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I N T R O D U C T I O N  

E l c o  M i n i n &  L t d . ,  a C a n a d i a n  company w h i c h  h a s  b e e n  r e g i s -  

t e r e d  2.n t h e  P r o v i n c e  o f  B r i t i s h  C o l u m b i a ,  r e p r e s e n t s  a 

c o n s o r t i u m  o f  E u r o p e a n  s t e e l  p r o d u c e r s .  T h i s  company,  on 

b e h a l f  o f  t h e  E u r o p e a n  c o n s o r t i u m  a n d  S c u r r y - R a i n b o w  O i l  

L i m i t e d ,  i s  e x a m i n i n g  t h e  f e a s i b i l i t y  o f  m i n i n g  and  p r o c e s s i n g  

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

I f  t h e  p r o j e c t  i s  b r o u g h t  i n t o  o p e r a t i o n  a s u b s t a n t i a l  p a r t  

of  i t s  c o a l  p r o d u c t i o n  w i l l  b e  consumed b y  t h e  E u r o p e a n  s t e e l  

m i l l s ,  t h u s  o p e n i n g  a n  a d d i t i o n a l  m a r k e t  f o r  W e s t e r n  C a n a d i a n  

c o k i n g  c o a l s  o v e r s e a s .  

I t  i s  a n  o b j e c t i v e  o f  t h e  c o n s o r t i u m  and  E l c o  M i n i n g  L t d . ,  

r e s p e c t i v e l y ,  to d e v e l o p  t h e  c o a l  p r o p e r t y  i n  c l o s e  c o c p e r a -  

t i o n  w i t h  a g r o u p  o f  C a n a d i a n  p a r t n e r s  a t  p r e s e n t  r e p r e s e n t e d  

b y  S c u r r y - R a i n b o w  O i l  L i m i t e d t H o m e  Oil L t d . ,  a n d  to s e r v e  a l s o  

t h e  g r o w i n g  demands  o f  t h e  C a n a d i a n  m a r k e t  f o r  i n d i g e n o u s  

c o a l .  

I n  t h e  c o u r s e  o f  t h e  a c q u i s i t i o n  o f  a 5 0 %  e q u i t y  i n  t h e  p r o -  

j e c t  b y  E l c o  M i n i n g  L t d .  f r o m  M o r r i s o n - K n u d s o n  Company I n c .  

o f  t h e  U n i t e d  S t a t e s ,  c e r t a i n  g e o l o g i c a l  and  q u a l i t y  t e s t w o r k  

b e c o m e s  n e c e s s a r y  i n  a d d i t i o n  to p r e v i o u s  i n v e s t i g a t i o n s  i n  

o r d e r  t o  b e  a s s u r e d  o f  c o a l  r e s e r v e s  a n d  c o k i n g  q u a l i t i e s ,  t o  

s a t i s f y  t h e  q u a l i t y  r e q u i r e m e n t s  o f  t h e  C a n a d i a n  a n d  E u r o p e a n  

c o n s u m e r s  a n d  to e n a b l e  E l c o  M i n i n g  L t d .  t o  do t h e  mine  p l a n n i n g  

a n d  d e s i g n  work  f o r  t h e  d e v e l o p m e n t  o f  a n  o p e n  p i t  m i n e .  

B e f o r e  g r a n t i n g  of  e x p l o r a t i o n  a n d  r e c l a m a t i o n  p e r m i t s  t h e  

M i n i s t e r  f o r  M i n e s  a n d  P e t r o l e u m  R e s o u r c e s  of  B r i t i s h  C o l u m b i a  



r e q u e s t e d  t h e  e l a b o r a t i o n  o f  a n  e n v i r o n m e n t a l  p l a n n i n g  con-  

c e p t  f o r  t h e  p e r i o d  d u r i n g  a n d  a f t e r  o p e r a t i n g  a m i n e  i n  

t h e  u p p e r  E l k  V a l l e y .  

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

i s  s p e c i f i c a l l y  d e p e n d e n t  o n  t h e  a p p l i e d  m i n i n g  m e t h o d ,  t h e  

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

n e c e s s a r y ,  a t  t h i s  s t a g e  o f  c o n s i d e r a t i o n .  

The  p r e s e n t  e x t e n t  of  o u r  k n o w l e d e e  e c a b l e s  u s  t o  d e v e l o p  

o n l y  p r e l i m i n a r y  c o n c l u s i o n s  w i t h  r e s p e c t  t o  t h i s  b a s i c  

m i n i n g  c o n c e p t .  However ,  t h i s  k n o w l e d g e  i s  s u f f i c i e n t  t o  

show t h a t  o p e r a t i o n s  c a n  b e  s a t i s f a c t o r i l y  c a r r i e d  o u t  o n  t h e  

E l k  R i v e r  d e p o s i t  e v e n  u n d e r  t h e  r e l a t i v e l y  c o m p l i c a t e d  

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

T h i s  r e p o r t  h a s  b e e n  p r e p a r e d  f o r  s u b m i s s i o n  t o  t h e  M i n i s t e r  

o f  Mines  a n d  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  C o l u m b i a  i n  

o r d e r  t o  s t r e s s  t h e  c o n s i d e r a b l e  c o n c e r n  o f  E l c o  M i n i n g  L t d .  

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

i n  c o n j u n c t i o n  w i t h  t h e i r  p r o j e c t ,  a r d  t o  s e e k  t h e  c l o s e  

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

p u b l i c .  

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

t h e  p u r p o s e  o f  o b t a i n i n g  a medium q u a l i t y  c o k i n g  c o a l  b l e n d ,  

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

d e v e l o p m e n t  on t h e  e n v i r o n m e n t .  T h e  c o n c e p t  p r o v i d e s  m e a s u r e s  

t o  p r o t e c t  t h e  e n v i r o n m e n t  a n d  t h e  e n v i r o n m e n t  w i l l  b e  e n -  

h a n c e d  i n  t h e  f u t u r e  i n  c e r t a i n  a s p e c t s  b y  new f e a t u r e s  a d d e d  

t o  t h e  l a n d s c a p e .  

An o p e n p i t  m i n e  w i l l  p r o v i d e  1 1 2  m i l l i o n  s h o r t  t o n s  ( 1 0 2  



m i l l i o n  t o n n e s )  of  c o a l  a t  a r a t e  o f  f o u r  m i l l i o n  s h o r t  t o n s  

( 3 , 6 2 8 , 0 0 0  t o n n e s )  o f  c l e a n  c o a l  p e r  y e a r  f o r  a p e r i o d  o f  a t  

l e a s t  28 y e a r s .  I t  w i l l  employ  a b o u t  1 , 1 0 0  p e o p l e ,  a n d  re- 

q u i r e  a n  e x p a n s i o n  o f  t h e  town o f  E l k f o r d  t o  accommoda te  i n  

t h e  o r d e r  o f  a n  a d d i t i o n a l  6 , 0 0 0  p e o p l e .  Highway and  r a i l -  

way c o n n e c t i o n s  t o  t h e  m i n e s i t e  w i l l  b e  c o n s t r u c t e d .  

The  h i g h w a y  w i l l  p r o v i d e  i m p r o v e d  a c c e s s  t o  t h e  n o r t h e r n  

p o r t i o n  o f  t h e  E l k  R i v e r  V a l l e y ,  a n d  t h e  r e c l a i m e d  m i n i n g  

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

p r e v i o u s l y  a v a i l a b l e  i n  t h e  a r e a .  T h e s e  f e a t u r e s  i n c l u d e  

s i x  l a k e s  and  p o n d s  h a v i n g  a n  a r e a  o f  660  a c r e s  ( 2 6 7  h a . )  

In a d d i t i o n  t o  t h e  o p e n  p i t  c o n c e p t  d i s c u s s e d  i n  t h i s  r e p o r t ,  

t h e r e  e x i s t s  t h e  p o s s i b i l i t y  t o  a l s o  d e v e l o p  c e r t a i n  a r e a s  

b y  u n d e r g r o u n d  m e t h o d s .  S t u d i e s  i n  t h i s  r e g a r d  w i 1 . l  b e  u n d e r -  

t a k e n  in t h e  f u t u r e  b e c a u s e  u n d e r g r o u n d  m i n i n g ,  w h e r e  f e a s i -  

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

a c c e s s i b l e  b y  o p e n  p i t  m e t h o d s .  

W h i l e  u n d e r g r o u n d  m i n i n g  may o f f e r  g r e a t  p o t e n t i a l  f o r  t h e  

f u t u r e ,  i t  d o e s  n o t  p r o v i d e  a v i a b l e  b a s i s  i n i t i a l l y  f o r  

d e v e l o p i n g  t h i s  p r o j e c t  f o r  t h e  p u r p o s e s  d e s i r e d .  O p e n i n g  up 

t h e  E u r o p e a n  m a r k e t  f o r  W e s t e r n  C a n a d i a n  c o a l  r e q u i r e s  l a r g e  

t o n n a g e  f r o m  t h e  v e r y  o u t s e t  o f  o p e r a t i o n s .  The r e a s o n  f o r  

t h i s  i s  t h e  g r e a t  t r a n s p o r t a t i o n  d i s t a n c e  t o  E u r o p e  r e q u i r -  

i n g  s h i p m e n t  b y  l a r g e  s c a l e  b u l k  c a r r i e r s  t r a v e l l i n g  on a 

r e g u l a r  s c h e d u l e .  

L a r g e  s c a l e  i n i t i a l  o p e r a t i o n s  a r e  n o t  p o s s i b l e  b y  u n d e r g r o u n d  

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

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

i s  r e q u i r e d  f o r  u n d e r g r o u n d  w o r k .  S i n c e  t h e s e  s k i l l e d  men 



a r e  n o t  a v a i l a b l e ,  many  y e a r s  o f  o p e r a t i n g  a p i l o t  t r a i n i n g  

m i n e  a r e  r e q u i r e d  to g r a d u a l l y  b u i l d  t h e  n e c e s s a r y  s k i l l s  

a n d  o u t p u t .  

S t u d i e s  to d a t e  s u g g e s t  t h a t  t h e  v a r i a b i l i t y  i n  t y p e  o f  c o a l s  

r e q u i r e s  a p r e p a r a t i o n  p l a n t  c o n t a i n i n g  m o r e  t h a n  o n e  p r o -  

c e s s i n g  c i r c u i t ,  w i t h  c o a l  f r o m  v e r y  many  d i f f e r e n t  s e a m  

s o u r c e s ,  a l l  c o m b i n e d  b e y o n d  t h e  v a r i o u s  c i r c u i t s  to p r o d u c e  

a q u a l i t y  c o k i n g  p r o d u c t .  T h e  m u l t i p l e  c i r c u i t  c o n c e p t  

r e q u i r e s  l a r g e  s c a l e  p r o d u c t i o n  t o  p r o v i d e  a n  e c o n o m i c a l l y  

v i a b l e  p r e p a r a t i o n  p l a n t ;  a l s o  t h e r e f o r e ,  o p e n  p i t  c o a l  p r o -  

d u c t i o n  i s  t h e  o n l y  m e t h o d  w h i c h  w i l l  p r o d u c e  t h e  b l e n d  

r e q u i r e d  b y  t h e  m a r k e t  a n d  l a r g e  v o l u m e  to w a r r a n t  t h e  c o m p l e x  

p l a n t  c o n s t r u c t i o n .  

A n o t h e r  r e a s o n  to c o m m e n c e  m i n i n g  b y  o p e n  p i t  m e t h o d s  i s  

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

i n  t h e  o r d e r  o f  8 5  to 9 5 %  a s  c o m p a r e d  to p o s s i b l y  3 0 %  

r e c o v e r e d  f r o m  t h e  r e d u c e d  n u m b e r  a n d  p o r t i o n  o f  seams w h i c h  

c a n  b e  m i n e d  b y  u n d e r g r o u n d  m e t h o d s .  

When o n e  c o n s i d e r s  t h e  b e n e f i t  to t h e  e c o n o m y  o f  t h i s  l a r g e  

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

v a l u a b l e  r e s o u r c e  f r o m  a n  a r e a  w h i c h  i s  m o s t  f a v o u r a b l e  to 

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

e x i s t i n g ,  i t  c a n  b e  c o n c l u d e d  t h a t  t h e  o p e n  p i t  i s  t h e  w a y  

to p r o v i d e  t h e  e c o n o m i c  b a s e  f o r  t h e  o r d e r l y  d e v e l o p m e n t  o f  

t h e  u n d e r g r o u n d  o p e r a t i o n ,  t h u s  p r o v i d i n g  maxi.mum r e s o u r c e  

r e c o v e r y  a n d  t h e  b e n e f i t  o f  many  d e c a d e s  o f  f u t u r e  p r o d u c t i  

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

It i s  t h e  d e f i n i t e  i n t e n t i o n  o f  E l c o  M i n i n g  L t d .  w i t h i n  

t h e i r  l o n g - t e r m  p l a n n i n g  to d e v e l o p  a n  u n d e r g r o u n d  t e s t  m i n e  

o p e r a t i n g  w h t h  h y d r a u l i c  m e h t o d s  as  soon a s  t h e  o p e n  p i t  i s  



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

The r e p o r t  on " M i n i n g  and  E n v i r o n m e n t a l  P l a n n i n g  C o n c e p t s "  

i s  s u b m i t t e d  i n  two v o l u m e s ;  t h e  f i r s t  c o n t a i n s  t h e  t e x t  of  

t h e  r e p o r t  w h e r e a s  t h e  s e c o n d  c o n t a i n s  A p p e n d i c e s  t o  b o t h  

t h e  M i n i n g  a n d  E n v i r G n m e n t a l  P l a n n i n g  C o n c e p t s  s e g m e n t s  o f  

t h e  r e p o r t .  L a r g e  s c a l e  d r a w i n g s  a r e  p r e s e n t e d  a t  a s c a l e  

o f  1 " = 4 0 0 ' ,  w h i l e  t h e  E n v i r o n m e n t a l  P l a n n i n g  C o n c e p t s  d r a w i n g s  

a r e  p r e s e n t e d  a t  a s c a l e  o f  1"=800" .  A l l  l a r g e  s c a l e  d raw-  

i n g s  a r e  a l s o  i n c l u d e d  a s  r e d u c t i o n s  i n  t h e  bound v o l u m e s .  

We s h o u l d  l i k e  t o  e x p r e s s  o u r  s i n c e r e  a p p r e c i a t i o n  t o  

Techman L t d . ,  e s p e c i a l l y  t o  M r .  C . J .  A b b o t t  and  M r .  E . J .  

B l a z e n k o ,  f o r  t h e i r  c l o s e  c o o p e r a t i o n  a n d  e f f i c i e n t  work  i n  

p r e p a r i n g  t h i s  r e p o r t .  

E L C O  M I N I N G  L T D .  C A L G A R Y ,  A L B E R T A  

May, 1 9 7 5  



ACKNOWLEDGEMENTS 

Exploration und Bergbau GmbH personnel who contributed 

technical data and interpretative assistance on various 

aspects of the study are: 

Dr. G.F. Lange - Director, Coal Department, 
Exploration und Bergbau GmbH, 

Dusseldorf 

Mr. B. Harth 

D r .  H. Gruss 

- Executive Assistant, 
Exploration und Berghau GmbH, 

Dusseldorf 

- Manager, 
Exploration und Bergbau GmbH, 

Calgary, Canada 

Dr. J .  Stobernack - Chief Geologist, 
Exploration und Bergbau GmbH, 

Calgary, Canada 

Techman Ltd. professional and technical personnel responsi- 
ble for investigations and report preparation are: 

Mr. C.J. Abbott - Manager, Special Studies 
Mr. E.J. Blazenko - Manager, Environmental/ 

Geotechnical Programs 

Mr. J.G. Bruce, - Manager, Operations 
Nr. T . J .  Fujino - Geotechnical Engineer 
Mr. L. Gabert - Engineer 
Mr. J . A .  Kuhn - Terrestrial Ecologist 



M r .  B .  L e e c e  - E n g i n e e r  

M r .  B .  M a r t e n s  - B i o l o g i s t  

M r .  B .  Raymond - C o a l  P r e p a r a t i o n  E n g i n e e r  

M r .  E . R .  R u t l e d g e  - A q u a t i c  E c o l o g i s t  

O t h e r  p r o f e s s i o n a l  a n d  t e c h n i c a l  Techman p e r s o n n e l  who c o n -  

t r i b u t e d  t e c h n i c i a n  and  d r a f t i n g  s u p p o r t  t o  t h e  g r a p h i c  

p r e s e n t a t i o n s  o f  t h e  r e p o r t  i n c l u d e :  F .  B e l a v y ,  H .  C l a r k ,  

K .  G r e l l ,  G .  d e  J o n g ,  J. K a s s a y - F a r k a s ,  V .  L a m b e r t ,  Leo  

v a n  d e r  B u r g h ,  a n d  D .  W h i t e .  S p e c i a l  m e n t i o n  s h o u l d  a l s o  

go t o  A n d r a s  H o r d o s  o f  D i s p l a y  I n d u s t r i e s  who p r e p a r e d  t h e  

l a r g e  s c a l e  a r t i s t  r e n d e r i n g .  

T h i s  r e p o r t ,  b a s e d  upon o f f i c e  s t u d i e s  a n d  l i m i t e d  f i e l d  

o b s e r v a t i o n s ,  was  c o m p i l e d  a n d  p r e p a r e d  d u r i n g  1 9 7 4  a n d  1 9 7 5 .  

D u r i n g  t h i s  p e r i o d ,  c o o p e r a t i o n  a n d  a d v i c e  w a s  r e c e i v e d  f r o m  

many i n d i v i d u a l s  a n d  a g e n c i e s ,  some o f  whom a r e  l i s t e d  b e l o w :  

B r i t i s h  C o l u m b i a  D e p a r t m e n t  o f  Mines & P e t r o l e u m  

Re s o u r c  e s 

B r i t i s h  C o l u m b i a  F o r e s t  S e r v i c e  

B r i t i s h  C o l u m b i a  F i s h  a n d  W i l d l i f e  S e r v i c e  

N o r t h e r n  F o r e s t  R e s e a r c h  C e n t e r  

E n v i  r o nmen t Can a d a 

W a t e r  S u r v e y  o f  Canada  

C a n a d i a n  W i l d l i f e  S e r v i c e  

D e p a r t m e n t  o f  R e g i o n a l  Economic  E x p a n s i o n  



SUMMARY 

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

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

s i t u a t e d  i n  t h e  u p p e r  E l k  R i v e r  V a l l e y  o f  e a s t e r n  B r i t i s h  

C o l u m b i a .  

