u t e n c a s i n g t h e 
j a d e . 

STEP 6 

S t r i p s a r e t h e n c u t from the rough shaped j a d e s l a b s u s i n g a B r e t o n 190 ADR 
t r a n s v e r s a l r e c t i f y i n g saw. T h i s saw w i l l h a n d l e up t o 7 b l a d e s but o n l y 2 
ar e r e q u i r e d h o l d i n g 350mm d i a m e t e r diamond d i s c b l a d e s . T h i s saw w i l l c u t 
s t r i p s up t o 2000x400mm and s l a b s t o 7mm t h i c k . T h i s saw has a t o t a l o f 17.5 
h.p. (13 kw) f o r t h e s p i n d l e m o t o r s , push motor and r o l l e r motor. 

STEP 7 

The t i l e c u t t i n g saw DXS/5 c u t s the j a d e s t r i p s i n t o t i l e s u s i n g a s i n g l e 
diamond d i s c b l a d e c a p a b l e o f s q u a r i n g t i l e s w i t h a maximum d i m e n s i o n o f 
600x300mm ( 2 4 " x l 2 " ) . The t i l e s a r e t h e n t r a n s p o r t e d by m o t o r i z e d r o l l e r 
c o nveyor t o the c h a m f e r i n g machine. 
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STEP 8 

The t i l e edges a r e chamfered and p o l i s h e d by a C h a m f e r i n g B r e t o n Model IBS/28 
h a v i n g a t o t a l o f 6 h.p. 

STEP 9 

The t i l e s a r e washed, d r y e d , i n s p e c t e d and packaged. 

The B r e t o n p r o c e s s has some f l a w s o r d i f f i c u l t i e s i n t h e p r i m a r y ( b l o c k i n g ) 
s t e p where j a d e l o s s e s and t o o l f a i l u r e c o u l d be h i g h . The p o l i s h e r r e l i e s on 
h i g h p r e s s u r e s e m p l o y i n g a multi-movement head t o l a p the s l a b s . T h i s c o u l d 
cause breakage o f t h i n s l a b s . The p o l i s h i n g p r o c e s s i s more e x p e n s i v e t h a n 
o t h e r methods because cement as w e l l as j a d e i s p o l i s h e d . B r e t o n back-up and 
s e r v i c e i s c o n s i d e r e d t he b e s t o f the I t a l i a n f i r m s r e s e a r c h e d . A t a 
p r o d u c t i o n r a t e o f 1,000 f t 2 per month a t o t a l o f seven p e o p l e would be 
r e q u i r e d t o o p e r a t e t he p l a n t . An a d d i t i o n o f a p p r o x i m a t e l y two p e o p l e c o u l d 
a l l o w p r o d u c t i o n t o i n c r e a s e t o more t h a n 2,000 f t 2 o f 4x4 i n c h t i l e s p e r 
month based on a 40 hour work week. 
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5.2 GREGORI s.p.a. 

G r e g o r i i s an I t a l i a n m a n u f a c t u r e r o f a complete l i n e o f marble and g r a n i t e 
s l a b and t i l e p r o d u c t i o n equipment. T h e i r p r i m a r y b l o c k sawing t e c h n o l o g y 
employs m u l t i - b l a d e c i r c u l a r or d i s c saws. They do p r o v i d e a f u l l y d e s i g n e d 
p l a n t i n c l u d i n g c o n v e y o r s and o t h e r m a t e r i a l s h a n d l i n g d e v i c e s . G r e g o r i 
d e c l i n e d t o p e r f o r m any t e s t c u t t i n g a f t e r t h e j a d e a r r i v e d i n I t a l y . A 
s c h e m a t i c d i a g r a m o f t h e i r system i s i l l u s t r a t e d i n Figure 3 and d e s c r i b e d 
below. 

STEP 1 

The b l o c k s would have t o be s e c u r e d i n a bed o f q u i c k d r y i n g g r o u t i n 
p r e p a r a t i o n f o r sawing u s i n g a c i r c u l a r ( d i s c ) b l o c k i n g saw. T h i s saw, a 
Bu f a l o - m g , i s c a p a b l e o f c a r r y i n g up t o 19 v e r t i c a l b l a d e s i n d i a m e t e r s from 
600 t o 1200mm p l u s one h o r i z o n t a l , c u t - o f f b l a d e 350-600mm i n d i a m e t e r . T h i s 
machine w i l l c u t s l a b s from b l o c k s w i t h a maximum d i m e n s i o n o f 3500x1800x1800 
mm. Minimum t h i c k n e s s o f s l a b s i s e s t i m a t e d t o be 8mm. T h i s saw has a 
s t a n d a r d v o l t a g e o f 380 v o l t s . T o t a l power r e q u i r e m e n t i s 250 h.p. (184 kw) . 
T h i s s t e p r e q u i r e s a c a r r i a g e f o r t h e raw b l o c k s . The c u t s l a b s a r e 
t r a n s p o r t e d by b r i d g e c r a n e o r some s i m i l a r d e v i c e t o a d e p o s i t a r e a . 

STEP 2 

The s l a b s a r e p i c k e d up w i t h an arm c r a n e and s t a c k e d on a t i l t i n g d e v i c e 
w h i c h i s c a p a b l e o f f e e d i n g t he Ghepard, a u t o m a t i c s q u a r i n g sawing machine. 
T h i s machine s q u a r e s the two o p p o s i t e s i d e s o f a s l a b and c u t s t he s l a b i n t o 
s t r i p s i f t i l e s a r e r e q u i r e d , t o the d e s i r e d d i m e n s i o n ( i e : 4", 6" or 12" 
wide) . A 500mm b l a d e i s n o r m a l l y used i n t h i s machine. S t a n d a r d v o l t a g e i s 
380 v o l t s . Power draw i s 24 h.p. (16.6 kw). 

The s t r i p s (or s l a b s ) t r a v e l a l o n g a f r e e r o l l e r c o n v e y o r band t o the f i n i s h e d 
s l a b d e p o s i t a r e a where a c r y l i c s h e e t i s a p p l i e d . From t h i s a r e a t h e s t r i p s 
( s l a b s ) a r e f e d i n t o t he c a l i b r a t i n g machine. 
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STEP 3 

The P o l a r i s 620/30, c a l i b r a t i n g machine g r i n d s the s t r i p s ( s l a b s ) t o the 
d e s i r e d t h i c k n e s s . I t i s p r o b a b l e t h a t p r i o r t o c a l i b r a t i o n t h e j a d e s t r i p s 
( s l a b s ) would r e q u i r e a p p l i c a t i o n o f an a c r y l i c b a c k i n g , (see S t e p 2) and i n 
f a c t i t may be n e c e s s a r y t o a p p l y t h i s b a c k i n g p r i o r t o S t e p 2. The 
c a l i b r a t i n g machine has t h r e e v e r t i c a l s p i n d l e diamond head g r i n d e r s w i t h a 
t o t a l power o f 76.5 h.p. (53 kw) . The c a l i b r a t e d s t r i p s t h e n t r a v e l by a 
m o t o r i z e d r o l l e r conveyor band and/or a m o t o r i z e d t i l t i n g d e v i c e t o the 
p o l i s h i n g machine. 

STEP 4 

A Vega 620/8+1, p o l i s h i n g machine w i t h 8 p l a n e t a r y p o l i s h i n g heads c o m p l e t e s 
the f i n a l p o l i s h on the j a d e s t r i p s ( s l a b s ) . T h i s machine has a t o t a l 
i n s t a l l e d 214 h.p. (157 kw) . The s t r i p s t r a v e l a l o n g a f r e e r o l l e r conveyor 
band t o a n o t h e r m o t o r i z e d r o l l e r conveyor and then t o a machine f o r 
t r a n s v e r s a l c u t t i n g o f the s t r i p s and a l o n g a n o t h e r m o t o r i z e d r o l l e r conveyor 
band, i f t i l e s r a t h e r t h a n s l a b s a r e t o be pr o d u c e d . 

STEP 5 

A M i n i - S u p e r S p e c i a l , a u t o m a t i c s q u a r i n g machine c o m p l e t e w i t h h y d r a u l i c 
c o n t r o l s c u t s t h e s t r i p s i n t o t h e d e s i r e d l e n g t h ( t r a n s v e r s a l c u t t i n g o f the 
s t r i p s ) . T h i s machine c a r r i e s a 700mm d i a m e t e r c i r c u l a r b l a d e and has 23.5 
i n s t a l l e d H.P. (18 kw) , as s t a n d a r d . The t i l e s a r e th e n conveyed t o t h e 
c h a m f e r i n g s t e p . 

STEP 6 

An O r i o n , c h a m f e r i n g machine chamfers t he edges o f the t i l e s and a S i r i o , 
a u t o m a t i c edge and c o r n e r p o l i s h i n g machine f i n i s h t h e edges o f the t i l e s . 
These two machines i n tandem w i l l chamfer t i l e s o f minimum 8ram t h i c k , and have 
a t o t a l i n s t a l l e d 27.25 H.P. (20 kw). 
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STEP 7 

The t i l e s a r e f e d a l o n g a m o t o r i z e d r o l l e r c onveyor band, a m o t o r i z e d c u r v e 
( t o c o n s e r v e s p a c e ) , t o an o t h e r m o t o r i z e d r o l l e r conveyor and i n t o t h e 
g r o o v i n g machine which g r o o v e s the bottom o f t h e t i l e s . The t i l e s a r e then 
moved a l o n g a n o t h e r r o l l e r c onveyor band t o t h e washing and d r y i n g sequence. 

STEP 8 

The f i n a l s t e p i n v o l v e s moving the co m p l e t e d t i l e s a l o n g a m o t o r i z e d r o l l e r 
c o nveyor band t o the i n s p e c t i o n and p a c k i n g bench and f i n i s h e d p r o d u c t s t o r a g e 
a r e a . 

Some G r e g o r i saws a r e known t o be i n use i n E a s t e r n Canada. Care must be 
t a k e n t h a t t h e e l e c t r i c a l components and w i r i n g conform t o C a n a d i a n e l e c t r i c a l 
s t a n d a r d s . The c i r c u l a r saws a r e known t o r e q u i r e a l o t o f water and the 
l o s s e s from t he c i r c u l a r sawing and c a l i b r a t i n g s t a g e s consume a l o t o f j a d e 
i n t h e form o f c u t t i n g s , (sawdust) . C i r c u l a r saws do not o p e r a t e v e r y w e l l 
w i t h segments m i s s i n g and m u l t i - b l a d e gang saws can r u i n s l a b s i f even a 
s i n g l e b l a d e f a i l u r e o c c u r s . I n o r d e r t o c u t 3-4mm t h i c k t i l e s ( s l a b s ) the 
b l a d e s w i l l be 3 t o 5mm t h i c k . The G r e g o r i p l a n t w i l l produce 1,000 f t 2 per 
month o f 4x4 i n c h t i l e s based on a 40 hour work week and seven employees. The 
a d d i t i o n o f two p e o p l e s h o u l d a l l o w p r o d u c t i o n o f 4x4 i n c h t i l e s t o i n c r e a s e 
t o 1,500 t o 2,000 f t 2 p e r month. 
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5.3. PBDRINI s.p.a. 

P e d r i n i i s an I t a l i a n m a n u f a c t u r e r o f equipment f o r p r o d u c t i o n o f m a r b l e and 
g r a n i t e s l a b s and t i l e s . They employ c i r c u l a r saws f o r b l o c k i n g raw b o u l d e r s 
and c u t t i n g s l a b s t o d i m e n s i o n . P e d r i n i o r i g i n a l l y a g r e e d t o p e r f o r m c u t t i n g 
and p o l i s h i n g t e s t s but a f t e r s t u d y i n g the j a d e d e c i d e d t h a t t h e i r c u t t i n g 
t e c h n o l o g y may r e q u i r e e x t e n s i v e r e d e s i g n i f t h i n b l a d e s and s l a b s were 
r e q u i r e d . Equipment recommendations f o r w o r k i n g t h e j a d e were made a v a i l a b l e 
b u t o v e r a l l d e s i g n o f a j a d e p l a n t was n o t p r o v i d e d . The equipment l i s t e d i n 
each s t e p below and i l l u s t r a t e d i n Figure 4, i n c l u d e s such i t e m s as r o l l e r 
c o n v e y o r s and c r a n e s w h i c h would be n e c e s s a r y f o r a c o m p l e t e p l a n t . The 
e s t i m a t e d c o s t s o f t h i s equipment between the major p i e c e s i s $85,000. 

STEP 1 

T h i s s t e p s l i c e s a b l o c k i n t o s l a b s . The b l o c k would have t o be a n c h o r e d 
s e c u r e l y t o a l l o w p r o p e r o p e r a t i o n o f t h e b l o c k i n g saw. The recommended model 
i s a c i r c u l a r b r i d g e saw w i t h a s i n g l e v e r t i c a l and s i n g l e h o r i z o n t a l b l a d e , 
B l o c k - c u t t e r Model M535, p r i c e d a t $202,140. The s i n g l e v e r t i c a l diamond d i s c 
b l a d e t r a v e l s a l o n g a b r i d g e making p r o g r e s s i v e l y deeper c u t s u n t i l t h e 
d e s i r e d , p r e d e t e r m i n e d d e p t h o f c u t i s r e a c h e d . S e v e r a l such c u t s a r e made 
u n t i l enough s l i c e s a r e c u t t o a l l o w c u t - o f f by t h e h o r i z o n a t a l l y mounted 
diamond d i s c . The s l a b s r e q u i r e r e m o v a l by t h e o p e r a t o r e m p l o y i n g some t y p e 
o f c r a n e . The machine power t o t a l s 266 h.p. Maximum c u t t i n g d e p t h i s 
a p p r o x i m a t e l y 550mm (21 i n c h e s ) , t h e u s e f u l s t r o k e i s about 3,850mm and u s e f u l 
c u t t i n g w i d t h 3,200ram. The s l a b s would move t o a s t a t i o n where a c r y l i c o r 
s i m i l a r b a c k i n g i s a p p l i e d t o t h e s l a b s . P e d r i n i i n d i c a t e d t h a t t h e minimum 
s l a b t h i c k n e s s would be i n e x c e s s o f 8mm and b l a d e w i d t h more t h a n 5mm. 
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STEP 2 

A f t e r s l a b b i n g and a c r y l i c s h e e t a p p l i c a t i o n a Model M541, g r i n d i n g machine 
would c a l i b r a t e t h e s l a b s t o t h e d e s i r e d t h i c k n e s s . T h i s machine i s p r i c e d a t 
$154,170. T h i s machine comes complete w i t h a r o l l e r c o n veyor a t the f e e d end 
and t h r e e v e r t i c a l s p i n d l e g r i n d l i n g heads, d i g i t a l e l e c t r o n i c t h i c k n e s s 
c o n t r o l and a u t o m a t i c u n i f o r m t o o l c o n s u m p t i o n a d j u s t m e n t . The machine has a 
t o t a l i n s t a l l e d 122.75 h.p. A m o t o r i z e d r o l l e r conveyor band would be 
r e q u i r e d t o move the s l a b s t o the p o l i s h i n g machine. 