The  r e p o r t  h a s  b e e n  p r e p a r e d  t o  p r o v i d e  t h e  Governmen t  o f  

t h e  P r o v i n c e  of B r i t i s h  C o l u m b i a  w i t h  t h e  n e c e s s a r y  i n f o r m a -  

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

p i t  m i n e  d e v e l o p m e n t .  

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

1 .  The  d i v e r s i o n  o f  t h e  E l k  R i v e r  d u r i n g  t h e  l i f e t i m e  

o f  t h e  o p e n  p i t  m i n e  f o r  a d i s t a n c e  o f  1 . 4 6  m i l e s  

( 2 . 3 5  km) t h r o u g h  a t u n n e l  and  f o r  2 . 7 4  m i l e s  ( 4 . 4 1  km) 

i n  a n  o p e n  a r t i f i c i a l  r i v e r  b e d ,  a l s o  t h e  d i v e r s i o n  

o f  s m a l l  w a t e r c o u r s e s  a n d  Weary C r e e k .  

2 .  T h e  a d d i t i o n  t o  t h e  a r e a  o f  6 l a k e s  a n d  p o n d s  t o t a l l i n g  

660  a c r e s  ( 2 6 7  h a ) .  

3 .  M i n i n g  a n  a r e a  3 . 9  m i l e s  ( 6 . 2 8  km) l o n g  w i t h i n  t h e  

v a l l e y  f l o o r  a n d  t h e  e a s t  v a l l e y  s l o p e ,  t o  a d e p t h  

o f  400  f e e t  ( 1 2 2  m) b e l o w  t h e  E l k  R i v e r ,  a n d  b a c k -  

f i l l i n g  a n d  l a n d s c a p i n g  o f  2 . 8 5  m i l e s  ( 4 . 5 9  km) o f  

t h e  p i t ,  l e a v i n g  a l a k e  1 . 0 5  m i l e s  ( 1 . 6 9  km) l o n g  

a n d  0 . 6 6  m i l e s  ( 1 . 0 6  km) w i d e  a t  t h e  s o u t h  e n d .  

4 .  C o n s t r u c t i o n  o f  a 490  a c r e  ( 1 9 8  h a )  t a i l i n g s  p o n d .  

5 .  C o n s t r u c t i o n  o f  4 3 . 8  n i l e s  ( 7 0 . 5  km) o f  r a i l w a y  t o  t h e  



( i i )  

mice a n d  3 3 . 4  m i l e s  ( 5 3 . 7  km) o f  h i g h w a y  t o  a n d  

a r o u n d  t h e  mine  s i t e .  

T h e  m i n e  w i l l  p r o d u c e  1 1 2 , 0 0 0 , 0 0 0  s h o r t  t o n s  ( 1 0 2 , 0 0 0 , 0 0 0  

t o n n e s )  o f  c l e a n  c o a l  o v e r  a p e r i o d  o f  2 8  y e a r s  a t  a r a t e  

o f  4 , 0 0 0 , 0 0 0  s h o r t  t o n s  ( 3 , 6 2 8 , 0 0 0  t o n n e s )  p e r  y e a r  a n d  

w i l l  e m p l o y  1100  p e o p l e .  The o v e r b u r d e n  r a t i o  i s  6 . 4 2  C U .  

y d s .  ( 5 . 4 1  m / t o n n e )  o f  o v e r b u r d e n  p e r  s h o r t  t o n  o f  raw 

c o a l  r e c o v e r e d  as a n  a v e r a g e  o v e r  t h e  l i f e t i m e  o f  t h e  m i n e .  

3 

The c o a l  s e a m s  a r e  composed  p r i n c i p a l l y  o f  18 g r o u p s  o r  

more  w i t h  4 0  t o  60  i n d i v i d u a l  members  t o  b e  m i n e d .  Q u a l i t y  

o f  t h e  s e a m s  i s  q u i t e  v a r i a b l e  a n d  c o k a b i l i t y  r a n g e s  f r o m  

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

t o  p r o d u c e  a q u a l i t y  c o k i n g  c o a l .  T h i s  c o m p l e x  seam s t r u c -  

t u r e  w i t h  i t s  a s s o c i a t e d  p a r t i n g s  o f  w i d e l y  v a r y i n g  t h i c k -  

n e s s e s ~  p o s e s  t h e  m a i n  p r o b l e m  t o  e c o n o m i c a l  m i n i n g ,  a n d  i s  

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

and  m e t h o d s  t o  b e  e m p l o y e d .  

The many s e a m s  a n d  p a r t i n g s  i n c r e a s e  t h e  r o c k  d i l u t i o n ,  a n d  

t h e  v a r y 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  o f  t h e  c o a l  r e q u i r e  a 

l a r g e  b l e n d i n g  a r e a ,  a n d  a p r e p a r a t i o n  p l a n t  d e s i g n  o f  two 

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

c l e a n  c o a l  r e c o v e r y .  

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

b e n c h  m i n i n g  f a c e  i s  a d v a n c e d  s o u t h w a r d  w i t h  m i n i n g  c o n c u r r e n t l y  

a c r o s s  8 b e n c h e s ,  e a c h  removed. i n  two 2 5  f o o t  ( 7 . 6  m) l i f t s ,  

w h i l e  a h e a d  o f  t h e  a d v a n c i n g  b o x  c u t  i n  t h e  v a l l e y  f l o o r  t h e  

m i n i n g  of  t h e  e a s t e r n  s l o p e  i s  c o m p l e t e d  a t  a r a t e  w h i c h  

k e e p s  a h e a d  o f  t h e  b o x  c u t  a n d  b l e n d s  t h e  low v o l a t i l e  c o a l s  

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



( i i i )  

v a l l e y  b o x  c u t .  R e c o v e r y  o f  a p p r o x i m a t e l y  5 0 0 , 0 0 0  s h o r t  

t o n s  ( 4 5 3 , 5 0 0  t o n n e s )  o f  raw c o a l  r e s u l t s  i n  a c y c l e  t h r o u g h  

a l l  s e a m s .  

The c h i e f  m i n i n g  p r o b l e m s  a r e :  

1 .  The e x t r e m e  v & r i a b i l i t y  i n  t h e  c o a l  s e a m  and  p a r t i n g  

t h i c k n e s s e s ,  w i t h  t h e  r e s u l t i n g  r e q u i r e m e n t  f o r  

s c h e d u l i n g  d i f f e r e n t  t y p e s  of  e q u i p m e n t  f o r  d i f f e r e n t  

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

w i t h i n  t h e  r e l a t i v e l y  s m a l l  amount  o f  w o r k i n g  s p a c e  

w h i c h  i t  i s  p r a c t i c a l  t o  make a v a i l a b l e .  

2 .  The n e e d  t o  r e c o v e r  t h e  t h i n n e r  s e a m s  w i t h  minimum 

d i l u t i o n  a n d  t o  b e  a b l e  t o  d o  t h i s  e f f e c t i v e l y  w i t h o u t  

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

A n a l y s i s  o f  t h e  m i n i n g  p r o b l e m s  showed. t h a t  l a r g e  e l e c t r i c  

s h o v e l s  c a n n o t  b e  e f f i c i e n t l y  o r  e c o n o m i c a l l y  e m p l o y e d  a s  

t h e  l o a d i n g  u n i t  on t h i s  p r o j e c t .  Maximum m o b i l i t y  i s  a b s o -  

l u t e l y  e s s e n t i a l .  

3 L a r g e  2 4  C U .  y d .  ( 1 8 . 4  m ) f r o n t  e n d  l o a d e r s ,  a n d  1 1 . 5  c u .  

y d .  ( 8 . 8  m ) h y d r a u l i c  s h o v e l s  h a v i n g  l o n g  r e a c h ,  t e a m e d  

w i t h  r u b b e r  t i r e  moun ted  10 5/8" r o t a r y  d r i l l s ,  a l l  d i e s e l  

p o w e r e d ,  w o r k i n g  2 5  f o o t  (7.G m) b e n c h e s ,  p r o v i d e  t h e  t o o l s  

t o  remove  a l l  c o a l  w i t h o u t  d o z i n g ,  a n d  t h e  m o s t  p r e c i s e  

c o n t r o l  o f  p a r t i n g s  s e p a r a t i o n  o f  t h e  4 0  i n c l i n e s  w h i c h  i s  

a v a i l a b l e .  

3 

0 

T h i s  m o b i l e  f l e e t  o f  e q u i p m e n t  t a i l o r e d  t o  j o b  c o n d i t i o n s  

w i l l  r e c o v e r  more  c o a l  a n d  w i l l  p r o d u c e  a p l a n t  f e e d  r e d u c e d  

i n  d i l u t i o n  t o  t h e  e x t e n t  t h a t  p l a n t  r e c o v e r y  s h o u l d  b e  a t  

l e a s t  1 0 %  h i g h e r  t h a n  t h a t  a c h i e v e d  by e m p l o y i n g  t h e  c o n v e n t i o n a l  



s h o v e l ,  d o z e r ,  f r o n t - e n d  l o a d e r  m i n i n g  m e t h o d .  

D u r i n g  t h e  i n i t i a l  6 y e a r s  o f  o p e r a t i o n  t h e  o v e r b u r d e n  

r a t i o  i s  8 . 3 7 : l  c u . y d  s . t .  ( 7 . 0 6  m / t o n n e )  V S .  6 . 4 2 : 1  

c u . y d .  s . t .  ( 5 . 4 1  m / t o n n e )  as a m i n e  a v e r a g e .  The  m o b i l e  

f l e e t  w i l l  b e  e m p l o y e d  i n  a more  c o m p l e x  i r i i - t i a l  p i t  d e v e l o p -  

men t  t h a n  i s  p o s s i b l e  w i t h  s h o v e l s .  T h i s  s cheme  h a s  n o t  y e t  

b e e n  d e v e l o p e d  i n  d e t a i l  and  i s  t h e r e f o r e  n o t  shown o n  t h e  

p l a n s  a c c o m p a n y i n g  t h i s  r e p o r t ,  b u t  by t h i s  means  we e x p e c t  

t o  i m p r o v e  t h e  i n i t i a l  c o a l  o u t p u t  a n d  t o  d e l a y  some o v e r -  

b u r d e n  r e m o v a l .  

3 

3 

When t h i s  p r o p o s e d  o p e n  p i t  o p e r a t i o n  h a s  r e a c h e d  f u l l  p r o d u c -  

t i o n  a n  u n d e r g r o u n d  m i n i n g  o p e r a t i o n  w i l l  b e  d e v e l o p e d ,  w h i c h  

h a s  t h e  p o t e n t i a l  t o  m a i n t a i n  o p e r a t i o n s  o n  t h i s  p r o p e r t y  f o r  

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

The “ E n v i r o n n e n t a l  P l a n n i n g  C o n c e p t s “  s e g m e n t  o f  t h e  r e p o r t  

p r e s e n t s  e n v i r o n m e n t a l  d e s c r i p t i o n  a n d  i m p a c t  c o n s i d e r a t i o n s  

r e l a t i v e  t o  t h e  p r o p o s e d  m i n i n g  c o n c e p t s  f o r  t h e  E l k  R i v e r  

C o a l  P r o j e c t .  I t  2150 c o n t a i n s  m i t i g a t i o n ,  r e c l a m a t i o n  a n d  

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

t h e  p r o p o s e d  m i n i n g  scheme .  T h e s e  c o n c e p t s  s h o u l d  b e  con-  

s i d e r e d  a s  p r i m a r y  a l t e r n a t i v e s  e v o l v i n g  f r o m  c a r e f u l  con-  

s i d e r a t i o n  b y  e n v i r o n m e n t a l  s c i e n t i s t s  and  e n g i n e e r s ,  b u t  

w h i c h  w i l l  b e  m o d i f i e d  a n d  r e f i n e d  t h r o u g h  a d d i t i o n a l  s t u d y  

a n d  g o v e r n m e n t  a n d  p u b l i c  i n p u t .  

C l i m a t e  and  a i r  q u a l i t y  c o n s i d e r a t i o n s  ( S e c t i o n  2 . 0 )  a r e  

e s p e c i a l l y  s i ~ n i f i c a n t  i n  p o l l u t i o n  c o n t r o l ;  t h e r e f o r e ,  p l a n t  

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

r e c o g n i z e d  as  a k e y  e l e m e n t  i n  t h e  p o l l u t i o n  c o n t r o l  p r o g r a m .  

D u s t  f r o m  m i n i n g  a c t i v i t y  m u s t  a l s o  b e  c o n t r o l l e d  i n  d i s t u r -  

b a n c e  a r e a s  a n d  i n  c o a l  p r o c e s s i n g  a n d  t r a n s p o r t  i n  t h e  



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

B e c a u s e  of  t h e  h i g h l y  s i g n i f i c a n t  h e a l t h  a n d  a e s t h e t i c  i m p a c t  

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

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

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

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

The  w a t e r c o u r s e s  ( S e c t i o n  3 .0 )  w i t h i n  t h e  a r e a  p o s s e s s  h i g h  

v e l o c i t y  a n d  p e a k i n g  c h a r a c t e r i s t i c s  w h i c h  a r e  d u e  t o  t h e  

s t e e p  g r a d i e n t s  o f  t h e  E l k  R i v e r  and  e s p e c i a l l y  i t s  t r i b u t a r -  

i e s .  T h e s e  g r a d i e n t s  a l s o  t e n d  t o  wash  s o l i d s  ( s u s p e n d e d  

a n d  b e d l o a d )  i n t o  t h e  w a t e r c o u r s e s .  

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

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

p o n d s  w i l l  l i k e l y  d e c r e a s e  t h e  p e a k  f l u c t u a t i o n s ,  s u s p e n d e d  

s o l i d s  and  b e d l o a d .  S u s p e n d e d  s o l i d s  f r o m  G a r d n e r  C r e e k  w i l l  

b e  m i n i m i z e d  b y  p a s s i n g  t h r o u g h  a s h a l l o w  l a k e .  A l l  d i v e r -  

s i o n  c h a n n e l s  w i l l  h a v e  some means  o f  t r a p p i n g  t h e  s e d i m e n t .  

F u r t h e r m o r e ,  t h e  E l k  R i v e r  c h a n n e l  c o n s t r u c t e d  o f  r i p r a p  

w i l l ,  i n i t i a l l y ,  c o l l e c t  a c o n s i d e r a b l e  q u a n t i t y  o f  s e d i m e n t .  

An a c t i v e  r e v e g e t a t i o n  p r o g r a m ,  k e e p i n g  p a c e  w i t h  m i n i n g ,  

w i l l  a l s o  h e l p  t o  m i n i m i z e  c r o s i o n  of  t h e  s l o p e d  a r e a s ,  con -  

s e q u e n t l y  t h e  s e d i m e n t  l o a d  o f  t h e  w a t e r c o u r s e s .  

The  o n l y  p o t e n t i a l  e f f e c t  t h e  t u n n e l  may h a v e  OIL t h e  w a t e r  

q u a l i t y  i s  t e m p e r a t u r e  c h a n g e ;  i t  my c a u s e  a d e c r e a s e  i n  t h e  

summer a n d  a n  i n c r e a s e  i n  t h e  w i n t e r .  

Geomorpho logy  a n d  g e o t e c h n i c a l  c o n s i d e r a t i o n s  ( S e c t i o n  4 . 0 )  

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

t o  s l o p e  s t a b i l i t y  f o r  s a f e t y  a n d  f a c i l i t a t i o n  o f  f i n a l  



r e c l a m a t i o n .  A e s t h e t i c s ,  h y d r o l o g y  a n d  r e l a t e d  e n v i r o n m e n -  

t a l  c o n s i d e r a t i o n s  w i l l  b e  a l t e r e d  a s  a r e s u l t  o f  t h e  

p r o j e c t .  However ,  t h e  l a n d f o r m  a s p e c t  o f  t h e  o v e r a l l  l a n d -  

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

r e c l a m a t i o n  i n  t h a t  r e l i e f  i s  low t o  m o d e r a t e  (maximum dump 

s l o p e s  2 5  ) ,  t h e r e b y  m i n i m i z i n g  e r o s i o n  a n d  r e v e g e t a t i o n  

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

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

f i s h ,  w i l d l i f e  a n d  r e c r e a t i o n  r e s o u r c e s .  

0 

S o i l s  ( S e c t i o n  5 . 0 )  w i l l  b e  s t r i p p e d  i n  s t a g e s  f r o m  s e l e c t e d  

p o r t i o n s  o f  t h e  5 , 0 7 5  a c r e s  ( 2 , 0 5 4  h a . )  c l e a r e d  a t  t h e  mine -  

s i t e .  T h i s  e l e m e n t  ( o r  g r o u p  e l e m e n t s )  i n  t h e  e c o l o g i c a l  

s y s t e m ,  i s  c r i t i c a l  in r e c l a m a t i o n  b o t h  f r o m  t h e  s t a n d p o i n t  

o f  r e v e g e t a t i o n  a n d  c o n t r o l  o f  a i r  a n d  wa te r  p o l l u t i o n .  S t e p s  

w i l l  b e  t a k e n  t o  s t o c k p i l e  m a t e r i a l s  w h i c h  may b e  u s e d  i n  

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

s u p e r i o r  i n  some r e s p e c t s  ( e s p e c i a l l y  h i g h e r  n u t r i e n t  l e v e l s )  

t o  t h e  e x i s t i n g  s o i l .  

The  e x i s t i n g  v e g e t a t i o n  ( S e c t i o n  6 . 0 )  i n  t h e  p r o j e c t  a r e a  i s  

s t r o n g l y  i r f l u e n c e d  by a f i r e  w h i c h  d e s t r o y e d  m o s t  o f  t h e  

v e g e t a t i o n  i n  1 9 3 6 .  Some good w i l d l i f e  h a b i t a t  e x i s t s ,  b u t  

much o f  t h e  m i n e s i t e  i s  c o v e r e d  w i t h  d e n s e  c o n i f e r  f o r e s t  

w h i c h  h a s  t i m b e r  p r o d u c t i o n  v a l u e  b u t  low c a r r y i n g  c a p a c i t y  

f o r  w i l d l i f e .  