STEP 3 

The Model M536, p o l i s h i n g machine w i t h up t o 17 v e r t i c a l s p i n d l e p o l i s h i n g 
heads and p l a t e s would p o l i s h the s l a b s . P r o b a b l y a n i n e head machine r u n a t 
slow speed would a c c o m p l i s h the d e s i r e d p o l i s h . The n i n e head p o l i s h e r i s 
p r i c e d a t $294,840. T h i s machine has a t o t a l power o f 138.5 h.p. A m o t o r i z e d 
conveyor would be r e q u i r e d t o move the p o l i s h e d s l a b s t o t h e n e x t s t e p . 

STEP 4 

A Model M539 c r o s s c u t t i n g machine p r i c e d a t $24,390 would c u t the s l a b s 
( s t r i p s ) t o t h e d e s i r e d l e n g t h t o produce t h e f i n a l d i m e n s i o n e d p r o d u c t . T h i s 
s i n g l e , 350mm d i a m e t e r diamond d i s c w i l l c u t t i l e l e n g t h s from 125mm t o 800mm 
and t o w i d t h s o f 510mm; t o t a l power i s 10.5 h.p. A m o t o r i z e d conveyor would 
f e e d the t i l e s t o the c h a m f e r i n g machine. 

STEP 5 

The Model M538/G-3, c h a m f e r i n g machine b e v e l s the t i l e edges, p o l i s h e s the 
edges, g r o o v e s t he t i l e s , washes, blow d r i e s and b u f f s t h e f i n i s h e d t i l e s f o r 
p a c k a g i n g . T h i s machine i s p r i c e d a t $150,210. A l l motors f o r t h i s s t e p 
t o t a l 44.25 h.p. A p a c k a g i n g t a b l e i s i n c l u d e d as p a r t o f t h i s equipment. 
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P e d r i n i d i d n o t q u o t e on a p l a n t f o r m a n u f a c t u r i n g j a d e , t h u s g r a n i t e t i l e and 
s l a b m a n u f a c t u r i n g equipment was c o n s i d e r e d a p p r o p r i a t e . The P e d r i n i p l a n t 
would be c a p a b l e o f p r o d u c i n g an e s t i m a t e d 5,000 f t 2 per month o f g r a n i t e 
t i l e s and s l a b s and a p p r o x i m a t e l y 4,000 f t 2 per month o f 4x4 i n c h g r a n i t e 
t i l e s . I t i s e s t i m a t e d t h a t t h i s equipment would produce 3,000 t o 3,500 f t 2 

per month o f 4x4 i n c h j a d e t i l e s based upon an 8 hour day, 5 day week. A t 
f u l l p r o d u c t i o n the p l a n t would r e q u i r e a p p r o x i m a t e l y n i n e p e o p l e , a l t h o u g h 
the a d d i t i o n o f e x t r a equipment a t an added c o s t o f a p p r o x i m a t e l y $98,000 
would reduce the number o f p e o p l e . A t a p r o d u c t i o n r a t e o f 1,000 f t 2 per 
month o f 4x4 i n c h j a d e t i l e s a p p r o x i m a t e l y s i x p e o p l e would be r e q u i r e d i n the 
p l a n t . The c a p i t a l c o s t o f equipment i n c l u d i n g t u r n t a b l e s , r o l l e r c o n v e y o r s 
between machines would be about $910,750. 
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5.4 CARL MEYER 

T h i s West German m a n u f a c t u r e r o f s t o n e c u t t i n g and p o l i s h i n g machines p r o v i d e s 
the most comprehensive s e r v i c e o f any m a n u f a c t u r e r approached f o r t e s t c u t t i n g 
and p o l i s h i n g . They p r o v i d e c o m plete e n g i n e e r i n g and p l a n t d e s i g n s u p p o r t and 
ar e c o n s i d e r e d s u p e r i o r f o r equipment d e s i g n , t e c h n i c a l s u p p o r t and o v e r a l l 
p e r f o r m a n c e . C a r l Meyer p r o v i d e d v e r y d e t a i l e d i n f o r m a t i o n on p l a n t 
s p e c i f i c a t i o n s , e s t i m a t e d t o o l c o s t s , water and power c o n s u m p t i o n . T h e i r 
recommended system i s a f i v e s t e p sequence u s i n g f i v e p r i m a r y machines f o r 
b l o c k i n g , c u t t i n g , p o l i s h i n g t i l e s and s l a b s and c h a m f e r i n g t i l e s . C a r l Meyer 
e x p e c t s t o have a co m p l e t e l i n e s e t - u p by December o f 1986 f o r f u l l s c a l e 
c o n t i n u o u s p r o d u c t i o n t e s t i n g . T e s t work t o - d a t e was c o n d u c t e d a t s e v e r a l 
l o c a t i o n s where t h e i r equipment i s o p e r a t i n g . D e t a i l s on the C a r l Meyer 
syste m i s d e s c r i b e d below and i l l u s t r a t e i n Figure 5. 

STEP 1 

C a r l Meyer m a n u f a c t u r e s and a c t u a l l y t e s t e d s e v e r a l saw t y p e s i n c l u d i n g a 
diamond d i s c saw b e f o r e recommending t h e i r u n i q ue bandsaw, Model 463K. T h i s 
f u l l y a u t o m a t i c , diamond segment bandsaw, w i l l c u t s l a b s as t h i n as 4mm and up 
t o any d e s i r e d t h i c k n e s s making i t an i d e a l s l a b b i n g and b l o c k i n g saw. I t 
uses a t l e a s t 30 p e r c e n t l e s s water t h a n any e q u i v a l e n t b l o c k i n g saw. The saw 
i s q u i e t , low p r e s s u r e and c a n o p e r a t e w i t h diamond segments m i s s i n g from t he 
band. T h i s r e s u l t s i n low j a d e l o s s e s from c u t t i n g and s u b s t a n t i a l l y l o w e r 
t o o l c o s t s ( e s t i m a t e d a t 1/2 r e c i p r o c a t i n g o r c i r c u l a r ( d i s c ) saws) t h a n o t h e r 
saws d e s i g n e d f o r b l o c k i n g o r s l a b b i n g . The band does n o t d e f l e c t when 
i n i t i a t i n g a c u t o r d u r i n g c u t t i n g . T h i s a l l o w s t h e f i r s t c u t t o be s t a r t e d 
c l o s e t o the b o u l d e r edge. The band does n o t r e q u i r e r e g u l a r " t e n s i o n i n g " 
n e c e s s a r y f o r l a r g e d i a m e t e r diamond d i s c b l a d e s . 

The f o l l o w i n g i s a summary o f the t e c h n i c a l d a t a f o r t h i s saw: 

1. W i l l c u t b l o c k s up t o 2200mm l o n g and 1600mm h i g h 
2. Sawblade k e r f l o s s i s 4mm 
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3. W i l l c u t 1.2 m 2 per h r . (12 f t 2 per hr.) T h i s t r a n s l a t e s t o 
a p p r o x i m a t e l y 2000 f t 2 p e r month based on a 5 day, 8 hour per day week. 

4 P r o d u c t i o n on a one s h i f t per day b a s i s (5 day work week can be expanded 
t o 3200 f t 2 per month w i t h the a d d i t i o n o f a second t u r n t a b l e 
( a p p r o x i m a t e c o s t $30,000). 

5. T o o l c o s t s t o c u t j a d e (diamond segments and band consumption) i s 
e s t i m a t e d a t $26.50 per m 2 ($2.50 per f t 2 ) . 

6. Power r e q u i r e m e n t i s 21 h.p. (16 kw). 
7. Space r e q u i r e d - 7.5m l o n g 

5.0m h i g h 
4.5m wide 

8. Uses 100 l i t r e s o f water per minute ( I V water l i n e ) . 
9. F o u n d a t i o n r e q u i r e s 1.6 m deep c o n c r e t e on each s i d e o f saw. 
10. P r i c e F.O.B. West Germany i n c l u d i n g p a l l e t s , o i l system and o t h e r e x t r a s 

$415,000. 

STEP 2 

T h i s s t e p s q u a r e s up the s l a b s and p r o d u c e s s t r i p s up t o 2000x1200mm u s i n g a 
diamond d i s c B u c k i n g Saw, Model 442. T h i s saw w i l l a c c e p t 300, 350 o r 400mm 
b l a d e s w h i c h w i l l c u t t o a d e p t h o f 70 t o 120mm. The s t r i p s move a l o n g a 
m o t o r i z e d r o l l e r c o nveyor t o S t e p 3. T e c h n i c a l d a t a f o r t h e saw a r e : 

1. Power t o t a l i s 6 h.p. (4.4 kw) 
2. R e q u i r e s 6 a t u o f compressed a i r 
3. C u t s 20 l i n e a r m e t r es per h our. T h i s i s a p p r o x i m a t e l y 16 f t 2 per hour o f 

4"x4" t i l e s 
4. T o o l c o s t s a r e e s t i m a t e d a t $10.50 per m 2 ($1.00 per f t 2 ) 
5. P r i c e i n c l u d i n g c o nveyor and conveyor d r i v e $17,000. 
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STEP 3 

The s l a b s ( s t r i p s ) a r e p o l i s h e d i n t h i s s t e p u s i n g an e i g h t head, v e r t i c a l 
s p i n d l e , low p r e s s u r e p o l i s h e r , Model 306 G/8, co m p l e t e w i t h a 6 metre l o n g 
c o n v e y o r . The h i g h speed heads w i l l g r i n d and p o l i s h t h i n (3mm) s l a b s w i t h o u t 
any b a c k i n g on t h e s l a b s . D e t a i l s on t h i s machine i n c l u d e : 
1. T o t a l power i s 120 h.p. (90 kw). 
2. T o o l c o s t s e s t i m a t e d a t $8.40 per m 2 ($ .80 per f t 2 ) . 
3. Machine w i l l l a p and p o l i s h 5 m 2 per hour (52 f t 2 / h r . ) , b u t the f e e d r a t e 

can be a d j u s t e d a c c o r d i n g t o t h e whole l i n e p r o d u c t i o n r a t e w h i c h s h o u l d 
r e s u l t i n a t o o l c o s t r e d u c t i o n . 

4. M a c h i n e , i n c l u d i n g c onveyor i s p r i c e d a t $133,000. 

STEP 4 

A m o t o r i z e d conveyor w i l l convey t he p o l i s h e d s t r i p s t o t h i s s t e p i f t i l e s a r e 
d e s i r e d r a t h e r t h a n s l a b s . The machine a t t h i s s t e p i s a m u l t i b l a d e c r o s s -
c u t t i n g c i r c u l a r diamond saw, Model 452, used f o r c u t t i n g t he p o l i s h e d s t r i p s 
i n t o t i l e s . T h i s machine w i l l h o l d f o u r d i s c b l a d e s and comes c o m p l e t e w i t h 2 
meters o f r o l l e r c onveyor and an e x t r a t r a n s f e r a b l e b l a d e ( d i s c ) s h a f t . T h i s 
machine: 
1. W i l l c u t 80 r u n n i n g metres p e r hour which t r a n s l a t e s t o a p p r o x i m a t e l y 40 

f t 2 per hour o f 4"x4" t i l e s . 
2. Has an i n s t a l l e d 30 h.p. (22 kw). 
3. W i l l have t o o l c o s t s e s t i m a t e d a t $1.00 per f t 2 ($10.50 per m 2 ) . 
4. C o s t i s $30,000. 

STEP 5 

A f t e r the t i l e s a r e d i m e n s i o n e d i n S t e p 4 a f i n i s h i n g machine s i m i l a r t o C a r l 
Meyer's Model 390 g r o o v e s and c a l i b r a t e s t h e t i l e , b e v e l s and p o l i s h e s t he 
edges and th e n washes, d r i e s and b u f f s t he f i n i s h e d t i l e s . T h i s machine comes 
com p l e t e w i t h a t u r n t a b l e so t h a t a l l f o u r edges a r e chamfered and p o l i s h e d . 
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D e t a i l s f o r t h i s machine a r e as f o l l o w s : 
1. T o t a l i n s t a l l e d power i s 27 h.p. (20 kw). 
2. T o o l c o s t s a r e e s t i m a t e d a t $0.21 per r u n n i n g metre o f t i l e edge (0.5C 

per i n c h ) . F o r a 4 n x 4 n t i l e t h e c o s t i s $0.08 p e r t i l e o r $0.78 per f t 2 . 
3. N i n e t y l i n e a r f e e t o f t i l e edge per hour can be p r o c e s s e d . T h i s i s a 

p r o d u c t i o n r a t e o f 7.5 f t 2 per h r . f o r 4"x4" t i l e s or about 1300 f t 2 per 
month. 

4. Equipment c o s t q u o t e d a t $82,000. 

C a r l Meyer e s t i m a t e d equipment c o s t s between machines such as c o n v e y o r s , 
c r a n e s , e t c . would be an a d d i t i o n a l $65,000 b r i n g i n g t h e t o t a l c a p i t a l c o s t 
comparable t o the o t h e r m a n u f a c t u r e r s f o r a s i m i l a r p l a n t t o $742,000. 

D e t a i l e d power c o s t e s t i m a t e s were p o s s i b l e from t he i n f o r m a t i o n p r o v i d e d by 
C a r l Meyer f o r a 1000 f t 2 per month p l a n t m a n u f a c t u r i n g 4x4 i n c h t i l e s : 

STEP 1: 83 h r s . p er month x 16 kw = 1328 kwh 
STEP 2: 63 h r s . per month X 4.4 kw = 277 kwh 
STEP 3: 20 h r s . per month X 90 kw = 1800 kwh 
STEP 4: 25 h r s . p er month X 22 kw = 550 kwh 
STEP 5: 133 h r s . p er month X 20 kw = 2660 kwh 
MISC: 133 h r s . p er month X 10 kw = 1330 kwh 

TOTAL/MO. 457 HRS 162.4KW 7945 KWH 

As o u t l i n e d on Table I - C a r l Meyer had s u p e r i o r p e r f o r m a n c e i n 11 o u t o f a 
p o s s i b l e 15 c a t e g o r i e s : 

1. T h i c k n e s s o f t i l e / s l a b s p r o d u c e d i s 3 t o 5mm. 
2. Y i e l d from the raw b o u l d e r s e s t i m a t e d a t 50 p e r c e n t . 
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3. P r o d u c t i o n c o s t s f o r l a b o u r , t o o l s and j a d e e s t i m a t e d t o be $22.55 per 
f t 2 . 