Cocd w i l d l i f e  h a b i t a t ,  a more l i m i t e d  r e s o u r c e  i n  t h e  E a s t  

K o o t e n a y  r e g i o n  t h a n  t i m b e r ,  i s  s r - e a d i l y  d e c l i n i n g  d u e  t o  

f o r e s t  e n c r o a c h m e n t  i n  t h e  E l k  R i v e r  V a l l e y  a n d  e l s e w h e r e .  

F o r  t h i s  r e a s o n  a n d  f o r  e r o s i o n  c o n t r o l  a n d  w a t e r s h e d  a d v a n t -  

a g e s ,  q u a l i t y  w i l d l i f e  r a n g e  i s  e m p h a s i z e d  i n  r e c l a m a t i o n  

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



( v i i )  

The p r e s e n t  p o t e n t i a l  f o r  a q u a t i c  l i f e  ( S e c t i o n  7 . 0 )  i n  t h e  

E l k  R i v e r  a t  t h e  p r o p o s e d  m i n i n g  s i t e  i s  r a t h e r  l i m i t e d .  

The  s t e e p  g r a d i e n t  o f  e a c h  o f  t h e  w a t e r c o u r s e s  c a u s e s  a 

s w i f t  c u r r e n t  a n d  m i g r a t i o n  i s  b l o c k e d  o n  m o s t  o f  t h e  t r l b u -  

t a r i e s .  A l s o ,  t h e r e  a p p e a r s  t o  b e  a r e d u c t i o n  o f  m a c r o i n -  

v e r t e b r a t e  p r o d u c t i v i t y  i m m e d i a t e l y  d o w n s t r e a m  f r o m  t h e  

p r o p o s e d  m i n i n g  s i t e .  

The e x i s t i n g  f i s h e r i e s  o f  t h e  a r e a  w i l l  b e  p r o t e c t e d  by a 

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

M i g r a t i o n  o f  f i s h  t h r o u g h  t h e  t u n n e l  a n d  c u l v e r t s  w i l l  b e  

a i d e d  b y  b a f f l e s  a n d / o r  d e p r e s s i o n s  and  p o o l s .  I n i t i a l  con-  

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

a n d  o v e r w i n t e r i n g  h a b i t a t ,  t h u s  o f f s e t t i n g  t h e  r e d u c t i o n  o f  

h a b i t a t  d u r i n g  t h e  m i n i n g  p h a s e .  A l s o ,  t h e  l o w e r  e n d s  o f  

t h e  c r e e k s ,  d r a i n i n g  i n t o  t h e  l a k e ,  may b e  d e v e l o p e d  i n t o  

s p a w n i n g  c h a n n e l s .  F u r t h e r m o r e ,  t h e  new E l k  R i v e r  c h a n n e l  

w i l l  b e  b u i l t  w i t h  p o o l s  a n d  r i f f l e s ,  w h i c h  m a x i m i z e s  f i s h e r i e s  

h a b i t a t .  T h e r e f o r e ,  a t  m i n i n g  c o m p l e t i o n ,  a n d  p e r h a p s  w i t h i n  

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

b e  g r e a t e r  t h a n  t h e  t e m p o r a r y  l o s s  a t  t h e  o u t s e t .  

T h e  p r e s e n t  w i l d l i f e  h a b i t a t s  ( S e c t i o n  8 . 0 )  w i t h i n  t h e  

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

w i l d l i f e  p r o d u c t i v i t y .  P r e s e n t  u s e  o f  t h e  p r o j e c t  a r e a  b y  

m o s t  u n g u l a t e s  i s  a t  b e s t  s e a s o n a l  s i n c e  s n o w f a l l  i n  t h e  

a r e a  r e s t r i c t s  w i n t e r  r e s i d e n c e .  P r e s e n t  w a t e r f o w l  u s e  i s  

a p p a r e n t l y  l i m i t e d .  R e c l a m a t i o n  c o n c e p t s  a s  o u t l i n e d  i n  t h i s  

s u b m i t t a l  a im f o r  r e s t o r a t i o n  a n d  e n h a n c e m e n t  o f  w i l d l i f e  

a n d  r e c r e a t i o n  v a l u e s  s o  t h a t  c o a l  e x t r a c t i o n  c a n  b e  s e e n  a s  

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

d u c t i o n ,  c r e a t i o n  o f  l a k e s  a n d  m a r s h e s ,  a n d  r e m o v a l  of  w i n d  

a n d  f i r e  d e a d f a l l  b a r r i e r s .  



( v i i i )  

I n  p a r t i c u l a r ,  t h e  o v e r a l l  i n c r e a s e  i n  t h e  w a t e r - l a n d  i n t e r -  

f a c e  w i l l  p r o m o t e  s h o r e l i n e  h a b i t a t s  f o r  mammals, w a t e r f o w l ,  

a m p h i b i a n s ,  a n d  i n s e c t s .  T h i s  r e f l e c t s  a n  o r i e n t a t i o n  o f  

r e c l a m a t i o n  and  m i t i g a t i o n  c o n c e p t s  t o w a r d  o p t i m i z a t i o n  o f  

w i  1 d 1 i f  e d i v e r s  i t y . 

B a s e d  upon p r e l i m i n a r y  i n v e s t i g a t i o n s ,  h e r i t a g e  r e s o u r c e s  

( S e c t i o n  9 . 0 )  do  n o t  a p p e a r  t o  b e  s i g n i f i c a n t .  F u r t h e r  

i n q u i r i e s ,  c o n s u l t a t i o n s  w i t h  g o v e r n m e n t  a g e n c i e s ,  a n d  

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

b e  u n d e r t a k e n  d u r i n g  f u t u r e  p h a s e s  o f  p r o j e c t  f e a s i b i l i t y  

s t u d y .  

A c o a l  e x t r a c t i o n  e n v i r o n m e n t  w i l l  i n t e r r u p t  t h e  c o n t i n u i t y  

o f  t h e  l a n d s c a p e ,  t h e r e b y  d e t r a c t i n g  f r o m  a r e c r e a t i o n  e x p e r -  

i e n c e  f o r  many p e o p l e  ( S e c t i o n  1 0 . 0 ) .  T h i s  a d v e r s e  i m p a c t  

a n d  i n c r e a s i n g  r e c r e a t i o n  a c t i v i t y  i n  t h e  u p p e r  E l k  R i v e r  

V a l l e y  ( w h i c h  w i l l  d e v e l o p  w i t h  o r  w i t h o u t  m i n i n g )  w i l l  b e  

on  t h o s e  p e o p l e  who h a v e  o r  w o u l d  i n  t h e  f u t u r e  u s e  t h e  

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

a r e a s .  

R e c l a m a t i o n  c o n c e p t s  s e t  f o r t h  i n  t h i s  s u b m i t t a l  d e a l  w i t h  

u l t i m a t e  l a n d s c a p e  m o d i f i c a t i o n s  w h i c h  i n c l u d e  e n h a n c e d  

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

l i f e  h a b i t a t ,  s t r e a m s ,  l a k e s  a n d  a n c i l l a r y  f a c i l i t i e s .  The  

o n - g o i n g  c o a l  m i n i n g  a n d  r e c l a m a t i o n  p r o g r a m s  w i l l  b e  i n t e r -  

p r e t e d  b y  many a s  a n  e d u c a t i o n a l  e x p e r i e n c e ,  i . e .  a s  d i r e c t  

e x p o s u r e  t o  modern  e n e r g y  r e s o u r c e  d e v e l o p m e n t  t e c h n o l o g y ,  

e n v i r o n m e n t a l  i m p a c t  a n d  e n v i r o n m e n t a l  c o n s e r v a t i o n  p l a n n i n g  

a n d  m e t h o d s .  

S o c i o - e c o n o m i c  c o n s i d e r a t i o n s  ( S e c t i o n  1 1 . 0 )  a r e  r e l a . t e d  

p r i m a r i l y  t o  t h e  s u b s t a n t i a l  c o n t r i b u t i o n  t h i s  m i n i n g  p r o j e c t  



w i l l  make t o  t h e  economy o f  t h e  E a s t  K o o t e n a y  r e g i o n .  S o c i a l  

i m p a c t s  w i l l  b e  c o n s i d e r a b l e .  A s  a r e s u l t  o f  a b o u t  1 , 1 0 0  

new j o b s  b e i n g  p r o d u c e d  d i r e c t l y  b y  t h e  p r o j e c t ,  t h e  p o p u l a -  

t i o n  o f  E l l r f o r d  w i l l  b e  i n c r e a s e d  by a p p r o x i m a t e l y  6 , 0 0 0 .  

Many p e o p l e  w i l l  b e n e f i t  d i r e c t l y  a n d  i n d i r e c t l y  f r o m  t h e  

p r o j e c t ,  a n d  t r a d e o f f s  w i l l  h a v e  t o  b e  c a r e f u l l y  e v a l u a t e d  

i n  t h e  d e c i s i o n - m a k i n g  p r o c e s s .  R e g i o n a l  p l a n n i n g  e f f o r t s  

a r e  l a r g e l y  a g o v e r n m e n t  r e s p o n s i b i l i t y  r e q u i r i n g  i n p u t  a n d  

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

e n v i r o n m e n t a l  p l a n n i n g  c o n c e p t s  p r e s e n t e d  b y  E l c o  M i n i n g  

L t d .  r e c e i v e  a p p r o v a l  i n  p r i n c i p a l  a t  t h i s  t i m e ,  a c o o r d i n -  

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

b y  t h e  company a n d  l o c a l  a n d  p r o v i n c i a l  g o v e r n m e n t  a g e n c i e s .  





1 . 0  L O C A T I O N  A N D  ACCESS 

The Elk R i v e r  c o a l  p r o p e r t y ,  l o c a t e d  i n  t h e  E l k  R i v e r  

V a l l e y  i n  s o u t h e a s t e r n  B r i t i s h  C o l u m b i a ,  c o n s i s t s  o f  

1 9 , 2 0 0  a c r e s  of  c o a l  l i c e n s e s  on  Crown F o r e s t  l a n d .  

T h e  g e o g r a p h i c  l o c a t i o n  i s  50'24' n o r t h  and  114 '56 '  

w e s t .  

The p r o p o s e d  m i n i n g  a r e a  w i l l  b e  a p p r o x i m a t e l y  4 9  

m i l e s  ( 7 9  km) n o r t h  o f  Sparwood b y  t h e  p r o p o s e d  

r a i l w a y  b r a n c h  l i n e ,  a n d  a p p r o x i m a t e l y  2 8  m i l e s  

( 4 5  km) n o r t h  o f  t h e  new town o f  E l k f o r d  b y  t h e  

p r o p o s e d  h i g h w a y  c o n n e c t i o n .  

P r e s e n t  access  i s  a v a i l a b l e  n o r t h  f r o m  B . C .  Highway 

No. 3 b y  paved  r o a d  t o  E l k f o r d  and  b y  t h e  g r a v e l  

s u r f a c e d  f o r e s t  s e r v i c e  r o a d  n o r t h  f r o m  E l k f o r d .  

Summer a c c e s s  t o  t h e  n o r t h  i s  p o s s i b l e  o v e r  2 0  m i l e s  

( 3 2  km) o f  u n i m p r o v e d  power  l i n e  m a i n t e n a n c e  r o a d  

c o n n e c t i n g  t o  t h e  K a n a n a s k i s  H ighway ,  w h i c h  j o i n s  

t h e  T r a n s  Canada  Highway 2 5  m i l e s  ( 4 0  km) f u r t h e r  

n o r t h .  
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2 . 0  H I S T O R Y  OF T H E  DEPOSIT 

2 . 1  E a r l y  E x p l o r a t i o n  

E l k  R i v e r  V a l l e y  c o a l  d e p o s i t s  w e r e  f i r s t  e x a m i n e d  by 

D r .  G . M .  Dawson of  t h e  C A N A D I A N  G E O L O G I C A L  S U R V E Y  

i n  1 8 8 3 .  B e t w e e n  1 9 0 5  a n d  1 9 2 0 ,  2 2  s eams  w e r e  u n c o v e r e d  

o n  B i g  Weary R i d g e  a n d  i n  1 9 2 0  t h e  A l d r i d g e  t u n n e l  

was d r i v e n  650  f e e t  ( 1 9 8  m) i n t o  t h e  B i g  Weary R i d g e .  

2 . 2  R e c e n t  A c t i v i t y  

I n  1 9 5 2  some s a m p l i n g  was d o n e  by WEST C A N A D I A N  

C O L L I E R I E S  L T D .  T h e  m o s t  s i g n i f i c a n t  a c t i v i t y  b e g a n  

i n  1 9 6 7  a n d  1 9 6 8  when S C U R R Y - R A I N B O W  O I L  L I M I T E D  

b e g a n  a c q u i r i n g  l e a s e s  a n d  N O R T H  A M E R I C A N  C O A L  C O R -  

P O R A T I O N  u n d e r  o p t i o n  a g r e e m e n t  w i t h  S c u r r y - R a i n h o w  

O i l  L i m i t e d  b e g a n  a n  e x p l o r a t i o n  p r o g r a m .  A c t i v i t y  

was p r i m a r i l y  c o n f i n e d  t o  B i g  Weary R i d g e .  N o r t h  

A m e r i c a n  d i d  n o t  e x e r c i s e  t h e i r  o p t i o n  and  i n  1 9 6 9  

S c u r r y - R a i n b o w  O i l  L i m i t e d  i n d e p e n d e n t l y  e x t e n d e d  

e x p l o r a t i o n  a n d  e v a l u a t i o n  of t h e  d e p o s i t  n o r t h  t o  

i n c l u d e  L i t t l e  Weary R i d g e .  

I n  December  1 9 7 0  EMKAY C A N A D A  NATURAL R E S O U R C E S  L T D .  

a c q u i r e d  a o n e - h a l f  i n t e r e s t  i n  t h e  S c u r r y - R a i n h o w  

l i c e n s e s  and  e x p l o r a t i o n  and  c o a l  a n a l y s i s  c o n t i n u e d  

t h r o u g h  1 9 7 0  and  1 9 7 1 ,  a n d  a p r e l i m i n a r y  f e a s i b i l i t y  

s t u d y  r e p o r t  was p r e p a r e d  b y  Emkay. 
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I n i t i a l .  c o n t a c t s  b e t w e e n  E X P L O R A T I O N  U N D  B E R G B A U  G M B H  

a n d  S c o r r y - R a i n b o w  O i l  L i m i t e d  w e r e  e s t a b l i s h e d  i n  

e a r l y  1 9 7 3  and  w i t h  M O R R I S O N - K N U D S O N  C O .  I N C .  l a t e r  

t h a t  y e a r .  

2 . 3  E u r o p e a n  C o n s o r t i u m  

A f t e r  a p r e s e n t a t i o n  o f  t h e  E l k  R i v e r  c o a l  p r o j e c t  

and  i t s  d e v e l o p m e n t  p r o s p e c t s  t o  s e v e r a l  i n t e r e s t e d  

E u r o p e a n  s t e e l  m i l l s ,  a c o n s o r t i u m  was f o r m e d  t h r o u g h  

E x p l o r a t i o n  und B e r g b a u  GmbH, D u s s e l d o r f ,  b e t w e e n :  

AG d e r  D r i l l i n g e r  H u e t t e n w e r k e ,  
West Germany 

A u g u s t  T h y s s e n  H u e t t e  Ag, 
West  Germany 

E s t e l  N . V .  Hoesch  - H o o g o v e n s ,  
N e t h e r l a n d s  /Wes t Germany 

I t a l s i d e r  S P A ,  
I t a l y  

Mannesmann A G ,  
West  Germany 

R u h r k o h l e  A G ,  
West  Germany 

S t a h l w e r k e  P e i n e - S a l z g i t t e r  A G ,  
West  Germany 

On b e h a l f  of  t h i s  c o n s o r t i u m ,  a C a n a d i a n  Company h a s  

b e e n  r e g i s t e r e d  i n  t h e  P r o v i n c e  o f  B r i t i s h  Co lumbia  

u n d e r  t h e  name of E L C O  M I N I N G  L T D .  

A c t i n g  f o r  a n d  on  b e h a l f  of t h e s e  s t e e l  m i l l s ,  E & B  

e n t e r e d  i n t o  n e g o t i a t i o n s  w i t h  M o r r i s o n - K n u d s o n  Co. I n c  

i n  1 9 7 4  w i t h  t h e  o b j e c t i v e  t o  t a k e  o v e r  t h e i r  i n t e r e s t  

i n  t h e  E l k  R i v e r  p r o j e c t .  A f t e r  h a v i n g  c o n c l u d e d  t h e  
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c 
f i n a l  a g r e e m e n t  , E l c o  M i n i n g  L t d .  w i l l  d e v e l o p  and  

o p e r a t e  t h e  m i n i n g  p r o j e c t  on  a s c h e d u l e d  b a s i s  o f  

f o u r  m i l l i o n  c l e a n  s h o r t  tons ( 3 , 6 3 9 , 0 0 0  T o n n e s )  

p e r  annum, b e g i n n i n g  i n  1 9 8 1 .  
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3 . 0  D E S C R I P T I O N  OF C O A L  L I C E N S E S  

The c o a l  l i c e n s e s  i n  w h i c h  E & B a r e  n e g o t i a t i n g  

t o  a c q u i r e  o n e - h a l f  i n t e r e s t  a r e  f o r t y - t w o  i n d i v i d u a l  

l i c e n s e s ,  c o m p r i s i n g  1 9 , 2 0 0  a c r e s .  

N o ' s .  4 2 1  t h r o u g h  4 3 4  i n c l u s i v e  

4 8 1  t h r o u g h  4 8 9  i n c l u s i v e  

5 1 5  

7 7 1  t h r o u g h  7 7 9  i n c l u s i v e  

9 5 1  t h r o u g h  9 5 7  i n c l u s i v e  
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4 . 0  P H Y S I O G R A P H Y  A N D  C L I M A T E  

4 . 1  G e n e r a l  A r e a  

The E l k  R i v e r  V a l l e y  i s  a b r o a d  U-shaped n o r t h - s o u t h  

t r e n d i n g  g l a c i a t e d  v a l l e y  f l a n k e d  b y  r u g g e d  m o u n t a i n s  

r a n g i n g  u p  t o  s l i g h t l y  m o r e  t h a n  1 0 , 0 0 0  f e e t  a b o v e  

s e a  l e v e l .  The  p r o p o s e d  p r o j e c t  i s  l o c a t e d  a t  a n  

e l e v a t i o n  o f  5 , 1 0 0  t o  6 , 3 0 0  f e e t .  