4. A p p r a i s a l o f f a c t o r y / p a r t s s u p p o r t c o n s i d e r e d s u p e r i o r . 
5. P l a n t a r e a r e q u i r e m e n t s - 4,800 f t 2 . 
6. Water r e q u i r e m e n t s - 1.5 m i l l i o n l i t r e s p er month. 
7. Power r e q u i r e m e n t s t o t a l about 200 kw. 
8. Number o f employees r e q u i r e d i s a t l e a s t 4 t o 5. 
9. T r a i n i n g p r o v i d e d . 
10. T e s t work s u c c e s s . 
11. B a c k i n g on t i l e s o r s l a b s n o t r e q u i r e d f o r p r o d u c t i o n . 

I n t he r e m a i n i n g f o u r c a t e g o r i e s C a r l Meyer's o n l y n e g a t i v e a s p e c t i s t h e 
h i g h e r c a p i t a l c o s t o f the equipment and t h i s h i g h e r c a p i t a l c o s t i s m a i n l y 
a t t r i b u t a b l e t o the bandsaw which a c c o u n t s f o r more t h a n o n e - h a l f o f the 
$742,000 i n c a p i t a l . 
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5.5 LOFFLER - Maschinenbau oHG 

T h i s West Germany company m a n u f a c t u r e s a f u l l l i n e o f s t o n e c u t t i n g and 
p o l i s h i n g equipment. However, th e y do n o t ma n u f a c t u r e a t i l e f i n i s h i n g 
machine t o cham f e r , g r o o v e and c l e a n the t i l e s . The e n g i n e e r i n g and d e s i g n 
s u p p o r t i s n o t c o n s i d e r e d as good as the o t h e r two German companies and 
B r e t o n ' s e n g i n e e r i n g s u p p o r t i s a l s o c o n s i d e r e d s u p e r i o r t o L o f f l e r , a l t h o u g h 
L o f f l e r ' s a f t e r s a l e s s u p p o r t and p a r t s a v a i l a b i l i t y i s p r o b a b l y b e t t e r t h a n 
B r e t o n . L o f f l e r ' s p r i m a r y t e c h n o l o g y f o r b l o c k i n g t he j a d e and c u t t i n g t i l e s 
and s l a b s a r e c i r c u l a r ( d i s c ) t y p e diamond saws. An i n t e r e s t i n g d i f f e r e n c e 
from o t h e r m a n u f a c t u r e r s i s the b l o c k i n g saw. The saw b l a d e and power head 
f o r t h e b l a d e i s f i x e d on a b r i d g e and the bed h o l d i n g t he b l o c k t o be c u t 
moves back and f o r t h . 

STEP 1 

The recommended b l o c k i n g saw i s a c i r c u l a r b r i d g e saw, Model TS 3000 G. As 
a l r e a d y mentioned t h e 3000mm d i a m e t e r diamond d i s c b l a d e i s f i x e d on t h i s 
machine. T h i s saw b l a d e t a k e s a 12mm wide k e r f . L o f f l e r recommends c u t t i n g 
s l a b s the w i d t h o f t h e t i l e t o be pr o d u c e d ( i e : f o r 4x4 i n c h t i l e s c u t s l a b s 
s l i g h t l y more t h a n 4 i n c h e s t h i c k ) . Jade l o s s e s a t t h i s s t e p a r e e s t i m a t e d a t 
1/3 o f o r i g i n a l w e i g h t . 

The Model TS 3000G: 

1. Has a t o t a l i n s t a l l e d 78 h.p. 
2. Has f u l l e l e c t r o n i c c o n t r o l 
3. C o s t s $169,500. 

STEP 2 

A c i r c u l a r ( d i s c ) c u t t i n g saw h o l d i n g a 1000mm d i a m e t e r by 8mm t h i c k diamond 
b l a d e c u t s t he t i l e w i d t h s l a b s ( i e : 4 i n c h s l a b s f o r 4x4 t i l e s ) i n t o b l o c k s 
t w i c e the f i n a l j a d e t h i c k n e s s (2x3mm) p l u s the k e r f l o s s 
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i n S t e p 3 (6mm). The r e s u l t a n t 12mm t h i c k s l a b t h e n has a c r y l i c s h e e t e q u a l 
i n t h i c k n e s s t o the f i n i s h e d t i l e t h i c k n e s s l e s s t h e f i n a l j a d e t h i c k n e s s 
bonded t o t h e two o p p o s i n g s i d e s which w i l l e v e n t u a l l y be on t h e bottom o f the 
f i n i s h e d t i l e . An e s t i m a t e d l o s s o f 40 per c e n t t o saw k e r f i s s u f f e r e d a t 
t h i s s t a g e . The recommended saw i s a Model TB 1000 B r i d g e s a w which has a 
f i x e d c a r r i a g e f o r the s l a b and a moving b r i d g e . An a u t o m a t i c o p t i o n can be 
o b t a i n e d f o r t h i s saw. Saw d e t a i l s a r e as f o l l o w s : 
1. 20 h.p. motor 
2. Saw h o l d s a 1000 mm d i a m e t e r b l a d e ( d i s c ) a p p r o x i m a t e l y 8mm t h i c k . 
3. P r i c e $99,300. 

STEP 3 

A c i r c u l a r ( d i s c ) diamond c u t t i n g saw, Model TB 800, f u l l y a u t o m a t i c , b r i d g e 
saw, h o l d i n g a 800mm saw b l a d e , s l i c e s t h e a c r y l i c backed s l a b s 
l o n g i t u d i n a l l y . The r e s u l t a n t two a c r y l i c backed s t r i p s t h e d e s i r e d t i l e 
w i d t h a r e t h e n ready f o r p o l i s h i n g (Step 4) . The TB 800 saw i s e s s e n t i a l l y a 
s m a l l e r v e r s i o n o f the saw used i n S t e p 2. D e t a i l s a r e as f o l l o w s : 

1. Saw b l a d e 800mm d i a m e t e r , w i d t h a p p r o x i m a t e l y 6mm. 
2. Motor i s 25 h.p., 18.5 kw. 

3. P r i c e , i n c l u d i n g a u t o m a t i c b r i d g e c o n t r o l $80,000. 

STEP 4 

The a c r y l i c backed s t r i p s a r e p o l i s h e d by an 8 s p i n d l e , Model FS 30, p o l i s h e r . 
T h i s p o l i s h e r w i l l p o l i s h up t o 300mm wide s l a b s , r e l y i n g on h i g h p r e s s u r e s 
w h i c h would p r o b a b l y break unbacked, t h i n j a d e s l a b s . The Model FS 30 
p o l i s h e r : 

1. Has a t o t a l i n s t a l l e d 64 h.p. (44 kw). 
2. C o s t s $125,600. 
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STEP 5 

The p o l i s h e d s t r i p s a r e d i m e n s i o n e d t o the d e s i r e d l e n g t h by a Model KS 
30/600, c r o s s - c u t t i n g saw e q u i p p e d w i t h a 600mm d i a m e t e r diamond d i s c b l a d e . 
T h i s saw w i l l c u t s l a b s ( s t r i p s ) up t o 60mm t h i c k . The Model KS 30/600: 

1. Has an i n s t a l l e d 4 h.p. (3 kw) 
2. C o s t s $23,500 

L o f f l e r does not m a n u f a c t u r e a f i n i s h i n g machine f o r b e v e l l i n g , b u f f i n g and 
c l e a n i n g t h e t i l e s . The c o s t o f t h i s t y p e o f machine and a d d i t i o n a l equipment 
i n s t a l l e d between machines f o r moving the m a t e r i a l i s e s t i m a t e d a t an 
a d d i t i o n a l $165,000. An e s t i m a t e d s i x p e o p l e would be r e q u i r e d t o o p e r a t e the 
p l a n t . T o t a l t o o l c o s t s a r e e s t i m a t e d a t $ 8 . 5 0 / f t 2 f o r p r o d u c t i o n o f 4x4 i n c h 
t i l e s . 
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5.6 HENSEL 

E i s e n w e r k H e n s e l B a y r e u t h , a West German company, m a n u f a c t u r e s s t o n e c u t t i n g 
and g r i n d i n g equipment. They employ c i r c u l a r ( d i s c ) diamond saws f o r c u t t i n g 
h a r d m i n e r a l s such as g r a n i t e and j a d e . H e n s e l has recommended a t i l e 
p r o d u c t i o n system s i m i l a r t o the c u r r e n t Mohawk p r o c e d u r e , b u t w i t h o u t t he 
" b i l l e t " g r i n d i n g s t a g e or the i n i t i a l s l a b b i n g s t a g e . H e n s e l 1 s e i g h t s t e p 
p l a n , i l l u s t r a t e d i n Figure 7, t a k e s t he j a d e from t h e raw b o u l d e r t o the 
f i n i s h e d , packaged p r o d u c t . T h e i r p r i c e q u o t a t i o n d i d not i n c l u d e n e c e s s a r y 
i n t e r m e d i a t e equipment such as r o l l e r c o n v e y o r s o r c r a n e s . The p l a n t i s n o t 
v e r y a u t o m a t i c and would p r o b a b l y r e q u i r e more than t he f o u r o p e r a t o r s 
s u g g e s t e d as minimum by the m a n u f a c t u r e r . 

STEP 1 

The rough j a d e b o u l d e r s a r e c u t i n t o b i l l e t s o f the a p p r o p r i a t e d i m e n s i o n , 
depending upon t h e s i z e o f t i l e t o be p r o d u c e d . T h i s i s a c c o m p l i s h e d w i t h a 
Model 55W, a n g u l a r c u t saw. T h i s saw has one v e r t i c a l diamond d i s c 1000mm i n 
d i a m e t e r and one h o r i z o n t a l 800mm d i a m e t e r diamond d i s c . T h i s saw c o s t s 
a p p r o x i m a t e l y $206,100. T e c h n i c a l d a t a on the Model 550W: 

1. Water c o n s u m p t i o n a p p r o x i m a t e l y 30 1. per min. 
2. T o t a l i n s t a l l e d power a p p r o x i m a t e l y 94 kw b u t v a r i a b l e f o r h o r i z o n a l and 

v e r t i c a l b l a d e m o t o r s . 
3. Can be d e s i g n e d f o r f u l l y a u t o m a t i c o p e r a t i o n , b u t n o t qu o t e d as such f o r 

t h i s s t u d y . 

STEP 2 

An o v e r h e a d c r a n e , c o s t i n g an e s t i m a t e d $5,500 o r a f o r k l i f t would move the 
b i l l e t s t o an i n t e r i m s t o r a g e a r e a where t h e b i l l e t s would be f i x e d i n a bed 
o f p l a s t e r , s e v e r a l b i l l e t s b e s i d e each o t h e r . These b i l l e t s would be mounted 
on a c o n c r e t e t a b l e w h i c h would go under t h e c i r c u l a r saw, Model 5 1 1 / I I I . 



H E N S E L S Y S T E M F I G U R E 7 



- 33 -

STEP 3 

A diamond d i s c saw, Model 5 1 1 / I I I would c u t t i l e s t h e d e s i r e d t h i c k n e s s ( 3 t o 
5mm) from t he b i l l e t s cemented t o g e t h e r . T h i s g a n t r y t y p e saw i s c a p a b l e o f 
c u t t i n g m i t r e as w e l l as v e r t i c a l c u t s . I t would be eq u i p p e d w i t h a u t o m a t i c 
c o n t r o l s and would r e q u i r e i n s t a l l a t i o n o f a c o n c r e t e t a b l e . T h i s saw can be 
s e t - u p t o have the work f e d t h r o u g h on r o l l e r s . T e c h n i c a l s p e c i f i c a t i o n s a r e 
as f o l l o w s : 

1. P r i c e $76,600 
2. Saw b l a d e 400 t o 800 mm d i a m e t e r 
3. Maximum o u t p u t 1.2 m 2 per hour (12.5 f t 2 / h r . ) o r a p p r o x i m a t e l y 2000 f t 2 

per month. 

STEP 4 

I n d i v i d u a l t i l e s a r e removed from t he saw a t S t e p 3, (Model 5 1 1 / I I I ) and 
cemented t o p l e x i g l a s s o r a c r y l i c s h e e t t o r e a c h t h e i r f i n a l t h i c k n e s s . The 
t i l e s would be p l a c e d i n a t e m p l a t e t o e n s u r e t h a t t h e l a s t sawing s t e p , 
( S t e p 6) would p r o d u c e t i l e s o f the e x a c t d i m e n s i o n r e q u i r e d . I t i s 
recommended t h a t t he gap between s i n g l e t i l e s s h o u l d be a l i t t l e l e s s t h a n t he 
t h i c k n e s s o f the sawblade a t p o s i t i o n 6. The s l a b s o f backed t i l e s would 
measure a p p r o x i m a t e l y 10 t o 40 f t 2 . 

STEP 5 

The s h e e t s o f backed t i l e s would be t r a n s p o r t e d by t r a v e l l i n g c r a n e and a 
vacuum s u c t i o n d e v i c e t o t h e g r i n d i n g and p o l i s h i n g s t e p . A Model 503 e, 
s i n g l e head g r i n d i n g and p o l i s h i n g machine would l a p and p o l i s h t h e m u l t i - t i l e 
s h e e t s . I t i s e x p e c t e d t h a t an e i g h t s t a g e l a p p i n g and g r i n d i n g o p e r a t i o n 
would be r e q u i r e d . T h i s would mean c h a n g i n g t he head 8 t i m e s by hand t o 
a c h i e v e t h e d e s i r e d p o l i s h . The t o o l c o s t s a t t h i s s t a g e a r e e s t i m a t e d a t 
about $8.40 per m 2 ($0.80 p e r f t 2 ) . The machine c o s t i s $84,000. 
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STEP 6 

The p o l i s h e d t i l e - s l a b s would be t r a n s p o r t e d by r o l l e r c onveyor or overhead 
c r a n e and vacuum s u c t i o n d e v i c e t o the f i n a l sawing s t a g e where a c i r c u l a r saw 
Model 541, would p e r f o r m the l a s t c u t s on t h e t i l e s . T h i s saw would p e r f o r m 
the n e c e s s a r y f i r s t c u t s a u t o m a t i c a l l y and t h e n the t u r n t a b l e would t u r n 
e x a c t l y 90 d e g r e e s and the l a s t c u t s p e r f o r m e d . T h i s s i n g l e d i s c diamond 
b r i d g e saw c o s t s $70,000. 

H e n s e l d i d n o t q u o t e p r i c e s o r equipment f o r c h a m f e r i n g , c l e a n i n g o r g r o o v i n g 
t h e t i l e s . They e s t i m a t e d 120 kw o f t o t a l i n s t a l l e d prower f o r t h e i r machines 
p l u s any a d d i t i o n a l power r e q u i r e d f o r c r a n e s , c o n v e y o r s , the f i n a l c h a m f e r i n g 
and t i l e f i n i s h i n g e t c . T h e i r equipment would r e q u i r e 150 1. per min. o f 
water and 50 1. per h r . o f compressed a i r . The c h a m f e r i n g g r o o v i n g and 
washing i s e x p e c t e d t o r e q u i r e 130 1. p e r min. o f w a t e r . I t i s e x p e c t e d t h a t 
a t o t a l o f f i v e p e o p l e would be r e q u i r e d t o o p e r a t e the p l a n t i n c l u d i n g a 
c h a m f e r i n g , g r o o v i n g and c l e a n i n g s t a g e . 
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5.7 MOHAWK 

The Mohawk System o f t i l e m a n u f a c t u r i n g was d e v e l o p e d from t e c h n o l o g y used i n 
the l a p i d a r y and s i l i c o n c h i p i n d u s t r i e s . The p l a n t was c o n s t r u c t e d as a 
r e s e a r c h and development p r o j e c t f o r the manufac t u r e o f 4x4 i n c h square j a d e 
t i l e s . The t i l e s p r o d u c e d were then t o be i n t r o d u c e d t o the market and 
m a r k e t i n g d a t a c o l l e c t e d . An i n i t i a l d e s i g n e r n e t s a l e p r i c e o f $14.50 (U.S.) 
and showroom c o s t ( w h o l e s a l e ) o f $10.80 were e s t a b l i s h e d . These p r i c e s i n no 
way r e f l e c t e d t h e a c t u a l p r o d u c t i o n c o s t s f o r the t i l e s . These c o s t s were 
c o n s i d e r e d t o be much h i g h e r a t a p i l o t p l a n t s c a l e t h e n t h e y would be once 
c o m m e r c i a l p r o d u c t i o n was e s t a b l i s h e d , a f t e r c o l l e c t i o n and a n a l y s i s o f the 
market r e s e a r c h d a t a . The b a s i c t i l e m a n u f a c t u r i n g system employs c i r c u l a r 
( d i s c ) t y p e diamond saws, machine shop t y p e g r i n d e r s and l a p i d a r y t y p e l a p p e r s 
and p o l i s h e r s . There i s n o t p r o v i s i o n f o r g r o o v i n g , c h a m f e r i n g o r b u f f i n g t h e 
t i l e s i n the p r o c e s s . 

5.7.1 CURRENT PLANT CONFIGURATION 

Mohawk's t i l e m a n u f a c t u r i n g sequence was d e v e l o p e d from known j a d e c u t t i n g 
t e c h n i q u e s , t he l a p i d a r y i n d u s t r y and t h e s i l i c o n c h i p i n d u s t r y . The s t e p s i n 
the sequence were p e r f o r m e d i n v a r i o u s g e o g r a p h i c l o c a t i o n s . The rough j a d e 
b o u l d e r s were c u t i n t o b i l l e t s i n Vernon where t he main M i n i n g D i v i s i o n o f f i c e 
was l o c a t e d . The b i l l e t s c u t i n Vernon from rough b o u l d e r s were p r e c i s i o n 
ground on a custom b a s i s i n Vancouver and the t i l e s c u t from t h e s e b i l l e t s i n 
our own p l a n t l o c a t e d i n San J o s e , C a l i f o r n i a . There were s e v e r a l r e a s o n s f o r 
h a v i n g the m a n u f a c t u r i n g s t e p s i n such d i v e r s e l o c a t i o n s , i n c l u d i n g d u t y 
c o n s i d e r a t i o n s . 

The h i g h p r o d u c t i o n c o s t s a s s o c i a t e d w i t h t h i s p i l o t s c a l e p l a n t l e d t o the 
d e c i s i o n t o s t u d y the f e a s i b i l i t y o f m a n u f a c t u r i n g t i l e s a t a much l o w e r c o s t . 
The market i n f o r m a t i o n t h a t had been g a t h e r e d s i n c e i n c e p t i o n o f the t i l e 
m a n u f a c t u r i n g i n d i c a t e d t h a t s i g n i f i c a n t s a l e s i n c r e a s e s c o u l d be a n t i c i p a t e d 
i f t h e p r i c e o f the t i l e s c o u l d be re d u c e d . The p l a n t as s e t - u p i s c a p a b l e o f 
p r o d u c i n g between 200 and 250 f t 2 o f 4x4 i n c h 1/8 i n c h t h i c k j a d e t i l e s p er 
month. No o t h e r t i l e s i z e s have been prod u c e d by Mohawk, a l t h o u g h the 
equipment i s p r o b a b l y c a p a b l e o f a l s o m a n u f a c t u r i n g 4x8 and 6x6 i n c h t i l e s . 
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STEP 1 

The rough b o u l d e r s a r e c u t i n t o s l a b s s l i g h t l y more t h a n 4 i n c h e s t h i c k u s i n g 
a c i r c u l a r 48 i n c h d i a m e t e r diamond segmented h y d r a u l i c b r i d g e saw o f Mohawk's 
own d e s i g n . The b l a d e moves a l o n g the b r i d g e u s i n g a gear advance mechanism 
d r i v e n h y d r a u l i c a l l y . The b r i d g e can be advanced m a n u a l l y f o r each s u c c e s s i v e 
s l a b . However, the j a d e b o u l d e r o f t e n must be moved because the saw i s 
l i m i t e d t o a c u t t i n g d e p t h o f about 21 i n c h e s . 

STEP 2 

The 48 i n c h d i a m e t e r saw used i n S t e p 1 i s used a g a i n i n S t e p 2 t o c u t the 
s l a b s i n t o b i l l e t s s l i g h t l y g r e a t e r t h a n 4 i n c h e s s q u a r e . A t o t a l o f 
a p p r o x i m a t e l y 70 l i n e a r f e e t o f b i l l e t s a r e pr o d u c e d m o n t h l y . T h i s i s 
s u f f i c i e n t t o produce about 225 f t 2 o f 4x4 t i l e s . The c o s t o f t o o l s , l a b o u r 
and consumables f o r S t e p 1 and 2 i s about $12.70 per f t 2 . The b i l l e t s a r e 
than c r a t e d and s h i p p e d t o the custom g r i n d i n g p l a n t a t a t o t a l c o s t o f $0.90 
per f t 2 . 

STEP 3 

The rough b i l l e t s a r e p r e c i s i o n ground t o e x a c t l y 4x4 i n c h e s and s q u a r e . A 
v e r t i c a l s p i n d l e g r i n d e r i s used f o r t h i s p r o c e s s . Mohawk p u r c h a s e d such a 
machine i n 1985 a t a c o s t o f $60,000 b u t i t has never been s e t - u p o r used t o 
g r i n d b i l l e t s . T h i s used g r i n d e r i s a, MAS Model BRV 70. I t has an i n s t a l l e d 
40 h.p. (55 kw) , r e q u i r e s 100 l i t r e s / m i n . o f c o o l a n t and i s p r o b a b l y c a p a b l e 
o f g r i n d i n g enough b i l l e t s t o s u p p l y a t l e a s t 1000 f t 2 o f 4x4 i n c h t i l e s p er 
month. The c o s t o f custom g r i n d i n g the b i l l e t s i s $18.27 per f t 2 o f 4x4 i n c h 
t i l e s . F r e i g h t and d u t y on the b i l l e t s t o San J o s e t o t a l s $7.56 p e r f t 2 # 
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STEP 4 

The s l i c i n g machine, a DO ALL, Model 70 1/D M i c r o S l i c e r , e q u i p p e d w i t h a 
diamond d i s c b l a d e c u t s t i l e s f rom t h e b i l l e t s . T h i s machine w i l l h a n d l e 14" 
t o 18" d i a m e t e r b l a d e s and i s c a p a b l e o f c u t t i n g a maximum o f 225 f t 2 per 
month o f 4x4 i n c h t i l e s . T h i s machine does n o t c u t as a c c u r a t e l y as d e s i r e d , 
has h i g h k e r f l o s s e s ( a p p r o x i m a t e l y 4mm per c u t ) w i l l c u t a maximum 4 i n c h 
b i l l e t and r e q u i r e s an o p e r a t o r a l m o s t f u l l t i m e . T h i s machine was s e t - u p i n 
the C a l i f o r n i a p l a n t . The b i l l e t s a r e g l u e d on p l a t e s p r i o r t o c u t t i n g . 

STEP 5 

The t i l e s a r e p l a c e d on the l a p p i n g t a b l e , a Speedfam Model SNF 48 BTAW, 
l a p p e r w h i c h i s c a p a b l e o f l a p p i n g 48 - 4x4 i n c h t i l e s a t one time i n about 10 
m i n u t e s . T h i s i s 2,750 f t 2 per month a c t u a l p r o d u c t i o n . T h i s machine 
r e q u i r e s an o p e r a t o r , when o p e r a t i n g a t 2,000 t i l e s p er month, a p p r o x i m a t e l y 
one h a l f t i m e . 

STEP 6 

The l a p p e d t i l e s a r e c a r r i e d t o the p o l i s h i n g s e c t i o n where 2, Speedfam Model 
SNG 32 SPAW, p o l i s h e r s p o l i s h t h e t i l e s t o a m i r r o r f i n i s h . Each p o l i s h e r 
w i l l h o l d 12 - 4x4 i n c h t i l e s and i s c a p a b l e o f p o l i s h i n g a p p r o x i m a t e l y 1,000 
f t 2 per month, a combined 2,000 f t 2 per month o f a c t u a l p r o d u c t i o n . One 
p e r s o n o p e r a t e s two p o l i s h e r s p l u s i n s p e c t s t i l e s a t 2,000 t i l e s (225 f t 2 ) per 
month p r o d u c t i o n . 

STEP 7 

The p o l i s h e d t i l e s a r e removed from the p o l i s h e r , s o r t e d c l e a n e d , i n s p e c t e d 
and packaged f o r s t o r a g e o r shipment. 
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The t o t a l c o s t breakdown i s i l l u s t r a t e d i n Table I I . The t o t a l c o s t o f S t e p s 
4 t h r o u g h 7, i s $47.75 f o r l a b o u r , maintenance and t o o l s p e r f t 2 . The l a b o u r 
i n c r e m e n t i s $33.00 p e r f t 2 . L a b o u r , t o o l s and j a d e c o s t s t o t a l 97.68 p e r 
f t 2 , w h i c h i s the comparable f i g u r e t o t h e o t h e r m a n u f a c t u r e s d e s c r i b e d and 
compared i n the r e p o r t , i n c l u d i n g t h e Table I c o m p a r i s o n . A c t u a l c o s t s o f 
o p e r a t i n g , n o t i n c l u d i n g o v e r h e a d and a d m i n i s t r a t i o n t o t a l $115.71 per f t 2 . 
The Mohawk p l a n t employs a t o t a l o f f i v e p e o p l e . 



TABLE II 

MOHAWK PLANT COSTS 

CURRENT IMPROVED 
COST COST 

ITEM PER F T 2 PER F T 2 

($) ($) 

1. Labour f o r b l o c k i n g ( c u t t i n g b i l l e t s ) 7.90 7.90 
(St e p s 1 t o 2) 

2. Labour f o r c u t t i n g and p o l i s h i n g 33.00 17.50 
(St e p s 4 t o 7) 

3. T o o l s and consumables (Ste p s 1 t o 2) 4.80 3.85 

4. T o o l s and consumables (Ste p s 4 t o 7) 14.25 11.40 

5. G r i n d i n g b i l l e t s 18.27 6.05 

6. F r e i g h t and d u t y 8.46 2.75 

7. C o s t o f Jade @ $ 1 . 5 0 / l b . - Vancouver 11.00 8.50 

SUB-TOTAL ( l a b o u r , t o o l s , j a d e ) 97.68 57.95 

8. M i s c e l l a n e o u s C o s t s 18.03 7.85 
( r e n t , d e p r e c i a t i o n , u t i l i t i e s ) 

TOTAL OPERATING COSTS $115.71 $65.80 
( e x c l u s i v e o f a d m i n i s t r a t i o n & overhead) 
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5.7.2 MOHAWK PLANT IMPROVEMENTS 

Mohawk's c u r r e n t p i l o t p l a n t c o s t s t o t a l a p p r o x i m a t e l y $98.00 per f t 2 t o 
m a n u f a c t u r e 4x4 i n c h j a d e t i l e s e x c l u s i v e o f r e n t , d e p r e c i a t i o n , u t i l i t i e s 
o v e r h e a d and a d m i n i s t r a t i v e c h a r g e s (Table II) . Assuming a modest o v e r h e a d 
and a d m i n i s t r a t i v e c h a r g e o f 20 p e r c e n t , t h e a c t u a l m a n u f a c t u r i n g c o s t s a r e 
p r o b a b l y about $140.00 per f t 2 . S e v e r a l a r e a s i n the m a n u f a c t u r i n g p r o c e s s 
can be i d e n t i f i e d w h i c h c o u l d be m o d i f i e d t o r e duce t h e m a n u f a c t u r i n g c o s t s : 

1. I n c r e a s e the p r o d u c t i o n r a t e from the c u r r e n t 225 f t 2 per month w h i l e 
m a i n t a i n i n g l a b o u r c o s t s or a l l o w i n g i n c r e m e n t a l l y s m a l l l a b o u r i n c r e a s e s 
i n o r d e r t o t a k e advantage o f economy o f s c a l e and m a i n t a i n i n g f i x e d c o s t 
l e v e l s . 

2. Reduce f r e i g h t and d u t y c h a r g e s f o r t r a n s p o r t i n g b i l l e t s . 

3. Improve r e c o v e r y ( y i e l d ) o f j a d e from b o u l d e r s . 

4. Reduce o r e l i m i n a t e g r i n d i n g c o s t s f o r b i l l e t s . 

Some o f the economies o u t l i n e d above would i n v o l v e : 

1. P u r c h a s e f i v e a d d i t i o n a l s l i c i n g machines a t a c o s t o f about $105,000. 
T h i s would i n v o l v e h i r i n g an e s t i m a t e d t h r e e a d d i t i o n a l employees, bu t 
would i n c r e a s e p r o d u c t i o n a t S t e p 4 o f t h e p r o c e s s t o about 1,125 f t 2 per 
month. P u r c h a s i n g one, l a r g e automated saw would p r o b a b l y be more 
a p p r o p r i a t e . The t o t a l c o s t would be s i m i l a r b u t o n l y one a d d i t i o n a l 
employee would be r e q u i r e d . 