4 . 2  D r a i n a g e  

E l k  R i v e r  h e a d w a t e r s  a r e  l o c a t e d  i n  t h e  Upper  a n d  

Lower E l k  L a k e s  a r e a  a p p r o x i m a t e l y  n i n e  m i l e s  n o r t h  

of  t h e  n o r t h e r n  p r o p e r t y  l i m i t s .  P r i n c i p a l  t r i b u -  

t a r i e s  w i t h i n  t h e  p r o p o s e d  m i n e  a r e a  f r o m  n o r t h  t o  

s o u t h  a r e  C a d o r n a  C r e e k ,  G a r d n e r  C r e e k ,  Weary C r e e k ,  

a n d  B l e a s d e l l  C r e e k ,  w i t h  o n l y  t h e  Weary C r e e k  b e i n g  

d i s t u r b e d  by t h e  p r o p o s e d  o p e n  p i t .  

The E l k  R i v e r  and  i t s  t r i b u t a r i e s  d r a i n  a n  a r e a  o f  

a p p r o x i m a t e l y  100  s q u a r e  m i l e s  n o r t h  o f  t h e  n o r t h e r n  

p r o p e r t y  l i m i t ,  w i t h  t h e  d r a i n a g e  b a s i n  n e a r l y  e q u a l l y  

d i v i d e d  b e t w e e n  t h e  E l k  R i v e r  and  C a d o r n a  C r e e k .  The  

mean a n n u a l  f l o w  o f  t h e  E l k  R i v e r  i s  a b o u t  1 , 5 0 0  

c u b i c  f e e t  ( 4 2 . 5  c u b i c  m e t r e s )  p e r  s e c o n d  a n d  t h e  

1 0 0  y e a r  f l o o d  a b o u t  3 , 0 0 0  c u b i c  f e e t  ( 8 5  c u b i c  m e t r e s )  

p e r  s e c o n d .  
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4 . 3  Open P i t  L o c a t i o n  

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

t o  L i t t l e  Weary R i d g e  and  t o  t h e  a d j a c e n t  v a l l e y  

f l o o r  f o r  a l e n g t h  of a p p r o x i m a t e l y  3 . 9  m i l e s  ( 6 . 2 5  km) 

a l o n g  t h e  v a l l e y ,  commencing 1 1 4  m i l e  ( 4 0 0  m) s o u t h  

of t h e  j u n c t i o n  o f  t h e  Elk R i v e r  and  C a d o r n a  C r e e k .  

4 . 4  V e g e t a t i o n  

The s l o p e s  of  t h e  v a l l e y  c o n t a i n  s p o t t y  e v e r g r e e n  

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

h e i g h t ,  w i t h  somewha t  h e a v i e r  and  l a r g e r  g r o w t h ,  

c o m p r i s e d  m a i n l y  of l o d g e p o l e  p i n e  u n d e r  30 f e e t  

( 9  m) i n  h e i g h t  on  t h e  v a l l e y  f l o o r .  The  v a l l e y  

f l o o r  a l s o  c o n t a i n s  a number of  swamp meadows h a v i n g  

n u m e r o u s  s m a l l  p o n d s  w i t h i n  them.  A h e a v y  l a y e r  of 

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

f r o m  t h e  s e v e r e  f o r e s t  f i r e  of  1 9 3 6 .  

4 . 5  W e a t h e r  R e c o r d s  

W e a t h e r  r e c o r d s  f o r  t h e  a r e a  a r e  u n a v a i l a b l e .  F e r n i e  

r e p o r t s  a v e r a g e  y e a r l y  p r e c i p i t a t i o n  o f  4 1 . 4 8  i n c h e s  

( 1 0 5 . 3 6  c m ) ,  w i t h  s n o w f a l l  of  1 4 5  i n c h e s  ( 3 6 8 . 3  cm) .  

T e m p e r a t u r e  e x t r e m e s  a t  F e r n i e  a r e  f36'C. a n d  - 4 O O C .  

A t  t h e  m i n e  s i t e  snow o n  t h e  g r o u n d  m e a s u r e d  a p p r o x i -  

m a t e l y  1 8  i n c h e s  ( 4 5 . 7  cm) a t  t h e  end  of  November ,  1 9 7 4  

a n d  a p p r o x i m a t e l y 3 6  i n c h e s  ( 9 1 . 4  cm) a t  t h e  end  o f  

A p r i l ,  1 9 7 5 .  A 60  i n c h  ( 1 5 2 . 4  cm) snowpack  was 

m e a s u r e d  a t  J a n u a r y  3 1 ,  1 9 7 1 .  F r o s t  p e n e t r a t i o n  i n  
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r o a d s  i s  e x p e c t e d  to r e a c h  3 6  i n c h e s  ( 9 1 . 4  cm) ,  

w i t h  z e r o  p e n e t r a t i o n  under  u n d i s t u r b e d  snow.  
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5 . 0  G E O L O G Y  

5 . 1  S t r u c t u r a l  G e o l o g y  

I n  t h e  E l k  R i v e r  V a l l e y  c o a l  f i e l d s ,  b e d s  of  t h e  

K o o t e n a y  F o r m a t i o n  h a v e  b e e n  f o l d e d  i n t o  a n o r t h w e s t  

t r e n d i n g  s y n c l i n e .  T h i s  s y n c l i n e  i s  p r o b a b l y  t h e  

n o r t h e r n  e x t e n s i o n  o f  t h e  A l e x a n d e r  s y n c l i n e  w h i c h  

c a n  b e  t r a c e d  i n t o  t h e  F o r d i n g  R i v e r  c o a l  m i n i n g  a r e a  

and  b e y o n d  f o r  a d i s t a n c e  o f  30 m i l e s  t o  t h e  s o u t h .  

A s  shown on E x h i b i t  1, t h e  s y n c l i n e  i s  a s s y m e t r i c  

w i t h  b e d s  on  t h e  w e s t s i d e  f o l d e d  t o  n e a r  t h e  v e r t i c a l  

a t  t h e  s u r f a c e  w h i l e  b e d s  a l o n g  t h e  e a s t e r n  s i d e  of  

t h e  v a l l e y  d i p  w e s t w a r d  a t  35-45'. 

The L e w i s  T h r u s t  may b e  i n  t h e  o r d e r  o f  8 , 0 0 0  t o  

1 0 , 0 0 0  f e e t  ( 2 , 4 0 0  t o  3 , 0 0 0  m) b e l o w  t h e  E l k  R i v e r .  

( D a h l s t r o m  e t  a 1  1 9 6 2 ) .  The s y n c l i n a l  s t r u c t u r e  i n  t h e  

E l k  V a l l e y  a p p e a r s  t o  b e  o v e r r i d d e n  and  t r u n c a t e d  

a l o n g  t h e  w e s t  f l a n k  o f  t h e  E l k  R i v e r  V a l l e y  by a 

f a u l t  w h i c h  h a s  b e e n  d e s i g n a t e d  a s  t h e  E l k  R i v e r  

T h r u s t  b y  some a u t h o r i t i e s .  

C o a l  b e a r i n g  s t r a t a  o f  t h e  K o o t e n a y  F o r m a t i o n  a r e  

e x p o s e d  o n  b o t h  t h e  e a s t e r n  a n d  w e s t e r n  s y n c l i n a l  

l i m b s  o n  e i t h e r  s i d e  o f  t h e  v a l l e y .  

S u r f a c e  a n d  s u b s u r f a c e  i n f o r m a t i o n  i n d i c a t e s  a n o r m a l  

s y n c l i n e  f o l d  w i t h o u t  m a j o r  f a u l t  o f f s e t  a s  t h e  m o s t  

p r o b a b l e  c o n d i t i o n  b e l o w  t h e  E l k  V a l l e y .  However ,  

some a u t h o r i t i e s  b e l i e v e  t h a t  t h e  K o o t e n a y  F o r m a t i o n  

b e d s  e x p o s e d  on  t h e  w e s t s i d e  o f  t h e  v a l l e y  w e r e  d i s -  

p l a c e d  a l o n g  a m a j o r  t h r u s t  f a u l t  f r o m  a d i s t a n c e  o f  
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a p p r o x i m a t e l y  f i v e  m i l e s  t o  t h e  w e s t .  I f  s u c h  a c t i v i t y  

o c c u r r e d  i t  i s  c o n s i d e r e d  t o  b e  w e s t  o f  t h e  p r o p o s e d  

o p e n  p i t  m i n e .  

5 . 2  S t r a t i g r a p h y  

C o a l  b e a r i n g  s t r a t a  o f  t h e  K o o t e n a y  F o r m a t i o n  i n  t h e  

E l k  R i v e r  a r e a  e x c e e d  2 , 0 0 0  f e e t  (600m) i n  t h i c k n e s s  

a n d  a r e  m i n e a b l e  f o r  a 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 , 6 0 0  f e e t  (490m) .  The  m i n e a b l e  p o r t i o n  c o n t a i n s  

1 8  g r o u p s  o f  s e a m s  w i t h  t h e  number  o f  members  o v e r  

two f e e t  t h i c k  v a r y i n g  f r o m  o v e r  40  t o  o v e r  6 0 .  The  

p r e d o m i n a n t  r o c k  t y p e  i n t e r v a l  b e t w e e n  c o a l  s e a m s  i s  

d a r k ,  g r e y  s i l t s t o n e .  S i l t s t o n e s  g r a d e  l a t e r a l l y  a n d  

v e r t i c a l l y  i n t o  s a n d s t o n e  l a y e r s  and  d a r k  c a r b o n a c e o u s  

s h a l e .  P r o m i n e n t  c o a l  s e a m s  a r e  p e r s i s t e n t ,  l a t e r a l l y ,  

a l t h o u g h  t h e  d e t a i l e d  l i t h o l o g y  o f  i n t e r v a l s  b e t w e e n  

s e a m s  i s  i r r e g u l a r ,  and  t h e  seams s o m e t i m e s  s p l i t  

and  r e c o m b i n e  i n t o  v a r y i n g  n u m b e r s  o f  members .  

C o a l  b e a r i n g  s t r a t a  a r e  u n d e r l a i n  b y  a m a s s i v e  b a s a l  

s a n d s t o n e  b e d  a b o u t  300 f e e t  ( 9 0  m) t h i c k  w h i c h  p r o b a b l y  

c o r r e l a t e s  w i t h  w h a t  i s  known a s  t h e  Moose M o u n t a i n  

Member of  t h e  K o o t e n a y  F o r m a t i o n  i n  o t h e r  p a r t s  o f  

B r i t i s h  C o l u m b i a  a n d  A l b e r t a .  

The  t o t a l  t h i c k n e s s  o f  t h e  K o o t e n a y  F o r m a t i o n  i s  

e s t i m a t e d  t o  b e  3 , 5 0 0  f e e t  ( 1 , 0 5 0 m ) .  A m a r i n e  s h a l e  

s e q u e n c e  o f  1 , 0 0 0  f e e t  t h i c k  known a s  t h e  F e r n i e  

F o r m a t i o n ,  u n d e r l i e s  t h e  b a s a l  s a n d s t o n e  member o f  

t h e  K o o t e n a y  F o r m a t i o n  i n  t h e  p r o j e c t  a r e a .  

The K o o t e n a y  F o r m a t i o n  i s  o v e r l a i n  b y  t h e  B l a i r m o r e  
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F o r m a t i o n ,  w h i c h ,  w h e r e  o b s e r v e d  i n  t h e  p r o j e c t  a r e a  

c o n s i s t s  of  a h a r d  p e b b l e  c o n g l o m e r a t e  of  a b o u t  

200  f e e t  (60m) i n  t h i c k n e s s .  

5 . 3  G l a c i a t i o n  

R e c e n t  g l a c i a t i o n  h a s  d e p o s i t e d  some g l a c i a l  t i l l  o n  

t h e  v a l l e y  s l o p e s  and  u p  t o  1 4 0  f e e t  (43m) t h i c k  i n  

t h e  v a l l e y  b o t t o m .  T h e  t i l l  i s  a n  i m p e r v i o u s  a s s o r t -  

m e n t  of  a n g u l a r  r o c k  f r a g m e n t s ,  i n  a d e n s e  c l a y  m a t r i x ,  

i n t e r b e d d e d  a n d  u n d e r l a i n  b y  p e r v i o u s  w a t e r  b e a r i n g  

g l a c i a l  o u t w a s h  g r a v e l .  

5 . 4  G e o l o g y  o f  t h e  P r o p o s e d  Open P i t  A r e a  

T h e  s o u t h e r n  l i m i t  o f  t h e  p r o p o s e d  o p e n  p i t  i s  s e t  

a t  s t a .  180 a t  t h e  p i t  b o t t o m ,  a p p r o x i m a t e l y  4 0 0  

f e e t  (122m) b e l o w  t h e  p r e s e n t  r i v e r  l e v e l ,  w i t h  t h e  

s o u t h e r n  p i t  s l o p e  e x t e n d i n g  s o u t h w a r d  t o  n e a r  a n  

a r e a  w h i c h  h a s  b e e n  e x t e n s i v e l y  d i s t u r b e d  b y  g l a c i a -  

t i o n ,  l a n d s l i d i n g  a n d  p o s s i b l y  m i n o r  f a u l t i n g .  The 

n o r t h e r n  p i t  l i m i t  h a s  b e e n  s e t  1 / 4  m i l e  (400m) 

s o u t h  of  t h e  E l k - C a d o r n a  C r e e k  j u n c t i o n  t o  a v o i d  

d i s t u r b i n g  C a d o r n a  C r e e k .  The b a s e  of t h e  p i t  a t  

t h e  n o r t h  l i m i t  i s  a t  s t a .  3 7 0 .  

S u f f i c i e n t  r e s e r v e s  a r e  c o n t a i n e d  w i t h i n  t h e s e  l i m i t s  

t o  j u s t i f y  t h e  c o n s t r u c t i o n  o f  a 4 , 0 0 0 , 0 0 0  s . t .  

( 3 , 6 0 0 , 0 0 0  T o n n e s )  p e r  y e a r  p r e p a r a t i o n  p l a n t .  

The  a v e r a g e  t h i c k n e s s  o f  a l l  m i n e a b l e  s e a m s  i n  t h e  

i n i t i a l  p i t  i s  296 f e e t  (90m) t h r o u g h  s e a m s  2 - 1 9  

w i t h  a n o t h e r  37 f e e t  ( l l m )  of  m i n e a b l e  t h i c k n e s s  i n  



1-12 

p o r t i o n s  o f  seams 2 0 - 2 4  i n t e r s e c t e d  i n  t h e  p i t  s l o p e .  

The b e d s  s t r i k e  g e n e r a l l y  n o r t h  2 O o W ,  b u t  w i t h  t h e  

s t r i k e  i n c r e a s i n g  w e s t e r l y  f r o m  t h e  s o u t h  end  o f  t h e  

p i t  t o  t h e  n o r t h  e n d .  T h e  d i p  r a n g e s  b e t w e e n  3 5  t o  

4 5 O ,  b u t  i s  m o r e  o f t e n  38 t o  40'.  S t r i k e  and  d i p  

v a r y  somewha t  l o c a l l y .  

A b r i e f  d e s c r i p t i o n  o f  t h e  c o a l  s eam f o r m a t i o n  i s  

c o n t a i n e d  i n  F i g u r e  1. T h e  t o t a l  c o a l  t h i c k n e s s e s  

shown f o r  s e a m s  o v e r  2 f e e t  t h i c k  a r e  t h e  a v e r a g e  

o f  a l l  t h i c k n e s s e s  o b t a i n e d  f r o m  d r i l l  h o l e s  and  t e s t  

p i t s  a l o n g  t h e  p r o p o s e d  m i n i n g  s e c t i o n  f r o m  s t a .  1 8 0 - 3 7 0 .  

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

o f  t h e  c o a l  seam c h a r a c t e r i s t i c s  may b e  o b t a i n e d  

f r o m  t h e  Emkay Canada  N a t u r a l  R e s o u r c e s  L t d .  r e p o r t ,  

Volume 1, d a t e d  M a r c h ,  1 9 7 1 ,  w i t h  E x h i b i t s ,  and  f r o m  

t h e  Techman r e p o r t  on P r e p a r a t i o n  and  P r e l i m i n a r y  

F low S h e e t ,  d a t e d  March ,  1 9 7 5 ,  A p p e n d i x  No. 1 o f  t h i s  

r e p o r t  . 



I N I T I A L  S T U D Y  A R E A  
E L K  R I V E R  COAL F I E L D  
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6 . 0  E X P L O R A T I O N  

From 1 9 6 8  t o  1 9 7 1  t h r e e  e x p l o r a t i o n  p r o g r a m s  were 

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

b y  N O R T H  A M E R I C A N  COAL C O . ,  1 9 6 8 ;  S c u r r y  Rainbow O i l ,  

1 9 6 9 ;  a n d  b y  Emkay C a n a d i a n  N a t u r a l  R e s o u r c e s  L t d .  

1 9 7 0 - 7 1 .  The f o l l o w i n g  i s  a summary o f  t h e  r e s u l t s  

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

D r i l l  H o l e s  D r i l l  B u l k  T r e n c h i n g  
P r o g r a m  C o r e  R o t a r y  F o o t a g e  S a m p l e s  F o o t a g e  

1 9 6 8  6 1 3  1 0 , 8 0 0  8 6 , 9 0 0  

1 9 6 9  1 6  9 , 6 2 1  4 5 , 1 2 5  

1 9 7 0  2 7  1 5  2 2 , 2 8 4  1 0  8 , 9 0 0  

2 1  - 1 2 , 4 1 4  - 1 , 6 0 0  1 9  7 1  

7 0  2 8  5 5 , 1 1 9  2 2  2 2 , 5 2 5  
- 

Full d e t a i l s  of t h e  e x p l o r a t i o n  p r o g r a m  may b e  f o u n d  

i n  t h e  Emkay C a n a d a  N a t u r a l  R e s o u r c e s  L t d .  - S c u r r y  

Rainbow O i l  L i m i t e d  r e p o r t  o f  M a r c h ,  1 9 7 1 ,  Volume 1 

a n d  e x h i b i t s .  

Much a d d i t i o n a l  e x p l o r a t i o n  work  i s  r e q u i r e d  p r i o r  

t o  c o m m i t i n g  t o  a m i n i n g  p r o g r a m .  D u r i n g  1 9 7 5  a 

d r i l l i n g  a n d  s a m p l i n g  p r o g r a m  a m o u n t i n g  t o  a b o u t  

9 , 0 0 0  f e e t  ( 2 , 7 0 0 m )  o f  c o r e  d r i l l i n g ,  o n e  a d i t  and  

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

p l a n n e d .  

D u r i n g  1 9 7 6  a n d  1 9 7 7  t h e  p r o g r a m  w i l l  b e  e x p a n d e d  t o  

i n c l u d e  a b o u t  2 0 0 , 0 0 0  f e e t  (60 ,000m)  of  c o r e  a n d  r o t a r y  

d r i l l i n g ,  a n d  t h e  e x t r a c t i o n  of  s u f f i c i e n t  b u l k  s a m p l e s  

f r o m  a l l  s e a m s  t o  s u p p l y  a p i l o t  w a s h i n g  p l a n t  o n  s i t e  

t o  p r o d u c e  e n o u g h  c o a l  f o r  s e m i - i n d u s t r i a l  w a s h i n g  and  

c o k i n g  s c a l e  t e s t s .  
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7 .0  COAL RESERVES AND COAL RECOVERY 

7 . 1  T o t a l  L i c e n c e  A r e a  R e s e r v e s  

The t o t a l  c o a l  r e s e r v e s  o f  all c l a s s e s ,  c o n t a i n e d  w i t h i n  

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

u n c e r t a i n ,  f o r  p o s s i b l e  o p e n  p i t  m i n i n g  a r e  5 1 9 , 4 4 2 , 0 0 0  

s h o r t  t o n s  ( 4 7 1 , 2 3 0 , 0 0 0  t o n n e s )  i n  p l a c e  a t  a n  o v e r -  

b u r d e n  r a t i o  o f  6 . 6 6  c y . / s . t .  ( 5 . 6 2  m / t o n n e ) .  A f t e r  

w a s t e ,  o x i d a t i o n ,  p i t  a n d  p l a n t  l o s s e s  t h e  n e t  c l e a n  

c o a l  p r o d u c t  i s  3 3 1 , 8 9 3 , 0 0 0  s.t. ( 3 0 1 , 0 8 8 , 0 0 0  t o n n e s ) .  

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

a r e a s  a r e  1 , 8 6 5 , 0 0 0 , 0 0 0  s e t .  ( 1 , 6 9 1 , 9 0 0 , 0 0 0  t o n n e s )  i n  

p l a c e ,  y i e l d i n g  a c l e a n  c o a l  r e c o v e r y  o f  3 7 4 , 7 0 0 , 0 0 0  

S . t .  ( 3 3 9 , 9 2 2 , 0 0 0  t o n n e s ) .  The  a b o v e  c o a l  r e s e r v e  

c a l c u l a t i o n s  were o b t a i n e d  f r o m  t h e  Emkay Canada  

N a t u r a l  R e s o u r c e s  r e p o r t  o f  M a r c h ,  1 9 7 1 .  

3 

7 .2  - P r o v e n  Open P i t  R e s e r v e s  a n d  Volume of  M a t e r i a l s  H a n d l e d  

In t h i s  r e p o r t  w e  w i l l  d e a l  o n l y  w i t h  t h e  p r o v e n  re- 

s e r v e s  w i t h i n  t h e  l i m i t s  o f  t h e  p r o p o s e d  o p e n  p i t  mine  

b e t w e e n  s t a .  180  a n d  370  ( p l u s  p i t  e n d  s l o p e s )  t o  a 

l e v e l  a p p r o x i m a t e l y  400  f e e t  b e l o w  t h e  E l k  R i v e r .  

W i t h i n  t h e s e  p r o p o s e d  p i t  l i m i t s  s e a m  g r o u p s  2-18 a r e  

g e n e r a l l y  m i n e d  down t o  t h e  l e v e l  o f  400  f e e t  ( 1 2 2  km) 

b e l o w  t h e  E l k  R i v e r ,  a n d  seam g r o u p s  19-24  a r e  mined  

t o  a p r o g r e s s i v e l y  l esser  e x t e n t  w e s t w a r d  i n  t h e  p i t  

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

d u e  t o  seams w e s t w a r d  d e t e r i o r a t i n g  i n t o  g e n e r a l l y  t h i n  

u n m i n e a b l e  members  w i t h  v e r y  h i g h  a n d  u n e c o n o m i c a l  
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s t r i p p i n g  r a t i o s .  Seam members  w i t h i n  t h e  g r o u p s  

h a v e  b e e n  c o n s i d e r e d  m i n e a b l e  a b o v e  two f e e t  ( 0 . 6  m) 

i n  t h i c k n e s s .  M i n i n g  l o s s e s  h a v e  b e e n  c a l c u l a t e d  o n  

t h e  b a s i s  o f  o n e  f o o t  ( 0 . 3  m) l o s t  f o r  e a c h  m i n e a b l e  

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

c o a l  i s  o n  t h e  b a s i s  o f  o n e - h a l f  f o o t  ( 0 . 1 5  m) o f  r o c k  

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

( 0 . 9  m) t h i c k  a n d  u n d e r .  

C a l c u l a t i o n s  were  b a s e d  o n  c r o s s - s e c t i o n s  g e n e r a l l y  

a t  1 , 0 0 0  f o o t  ( 3 0 4 . 8  m) i n t e r v a l s  w i t h  s e a m s  i n t e r -  

p o l a t e d  w h e r e  n o t  i n t e r s e c t e d  b y  d r i l l  h o l e s .  S i n c e  

some o f  t h e  h i g h e r  numbered  s e a m s  w e r e  o n l y  i n t e r s e c t e d  

a t  8 , 0 0 0  f o o t  ( 2 4 3 8  m) i n t e r v a l s  a d d i t i o n a l  d r i l l i n g  w i l l  

r e s u l t  i n  a v a r i a t i o n ,  p a r t i c u l a r l y  i n  s e a m s  14-24 .  

T h e  a v e r a g e  t h i c k n e s s  o f  c o a l  r e c o v e r e d  f r o m  s e a m s  

2-18 i s  2 5 3  f e e t  ( 7 7 . 1  m) ,  w i t h  37 f e e t  ( 1 1 . 3  m) 

r e c o v e r e d  f r o m  s e a m s  1 9  - 2 4  t h r o u g h  l e s s e r  d e p t h s  

i n  t h e  p i t  s l o p e .  

M a t e r i a l s  m i n e d  may b e  s u m m a r i z e d  as f o l l o w s :  

3 G l a c i a l  t i l l  o v e r b u r d e n  7 0 , 1 7 0 , 0 0 0  c y .  ( 5 3 , 6 8 0 , 0 5 0  m ) 

Rock o v e r b u r d e n ,  i n c l u d i n g  

d i l u t i o n  r o c k  w i t h  c o a l  9 6 9 , 5 0 0 , 0 0 0  c y .  ( 7 4 1 , 6 6 7 , 5 0 0  m ) 

O x i d i z e d  c o a l  3 , 5 1 5 , 0 0 0  c y .  ( 2 , 6 6 8 , 9 7 5  m ) 

R e c o v e r e d  raw c o a l  1 6 2 , 5 8 1 , 0 0 0  s t .  ( 1 4 7 , 4 9 1 , 0 0 0  
t o n n e s )  

3 

3 

W i t h i n  t h e  r o c k  o v e r b u r d e n  q u a n t i t y  o f  9 6 9 , 5 0 0 , 0 0 0  c y .  

( 7 4 1 , 6 6 7 , 5 0 0  m ) i s  2 4 , 5 1 1 , 0 0 0  c y .  * 1 8 , 7 5 0 , 9 1 5  m ) o f  

p a r t i n g s  3 . 1  f t .  t o  12 .0  f t .  t h i c k  i n  a d d i t i o n  t o  d i l u -  

t i o n  p a r t i n g s  u n d e r  3 .0  f e e t  t h i c k  w h i c h  go t o  p l a n t  

3 3 
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f e e d .  

The  w e i g h t  o f  c o a l  i s  b a s e d  o n  1 . 2 2  s . t .  p e r  C U .  y d .  

( 1 . 4 5  t o n n e s / m  ) .  The c o a l  i s  d i s t r i b u t e d  t o  g e n e r a l l y  

l o w e r  v o l a t i l e  s e a m s  2 -10 ,  6 0 . 3 %  a n d  h i g h e r  v o l a t i l e  

seams 1 1 - 2 4 ,  3 9 . 7 % .  T h e  o v e r b u r d e n  r a t i o  ( o x i d i z e d  

c o a l  i n c l u d e d  i n  O . B . )  i s  6 . 4 2  c . y . 1 s . t .  ( 5 . 4 1  m / t o n n e )  

o v e r b u r d e n  p e r  r e c o v e r e d  s h o r t  t o n  o f  raw c o a l .  

3 

3 

The o x i d i z e d  

o c c u r i n g  t o  

s u r f a c e ,  t h e  

v a l l e y  f l o o r .  

c o a l  q u a n t i t y  

5 t o  25 f e e t  

g r e a t e r  d e p t h  

i s  b a s e d  o n  o x i d a t i o n  

4 . 6  m t o  7 .6  m) b e l o w  t h e  c o a l  

b e i n g  o n  s l o p e s  a b o v e  t h e  

7 . 3  D i l u t i o n  Rock ,  T h i n  C o a l  Seams a n d  P a r t i n g s  

Add ing  t h e  r e c o v e r e d  raw c o a l  and  d i l u t i o n  r o c k ,  t h e  

p l a n t  f e e d  i s  2 0 2 , 8 9 6 , 0 0 0  s . t .  ( 1 8 4 , 0 6 4 , 0 0 0  t o n n e s ) .  

R e c o v e r y  o n  t h i s  d i l u t e d  p r o d u c t ,  b a s e d  o n  o u r  p r e l i m i n -  

a r y  f l o w s h e e t  c a l c u l a t i o n s  i s  5 5 . 6 %  f o r  a c l e a n  r e c o v e r e d  

c o a l  w e i g h t  o f  1 1 2 , 8 1 0 , 0 0 0  s.t. ( 1 0 2 , 3 4 0 , 0 0 0  t o n n e s ) .  

The  d i l u t i o n  r o c k  a d v e r s e l y  a f f e c t s  t h e  p l a n t  r e c o v e r i e s .  

I t  i s  n e c e s s a r y  t o  m i n e  t h e  t h i n n e r  h i g h  v o l a t i l e  s e a m s  

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

q u a l i t y  c o k i n g  c o a l .  

T h i s  d i l u t i o n  r e p r e s e n t s  2 5 %  b y  w e i g h t  o f  t h e  h i g h  a n d  

medium v o l a t i l e  R . O . M .  c o a l  r e c o v e r e d  ( c o a l  a n d  

d i l u t i o n  r o c k )  b u t  o n l y  1 4 %  o f  t h e  l o w  v o l a t i l e  R.O.M. 

c o a l .  

T a b l e  1 p r o v i d e s  a d i s t r i b u t i o n  o f  t h e  c o a l  a n d  d i l u t i o n  



PROPOSED OPEN PIT MINE STA. 180 TO 370 
TABLE OF RAW COAL RECOVERIES BY S W Y  

1 2 
Average 

Seam 
Seam Thickness  

NO. of 
Recoverable  

Members 

Ft. - 
2 15.26 
3 7.30 
4 30.38 
5 4.22 
6 6.75 
7 6.39 
8 22.12 
9 16.84 
10 27.72 
11 16.42 
12 19.50 
13 22.41 
14 20.58 
15 20.41 
16 16.41 
17 17.82 
18 14.03 
19 10.47 
20 9.16 
21 8.30 
22 15.59 
24 4.10 - 

TOTAL: 

* By Volume 
+ S.T. 
x By Weight 

3 4 5 6 

Coal in Place Average Net Weighted 
Ir ' irhin Mining Recovered Average 

Recoverable  Loss Seam Mining 
Members Thickness  LOSS 

Thousand 
Cu. Yd. F t .  % 

12,605 
5,085 
23,053 
1,573 
4,401 
3,251 

13,450 
9,955 
14,758 
3,641 
9,274 
10,331 
8,957 
8,065 
6,466 
7,020 
6,670 
1,926 
1,437 
783 
404 
48 

153.203 

1.26 
1.21 
2.32 
1.03 
1.25 
1.03 
2.05 
1.23 
1.80 
1.94 
2.00 
3.25 
2.84 
2.99 
3.14 
2.36 
1.06 
2.53 
1.97 
2.09 
2.99 
1.00 - 

14.00 
6.09 
28.06 
3.19 
5.50 
5.36 
20.07 
15.61 
25.92 
14.48 
17.50 
19.16 
17.74 
17.42 
13.27 
15.46 
3.97 
7.94 
7.19 
6.21 

12.60 
3.10 __ 

8.40 
17.88 
8.25 
33.51 
19.99 
17.90 
10.30 
8.01 
5.98 
8.75 
10.39 
18.34 
15.73 
15.19 
21.94 
14.18 
7.13 
31.47 
25.86 
28.97 
24.21 
32.26 

12.43 

14 13 7 8 9 10 11 12 

T o t a l  D i l u t i o n  
Seam Mining D i l u t i o n  Recovered As X of 

RECOVERED RAW COAL % of LOSS Rock ?fine Run Raw Coal 

rhousand Thousand 
cu. Yd. 

11,730 

21,219 
1,138 
3,467 
2.925 
12,095 
9,394 
13,994 
3,217 
8,181 
8,572 
7,428 
6,759 
4,664 
5,769 
4,832 
1,505 
1,136 
473 
242 
40 

133,263 

4,433 

S. T. __ 
~ 

14,310 
5,409 
25,887 
1,388 
4,230 
3.569 
14.756 
11,461 
17,072 
3,925 
9,981 
10,458 
9.062 

Recovered Recovered P roduc t  Recovered 

Thousand Thousand Thousand 
Cu. Yd. Cu. Yd. Cu. Yd. 

Coal 

8.81 
3.33 
15.93 
0.85 
2.60 
2.19 
9.08 
7.05 
10.51 
2.41 
6.14 
6.43 
5.57 

81246 5.07 
5,690 * 3.50 
7.038 4.33 
5,957 3.66 
1,837 1.13 
1,386 0.85 
577 0.35 
295 0.18 

0.03 - 48 

162,582 100.00 

1,076 
965 

1,909 
573 
866 
638 

1.388 
818 
889 
309 
94 8 

1,926 
1,387 
1,210 
1,310 
953 
375 
691 
396 
193 
77 
19 

18,916- 
23,OOOC 

875 
652 

1,834 
435 
9 34 
326 

1.355 
561 
764 
424 

1,093 
1,759 
1,529 
1,306 
1,802 
1,251 
1,788 
421 
35 1 
310 
162 
9 

19,941 
40,316+ 

12,605 
5.086 
23,054 
1,573 
4.401 
3,251 
13,451 
9,955 
14,757 
3,642 
9,274 
10,331 
8,957 
8.064 
6,466 
7.019 
b,671 
1,926 
1,488 
783 
403 
48 

153,205 
202,897+ 

7.46 
14.71 
8.65 
38.20 
26.94 
11.14 
11.20 
5.97 
5.46 
13.18 
13.36 
20,52 
20.59 
19.32 
38.64 
21.68 
36.63 
27.97 
30.92 
65.53 
66.85 
23.81 

14.96* 
24.80~ 

__ 

R.O.M. 

- - 
6.94 
12.83 
7.96 
27.64 
21.22 
10.02 
10.08 
5.64 
5.17 
11.65 
11.78 
17.03 
17.07 
16.19 
27.87 
17.82 
26.81 
21.86 
23.61 
39.59 
40.07 
19.23 

13.02* 
19.87~ 

r( - 
m 
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TABLE 2 

1 

Year 

- - 
*P.  P. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
12 
1 3  
14  
1 5  

1 6  - 20 
21 - 25 
26 - 28 

Rock Overburden 
To Waste Dump 

Thousands 
Cu. Yd. 

6,920 
41,780 
38,650 
39,110 
33,690 
40,250 
35,850 
31,350 
30.860 
31,160 
30.770 
30,960 
30,860 
30,870 
30,920 
30,940 

157,370 
172.700 
108,064 

953,074 

3 

G l a c i a l  T i l l  
Overburden 

4 5 

Recovered Rock 
Di lu t ion  t o  P l a n t  

Annual T o t a l  
Overburden 

Inc lud ing  Di lu t ion  

Thousands 
Cu. Yd. 

2.570 
12,280 

7,950 
6,900 
6,950 
4,800 
2,330 
1 ,000  
1.000 
1,000 

960 
960 

1,350 
2,000 
2,000 
2,000 

3,798 
3,570 

6,752 

70,170 

Thousands 
Cu. Yd. 

80 
720 
850 
890 
810 
950 
950 
650 
640 
640 
630 
640 
640 
530 
580 
5 60 

2,830 
3.600 

Ah%XN. OVERBURDEII AND COAL VOLWES 

2;751 
19,941 

Thousands 
Cu. Yd.  

9,570 
54.780 
471450 
46,900 
41,450 
46.000 
39:130 
33;OOO 
32,500 
32,800 
32,360 
32.560 
32 ; 850 
33,400 
33,500 
33,500 

166,952 
180,098 
114,385 

1,043,185 

h 

Recovered 
Raw Coal 

Thousands 
s. T. 

340 
4.411 
5;882 
5,882 
5,882 
5.883 
51882 
5;882 
5,883 
5,882 
5,882 
5.883 
5;882 
5,882 
5,883 
5,882 

29.412 
29;412 
16,655 

7 

Annual 
Overburden 

Ratio 

28.15 
1 2 . 4 1  

8.07 
7.97 
7.05 
7.82 
6.65 

162,582 S.T. 
(133,263 Cu. Yd.) 