2. I n c r e a s e d p r o d u c t i o n would a l s o r e q u i r e p u r c h a s i n g t h r e e more b l o c k i n g 
saws a t a c o s t o f about $100,000 and r e q u i r e t h r e e more employees. 
Improved sawing t e c h n i q u e s would reduce b i l l e t g r i n d i n g c o s t s and improve 
j a d e y i e l d t o an e s t i m a t e d 35%. 
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3. One a d d i t i o n a l l a r g e p o l i s h e r c a p a b l e o f p o l i s h i n g 8x8 t i l e s would a l l o w 
p r o d u c t i o n a t S t e p 6 t o a t t a i n about 1,250 f t 2 per month o f t i l e s l a r g e r 
t h a n 4x4 i n c h . The e s t i m a t e d c a p i t a l c o s t i s $40,000; two a d d i t i o n a l 
employees would be r e q u i r e d a t S t e p s 5, 6 and 7. 

4. The v e r t i c a l s p i n d l e s u r f a c e g r i n d e r c o u l d g r i n d the b i l l e t s s q u a re and 
t o d i m e n s i o n . A r e q u i r e d 280 l i n e a r f e e t o f b i l l e t s would have t o be 
ground t o produce 1,000 f t 2 o f f i n i s h e d t i l e . T o o l s , power and 
consumables would c o s t an e s t i m a t e d $1.50 per f t 2 o f t i l e ($5.36 per 
l i n e a r f o o t o f b i l l e t ) . One employee would be r e q u i r e d t o o p e r a t e t h i s 
machine. 

5. B u y i n g consumables i n b u l k i s e x p e c t e d t o r e s u l t i n a 20% r e d u c t i o n i n 
t o o l s and consumables c o s t s . 

6. Duty i n t o the U n i t e d S t a t e s s h o u l d be n o t more t h a n 5% o f the d e c l a r e d 
v a l u e ( m a n u f a c t u r i n g c o s t s ) . T h i s d u t y r e d u c t i o n may r e q u i r e F e d e r a l and 
P r o v i n c i a l Government a s s i s t a n c e . 

A d e t a i l e d c o s t c o m p a r i s o n o f the c u r r e n t and improved Mohawk System i s 
i l l u s t r a t e d i n T a b l e I I . I f a l l improvements c o u l d be implemented t h e r e would 
be a 40 p e r c e n t r e d u c t i o n i n l a b o u r , t o o l s and j a d e p r o d u c t i o n c o s t s and a 43 
p e r c e n t r e d u c t i o n i n c o s t s i f r e n t , d e p r e c i a t i o n and u t i l i t y c o s t s a r e 
i n c l u d e d . However, t h e s e r e d u c e d c o s t s s t i l l do n ot meet the t a r g e t r e t a i l 
p r i c e o f l e s s t h a n $100.00 per f t 2 . The l a b o u r , t o o l s and j a d e c o s t s f o r a 
p l a n t would have t o be i n the $35.00 t o $40.00 per f t 2 range or l e s s t o meet 
the t a r g e t p r i c i n g c r i t e r i a . 
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6. PREFERRED MANUFACTURING SYSTEM 

I n o r d e r f o r a system t o q u a l i f y as a c a n d i d a t e f o r c o n s i d e r a t i o n , the l a b o u r , 
t o o l and j a d e c o s t s o f p r o d u c t i o n o f 4x4 i n c h t i l e s must be $35.00 t o $40.00 
per f t 2 or l e s s . The c u r r e n t o r m o d i f i e d Mohawk Systems do not q u a l i f y on 
t h i s b a s i s , p r i m a r i l y due t o the h i g h l a b o u r c o s t s a s s o c i a t e d w i t h t h i s 
m a n u f a c t u r i n g p r o c e s s . A l l o t h e r equipment m a n u f a c t u r e r s meet the c o s t 
c r i t e r i a . F i f t e e n s e p a r a t e c r i t e r i a i n c l u d i n g p r o d u c t i o n c o s t s were 
i d e n t i f i e d as b e i n g most i m p o r t a n t i n a s s e s s i n g and comparing the v a r i o u s 
equipment m a n u f a c t u r e r s . These c r i t e r i a and the m a n u f a c t u r e r s ' p e r f o r m a n c e 
a r e summarized on Table I. C a r l Meyer p e r f o r m e d b e s t i n s i x o f the f i f t e e n 
c a t e g o r i e s i n c l u d i n g c o s t o f p r o d u c t i o n and pe r f o r m e d v e r y w e l l i n a n o t h e r 
f i v e c a t e g o r i e s . The o t h e r m a n u f a c t u r e r t h a t r a t e d w e l l was H e n s e l . T h i s 
m a n u f a c t u r e r was r a t e d b e s t i n the equipment c o s t c a t e g o r y and second b e s t o r 
e q u a l t o C a r l Meyer i n f i v e o t h e r c a t e g o r i e s . However, t he c a p i t a l c o s t 
d i f f e r e n t i a l between C a r l Meyer and H e n s e l would be e q u a l i z e d i n f o u r y e a r s o r 
l e s s by the low e r o p e r a t i n g c o s t s f o r e c a s t f o r t h e C a r l Meyer p l a n t . Moreover 
t h e r e a r e s e v e r a l u n i q u e b e n e f i t s t o be d e r i v e d from t h e C a r l Meyer p l a n t : 

1. The bandsaw Model 463K w i l l c u t t h i n s l a b s (3-5mm t h i c k ) and produce 
l a r g e s l a b s (2200mmxl600mm). 

2. Bandsaw k e r f l o s s i s a p p r o x i m a t e l y 1/2 any comparable system. 

3. The bandsaw i s q u i e t , r e q u i r e s a p p r o x i m a t e l y 10 p e r c e n t the power o f some 
comparable s y s t e m s , uses about 30 p e r c e n t l e s s w a t e r , and has t o o l c o s t s 
about o n e - h a l f any comparable system. 

4. The bandsaw i s a l s o i d e a l f o r b l o c k i n g j a d e f o r s a l e as b u l k s i n c e i t can 
c u t s l a b s o f any t h i c k n e s s down t o about 4mm. 

5. The bandsaw b l a d e does n o t d e f l e c t when s t a r t i n g a c u t , can o p e r a t e w i t h 
diamond segments m i s s i n g and does n o t r e q u i r e c o n t i n u a l t e n s i o n i n g . 
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6. A c r y l i c or s i m i l a r t y p e o f b a c k i n g i s not r e q u i r e d f o r p r o d u c t i o n o f 
t i l e s or s l a b s , a l t h o u g h f o r some a p p l i c a t i o n s i t would p r o b a b l y be 
a p p r o p r i a t e . 

7. The t o t a l power r e q u i r e m e n t f o r the p l a n t i s low (an e s t i m a t e d 200 kw) . 
T h i s w i l l r e f l e c t d i r e c t l y on t h e c o s t o f energy and t h e demand c h a r g e , 
w h i c h i s a f i x e d c h a r g e dependent upon i n s t a l l e d , o p e r a t i n g horsepower. 

8. T o t a l water r e q u i r e m e n t s a r e about o n e - h a l f the c l o s e s t c o m p e t i t o r 
(Hensel) . T h i s w i l l be r e f l e c t e d i n l o w e r water c h a r g e s and the most 
i n e x p e n s i v e water r e c l a m a t i o n and f i l t r a t i o n system. 

9. C a r l Meyer's e n g i n e e r i n g d e s i g n and f a c t o r y s u p p o r t i s c o n s i d e r e d 
s u p e r i o r and a f t e r s a l e s s u p p o r t i s a l s o e x p e c t e d t o be e x c e l l e n t . 
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6.1 DETAILED COST ANALYSIS - CARL MEYER 

As o u t l i n e d i n T a b l e I the b a s i c p l a n t equipment c o s t i s e s t i m a t e d a t 
$742,000. However, t h e r e a r e o t h e r c o s t s w h i c h would be i n c u r r e d i r r e s p e c t i v e 
o f t he equipment m a n u f a c t u r e r chosen. T h e r e f o r e , t h e s e c o s t were n o t 
c o n s i d e r e d i n the c o s t c o m p a r i s o n b u t w i l l be r e a l c o s t s i n c u r r e d n e v e r - t h e -
l e s s . 

1. CAPITAL COSTS 

Equipment f o r t i l e m a n u f a c t u r e $ 742,000 
I n s t a l l a t i o n , a i r f a r e , t r a i n i n g - C a r l Meyer 21,000 
F r e i g h t , t a x e s e t c . 88,000 
M i s c e l l a n e o u s o t h e r equipment 100,000 
B u i l d i n g r e n o v a t i o n 50,000 
C o n t i n g e n c i e s 150,000 
TOTAL $ 1,151,000 

2. OPERATING COSTS (4x4 inch t i l e production 8 1000 ftz per mo.) 

T o o l s 6.08 
Jad e (@ $1.50 / l b . ) 5.95 
Labour 10.52 
E l e c t r i c power 1.70 
Water r e c l a m a t i o n & co n s u m p t i o n .50 
Rent ( $ 5 / f t 2 / y r ) 2.00 
M i s c e l l a n e o u s 2.50 
A m o r t i z a t i o n and d e p r e c i a t i o n @ 1 0 % / y r . 9.59 
TOTAL $ 38.84 
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The economics o f t h e p r o j e c t a r e enhanced when one c o n s i d e r s t h a t : 

1. 4x4 i n c h t i l e s have the l o w e s t p r o d u c t i o n r a t e s and the h i g h e s t 
a s s o c i a t e d t o o l c o s t s . Other s i z e t i l e s s h o u l d be l e s s e x p e n s i v e t o 
pr o d u c e . 

2. The p l a n t i s c a p a b l e o f p r o d u c i n g 1,720 f t 2 o f 4x4 i n c h t i l e s m o n t h l y . 
T h i s p r o d u c t i o n r a t e w i l l r e s u l t i n l o w e r u n i t c o s t s . 

3. Revenues w i l l be r e a l i z e d from b u l k j a d e l i b e r a t e d as p a r t o f t h e t i l e 
m a n u f a c t u r i n g p r o c e s s . 

4. Other j a d e p r o d u c t s a r e l i k e l y t o be ma n u f a c t u r e d u s i n g t he same 
equipment r e q u i r e d f o r t i l e m a n u f a c t u r e . 
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7. PLANT SITE SELECTION 

S e l e c t i o n o f a s i t e f o r the p r o p o s e d t i l e m a n u f a c t u r i n g p l a n t i s t o be made on 
the b a s i s o f s e v e r a l o p e r a t i n g and economic f a c t o r s i n c l u d i n g : 

1. M a r k e t i n g c o n s i d e r a t i o n s f o r t i l e s , s l a b s and b u l k j a d e i n c l u d i n g 
a c c e s s t o d o m e s t i c and i n t e r n a t i o n a l m a r k e t s . Convenience o f the 
p l a n t and p r o d u c t s t o c u s t o m e r s a r e c o n s i d e r e d i m p o r t a n t . 

2. T r a n s p o r t a t i o n c o s t s o f raw m a t e r i a l s from the m i n e s i t e and f i n i s h e d 
p r o d u c t s t o t h e c u s t o m e r s . 

3. S u i t a b l e l a n d and b u i l d i n g c o s t s and a v a i l a b i l i t i e s . 

4. U t i l i t y a v a i l a b i l i t i e s and c o s t s i n c l u d i n g power, w a t e r , sewer, 
garbage d i s p o s a l , e f f l u e n t d i s p o s a l , e t c . 

5. Government a s s i s t a n c e programs a v a i l a b l e i n a l t e r n a t i v e l o c a t i o n s . 

6. T a x a t i o n r a t e s i n a l t e r n a t i v e l o c a t i o n s . 

7. O p e r a t i n g c o n s i d e r a t i o n s i n c l u d i n g weather c o n d i t i o n s i n a l t e r n a t i v e 
l o c a t i o n s . 

8. A v a i l a b i l i t y o f s k i l l e d o r t e c h n i c a l l a b o u r f o r c e . 

Based upon th e above c r i t e r i a two a r e a s o f t h e P r o v i n c e were c o n s i d e r e d f o r 
the p l a n t l o c a t i o n ; a n o r t h e r n l o c a t i o n on t h e t r a n s p o r t a t i o n r o u t e from the 
m i n e s i t e h a v i n g a r e l a t i v e l y moderate c l i m a t e and a Lower M a i n l a n d l o c a t i o n . 
T e r r a c e s t o o d o u t as the b e s t c a n d i d a t e f o r t h e n o r t h and t h e m u n i c i p a l i t y o f 
S u r r e y , L a n g l e y o r D e l t a a r e p r o b a b l e s o u t h e r n B.C. l o c a t i o n s . C e n t r a l 
i n t e r i o r c i t i e s such as P r i n c e George were e l i m i n a t e d due t o s e v e r e w i n t e r 
weather c o n d i t i o n s . 
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7.1 TERRACE 

Communities i n N o r t h C e n t r a l B r i t i s h Columbia have o r g a n i z e d t he N o r t h e r n 
Development C o u n c i l o p e r a t e d by P a c i f i c C o n g ress P r o j e c t s Corp. l o c a t e d a t : 

638-999 Canada P l a c e 
VANCOUVER, B.C. V6C 3E1 

ATTENTION: J i m D a v i d s o n 
PHONE: (604) 683-0401 
TELEX: 04-54244 

I n f o r m a t i o n was r e c e i v e d from the N o r t h e r n Development C o u n c i l , t h e C i t y o f 
T e r r a c e and K i t i m a t . For i n f o r m a t i o n on K i t i m a t t he c o n t a c t i s : 

B r i a n Mayhew 
D i r e c t o r o f P l a n n i n g , D i s t r i c t o f K i t i m a t 
270 C i t y C e n t r e 
KITIMAT, B.C. V8C 2H7 

PHONE: (604) 632-2161 
TELEX: 047-84515 

T e r r a c e c o n t a c t i s : 

R o b e r t Greno, C i t y D i r e c t o r 
The C i t y o f T e r r a c e 
3215 Eby S t r e e t , 
TERRACE, B.C. V8G 2X8 

PHONE: (605) 635-6311 
1-800-772-9886 
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I n f o r m a t i o n on T e r r a c e , K i t i m a t and v i c i n i t y was g a t h e r e d from a l l t h e above 
s o u r c e s . I n f o r m a t i o n on F e d e r a l , P r o v i n c i a l and M u n i c i p a l g r a n t s were 
a c q u i r e d from t h e s e same s o u r c e s p l u s t h e Department o f R e g i o n a l I n d u s t r i a l 
E x p a n s i o n and the M i n i s t r y o f I n d u s t r y and S m a l l B u s i n e s s . No u p - t o - d a t e 
i n f o r m a t i o n was a v a i l a b l e r e g a r d i n g P r o v i n c i a l employment and t r a i n i n g 
i n c e n t i v e programs as t h i s a r e a i s c u r r e n t l y under r e v i e w by the P r o v i n c i a l 
Government. F e d e r a l employment g r a n t s a r e a v a i l a b l e f o r a r e a s o f h i g h 
unemployment. A s s i s t a n c e programs a l s o a r e a v a i l a b l e a t the M u n i c i p a l l e v e l . 
T e r r a c e w i l l p r o v i d e C i v i l E n g i n e e r i n g e s t i m a t e s and some c a p i t a l works f o r 
the p l a n t i f i t i s l o c a t e d i n T e r r a c e . 