5.61 
5.52 
5.58 
5.50 
5.54 
5.58 
5.68 
5.69 
5.69 
5.68 
6.12 
6.87 

* Pre-Production 
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r o c k  b y  s e a m  g r o u p .  

T a b l e  2 p r o v i d e s  an  a n n u a l  d i s t r i b u t i o n  o f  a l l  m a t e r i a l  

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

o f  t h r e e  m i l l i o n  c l e a n  s h o r t  t o n s  i n  c o a l  Year 1 a n d  f o u r  

m i l l i o n  c l e a n  t o n s  a n n u a l l y  t h e r e a f t e r .  D r a w i n g  No.  

1 6 1 9  shows  t h i s  d i s t r i b u t i o n  g r a p h i c a l l y  and  t h e  re-  

s u l t i n g  c u m u l a t i v e  m i n i n g  r a t i o .  

Upon e x a m i n i n g  t h e  u n d e r s i r a b l e  d i l u t i o n  r e s u l t i n g  f r o m  

m i n i n g  o f  t h e  2-3 f o o t  ( 0 . 6 - 0 . 9  m) s e a m s  w i t h  t h e i r  

a s s o c i a t e d  p a r t i n g s  a n d  o t h e r  d i l u t i o n  r o c k  r e c o v e r y ,  

we p e r f o r m e d  a s e c o n d  c a l c u l a t i o n  w h i c h  e l i m i n a t e d  a l l  

2 - 3  f o o t  ( 0 . 6 - 0 . 9  m) c o a l  s e a m s  a n d  t h e i r  a s s o c i a t e d  

p a r t i n g s  a n d  o t h e r  d i l u t i o n  r o c k .  T h e  r e c o v e r y  o f  raw 

c o a l  on  t h i s  b a s i s  w o u l d  b e  r e d u c e d  t o  1 5 0 , 8 6 0 , 0 0 0  S . T .  

( 1 3 6 , 8 5 8 , 0 0 0  t o n n e s )  a n d  t h e  p e r c e n t a g e  o f  h i g h e r  v o l a t i l e  

c o a l s  w o u l d  d r o p  t o  3 6 . 7 %  o f  t h e  t o t a l .  However ,  b e c a u s e  

t h e  d i l u t i o n  w o u l d  d r o p  t o  1 6 . 6 5 %  by w e i g h t  o f  t h e  re-  

c o v e r e d  r a w  c o a l  v s .  2 4 . 8 %  t h e  p l a n t  r e c o v e r y  w o u l d  i n -  

c r e a s e  t o  a b o u t  6 5 % .  T h e r e f o r e ,  f r o m  t h e  r e d u c e d  t o n n a g e  

o f  R . O . M .  c o a l  r e c o v e r e d  ( r a w  c o a l  r e c o v e r e d  + d i l u t i o n  

r o c k  r e c o v e r e d )  o f  1 7 5 , 9 7 6 , 0 0 0  S . T .  ( 1 5 9 , 6 4 2 , 0 0 0  t o n n e s ) ,  

a c l e a n  c o a l  r e c o v e r y  o f  1 1 4 , 3 8 4 , 0 0 0  S.T. c o u l d  b e  a c h i e v e d .  

The  r e s u l t s  o f  t h i s  a n a l y s i s  w o u l d  i n d i c a t e  t h a t  t h e r e  i s  

c o n s i d e r a b l e  d i s a d v a n t a g e  Zn m i n i n g  t h e  2-3 f o o t  ( 0 . 6  - 
0 . 9  m) seams a t  a l l .  However ,  see  t h e  f o l l o w i n g  s o l u t i o n  

f o r  i m p r o v i n g  t h e  p r o b a b i l i t y  o f  t h e s e  s e a m s  b e i n g  

e c o n o m i c a l l y  m i n e a b l e .  

The  d i l u t i o n  e x p e c t e d  was b a s e d  o n  a s t a n d a r d  e l e c t r i c  

s h o v e l ,  d o z e r ,  f r o n t - e n d  l o a d e r  m i n i n g  b e n c h  p l a n  a n d  

h e i g h t  l a y o u t ,  w h i c h  h a s  some c o n s i d e r a b l e  d i s a d v a n t a g e s  
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on t h i s  p r o j e c t  . We b e l i e v e  a d i f f e r e n t  m i n i n g  me thod  

i s  p r e f e r a b l e  f o r  t h i s  p r o j e c t .  T h i s  a l t e r n a t i v e  m e t h o d  

i s  e x p e c t e d  t o  r e d u c e  t h e  d i l u t i o n  and  r . i n i n g  l o s s e s  

t o  a b o u t  h a l f  o f  t h o s e  shown i n  o u r  c o a l  r e c o v e r y  c a l -  

c u l a t i o n s ,  and  c o n s e q u e n t l y  t o  i m p r o v e  t h e  p o s s i b i l i t y  

o f  m a k i n g  t h e  t h i n n e r  s e a m s  e c o n o m i c a l l y  m i n e a b l e ,  and  

t o  c o n s i d e r a b l y  i n c r e a s e  t h e  c l e a n  c o a l  o u t p u t ,  p o s s i b l y  

b y  1 0 % .  

T h i s  a l t e r n a t i v e  m e t h o d  w i l l  b e  d i s c u s s e d  i n  t h e  s e c t i o n  

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

p l a n .  

A t  t h i s  p o i n t  w e  w o u l d  l i k e  t o  m e n t i o n  t h a t  e x a m i n a t i o n  

o f  some o f  t h e  t h i n n e r  c o a l  s e a m  c o r e s  w h i c h  w e r e  n o t  

t e s t e d  shows  some p o o r  q u a l i t y  c o a l .  The number o f  

t h i n n e r  u n t e s t e d  seams w h i c h  may p r o v e  u n s u i t a b l e  

i s  unknown.  A l s o ,  t h e  e x t e n t  t o  w h i c h  t h i n n e r  s e a m s  

p i n c h  a n d  s w e l l  o r  d i s a p p e a r  a n d  r e a p p e a r  i s  u n k n c v n .  

More d a t a  i s  n e e d e d  on  t h e  t y p e  o f  d i l u t i o n  m a t e r i a l  t o  

b e  h a n d l e d  b y  t h e  p l a n t ,  a n d  o f  t h e  c o l o r  d i f f e r e n c e s  

n e c e s s a r y  t o  s e p a r a t e  t h i n  p a r t i n g s  f r o m  t h i n  c o a l  s e a m s  

a t  t h e  m i n e .  T h e s e  l a t t e r  two p o i n t s  w e r e  e x a m i n e d  b y  

some c o r e  s t u d y  a n d  i t  a p p e a r s  t h a t  a p p r o x i m a t e l y  2 / 3  

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

a n d  i n t o  t h e  p l a n t .  A l s o  m o s t  p a r t i n g s  a r e  g r e y  V S .  c o a l  

b l a c k ,  w h i c h  w i l l  h e l p  i n  s e p a r t i n g  d u r i n g  t h e  m i n i n g .  

However ,  u n t i l  s u b s t a n t i a l  a d d i t i o n a l  d r i l l i n g  i s  d o n e  

w e  recommend t h a t  t h e  p l a n t  r e c o v e r y  f i g u r e  o f  1 1 2 , 8 1 0 , 0 0 0  

s . t .  ( 1 0 2 , 3 4 0 , 0 0 0  t o n n e s )  b e  u s e d  a s  a c o n s e r v a t i v e  

e s t i m a t e  o f  y i e l d .  
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8 . 0  C O A L  Q U A L I T Y ,  B L E N D I N G  AND P R E P A R A T I O N  PLANT 
RE QU I REMENT S 

8 . 1  Number o f  Seams a n d  C o a l  C h a r a c t e r i s t i c s  

C o a l  w i l l  b e  r e c o v e r e d  f r o m  2 2  o r  2 3  seam g r o u p s  w i t h  

40  - 6 0  o r  more i n d i v i d u a l  members  b e i n g  m i n e d  a c r o s s  

t h e  w i d t h  o f  t h e  m i n e .  T h e s e  c o a l s  e x h i b i t  a w i d e  

r a n g e  o f  p r o p e r t i e s  a s  c a n  b e  s e e n  f r o m  T a b l e  2 o f  t h e  

Appended " R e p o r t  o n  P r e p a r a t i o n  a n d  P r e l i m i n a r y  F low 

S h e e t "  o f  March 1 9 7 5 .  A p p e n d i x  No. 1. 

The  r e p o r t  r e f e r r e d  t o  p r o v i d e s  a summary o f  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  c o a l s  a s  n e c e s s a r y  f o r  a d i s c u s -  

sion o f  p r e p a r a t i o n  p l a n t  d e s i g n .  T h e r e f o r e  o n l y  d a t a  

n o t  c o n t a i n e d  i n  A p p e n d i x  No. 1 w i l l  b e  s u m m a r i z e d  h e r e .  

T a b l e  No. 3 c o n t a i n s  a d d i t i o n a l  c h a r a c t e r i s t i c s  t o  

t h o s e  c o v e r e d  i n  A p p e n d i x  No. 1. 

8 . 2  Ash F u s i b i l i t y  F a c t o r s  

C o k i n g  s t u d i e s  i n d i c a t e  e x t r e m e l y  h i g h  f l o w  t e m p e r a t u r e s  

c a u s e d  b y  t h e  low p e r c e n t a g e  o f  a l k a l i e s  a n d  v e r y  h i g h  

S i 0 2  c o n t e n t s  i n  t h e  a s h .  They  i n d i c a t e  t h a t  i t  w o u l d  

a p p e a r  a d v i s e a b l e  t h a t  i f  t h e  c o a l  s h o u l d  b e  u s e d  a s  

s team c o a l s  i n  power  s t a t i o n s ,  t h e y  b e  l i m i t e d  t o  t h o s e  

s t a t i o n s  u s i n g  a d r y  a s h  r e m o v a l  s y s t e m .  

8 . 3  C o k a b i l i t y  

On t h e  b a s i s  o f  t h e  m a c e r a l  c o m p o s i t i o n  a n d  v o l a t i l e  
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T A B L E  3 

W A S H E D  C O A L  SUMMARY BY S E A M  OF 
S U L P H U R ,  P H O S P H O R U S ,  I N H E R E N T  

M O I S T U R E  & B . T . U .  

I n h e r e n t  
S e a m  No.  Sulphur M o i s t u r e  B . T . U .  

2 

3 

4 

6 

7 

8 

9 

1 0  

11 

1 2  

1 3  

1 4  

1 5  

1 6  

1 7  

1 8  

1 9  

2 0  

. 5 1  

. 5 8  

9 4 4  

. 7 9  

. 6 9  

. 5 6  

. 5 4  

. 4 6  

. 6 9  

. 7 4  

. 8 4  

. 8 3  

. 6 8  

. 7 8  

. 8 3  

. 5 8  

. 7 0  

. 8 2  

. 6 2  

. 6 1  

. 6 8  

. 4 2  

. 6 0  

. 4 8  

. 4 6  

. 5 0  

. 4 0  

. 4 9  

. 5 2  

. 5 3  

. 4 1  

. 4 1  

. 3 1  

. 5 3  

. 4 3  

. 5 5  

1 3 , 9 9 0  

1 4 , 1 5 9  

1 4 , 4 7 4  

1 4 , 3 2 5  

1 4 , 1 6 0  

1 4 , 3 0 2  

1 4 , 2 6 6  

1 3 , 5 0 4  

1 4 , 2 8 3  

1 4 , 4 0 6  

1 4 , 5 5 7  

1 4 , 3 2 7  

1 4 , 5 8 6  

1 4 , 5 4 3  

1 4 , 7 1 4  

1 4 , 7 0 0  

1 4 , 8 0 5  

1 4 , 6 5 0  

P h o s p h o r u s  c o n t e n t  r a n g e s  from 0 . 0 4 %  t o  0 . 1 0 %  

e x c e p t  f o r  s e a m s  2 ( . 0 1 4 ) ,  9 ( . 0 3 8 )  a n d  1 0  ( . 0 2 2 )  
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c o n s t i t u e n t s  as  w e l l  a s  o f  t h e  d i l a t o m e t e r  t e s t  r e -  

s u l t s  a n d  t h e  G - v a l u e  r e a d i n g s ,  i t  i s  p o s s i b l e  t o  

c l a s s i f y  t h e  E l k  R i v e r  c o a l s  i n t o  t h r e e  seam g r o u p s .  

( s e e  Montan  C o n s u l t i n g  R e p o r t ,  d a t e d  O c t o b e r ,  1 9 7 3 )  

Group 1: T h e  s e a m s  3 , 4 , 6 , 7 , 8 , 9 , 1 0 ,  w h i c h  a r e  low 

v o l a t i l e  a n d  p o s s e s s  s l i g h t  t o  d e f i c i e n t  c o k i n g  p r o -  

p e r t i e s .  However ,  a p o s s i b l e  i m p o r t a n t  e x c e p t i o n  s h o u l d  

b e  n o t e d .  Seam 1 0  makes  up a b o u t  10.5X o f  t h e  t o t a l  

d e p o s i t ,  a n d  t h e r e  a p p e a r s  t o  b e  e v i d e n c e  t h a t  t h e  seam 

10  t e s t s  w e r e  b a s e d  on  p a r t l y  o x i d i z e d  c o a l ,  and  t h e r e -  

f o r e  o v e r a l l  c o k a b i l i t y  m i g h t  p r o v e  b e t t e r  t h a n  p r e s e n t l y  

i n d i c a t e d .  

Group  2 :  The  seams 2 , 1 2 , 1 3 , 1 4 , 1 5  w h i c h  a r e  low t o  medium 

v o l a t i l e ,  a n d  h a v e  good c o k i n g  p r o p e r t i e s .  

Group 3: T h e  s e a m s  1 6 , 1 7 , 1 8 , 1 9 , 2 0  w h i c h  a r e  h i g h  v o l a t i l e  

a n d  h a v e  a n  e x c e s s  o f  c o k i n g  p r o p e r t i e s .  

A b l e n d  c o n s i s t i n g  o f  t h e  seams o f  Group 2 a n d  3 w i l l ,  

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

y i e l d  a c o k i n g  c o a l  w i t h  a d e q u a t e  t o  good  c o k i n g  p r o -  

p e r t i e s .  The  p r o p o r t i o n s  o f  t h e  c o a l  coming  f r o m  t h e  

seam o f  Group 1 t h a t  c a n  b e  b l e n d e d  t o g e t h e r  w i t h  c o a l s  

f r o m  t h e  s e a m s  o f  Group 2 a n d  3 d e p e n d  o n  t h e  f o l l o w i n g  

p r e m i s e s  t h a t  s h o u l d  s t i l l  b e  c h e c k e d  i n  d e t a i l :  

( a )  I f  t h e  m a c e r a l s  d e s c r i b e d  a s  i n e r t  i n  t h e  e x i s t i n g  

a n a l y s e s  r e a c t  i n e r t  d u r i n g  c o k i n g ,  a s  c a n  b e  

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

G-va lue  r e a d i n g s ,  a p o r t i o n  o f  up t o  30% w i l l  b e  

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

t h e  c o k i n g  p r o p e r t i e s  w o u l d  h a v e  t o  b e  r e c k o n e d  

w i t h .  

( b )  I n  v i e w  o f  t h e  c a r b o n i z a t i o n  r a n k  a n d  t h e  r e -  

s u l t s  o f  t h e  c o k i n g  t e s t s ,  i t  c a n  b e  c o n c l u d e d  

t h a t  t h e s e  s e a m  c o a l s  a l s o  h a v e  c e r t a i n  c o k i n g  

p r o p e r t i e s .  S i n c e  a p a r t  o f  t h e  m a c e r a l s  c l a s s e d  

a s  i n e r t  p o s s i b l y  d o  n o t  r e a c t  f u l l y  a s  i n e r t  

s u b s t a n c e s  d u r i n g  c o k i n g ,  i t  m i g h t  b e  p o s s i b l e  

t h a t  e v e n  i n  t h e  c a s e  o f  a d d i n g  up t o  50% t o  

t o  t h e  b l e n d  a f u l l y  c o k a b l e  c o k i n g  c o a l  w o u l d  

r e s u l t .  

E l k  R i v e r  c o a l  i s  p r o b a b l y  b l e n d a b l e  a n d  c o k a b l e  w i t h  

Ruhr  c o k i n g  c o a l .  The  opt imum p r o p o r t i o n  f o r  b l e n d i n g  

w i t h  Ruhr  C o a l  a n d  c o a l s  o f  o t ! ie r  o r i g i n  c a n  o n l y  b e  

d e t e r m i n e d ,  h o w e v e r ,  o n c e  t h e  p r e m i s e s  a)  a n d  b )  h a v e  

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

8 . 4  C o a l  B l e n d i n g  a n d  P r e p a r a t i o n  P l a n t  T r e a t m e n t  

Due t o  t h e  l a r g e  number  o f  s e a m s  e x h i b i t i n g  a w i d e  

v a r i a t i o n  i n  s u c h  p r o p e r t i e s  a s  % o f  v o l a t i l e  m a t t e r ,  

r a w  a s h  c o n t e n t ,  g r i n d a b i l i t y ,  and  % o f  n e a r  g r a v i t y  

m a t e r i a l ,  e t c . ,  t o g e t h e r  w i t h  a w i d e  r a n g e  i n  d i l u t i o n  

r o c k  c o n t e n t ,  a c o m p l e x  m e t h o d  o f  m i n i n g ,  b l e n d i n g  a n d  

p l a n t  p r e p a r a t i o n  t e c h n i q u e s  i s  r e q u i r e d  t o  p r o d u c e  a 

medium q u a l i t y  c o k i n g  c o a l .  

A m i n i n g  m e t h o d  d e s c r i b e d  l a t e r  i s  t h i s  r e p o r t  p r o d u c e s  

a c r o s s - s e c t i o n  o f  a l l  s e a m s  s u c c e s s i v e l y  upon  e a c h  
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r e c o v e r y  c y c l e  o f  a p p r o x i m a t e l y  5 0 0 , 0 0 0  s e t .  ( 4 5 3 , 6 0 0  

t o n n e s )  o f  r aw c o a l .  

T h i s  c o a l  i s  h a u l e d  f r o m  t h e  m i n e  by t r u c k  a n d  dumped 

d i r e c t l y  i n  s i x  s t o c k p i l e s  a s  Shown i n  T a b l e  4 .  

C o a l  i n  p i l e s  1 a n d  2 a r e  f r o m  t h e  h a r d  c o a r s e  s e a m s  

o f  l o w  and  h i g h  v o l a t i l e  c o a l s ;  t h o s e  i n  p i l e s  5 and  

6 a r e  f r o m  t h e  s o f t ,  f i n e  s e a m s  o f  t h e  low and  h i g h  

v o l a t i l e  c o a l s .  T h e s e  two  g r o u p s  o f  s e a m s  g o  r e s p e c -  

t i v e l y  t o  t h e  " h a r d "  a n d  " s o f t "  c o a l  c i r c u i t s  o f  t h e  

p r e p a r a t i o n  p l a n t ,  a s  d e s c r i b e d  i n  a p p e n d i x  1. P i l e s  

3 a n d  4 a r e  l o w  a n d  h i g h  v o l a t i l e  c o a l s  w h i c h  i n  p r o -  

p e r t i e s  a r e  i n t e r m e d i a t e ,  a n d  may go t o g e t h e r  t o  e i t h e r  

t h e  " h a r d "  o r  " s o f t "  c o a l  c i r c u i t s .  

The  c o a l  i s  l o a d e d  f r o m  a t  l e a s t  4 o f  t h e  6 s t o c k p i l e s  

s i m u l t a n e o u s l y  b y  s m a l l  f r o n t - e n d  l o a d e r s ,  i n t o  m o v a b l e  

l o a d i n g  h o p p e r s ,  t o  b e  c o n v e y e d  t o  t h e  b r e a k e r  s t a t i o n s  

p r i o r  t o  e n t e r i n g  t h e  2 s e p a r a t e  p l a n t  c i r c u i t s .  F u r -  

t h e r  b l e n d i n g  t a k e s  p l a c e  a s  t h e  c o a l  l e a v e s  t h e  p l a n t  as  

a c o m b i n e d  f l o w  f r o m  b o t h  c i r c u i t s .  L o a d i n g  a n d  un- 

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

f u r t h e r  mix  t h e  p r o d u c t .  

C o n s i d e r a t i o n s  a r e  b e i n g  made n o t  t o  a p p l y  t h e  c u s t o n a r y  

b u c k e t  w h e e l  s t a c k e r - r e c l a i m e r  b e c a u s e  i t  i s  n o t  c o n s i d e r e d  

t h a t  t h i s  m e t h o d  w i l l  p r o v i d e  s a t i s f a c t o r y  b l e n d i n g ,  con-  

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

We a l s o  c o n s i d e r  t h a t  s t o c k p i l i n g  t h e  u n b r o k e n  c o a l  and  

f e e d i n g  c o a l  d i r e c t l y  f r o m  b r e a k e r  t o  p l a n t  p r o v i d e s  

s u p e r i o r  w a s h a b i l i t y  c h a r a c t e r i s t i c s .  
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PROPOSED BLENDING STOCKPILE DISTRIBUTION FOR RAW COAL BY SEAM 

APPROX. RAW 
STOCKPILE NO. SEAM NO'S. % OF RESERVES COAL ASH % DILUTION % VOLATILES 

1 4 ,  4A, 6 ,  9 25.6 27 1 6  1 9 . 5  

2 10, 1 7 ,  18, 1 9  1 9 . 6  32.6 26.5 25.9 

3 5, 8 10 .0  35.9 22.4 20.0 

4 11, 1 2 ,  16 12 .0  37 .3  33 .9  26.9 

5 2 ,  3 ,  7 14 .3  21.6 15.9 19.7 

6 13, 15, 20 t o  24 18.5 44 .4  32 .8  25.2 
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P.11 c o n c l u s i o n s  r e l a t i n g  t o  b l e n d i n g  a n d  c o a l  h a n d ’ i r g  

a r e  p r e l i m i n a r y .  The f i n a l  m e t h o d s  employed  c a n  o n l y  

b e  d e t e r m i n e d  when p r o p o s e d  f u t u r e  s t u d i e s  a r e  com- 

p l e t e d .  

C l e a n  c o a l  s t o r a g e  h a s  n o t  b e e n  p r o v i d e d  f o r  e x c e p t  

f o r  t h e  3 - 1 2 , 5 0 0  t o n  s i l o s  ( 1 1 , 3 4 0  t o n n e s : ,  d c e  

t o  t h e  f a c t  t h a t  a r a i l w a y  o r  t e r m i n a l  s t r i k e  w i l l  

r e s u l t  i n  d e l a y s  w h i c h  c a n  o n l y  b e  p a r t l y  made up b y  

t h e  r a i l w a y ,  and  t h e r e f o r e  t h i s  a d d i t i o n a l  s u r g e  c a p a c -  

i t y  b e y o n d  2 7 , 5 0 0  t o n s  ( 2 4 , 9 5 0  t o n n e s )  i s  p r o b a b l y  n o t  

w o r t h  t h e  e x p e n s e .  T h i s  m a t t e r  w i l l  r e q u i r e  f u r t h e r  

s t u d y  o f  r a i . 1 ,  t r a n s p o r t a t i o n  a n d  s h i p p i n g  f a c t o r s  

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

The  p r e p a r a t i o n  p l a n t  o u t p u t  f r o m  t h e  p r o p o s e d  o p e n  p i t ,  

a s  m e n t i o n e d  p r e v i o u s l y  u n d e r  C o a l  R e c o v e r y ,  i s  e s t i m a t e d  

a t  4 m i l l i o n  c l e a n  s h o r t  t o n s  p e r  y e a r  o v e r  a p p r o x i m a t e l y  

2 8  y e a r s  f o r  a t o t a l  r e c o v e r y  o f  1 1 2 , 8 1 0 , 0 0 0  c l e a n  s h o r t  

t o n s  ( 1 0 2 , 3 4 0 , 0 0 0  t o n n e s ) .  T h i s  ou:put  i s  b a s e d  on a 

p l a n t  r e c o v e r y  f r o m  t h e  r o c k  d i l u t e d  R . 0 . M .  c o a l  o f  5 5 . 6 % .  

( T h i s  i s  e q u i v a l e n t  t o  6 9 . 4  % r e c o v e r y  o f  t h e  u n d i l u t e d  

raw c o a l  r e c o v e r e d  f r o m  t h e  m i n e ) .  

U n t i l  q u a l i t y  a n a l y s i s  i s  c o m p l e t e d  no  p r o v i s i o n  h a s  

b e e n  made f o r  o x i d i z e d  o r  t h e r m a l  c o a l  s t o r a g e .  I t  s e e m s  

m o s t  p r o b a b l e  t h a t  a c o k i n g  b l e n d  w i l l  u s e  a l l  b u t  t h e  

o x i d i z e d  c o a l ,  a n d  e x p e r i e n c e  h a s  shown t h a t  a s m a l l  

q u a n t i t y  o f  o x i d i z e d  c o a l  s u c h  a s  t h i s  1 5 0 , 0 0 0  t o n s  

( 1 3 6 , 0 5 0  t o n n e s )  p e r  y e a r  s e e m s  t o  b e  r e a d i l y  a b s o r b e d  

i n  t h e  p l a n t  f e e d .  I f  s t o r a g e  a r e a  s h o u l d  b e  r e q u i r e d ,  

t h e  a r e a  b y  t h e  s p u r  p r o v i d e d  f o r  f u e l  s t o r a g e  and  

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



1-29 

O v e r s i z e  w a s t e  m a t e r i a l  i s  d e p o s i t e d  i n  a 200  t o n  

(181 t o n n e s )  b i n  f o r  t r u c k  t r a n s p o r t  t o  t h e  t a i l i n g s  

d i k e  o r  t o  mine  b a c k f i l l .  

The m a j o r  p o r t i o n  o f  i n f o r m a t i o n  r e l a t i n g  t o  c o a l  q u a l i t y  

a n d  p r e p a r a t i o n  p l a n t  r e q u i r e m e n t s  i s  c o n t a i n e d  i n  

A p p e n d i x  1. The R e p o r t  o n  P r e p a r a t i o n  a n d  P r e l i m i n a r y  

F low S h e e t .  

Much a d d i t i o n a l  i n f o r m a t i o n  r e l a t i n g  t o  c o a l  a n a l y s i s  i s  

a v a i l a b l e  i n  t h e  Emkay-Scur ry  r e p o r t  d a t e d  f i larch 1 9 7 1 ,  

t h e  C o a l  S c i e n c e  and  M i n e r a l s  T e s t i n g  R e p o r t  o f  B i r t l e y  

E n g i n e e r i n g  d a t e d  O c t o b e r ,  1 9 7 1 ,  a n d  t h e  Montan  C o n s u l t i n g  

r e p o r t  d a t e d  O c t o b e r ,  1 9 7 3 .  

8 .5  q u a l i t y  C o n t r o l  

T h e  c o m p l e x  s e a m s  s t r u c t u r e  w i l l  r e q u i r e  d e t a i l e d  e x -  

p l o r a t o r y  d r i l l i n g  i m m e d i a t e l y  a h e a d  o f  t h e  m i n i n g  and  

t h i s  d r i l l i n g  w i l l  p r o v i d e  s a m p l e s  f o r  a n a l y s i s .  Advanced  

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

made ,  a n d  s a m p l i n g  i n t o  t h e  s p e c i f i c  s t o c k p i l e s  w i l l  n o t e  

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

c o n t e n t  a n d  t y p e .  A c o m p u t e r  p r o g r a m  w i l l  c o n t r o l  t h e  

l o a d i n g  l o c a t i o n s  a l o n g  t h e  raw c o a l  s t o c k p i l e s  t o  p r o -  

v i d e  t h e  b e s t  b l e n d i n g  c h o i c e  a v a i l a b l e  a t  a l l  t i m e s .  

S a m p l i n g  i n t o  t h e  c l e a n  c o a l  s i l o s  w i l l  n o t e  a r y  v a r i a t i o n  

i n  t h e  c l e a n  c o a l  s o  as  t o  f u r t h e r  b l e n d  t c  t h e  t h r e e  

s i l o s  t o  t h e  maximum e x t e n t  p o s s i b l e .  
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9.0 DESCRIPTION OF PHYSICAL FEATURES OF THE MINING OPERATION 

9.1 Elk River Diversion 

An essential feature of the mining plan, if the best 

product and the maximum and most efficient recovery of 

the reserves is to be realized, is the diversion of 

the Elk River to the westward around the proposed open 

pit. 

Fortunately, the previous study requirement for a 10.3 

mile (16.6 km) diversion channel can be reduced to 4.2 
miles (6.7 km), and the raising of the river high up the 

valley slopes and later dropping it back some hundreds of 

feet is also eliminated. 

We propose a 20 foot (6.1 m) diameter tunnel for 1.46 

miles (2.35 km), starting immediately north of the 

proposed pit about 1,000 feet (305 m) south of the Elk- 

Cadoran junction and an open channel of 2.74 miles 

(4.41 km). The tunnel grade is uniform, at 0.645% and 

slightly flatter than the existing river channel. The 

tunnel changes to open cut which decreases to a section 

10 feet (3 m) deep in cut or cut nnd containing dike, 

and widens into a small lake 1825 feet (556 m) long of 

16.3 acres (6.6 ha), within the original river bed 

beginning 2.6 miles (4.18 km) from the north end of the 

diversion. The grade of this section varies from 0.68 

to 1.00%, except for a short pool and riffle created by 

some broken rock placed so as to regulate the level of 

the artificial lake. 
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Below t h e  s m a l l  l a k e  i n  t h e  e x i s t i n g  c h a n n e l  bed  t h e  

r i v e r  e n t e r s  a c u t  o f  g e n e r a l l y  1 5 '  t o  2 5 '  ( 4 . 6  t o  

7 . 6  m) d e e p  on a 0 . 5 %  g r a d e .  The f i n a l  2600 f e e t  

( 7 9 2  m) o f  t h e  r e l o c a t e d  c h a n n e l  i s  on a 2 . 5 %  g r a d e ,  

r e - e n t e r i n g  t h e  o r i g i n a l  c h a n n e l  n e a r  t h e  s o u t h  end  

o f  t h e  o p e n  p i t .  The s i d e  s l o p e s  o f  t h e  e x c a v a t e d  

c h a n n e l  a r e  4 : 1 ,  e x c e p t  n e a r  t h e  o u t l e t  p o r t a l  w h e r e  

t h e r e  i s  a g r a d u a l  t r a n s i t i o n  t o  2 : l .  Where t h e  d i v e r s i o n  

c h a n n e l  i s  n o t  i n  s o l i d  r o c k  t h e  c h a n n e l  w i l l  h e  l i n e d  

w i t h  l a r g e  r i p r a p  r o c k  t o  a minimum t h i c k n e s s  o f  3 f e e t  

( 0 . 9  m) b e l o w  t h e  s t r e a m  g r a d e ,  a n d  e x t e n d  up t h e  s i d e  

s l o p e s  t o  a h e i g h t  o f  8 f e e t  ( 2 . 4  m) a b o v e  t h e  c h a n n e l  

g r a d e  l e v e l  s o  t h a t  t h e  w a t e r  l e v e l  a t  T e a k  f l o w  w i l l  

n o t  o v e r t o p  t h e  r i p r a p .  

The p r o p o s e d  t u n n e l  h a s  a c a p a c i t y  o f  a b o u t  4 , 2 0 0  c f s .  

( 1 1 9  m s ) .  T h i s  c a p a c i t y  c o u l d  b e  i n c r e a s e d  by i n -  

c r e a s i n g  t h e  h e a d  w i t h  a h i g h e r  dam a t  t h e  i n t a k e .  

However ,  t h e  1 0 0  y e a r  f l o w  i s  p r o j e c t e d  a t  a b o u t  3 , 0 0 0  c f s .  

( 8 5  m s )  s o  t h a t  t h e  p r o p o s e d  30  f o o t  ( 9  m) dam a p p e a r s  

q u i t e  a d e q u a t e .  O b s e r v a t i o n s  made a l o n g  t h e  r i v e r  d o  n o t  

i n d i c a t e  f l o w s  o v e r  3 , 0 0 0  c f s .  ( 8 5  m s )  

3 

3 

3 

W h e t h e r  t h e  t u n n e l  wou ld  b e  b o r e d ,  o r  b l a s t e d  d e p e n d s  upon 

t h e  a v a i l a b i l i t y  o f  u s e d  b o r i n g  e q u i p m e n t  a t  t h e  t i m e  o f  

c o n s t r u c t i o n .  B o r i n g  w o u l d  p r o b a b l y  b e  p r e f e r a b l e  d u e  t o  

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

l o c a t e  t h e  m o s t  c o m p e t e n t  r o c k  s t r a t a  i s  u n d e r t a k e n  

comments  a b o u t  t h e  t u n n e l  mus t  b e  c o n j e c t u r a l .  However ,  

we wou ld  e x p e c t  t h e  t u n n e l  t o  r e q u i r e  c o n c r e t e  l i n i n g ,  

a n d  p r e - c a s t  b a f f l e s  w o u l d  h a v e  t o  b e  p l a c e d  i n  t h e  

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

p a s s a g e  d u r i n g  h i g h  f l o w s .  
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The channel diversion shown is moderately winding. When 

the detailed channel design to follow this conceptual 

layout is undertaken, the channel may be modified to 

include pools and riffles,etc., as may be deemed most 

aesthetic and suitable €or fish habitat. 

Haul road crossings of the proposed channel relocation 

require drainage structures. We have shown over-designed 

structures in relation to end area opening required for 

maximum water flow, with their base five feet (1.5 m) 

below the stream grade. A natural rock and gravel bed 

will therefore result, and the span is almost equal to 

the 50 ft. (15 m) channel width, so velocity increases 

will be moderate, and the riprap bed will provide reduced 

bed velocities for fish passage. The 25 ft. (7.6) rise 
by 3 8  ft. (11.6 m) span structures will resemble in 

appearance arch bridges more than culverts. 

The southermost 2.1 miles (3.4 km) of the relocation 

channel can become the permanent channel, as it is still in 

the valley bottom, and can be constructed and landscaped 

in a natural manner, so that future relocating into the 

mined out area would be an unnecessary future disturbance. 

The northernmost portion of the diversion, which includes 

the tunnel may be re-diverted hack into the mined out area 

after about 22 years. Again, this section may be final 

designed in a more detailed manner. Due to the 550 foot 

(168 m) section of the backfilled area being constructed 

to 10% slopes, the river may he meandered laterally 

within 450 feet (137 m) without final slopes at the out- 

side of the bends exceeding ?:1 or 2 6  . 0 
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9.2 Construction of Artificial Lakes 

The excavation of  the Elk River tunnel and diversion 

channel provide a substantial quantity of excavated 

rock and glacial till, and the first stages of mining 

prior to coal preparation provide much more material 

which must be disposed of. Within the first six years 

of mining a substantial portion of the existing swamp 

and pond environment is removed from the valley 

bottom. The diverted portion of the Elk River is also 

temporarily reduced in biological productive capacity. 

For these reasons, and the desire to improve the environ- 

ment and make maximum beneficial use of excavated waste 

materials we are proposing to dike a 98.5 acre (39.9 ha) 

section of flat land north o f  the proposed preparation 

plant site to provide a small lake capable of supporting 

fish and waterfowl. A small island of two acres (0.8 h a )  

is created for aesthetic reasons and for waterfowl nesting 

by building a depressed causeway to the location. This 

causeway is later submerged by the lake. 

The initial mine dump on the west side of the valley will 

contain approximately 185 million CU. yds. (141.5 million m ) 

of waste rock and glacial till. The glacial till will be 

about 5 0  feet (15 m) deep on top of the dump. Considerable 

runoff water is diverted around this area during mining. 

We propose to build a depression of 3 1 . 5  acres (12.7 ha) 

into the dump, lined with compacted glacial till, to 

create a pond with slopes of about lo%, reaching 20 feet 
( 6  m) deep, which may be filled with water b y  routing 

the final area drainage through it. This pond will be 

lined with the organic muskeg removed from the valley to 

provide a similar boggy environment around the shallow 

edges. Three hills 80 feet (24 m) high are proposed around 

3 
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t 

this pond to provide a natural setting for the pond and 

shelter for animals. Various types of forage and other 

vegetation will be planted on the slopes of the hills 

or within their shelter. 