P e r t i n e n t d e t a i l s r e g a r d i n g T e r r a c e a r e l i s t e d below. Figure 1 shows the 
l o c a t i o n o f T e r r a c e and i n f o r m a t i o n on c l i m a t i c c o n d i t i o n s . 

1. Warehouse - c o m m e r c i a l t y p e p r o p e r t y i s i n s u r p l u s and l e a s e s a t 
a b s o l u t e n e t f o r $3.00 t o $6.00 p e r f t 2 p e r y e a r . 

2. I n d u s t r i a l t a x e s a r e about $46 per $1,000 o f n e t t a x a b l e v a l u e . The 
P a r t n e r s h i p i n E n t e r p r i s e Program w i l l p r i v d e a 52 p e r c e n t p r o p e r t y 
t a x r e d u c t i o n . 

3. I n d u s t r i a l / C o m m e r c i a l p r o p e r t y s e l l s f o r $15,000 t o $30,000 per 
a c r e . 

4. Water r a t e s a r e $.171 per c u b i c metre per month. 

5. Sewer r a t e s a r e $.142 p e r c u b i c metre p e r month. 

6. Garbage r a t e s a r e $28.60 per 3 y a r d c o n t a i n e r per month. 

7. T r a n s p o r t a t i o n l i n k s i n c l u d e ; C.N.R. T e r r a c e K i t i m a t b r a n c h l i n e and 
Edmonton t o P r i n c e R u p e r t m a i n l i n e ; Highway 16 c o n n e c t i n g P r i n c e 
R u p e r t and P r i n c e George and Highway 37 t o K i t i m a t , a d i s t a n c e o f 
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57 k i l o m e t e r s ; a i r p o r t w i t h two C P . f l i g h t s d a i l y and one P.W. 
f l i g h t d a i l y c o n n e c t i n g t o Vancouver; a c c e s s t o the P o r t s o f K i t i m a t 
and P r i n c e R u p e r t . 

E l e c t r i c i t y r a t e s a r e the same i n the n o r t h and s o u t h o f the 
P r o v i n c e and a r e d e t a i l e d i n Appendix IV. 
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7.2 SURREY 

S u r r e y and o t h e r m u n i c i p a l i t i e s i n the v i c i n i t y such as L a n g l e y and D e l t a 
o f f e r s i m i l a r b u s i n e s s o p p o r t u n i t i e s . L i k e T e r r a c e , S u r r e y i s a l s o a 
p a r t i c i p a n t i n P a r t n e r s h i p i n E n t e r p r i s e and o f f e r s s i m i l a r t a x i n c e n t i v e s t o 
t h o s e o f f e r e d by T e r r a c e . D e t a i l s on S u r r e y a r e as f o l l o w s : 

1. C o m m e r c i a l / i n d u s t r i a l p r o p e r t y l e a s e s f o r $4.00 t o $6.00 per f t 2 per 
y e a r . S u r r e y a l s o has more i n d u s t r i a l l a n d t h a n any o t h e r B.C. 
m u n i c i p a l i t y i n c l u d i n g 8 i n d u s t r i a l p a r k s o f v a r i o u s s i z e s . 

2. I n d u s t r i a l t a x e s average about $31 p e r $1,000 o f n e t t a x a b l e v a l u e . 

3. Land p r i c e s f o r i n d u s t r i a l / c o m m e r c i a l p r o p e r t y ranges between 
$60,000 and $160,000 per a c r e . 

4. Water r a t e s a r e g r a d u a t e d , depending upon q u a n t i t y u s e d , w i t h the 
r a t e d e c r e a s i n g as c o n s u m p t i o n i n c r e a s e s . The b a s i c r a t e i s $20.83 
per 100 f t 2 p e r q u a r t e r . 

5. Sewer r a t e s a r e e s s e n t i a l l y t h e same as T e r r a c e . 

6. Commercial garbage r a t e s v a r y t o some e x t e n t b u t a r e g e n e r a l l y i n 
t h e $25 t o $30 p e r month range f o r a 3 y a r d c o n t a i n e r . 

7. T r a n s p o r t a t i o n l i n k s i n c l u d e : 

(a) W i t h i n 29 k i l o m e t e r s o f Vancouver I n t e r n a t i o n a l A i r p o r t . 

(b) S e r v e d by Highways - 1, 1A, 10, 15, 99, 99A, 91. 

(c) R a i l w a y l i n e s o f B.C. Hydro, B.N.R., C.N.R. and C.P.R. 

(d) P o r t on the F r a s e r R i v e r s e r v i n g deep water s h i p p i n g , and 
a d j a c e n t t o t h e P o r t o f Vancouver and New W e s t m i n s t e r . 
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8. E l e c t r i c i t y r a t e s a r e the same i n the n o r t h and s o u t h o f the 
P r o v i n c e and a r e d e t a i l e d i n Appendix IV. 
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7.3 CONCLUSIONS AND RECOMMENDATIONS 

U n t i l such time as an a c t u a l p l a n t s i t e i s s e l e c t e d , and the d e c i s i o n t o 
pu r c h a s e and b u i l d o r l e a s e and r e n o v a t e i s made, t h e a c t u a l c o s t s r e l a t e d t o 
l a n d and b u i l d i n g s c an not be f i n a l i z e d . E s t i m a t e d b u i l d i n g c o n s t r u c t i o n 
c o s t s a r e i l l u s t r a t e d i n Table IV. C o n s t r u c t i o n c o s t s may be m a r g i n a l l y 
l o w e r i n S u r r e y . 

Land c o s t s a r e s u b s t a n t i a l l y lower i n T e r r a c e t h a n on the Lower M a i n l a n d , w i t h 
l e a s e c o s t s m a r g i n a l l y l o w e r i n T e r r a c e . Taxes a r e 25% lo w e r i n S u r r e y based 
on v a l u e , b u t l a n d v a l u e s a r e h i g h e r , r e s u l t i n g i n an o v e r a l l h i g h e r t a x c o s t 
i n S u r r e y . 

M a r k e t i n g j a d e t i l e s , b u l k j a d e and j a d e p r o d u c t s w i l l r e q u i r e a showroom, 
s a l e s , a d m i n i s t r a t i v e o f f i c e i n the Lower M a i n l a n d . T h e r e f o r e , a l t h o u g h a 
T e r r a c e l o c a t i o n f o r a p l a n t s i t e w i l l be l e s s e x p e n s i v e t h a n a S u r r e y 
l o c a t i o n , t h e economy o f a n o r t h e r n p l a n t l o c a t i o n w i l l be r e d u c e d by the need 
f o r two b u s i n e s s p l a c e s . P l a n t , m a r k e t i n g and a d m i n i s t r a t i v e f a c i l i t i e s would 
be combined f o r a Lower M a i n l a n d l o c a t i o n . 

Other c o s t s f o r c o n s i d e r a t i o n i n c l u d e : 

o 38 p e r c e n t lower water r a t e s i n S u r r e y . 
o Lower m a r k e t i n g c o s t s r e l a t e d t o showing c l i e n t s b u l k j a d e a t a Lower 

M a i n l a n d l o c a t i o n . 
o I n c r e a s e d c o s t s r e l a t e d t o s e p a r a t i n g t h e m a n u f a c t u r i n g and m a r k e t i n g 

such as a d m i n i s t r a t i o n , 
o P r o x i m i t y t o t h e U.S.A. market. A S u r r e y l o c a t i o n a c t u a l l y b o r d e r s on 

the U.S.A. 
o The c o s t o f t r a n s p o r t a t i o n o f raw j a d e i s a p p r o x i m a t e l y $.15 p e r pound 

cheaper t o T e r r a c e t h a n t o S u r r e y and t h e s a v i n g s on t r a n s p o r t i n g 
f i n i s h e d p r o d u c t s i s o n l y m a r g i n a l l y cheaper from S u r r e y t h a n from 
T e r r a c e . 



TABLE IV 

BUILDING CONSTRUCTION COST ESTIMATE 

PROPOSED JADE TILE PLANT/WAREHOUSE/OFFICE  
Vancouver, B.C. (Area) 

($) 

Warehouse s t r u c t u r e ( m e t a l s u p e r s t r u c t u r e , t i n r o o f ) 
A pprox. 40 x 120 w i t h 16-0 c e i l i n g , s l a b f l o o r , 
& i n d u s t r i a l o v e r h e a d d o o r s 86,400.00 

S e r v i c e t o s t r u c t u r e ( a l l o w a n c e ) 15,000.00 

M e c h a n i c a l ( p l u m b i n g , h e a t i n g , w a t e r , sewer, g a s , e t c . ) 30,000.00 

E l e c t r i c a l ( s e r v i c e e n t r a n c e , power, l i g h t i n g , e t c . ) 25,000.00 

E a r t h w o r k s , S i t e p r e p a r a t i o n , & P a v i n g / G r a v e l l i n g 40,000.00 

O f f i c e S t r u c t u r e & p a r t i t i o n i n g i n c l u d i n g washrooms and 
lunchroom. Approx. 40 x 60 frame p r e f a b r i c a t e d w i t h 

8-0 c e i l i n g and r e q u i r e d d o o r s & windows 86,400.00 

M e c h a n i c a l 20,000.00 

E l e c t r i c a l 15,000.00 

L o a d i n g Dock and Ramp f o r V e h i c l e s 15,000.00 

C h a i n L i n k F e n c i n g (approx. 800 l i n . f t . ) 8,500.00 

A c c e s s / E g r e s s d r i v e w a y s and c u r b c u t s 5,000.00 

Development Charges ( M u n i c i p a l ) 5,000.00 

C o n s u l t a n t s , p l a n s , s p e c i f i c a t i o n s , e t c . 8,000.00 

C o n t r a c t Management, s u p e r v i s i o n , e t c . 12,000.00 

TOTAL $ 371,300.00 
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I n c o n c l u s i o n : 

C a p i t a l c o s t s i n c l u d i n g l a n d TERRACE 

O p e r a t i n g c o s t s i n c l u d i n g water and 
weather c o n s i d e r a t i o n s LOWER MAINLAND 

M a r k e t i n g c o n s i d e r a t i o n s i n c l u d i n g 
c o n v e n i e n c e f o r v i e w i n g the p r o c e s s and 
p r o d u c t s and p r o v i d i n g customer s e r v i c e s . LOWER MAINLAND 

IT IS RECOMMENDED THAT A LOWER MAINLAND PLANT LOCATION, SUCH AS 

SURREY, WOULD BE MOST ADVANTAGEOUS FOR THE ONGOING SUCCESS OF THE 

BUSINESS VENTURE. 
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EQUIPMENT MANUFACTURERS - CUTTING & GRINDING TECHNOLOGY 
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ITALY 

PHONE: 035/951043 
TELEX: 302182 PEDRIN 1 

S a l e s Manager: S e r g i o B e r t i 

* * * 

GREGORI s.p.a. 
6015 S c h i o (VI) - I t a l i a 
P.O. Box N. 129 

PHONE: (0445) 23231 
TELEX: 480473 GREG-1 

S a l e s Manager: N i c o C a z z o l a 

* * * 

ADMAC 
21246 - 6 8 t h Avenue South 
KENT, Wa s h i n g t o n 98032, USA. 

PHONE: (206) 872-7153 

Rod Draughton 
J i m W h i t e 

* * * 

CUT-A-DIE CANADA LTD. 
7447 V i c t o r i a P a r k Avenue 
MARKHAM, O n t a r i o 
L3R 2Y7 CANADA 

PHONE: (416) 475-0324 
(416) 499-7333 

Manager: J i m M c M i c k i n g 



BRETON s.p.a. 
31030 C a s t e l l o D i Godego (TV) 
ITALY 

PHONE: (0423) 468141 
TELEX: 410539 - 431445 BRETON 1 

BRETON OF THE AMERICAS, INC. 
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33309 USA 
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S e c r e t a r y : J o s e p h W e t z e l 
P r e s i d e n t : Roger N. Baker 

* * * 

LOFFLER Maschinenbau oHG 
8831 L a n g e n a l t h e i m 1 Bay 
WEST GERMANY 

PHONE: (09145) 461 
TELEX: 624606 

Owner: Mr. L o f f l e r 

GRANQOARTZ TRADING INC. - U.S.A. R e p r e s e n t a t i v e f o r L o f f l e r 
788 S c o t t d a l e Road 
P.O. Box 33569 
DECATUR, G e o r g i a 
30033-0569 

PHONE: (404) 292-0135 

P e t e r Edwards 

* * * 



EISENWERK HENSEL BAYRETJTH/Dipl-Ing. Burkhardt GmbH 
Postfach 5020 
D-8580, Bayreuth 13, 
WEST GERMANY 

PHONE: (0921) 508-0 
T E L E X : 642823 ebubt 

Marketing Dire c t o r : Wolfgang Behr/Franz Kostner - Dipl-ING 
Sales Manager: Norbert Sieder 

* * * 
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Postfach 380 
D-8590 Marktredwitz 
WEST GERMANY 

PHONE: (09231) 4133 
TELEX: 641274 

G. Keichel 
A.K. Backraund 

* * * 

ARVAN 
1995 Boundary Road 
VANCOUVER, B.C. 

PHONE: (604) 299-6100 

Plant Manager: Bob Armstrong 
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INTRODUCTION 

1.1 HISTORY 

C r y Lake Jade M i n e s L t d . , a w h o l l y owned s u b s i d i a r y o f Mohawk O i l 

Co. L t d . , f i r s t began t he i n - s i t u m i n i n g o f N e p h r i t e (B.C.) Jade 

as a p r i m a r y p r o d u c t i n 1976 near Dease Lake i n N o r t h e r n B r i t i s h 

C o l u m b i a . 

D u r i n g t he 10 y e a r p e r i o d a p p r o x i m a t e l y 830 t o n s o f j a d e has been 

s h i p p e d from t h e m i n e s i t e v i a " c a t - t r a i n " and by a i r t o Dease 

Lake and thenc e by t r u c k t o S o u t h e r n B.C. 

In 1982 Mohawk began i n v e s t i g a t i n g j a d e t i l e m a n u f a c t u r i n g as a 

method o f u s i n g t h e lower q u a l i t y j a d e w h i c h a c c o u n t e d f o r about 

60% o f p r o d u c t i o n o r 75% t o 95% o f r e s e r v e s . T h i s would a l s o 

a s s i s t i n l i b e r a t i n g and r e c o v e r i n g t h e h i g h e r q u a l i t y j a d e . 

B e g i n n i n g i n 1983 j a d e t i l e s were m a n u f a c t u r e d . The p r o c e s s 

i n v o l v e d t r a n s p o r t i n g j a d e from t he mine s i t e t o Vernon where 

rough b i l l e t s were c u t . These b i l l e t s were t h e n p r e c i s i o n ground 

by a c o n t r a c t o r i n Van c o u v e r . These p r e c i s i o n b i l l e t s were t h e n 

c u t , l a p p e d and p o l i s h e d i n Mohawk's p l a n t i n C a l i f o r n i a . 

A m a r k e t i n g campaign was o r g a n i z e d a t about t he same time t h a t 

t i l e m a n u f a c t u r i n g was i n i t i a t e d . 
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E x p e n d i t u r e s r e l a t e d t o t i l e m a n u f a c t u r i n g and m a r k e t i n g has 

t o t a l e d a p p r o x i m a t e l y $1,449,700 s i n c e 1983. T h i s i n c l u d e s : 

( i ) M a n u f a c t u r i n g Equipment i n the U.S. $ 74,500.00 

( i i ) M a n u f a c t u r i n g Equipment i n Canada $ 93,500.00 

( i i i ) M a r k e t i n g expenses ( A d v e r t i s i n g p r i m a r i l y ) $531,700.00 

( i v ) M a n u f a c t u r i n g expenses i n th e U.S. $379,100.00 

(v) M a n u f a c t u r i n g expenses and r e l a t e d 

A d m i n i s t r a t i o n i n Canada $370,900.00 

Revenues s i n c e 1983 from j a d e t i l e s a l e s and o t h e r j a d e p r o d u c t s 

such as t a b l e l e g s and book ends w h i c h a r e made from l o w e r 

q u a l i t y j a d e t o t a l a p p r o x i m a t e l y $170,000 (Canadian F u n d s ) . 

M a n u f a c t u r i n g c o s t s f o r 1/8" t h i c k 4"x4" square t i l e s have been 

a p p r o x i m a t e l y $10.00 p e r t i l e o r $90.00 per square f o o t . These 

t i l e s r e t a i l f o r about $17.50, o r about $150.00 p e r square f o o t , 

a l t h o u g h normal mark-ups s h o u l d have t h e s e t i l e s r e t a i l i n g a t 

more t h a n $175.00 p e r square f o o t . 

1.2 PHILOSOPHY AND PURPOSE OF STUDY 

The g e n e r a l f o c u s i s on m a r k e t i n g lower q u a l i t y j a d e . I n f a c t 

the v i a b i l i t y o f the e n t i r e j a d e m i n i n g o p e r a t i o n may be 

c o n t i n g e n t upon d e v e l o p i n g a market f o r t h i s l o w e r g r a d e m a t e r i a l 

w h i c h c o n s t i t u t e s a major p o r t i o n o f the raining p r o d u c t i o n and 

r e s e r v e s . 
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T i l e m a n u f a c t u r i n g has been i d e n t i f e d as the f o c u s o f the s t u d y . 

M a r k e t i n g and b u s i n e s s arrangements w i l l c e r t a i n l y come as 

" f a l l - o u t " from t h e s t u d y , b u t w i l l n o t be c o n s i d e r e d as p a r t o f 

the s t u d y . 

P r o g r e s s i o n t o F a c i l i t y D e s i g n , p r e p a r a t i o n o f a B u s i n e s s P l a n , 

and M a r k e t i n g S t u d i e s w i l l a l l be c o n t i n g e n t upon t h e outcome o f 

the m a n u f a c t u r i n g s t u d y . 

2. FEASIBILITY STUDY - INVESTIGATION OF TILE MANUFACTURING 

As a r e s u l t o f our p a s t m a r k e t i n g e f f o r t s i t has been d e t e r m i n e d t h a t 

j a d e t i l e s must r e t a i l f o r $70.00 t o $90.00 p e r square f o o t o r l e s s t o 

be c o m p e t i t i v e w i t h comparable p r o d u c t s and f o r s a l e s t o r e a c h 

r e a s o n a b l e volumes. T h i s e q u a t e s t o a m a n u f a c t u r i n g c o s t o f about 

$45.00 per square f o o t ( a p p r o x i m a t e l y $5.00 f o r a Anx4n t i l e ) . 

Based on the p r e m i s e t h a t the t i l e m a n u f a c t u r i n g must be a c c o m p l i s h e d 

f o r a p p r o x i m a t e l y $45.00 p e r square f o o t t h e f o l l o w i n g i s s u e s must be 

a d d r e s s e d . 

( i ) Can low q u a l i t y j a d e be c u t and p o l i s h e d e c o n o m i c a l l y ? 

( i i ) What i s the y i e l d from the b o u l d e r s mined? 

( i i i ) What a r e the optimum t i l e d i m e n s i o n s ? 

( i v ) Where might the p l a n t be l o c a t e d ? 

(v) What a l t e r n a t i v e m a n u f a c t u r i n g p r o c e s s e s a r e t h e r e ? 
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The s t u d y w i l l f o c u s on our c u r r e n t p l a n t c o n f i g u r a t i o n , 

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

2.1 CURRENT PLANT CONFIGURATION 

Conduct an e n g i n e e r i n g s t u d y a n a l y z i n g equipment, o p e r a t i n g 

t e c h n i q u e s , p r o d u c t i o n l e v e l s o f i n d i v i d u a l segments o f the 

e n t i r e e x i s t i n g o p e r a t i o n , i n c l u d i n g i n d i v i d u a l p i e c e s o f 

equipment i n each segment o f the t i l e m a n u f a c t u r i n g p r o c e s s 

i d e n t i f y i n g " b o t t l e - n e c k s " , i n a p p r o p r i a t e equipment, i n e f f i c i e n t 

and/or i n e f f e c t i v e p l a n t d e s i g n . 

I d e n t i f y t o t a l m a n u f a c t u r i n g c o s t i n c l u d i n g c o s t o f raw m a t e r i a l 

and c o s t s o f each segment o f t h e m a n u f a c t u r i n g p r o c e s s . 

I n v e s t i g a t e a l t e r n a t i v e l o c a t i o n s f o r p l a n t . 

2.2 CURRENT PLANT MODIFICATION 

I d e n t i f y a l t e r n a t e p r o d u c t i o n equipment t h a t c a n be added t o the 

e x i s t i n g equipment o r r e p l a c e e x i s t i n g equipment. 

I n v e s t i g a t e m o d i f i c a t i o n s t o e x i s t i n g t i l e m a n u f a c t u r i n g 

equipment t o improve p r o d u c t i o n and r e c o v e r y o f raw m a t e r i a l . 

( D e c i s i o n p o i n t #1, see A p p e n d i c e s I and I I ) . 

I n v e s t i g a t e a l t e r n a t i v e l o c a t i o n s f o r a m o d i f i e d p l a n t . 
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2.3 ALTERNATE PROCESSES 

I d e n t i f y companies w h i c h m a n u f a c t u r e t i l e s , s l a b s o r comparable 

p r o d u c t s t o j a d e t i l e s . 

I d e n t i f y equipment t h a t may be s u i t a b l e f o r c u t t i n g , g r i n d i n g , 

l a p p i n g and p o l i s h i n g j a d e . T h i s equipment may be i n use i n the 

st o n e w o r k i n g b u s i n e s s o r t e c h n o l o g y from u n r e l a t e d i n d u s t r i e s 

w h i c h may be ad a p t e d t o j a d e . 

I d e n t i f y a p p r o p r i a t e government a g e n c i e s w h i c h may: 

( i ) a s s i s t i n e s t a b l i s h i n g t he b u s i n e s s 

( i i ) r e g u l a t e s e c t o r s o f the b u s i n e s s 

( i i i ) a s s i s t i n i d e n t i f y i n g a p p r o p r i a t e companies t o c o n t a c t 

t o c o m p l e t e equipment, m a n u f a c t u r i n g and m a r k e t i n g r e s e a r c h 

f o r t h e s t u d y . 

C o r r e s p o n d e n c e w i t h i d e n t i f i e d o r g a n i z a t i o n s and i n d i v i d u a l s who 

may be a b l e t o s u p p l y i n p u t i n t o t he s t u d y w i l l be done 

i n i t i a l l y . The c o r r e s p o n d e n c e would be f o l l o w e d by shipment o f 

j a d e f o r p i l o t t e s t i n g where a p p r o p r i a t e . ( D e c i s i o n p o i n t #1, 

see A p p e n d i c e s I and I I ) . 

Feedback from p i l o t t e s t s w i l l be d i s c u s s e d and a n a l y z e d and 

f u r t h e r m e e t i n g s s c h e d u l e d t o d i s c u s s t o p i c s r e l e v a n t t o the 

o r g a n i z a t i o n a l o r i n d i v i d u a l e x p e r t i s e , i f w a r r a n t e d . These 

t e s t s s h o u l d p r o v i d e n e c e s s a r y i n f o r m a t i o n on equipment, 

m a n u f a c t u r i n g p r o c e s s e s , m a t e r i a l s f l o w and e v e n t u a l l y p l a n t 

d e s i g n . ( D e c i s i o n p o i n t s #2 and #3, see A p p e n d i c e s I and I I ) . 
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2.4 REPORT PREPARATION 

The r e p o r t p r e p a r a t i o n would i n c l u d e c o m p i l a t i o n and a n a l y s e s o f 

a l l d a t a c o l l e c t e d i n S e c t i o n s 2.1 t o 2.4. 

I n c l u d e d w i l l be d e t a i l e d economics o f p o s s i b l e f a c i l i t y 

c o n f i g u r a t i o n i n c l u d i n g : 

( i ) C a p i t a l c o s t e s t i m a t e s 

( i i ) O p e r a t i n g c o s t e s t i m a t e s 

( i i i ) P r o f i t m a r g i n e s t i m a t e s 

( i v ) R e t u r n on i n v e s t m e n t e s t i m a t e s 

(v) E s t i m a t e s o f r e l a t e d m i n i n g , e x p l o r a t i o n and t r a n s p o r t a t i o n 

c o s t s . 

The r i s k s a s s o c i a t e d w i t h e x p l o r a t i o n and m i n i n g and/or j a d e 

s u p p l y , t r a n s p o r t a t i o n , m a n u f a c t u r i n g and m a r k e t i n g would be 

i d e n t i f i e d and r i s k a n a l y s e s c o m p l e t e d . These r i s k s would 

i n c l u d e , b u t n o t be l i m i t e d t o : 

( i ) Jade r e s e r v e s / i n v e n t o r y / s u p p l y 

( i i ) M i n i n g c o s t s 

( i i i ) T r a n s p o r t a t i o n c o s t s and l o s s e s o f raw and f i n i s h e d 

p r o d u c t s 

( i v ) O p e r a t i n g c o s t s and ov e r h e a d 

(v) C a p i t a l c o s t s 

( v i ) D o m e s t i c and f o r e i g n p o l i t i c s ( i f a p p l i c a b l e ) 

( v i i ) M a r k e t i n g r i s k s such as c o s t o f s a l e s , a d v e r t i s i n g , 

d i s t r i b u t i o n 

( v i i i ) B u s i n e s s arrangements (e.g. p a r t n e r s h i p ) 

( i f a p p l i c a b l e ) 
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3. FEASIBILITY STUDY SCHEDULE AND PERSONNEL 

The s t u d y has been d i v i d e d i n t o f o u r segments: 

2.1 C u r r e n t P l a n t C o n f i g u r a t i o n 

2.2 C u r r e n t P l a n t M o d i f i c a t i o n 

2.3 A l t e r n a t e P r o c e s s e s 

2.4 R e p o r t P r e p a r a t i o n 

The s t u d y i s e x p e c t e d t o e x t e n d from mid-March u n t i l m i d - J u l y , 1986. 

The p r i m a r y f u n c t i o n s i n c l u d e : 

( i ) I d e n t i f i c a t i o n o f equipment and t i l e m a n u f a c t u r e r s who may 

p r o v i d e i n p u t i n t o m a n u f a c t u r i n g p r o c e s s e s . 

( i i ) T e s t work, i n c l u d i n g c u t t i n g , g r i n d i n g , l a p p i n g and p o l i s h i n g 

l e a d i n g t o p r o d u c t i o n o f a f i n i s h e d p r o d u c t . 

( i i i ) Data r e d u c t i o n and a p p r a i s a l o f known t e c h n o l o g y l e a d i n g t o 

c o n c l u s i o n s and recommendations. 

A s c h e d u l e o f p l a n n e d a c t i v i t i e s and i n v o l v e d p e r s o n n e l a r e d e t a i l e d 

i n A p p e n d i c e s I and I I . 

P e r s o n n e l i n v o l v e d i n the s t u d y i n c l u d e : 

( i ) B e v e r l y B l a n d - Jade I n t a r s i a - Mohawk O i l Co. L t d . 

( i i ) J o s e p h S m i t h - Manager, Jade D i v i s i o n - Mohawk O i l Co. L t d . 

( i i i ) M a t t Waldner - Manager, M i n e r a l s D i v i s i o n - Mohawk O i l Co. L t d . 

( i v ) Eugene P l a n k - C o n s u l t a n t - C a n b i s - T o r o n t o , O n t a r i o 

A d d i t i o n a l l y t h e r e may be s p e c i a l t y c o n s u l t a n t s r e q u i r e d f o r segments 

o f the s t u d y . D e t a i l s on p e r s o n n e l and t h e i r a c t i v i t i e s a r e l i s t e d by 

week i n Appendix I I . 
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Three go/no-go d e c i s i o n p o i n t s o c c u r i n the p l a n . These " h u r d l e s " 

must be overcome b e f o r e p r o c e e d i n g t o the subsequent segment i n the 

p l a n . C o s t s o f each segment a r e o u t l i n e d i n the f o l l o w i n g budget 

s e c t i o n . 

4. BUDGET 

C l e a r go/no-go d e c i s i o n p o i n t s have been d e f i n e d i n the p l a n n e d 

F e a s i b i l i t y S t u d y . There a r e f o u r p l a n n e d segments and t h r e e d e c i s i o n 

p o i n t s : 

#1 about the t h i r d week o f A p r i l a f t e r a budgeted $6,050 has 

been s p e n t . 

#2 about the end o f May a f t e r a budgeted a d d i t i o n a l amount o f 

$33,650 has been s p e n t . 

#3 about raid-June a f t e r a budgeted a d d i t i o n a l amount o f $36,200 

has been s p e n t . A t h i r d d e c i s i o n t o p r o c e e d e s s e n t i a l l y 

a p p r o v e s a f u r t h e r $17,900 e x p e n d i t u r e . T r a v e l - m e e t i n g c o s t s i n 

A s i a and t h e U.S. may be j u s t i f i a b l e r e s u l t i n g i n an a d d i t i o n a l 

$30,000 e x p e n d i t u r e . 

I f r e s e a r c h i n t o European T e c h n o l o g y i d e n t i f i e s a f e a s i b l e t i l e 

m a n u f a c t u r i n g p r o c e s s t h e n t h i s w ould p r e c l u d e A s i a n and U.S. m e e t i n g s 

e s t i m a t e d t o c o s t $30,000 even g i v e n p o s i t i v e A s i a n and A m e r i c a n t e s t 

r e s u l t s . A m e r i c a n m e e t i n g s a l o n e would c o s t a p p r o x i m a t e l y $10,500 and 

would a l s o r e q u i r e j u s t i f i c a t i o n . 
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The budgeted c o s t o f the F e a s i b i l i t y Study i s e s t i m a t e d a t $103,800. 

I f A s i a n and American m e e t i n g s a r e n e c e s s a r y t h e budget r i s e s t o 

$133,800. I f A m e r i c a n m e e t i n g s a r e j u s t i f i a b l e t h e n the t o t a l s t u d y 

c o s t i s e s t i m a t e d a t $114,300. 

The c o s t d e t a i l s o f each segment i n the p l a n a r e i l l u s t r a t e d i n 

Appendix I I . 



APPENDIX I 

FEASIBILITY STUDY SCHBDOLB 

DATS 
MARCH 

10 20 30 
APRIL 

10 20 30 
MAT 

10 20 30 10 20 30 10 
JULY 
20 30 

PROPOSED FEASIBILITY STODT 

2.1 CURRENT PLANT O0MFIGORATIQM 
Appraisal of technology, plant design, 
costs 

2.2 ctnuonrr PLANT MODIFICATION 
Identify modifications ft/or equip­
ment changes to current plant to 
achieve targets costs ft production 

Ship jade to positive respondents 
for tests 

Pilot tests (Europe) 

s 

2.3 
Identify alternate processes/plants/ 
equipment to achieve target costs 
ft production 

Ship jade to positive respondents 
for tests 

Pilot tests (Europe ft Asia) 

2.4 
Data reduction ft analyses, options 
generation, 0.8. ft Asian meetings 
i f warranted 

Preparation of written report with 
conclusions ft recommendations. 

* Decision points to proceed with study or suspend i f responses negative. 

1. Decision to ship jade for tests only i f appropriate positive responses received. 

2. Decision to proceed with study i f any positive tests results obtained from European tests. 

3. Decision to meet with U.S. ft Asian manufacturers i f warranted from U.S. ft Asian test results ft European test results. 



APPENDIX II 

SCHEDULED PERSONNEL AND ACTIVITIES 

TIME INTERVAL ACTIVITIES 

March 10 to April 20 Prepare l i s t of contacts for t i l e manufacturing. Initiate inquiries ft await 
responses regarding manufacturing tests with equipment manufacturers ft t i l e 
producers. (Research ends i f no positive responses.) *1 

April 21 to May 30 Ship jade to positive respondents for test cutting, lapping, polishing. Await 
results of test manufacturing. (Research ends i f no positive respondents.) *2 

Research and organise information on Mohawk's t i l e manufacturing process, 
processing equipment, costs and plant design. 

June 1 to June 30 Meet with European manufacturers who have demonstrated that they are able to 
produce tiles/slabs of acceptable quality. 

Reduction and appraisal of test data. (Research and appraisals end i f 
negative.) *3 
Additional meetings (Asia and/or U.S.A.) i f warranted. 

July 1 to July 15 Prepare report including a l l data related to t i l e manufacturing and information 
unearthed during the study pertinent to t i l e manufacturing, marketing, 
distribution and volume jade sales and/or consumption. Conclusions and 
recommendations w i l l be significant, mandatory sections of the report. 

* Decision Points to continue or discontinue study. Require positive feedback 
for continuity. 

Note: (1) Consultants's expenses include 2 to 3 trips from Toronto to Vancouver return. 
(2) Salaries reduced to per diem rates and applied only when working on study. 

ft 00BT8 

Salaries for Smith, Naldner, 
Consultant 
Expenses 

Freight ft test costs 

Salaries for Smith, Naldner 
Bland 

Salaries for Smith, Naldner 
Consultant 
Travel ft Expenses 

Salaries for Smith, Naldner 
Consultant 
Expenses 
(Travel ft Expenses) 

Salaries for Smith, Naldner 
Bland, Consultant 
Expenses 
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MINERALS DIVISION 
BUDGET DETAILS 

Costs From Study Start-up to Decision Point #1 
Personnel: Consultant 10 days @ 190/day « 

M. Waldner 5 days @ 250/day « 
J . Smith 10 days § 190/day = 

Bxpenses: (Consultant & misc.) 

1,900 
1,250 
1,900 
1,000 $ 6,050 

Costs From Decision Point #1 to #2 
Personnel: Consultant 15 days § 190/day = 

M. Waldner 15 days @ 250/day = 
J . Smith 20 days @ 190/day * 
B. Bland 10 days @ 100/day = 

Test Work: 
Freight: 
Expenses: 

2,850 
3,750 
3,800 
1,000 

15,000 
5,000 
2,250 33,650 

Costs From Decision Point #2 to #3 
Personnel: Consultant 20 days @ 190/day = 

M. Waldner 20 days G 250/day = 
J . Smith 20 days @ 190/day « 
B. Bland 10 days @ 100/day = 

Travel: (Europe) 
Expenses: 

3,800 
5,000 
3,800 
1,000 

18,800 
3,800 36,200 

Costs From Decision Point #3 to Study Conclusion 
Personnel: Consultant 20 days @ 190/day = 

M. Waldner 20 days § 250/day = 
J . Smith 20 days § 190/day * 
B. Bland 10 days e 100/day » 

Expenses: 
Contingencies 

3,800 
5,000 
3,800 
1,000 
4,300 17,900 

10,000 

Travel: (U.S.) 
(Asia) 

(10,500) 
(19,500) 

TOTAL $ (133,800) $103,800 



APPENDIX III 

B.C. HYDRO - POWER COST ESTIMATES 

B r i t i s h C o l u m b i a Hydro and Power A u t h o r i t y p r o v i d e d e s t i m a t e s f o r e l e c t r i c a l 
e nergy c o s t s and peak demand c h a r g e s . These e s t i m a t e s were used t o d e t e r m i n e 
p l a n t e l e c t r i c a l c o s t s . 

1. ENERGY COST 

KWH COST PER KWH 

0 t o 275 7.47<? 
276 t o 6725 5.51<? 
6725 t o 29725 4.08$ 
+29728 2.64C 

2. DEMAND CHARGE 

KW COST PER KW 

1 s t t o 35 NO CHARGE 
36 t o 115 $3.13 
+115 $6.01 

Power f a c t o r p e n a l t i e s may a p p l y i f p l a n t d e s i g n i n e f f i c i e n t . 

Minimum monthly c h a r g e o f $11.09 and a b a s i c c h a r g e o f $3.91 p e r month. 

Minimum c h a r g e e q u a l t o 50 p e r c e n t o f maximum demand c h a r g e measured 
between November 1 s t and March 3 1 s t . 



APPENDIX IV 

MOHAWK JADE TILE PLANT EQUIPMENT 

1. Do A l l Model 70 1/D - M i c r o S l i c e r 

2. Speedfam Model SNG 32 SPAW - P o l i s h e r s (2) 

3. Speedfam Model SNF 48 BTAW - Lapper 

4. Dayton S p e e d a i r 5 h.p. A i r Compressor 

5. Do A l l S u r f a c e G r i n d e r 

6. Bench G r i n d e r 

7. Lapper S o l u t i o n C o n d i t i o n e r Tank 

8. Lapper R e c l a i m Tank 

9. S m a l l T o o l s , Pumps & M o t o r s , S c a l e , Washer 

San J o s e P l a n t i t e m s 1 - 9 $103,490.00 

10. V e r t i c a l S p i n d l e Grinder-MAS Model BRV70 52,700.00 

11. P l a t f o r m S c a l e 3,140.00 

12. H y d r a u l i c 48 I n c h Diameter B l o c k i n g Saw Complete 33,500.00 
W i t h One B l a d e 

13. Overhead Crane I n c l u d e d T r o l l i e s 15,640.00 

14. R a d i a l Arm Saw (B&D 16") 6,080.00 

15. G a s o l i n e Motor Powered F o r k l i f t ( F.M.V.) 2,000.00 

TOTAL $216,550.00 



APPENDIX V 

STONE-WORKING INDUSTRY COMPANIES 



W e s t g e r m a n y 

Firma 
Krupp-Polysius AG 
Baustofftechnik 
D~ 472o Beckum/W«Germ. 

Telefax: (o2525) 71-21 
Telex: 8 9 431-0 

Planning,consultancy and 
erection of complete plants 
the manufacture of building 
stone and si m i l a r products. 

for 

Firma 
Porsfeld GmbH & Co Betriebs KG 
Hauptstrasse 3 o 

0 - 8 3 9 9 Ruhstorf(Rott) W.Germ. 
Telex: 5 7 2 8 3 

Hydraulic rock d r i l l i n g equipment, 
cleaving units and machines; 
planning of complete quarries * 

Firma 
Fickert KG 
Mas chinenfabrik 
Lohbachstrasse 3 
D- 8 6 7 6 Schwarzenbach/W.Germ. 

Telex: 6 43 818 

Stoneworking machines such aa 
sawing,milling and grinding 
machines,special machines, 
complete production l i n e s , 
grinding,polishing and cutting 
discs for stoneworking. 

Firma 
Arbes KG 
Mas chinenfabrik 
Bruchgarten 1-5 
D-591o Kreuztal-Krombach/W.Germ. 
T e l . : (02732)8712 
no telex # 

Stone-cutting, multiple-blade 
saws, frames, stone gang saws, 
c i r c u l a r stone-saws and stone-
m i l l i n g machines. 

Firma 
Carl Meyer KG 
Steinbearbeitungs-Mas chinenfabrik 
Kraussoldstrasse 1 9 
D - 8 5 9 o Marktredwitz/ W.Germ. 

Telex: 6 41 274 meyer d 

basic same fa b r i c a t i o n rpoducts 
l i k e Fickert KG 

Firma 
A* Volkenborn Maschinenfabrik 
Hauptstrasse 13 
D- 5620 Velbert ll(Langenberg) 

Building s i t e c i r c u l a r saws 
and masonry saws 

W.Germ. 

Telex: 8 516 717 



A u s t r i a 

Manufacturers of machinery for stoneindus t r y # 

Unfortunately the austrian l i t e r a t u r e and l i b r a r y infos 
are not s p e c i f i c to find out, which p a r t i c u l a r machine 
they produce, Basic any type of specialmade equipment f o r 
s toneind\Ary • 

Firma 
Johann Leinweber 
Industriegelaende Nord 
A-27oo Wiener Neustadt/Austria 

Telex: 0 I 6 - 6 5 7 

Firma 
Austrcplan Telex: 1 32997 
Oesterr .Planungsges •m,b,H. 
Linke Wienzeile 234 
A-1150 Wien/ Austria 

Firma 
Anderle Karl Telex: no 
Werkzeugmaschinenbau Telefon: 07252/ 632 63 
Gleinker Hauptstr.3 
A-44o7 Steyr/ Austria 

Firma 
Mannsberger Eduard Ing.Ges.n.b.H. Telex: o l 4 - 4 4 6 
Hauptstr. 44 
A-2544 Leobersdorf/Austria 



W e s t g e r m a n y 

Firma 
Otto Suhner GmbH 
Bauvereinstr,13 
D - 7 8 8 0 Bad Saeckingen 1/Kest Germ. 

the f o r m e r , d r i l l feed 
units, special-purpose 
machines. 

F l e x i b l e shaft-machine 
tools for stone-dressing 
tools and attachments for 

Telex: 7 92 32o 

Firma 
KKD Humboldt Wedag AG 
Wiersbergs trasse 
D-5ooo Koeln 91/W.Germ. 

Telefax: (o221) 8 23-72 4o Group 3 
Telef: (o221) 8 23-0 
Telex: 8 812-0 

This company is specialised i n : 
Machines and plants for processing raw materials and minerals, 
plants f o r the production of quarry products . 

Most of the companies on page -1- are also involved i n s e t t i n g 
up of complete plants and production streets for the stone 
industry. 

I f you need more informations i n the miningindustry, concerning 
the Jade-quarry by i t s e l f , p i s . l e t me know. 
These would be complete d i f f e r e n t types of manufacturers. 



W e s t g e r m a n y 

Firma 
Martin Kolb Stonecutting machinery 
Mas chinenbau 
Zeughausweg 26 
D-79o5 Dietenheira i/W.Gernu 

Telex: 7 12 295 kolb d 

Firma 
Eisenwerk Hensel Bayreuth complete l i n e of stone-
Dipl,Ing.Burkhardt GmbH working machinery and tooles. 
Kathenaustrasse 47 
D-852o Bayreuth/ W.Gerra. ' 

Telex: 6 42 823 

Firma 
Robert Schlatter GmbH k Co 
Mas chinenfabrik 
Dettinger Str.82 
D^7312 Kirchheim(Teck) 

T e l . : (o7o21) 5 47 3o 

Machinery for working natural 
and a n t i f i c i a l stone. 

Firma 
Petzing k Hartmann Pehaka-bandsaws for a l l sawing 
Mas chinenf abrik GesnbH & Co KG problems, and sawing i n s t a l l a t i o n * 
Leipziger S t r . 153-163 
D-35oo Kassel-Bettenhausen 

Telex: 9 9 668 

Firma 
Schindler 
Steinbearbeitungsmas chinen 
Anlagentechnik GmbH 
Donaus t a u f e r s t r , 15 o 
D-8400 Regensburg/W.Germ. 

Telex: 6 5 639 

Building f.above-ground buildg. 
and c i v i l underground working; 

r o c k - s p l i t t e r s 

Machinery and plant for slabs 
and steps. 

Firma 
Helmut Darda Maschinenbau 
D-7712 Blumberg(Baden) l/W#Germ, 
Telex: 921 219 