The southernmost portion of the mined out pit will fill 

with water, or can be filled at an. accelerated rate by 

diverting part of the Elk River flow into it, thus creating 

a lake 4 4 7 0  feet ( 1 6 9 8  m) long and 3 5 0 0  feet ( 1 0 6 7  m) 

wide containing 4 4 8 . 6  acres (181.5 ha). The north end of 

the lake will have a substantial area only a few feet 

deep containing two islands and will warm sufficiently 

for swimming in midsummer. The lake steps down successively 

southward to a maximum depth of 3 9 5  feet (120 m). A 

connection is made between the Elk River and the lake where 

their levels are equal, to maintain the lake level. 

9 . 3  Drainage Relocation 

One of the earliest construction operations will be the 

relocation of waters draining into the initial west 

waste dump area. This is accomplished by collecting all 

streams into a drainage channel constructed along the route 

of the forestry road relocation west of all mining and 

dumping areas. The road rises to above elevation 5 7 0 0  

feet ( 1 7 3 7  m). The waters diverted are clean, except for 

some temporary washing of channel slopes. Riprapping 

and ditch checks will be constructed along with slope 

seeding. This water is considered suitable for routing 

into Gardner Creek channel and thence into the artificial 

lake. The water will flow into or out of the lake through 

an equalization culvert connecting the north east corner o f  

the lake with the relocated Elk River channel. The cul.vert 
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will have a 20 foot ( 6  m) span, because it will b e  

partly submerged and therefore only the portion above 

the Elk River surface will serve to carry the flow 

from the lake and the area draining into the lake. 

Of immediate requirement also is the northern portion 

of the Weary Creek diversion, which is diverted along 

the mountain slope in a canal partly in cut and partly 

diked. A maintenance road is constructed on top of the 

dike. During placement of the waste rock in the north 

fork o f  the original Weary Creek channel there will be 

some sediment from the dump run off entering the portion 

of Weary Creek crossing the valley floor to the original 

Elk River channel. Three small dams across the original 
Elk River channel will create three settling ponds to 

clarify the water before it enters the Elk River near 

the south end of the ultimate open pit. 

After 20 years the Weary Creek diversion must be extended 

southward around the south limit of the open pit to enter 

the Elk River 0 . 4  miles ( . 6 4  km) downstream from the open 

pit. The north fork dump will have stabilized long before 

this s o  sediment will be confined to a small initial divers- 

ion channel slope washing which will be minimized by rip- 

rap, energy dissipating riprap structures on steep grades 

and slope seeding. 

From the top of Little Weary Ridge northward to the north 

pit limit drainage is collected in a ditch constructed 

partly in cut and partly diked with a maintenance road 

along the dike. The drainage area is fairly limited. 

The seasonal runoff will be controlled with respect to 

scour by riprap, energy dissipating ditch checks on steep 

grades and slope seeding, and the water discharged into 



t h e  E l k  R i v e r  w i t h o u t  a s e t t l i n g  p o n d .  The r o a d  a l o n g  

t h e  t o p  o f  t h e  d i k e  w i l l  s e r v e  a s  a low g r a d e  a c c e s s  t o  

t h e  Weary C r e e k  V a l l e y  a f t e r  c o m p l e t i o n  o f  m i n i n g .  

A s t r i n g  o f  swamps a n d  p o n d s  l i e  o n  t h e  v a l l e y  f l o o r  

w i t h i n  t h e  m i n i n g  a r e a  f r o m  s t a .  2 3 0  t o  s t a .  3 2 0 .  T h e s e  

swamps a p p e a r  t o  b e  a t  l e a s t  2 0  f e e t  ( 6  m) d e e p  i n  p l a c e s .  

The v a l l e y  f l o o r  c a n  a l s o  b e  e x p e c t e d  t o  c o n t a i n  a q u i f e r s  

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

b e l o w  t h e  swamps i s  f a v o u r a b l e  and  a d r a i n  3 0 - 4 5  f e e t  

d e e p  t o  r o c k  l e v e l  w i l l  b e  o f  c o n s i d e r a b l e  b e n e f i t  i n  

m a k i n g  p o s s i b l e  t h e  e x c a v a t i o n  o f  t h e  swamps ,  a n d  a l s o  

s h o u l d  b e  o f  b e n e f i t  i n  d e w a t e r i n g  t h e  g l a c i a l  t i 1 . 1 .  

9 . 4  2 

I n  c o n j u n c t i o n  w i t h  d i k i n g  f o r  t h e  a r t i f i c i a l  l a k e  n o r t h  o f  

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

pond t o  c o l l e c t  s e d i m e n t  f r o m  t h e  l a r g e  w e s t  i n i t i a l  w a s t e  

dump. FJa te r  pumped f r o m  t h e  n o r t h e r n  e n d  o f  t h e  m i n e  w i l l  

a l s o  b e  c o l l e c t e d  h e r e .  The  w a t e r  will b e  d i s c h a r g e d  a f t e r  

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

w e s t  e n d  o f  t h e  s e t t l i n g  p o n d .  

The d i k e  f o r  s e t t l i n g  pond No. 1 becomes  t h e  n o r t h  s h o r e  o f  

t h e  a r t i f i c i a l  l a k e ,  a n d  h a s  b e e n  shown a s  h a v i n g  a 1 0 %  

s l o p e  s o  t h a t  a 300  f o o t  band  o f  t r e e s  may b e  p l 2 , n t e d  h e r e  

t o  p r o v i d e  a n a t u r a l  a p p e a r i n g  s h o r e l i n e .  The d i k e  w i l l  

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

l o c a t i o n  t h r o u g h  t h e  m i n e d  o u t  a r e a .  

From a s u i t a b l e  p o i n t  e a s t  o f  t h i s  n o r t h e r m o s t  s e t t l i n g  

pond No.  1 a c a n a l  i s  c o n s t r u c t e d  a d j a c e n t  t o  t h e  c o a l  h a u l  
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r o a d ,  i n  c u t  o r  p r i m a r i l y  w i t h i n  a c h a n n e l  c a r r i e d  on a n  

embankmen t ,  a n d  e x t e n d i n g  s o u t h w a r d  t o  j u s t  s o u t h  o f  t h e  

s o u t h  l i m i t  o f  t h e  o p e n  p i t  w h e r e  a 5 0 . 5  a c r e  ( 2 0 . 4  h a )  

s e t t l i n g  pond No. 2 i s  c o n s t r u c t e d .  The c a n a l  w i l l  b e  

u s e d  t o  c a r r y  t h e  b a l a n c e  o f  t h e  w a t e r  pumped f r o m  t h e  

m i n e .  T h i s  c a n a l  i s  on a r a t h e r  f l a t  g r a d e  a n d  w i l l  

o c c a s i o n a l l y  n e e d  some c l e a n i n g  o u t  o f  s e d i m e n t  d e p o s i t s ,  

t o  m a i n t a i n  i t s  c p a c i t y .  

The amoun t  o f  w a t e r  t o  b e  r emoved  f r o m  t h e  o p e n  p i t  i s  

unknown,  a n d  f u t u r e  s t u d i e s  m u s t  e x a m i n e  t h i s  m a t t e r  i n  some 

d e t a i l .  I t  i s  s u f f i c i e n t  t o  s a y  t h a t  a f t e r  i n i t i a l  d i s -  

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

f a i r l y  l o w  a n d  t h e  p r i m a r y  s o u r c e  o f  w a t e r  t o  b e  removed 

f r o m  t h e  m i n e  w i l l  b e  f r o m  p r e c i p i t a t i o n .  Pumps w i l l  b e  

s i z e d  a p p r o p r i a t e l y  a n d  t h e  number  a d d e d  t o  a s  t h e  a r e a  

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

c c l a t i n g  t h r o u g h  t h e  m i n e  b a c k f i l l  w i l l  f i n d  i t s  way t o  t h e  

w o r k i n g  a r e a .  

9 . 5  T a i l i n g s  P o n d s  a n d  P r e p a r a t i o n  P l a n t  F r e s h  W a t e r  R e t u r n  Pond 

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

s o u t h  of  t h e  p r e p a r a t i o n  p l a n t  h a s  a n  a r e a  o f  1 5 2 . 7  a c r e s  

( 6 1 . 8  h a )  a n d  a c a p a c i t y  f o r  f i n e  t a i l i n g s  a n d  t r a p p e d  w i n t e r  

i c e  o f  a p p r o x i m a t e l y  8 y e a r s  t o  e l e v a t i o n  5200  ( 1 5 8 5  m ) .  

T h e  f i r s t  s t a g e  d i k e  w i l l  b e  c o n s t r u c t e d  f r o m  m i n e  w a s t e ,  

c o m p a c t e d  i m p e r v i o u s  g l a c i a l  t i l l  and  m i n e  w a s t e  r o c k .  

C l e a n  w a t e r  w i l l  b e  pumped b a c k  f r o m  t h e  s o u t h  e n d  o f  t h e  

t a i l i n g s  pond t o  a c l e a n  w a t e r  s t o r a g e  pond l o c a t e d  w i t h i n  

t h e  r a i l w a y  l o o p .  From t h e r e  i t  w i l l  b e  pumped a s  r e q u i r e d  

t o  t h e  p r e p a r a t i o n  p l a n t .  A s m a l l  amount  o f  c l e a n  makeup 
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wate r  w i l l  b e  d r a w n  f r o m  t h e  a r t i f i c i a l  l a k e  l o c a t e d  

a t  t h e  n o r t h  end  o f  t h e  p l a n t  s i t e .  

The s e c o n d  s t a g e  o f  t h e  t a i l i n g s  pond c o v e r s  3 3 6 . 8  

a c r e s  ( 1 3 6 . 3  h a ) .  The  d i k e  w i l l  b e  c o n s t r u c t e d  w i t h  

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

o v e r s i z e  b i n  a t  t h e  p l a n t  w i l l  b e  d e p o s i t e d  i n  t h e  d i k e  

w h i l e  t h e  f i r s t  s t a g e  pond i s  b e i n g  f i l l e d  w i t h  t a i l i n g s .  

T h e r e  i s  s u f f i c i e n t  c o a r s e  w a s t e  a l o n g  w i t h  a d d i n g  some 

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

t h e  s e c o n d  s t a g e  d i k e  b y  t h e  t i m e  t h e  f i r s t  s t a g e  pond 

i s  f u l l .  S i n c e  t h e  h a u l  d i s t a n c e  b a c k  t o  t h e  m i n e  i s  

g r e a t e s t  i n  t h e  i n i t i a l  y e a r s ,  and  t h e  amount  o f  c o a r s e  

p l a n t  w a s t e  t o  d i k e  i s  g r e a t e r  t h a n  t h e  t i l l  p o r t i o n ,  

i t  i s  m o s t  e c o n o m i c a l  t o  b u i l d  t h e  s o u t h  t a i l i n g s  pond 

d i k e  a s  q u i c k l y  a s  p l a n t  w a s t e  s u p p l y  a l l o w s ,  t h e r e b y  

d e l a y i n g  t h e  c o u r s e  p l a n t  ~ a s t e  h a u l  b a c k  t o  t h e  m i n e d  

o u t  a r e a  a s  l o n g  a s  p o s s i b l e .  G l a c i a l  t i l l  i n  s m a l l e r  

a m o u n t s  t h a n  t h e  c o a r s e  w a s t e  w o u l d  t h e n  h a v e  t o  b e  

h a u l e d  f r o m  t h e  s o u t h  e n d  o f  t h e  m i n i n g  a r e a  t o  t h e  pond 

d i k e .  

A c t u a l l y ,  t h e  mos t  e c o n o m i c a l  r a t e  o f  2nd s t a g e  t a i l i n g s  

pond c o n s t r u c t i o n  i s  a m a t t e r  f o r  some s t u d y ,  a s  b a c k -  

h a u l  o f  w a s t e  t o  t h e  m i n e  w h i l e  h a u l i n g  t i l l  t o  t h e  d i k e  

i s  a f a c t o r  t o  b e  c o n s i d e r e d  V S .  much s h o r t e r  p l a n t  r e j e c t  

h a u l  t o  t h e  pond d i k e  a n d  e m p t y  r e t u r n  t o  t h e  t i l l  p i t .  

A l s o ,  w e  h o p e  t h a t  a r e v i s e d  m i n i n g  c o n c e p t  ( S e e  s e c t i o n  

1 0 . 0 ,  Mine P l a n n i n g  and  O p e r a t i o n )  w i l l  r e d u c e  t h e  

amoun t  o f  f i n e  a n d  c o a r s e  t a i l i n g s ,  t h u s  r e q u i r i n g  s m a l l e r  

p o n d s  and  d i k e s  a n d  l e s s  b a c k h a u l  t o  t h e  m i n e .  T h i s  i s  

t h e r e f o r e  a s t u d y  t o  f o l l o w  t e s t  m i n i n g  a n a l y s i s  o f  t h e  

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

m i n i n g ,  and  p a r t i n g s  r e m o v a l .  C o n s i d e r i n g  t h a t  t h e r e  i s  
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more  t h a n  t h r e e  t i m e s  a s  much c o a r s e  w a s t e  a s  t h e r e  i s  

n e e d  f o r  i n  t h e  t a i l i n g s  pond d i k e ,  a n d  c o n s i d e r i n g  t h e  

l o n g  h a u l  f o r  t h e  d i l u t i o n  r o c k  i n  o n e  d i r e c t i o n  f r o m  t h e  

m i n e ,  and  f o r  t h e  c o a r s e  p l a n t  r e j e c t  i n  t h e  o t h e r  

d i r e c t i o n ,  b a c k  t o  t h e  m i n e ,  t h e r e  i s  a c o n s i d e r a b l e  

economy t o  b e  r e a l i z e d  h e r e  b y  s e l e c t i v e  c l e a n  m i n i n g .  

B a s e d  on p r e s e n t  d i l u t i o n  v o l u m e s  t h e  two t a i l i n g s  p o n d s  

shown h a v e  a c a p a c i t y  o f  32 y e a r s  a t  4 m i l l i o n  c l e a n  t o n s  

( 3 , 6 2 9 , 0 0 0  t o n n e s )  p e r  y e a r  o f  p l a n t  o u t p u t .  

9 . 6  P r e p a r a t i o n  P l a n t  S i t e  L a y o u t  

The p r o p o s e d  p l a n t  s i t e  i s  s i t u a t e d  on  a s m a l l  r i s e  o f  

g l a c i a l  t i l l  t o  t h e  w e s t  o f  t h e  Elk R i v e r  r e l o c a t i o n  

c h a n n e l ,  b e t w e e n  s t a .  206 a n d  s t a .  2 5 2 ,  w i t h  t h e  r a i l w a y  

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

t h e  t a i l i n g s  p o n d .  The r a i l w a y  embankment  i s  a c t u a l l y  a 

d i k e  s e p a r a t i n g  t h e  t a i l i n g s  pond f r o m  t h e  c l e a n  w a t e r  

r e t u r n  pond .  

The a c t u a l  p l a n t  f a c i l i t i e s ,  t h i c k e n e r ,  d r i e r s ,  w a s t e  

r o c k  b i n ,  s h o p ,  w a r e h o u s e ,  c h a n g e  h o u s e  and  o f f i c e  a r e  a l l  

l o c a t e d  a t  - e l e v a t i o n  5205  ( 1 5 8 6  m) on t h e  wes t  s i d e  o f  

t h e  s i t e ,  w i t h  t h e  b l e n d i n g  bed  a r e a  and  ramp r o a d s  

o c c u p y i n g  a s p a c e  o f  3300  ( 1 0 0 6  m) b y  1 0 0 0  f e e t  ( 3 0 5  m ) a t  

e l e v a t i o n  5 1 8 0  f e e t  ( 1 5 7 9  m) b e t w e e n  t h e  p l a n t  and  t h e  

r e l o c a t e d  E l k  R i v e r .  The c o a l  s t o r a g e  s i l o s  a r e  a t  

e l e v a t i o n  5190  (1582  m )  w i t h i n  t h e  r a i l w a y  l o o p  w i t h  t h e  

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

r a i l w a y  l o o p  a t  t h e  e d g e  o f  t h e  t a i l i n g s  p o n d .  

+ 

W i t h  t h e  c o n s t r u c t i o n  camp a n d  p a r k i n g  a r e a  t o  t h e  w e s t  
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a n d  t h e  s h o p  p a r k i n g  a r e a  t o  t h e  e a s t ,  t h e  s m a l l  7 0 0 '  

x 4 0 0 '  ( 2 1 3  m x 1 2 2  m) l a k e  h a s  b e e n  p r e s e r v e d .  The 

o f f i c e  h a s  b e e n  s i t u a t e d  a b o u t  500  f e e t  ( 1 5 2  m) s o u t h  

o f  t h e  s m a l l  l a k , e  w i t h  a v i e w  beyond  i t  o f  t h e  9 8 . 5  

a c r e  ( 3 9 . 9  h a )  l a k e  f u r t h e r  n o r t h e p s t ,  and  l o o k i n g  

o v e r  a t r e e d  a r e a  t o  t h e  c l e a n  w a t e r  r e t u r n  pond a b o u t  

5 0 0  f e e t  ( 1 5 2  m) s o u t h .  

The  a r e a  f o r  u n l o a d i n g  a n d  s t o r a g e  o f  f u e l  and  o t h e r  

m a t e r i a l s  i s  l o c a t e d  on  a s p u r  t r u c k  t o  t h e  s o u t h w e s t  o f  

t h e  p l a n t  f a c i l i t i e s  a t  t h e  b a s e  o f  t h e  m o u n t a i n  s l o p e .  

The r e l o c a t i o n  h i g h w a y  f r o m  E l k f o r d  h a s  a c o n n e c t i n g  r o a d  

w h i c h  e n t e r s  t h e  p l a n t  s i t e  a t  t h e  o f f i c e  l o c a t i o n  w i t h  a 

b r a n c h  w h i c h  l o o p s  a r o u n d  t h e  c o n s t r u c t i o n  camp and  b a c k  

t o  t h e  h i g h w a y .  

D r a i n a g e  f r o m  t h e  u p p e r  l e v e l  o f  t h e  p l a n t  s i t e  w i l l  b e  

t a k e n  i n t o  t h e  t a i l i n g s  p o n d .  D r a i n a g e  f r o m  t h e  l o w e r  

l e v e l  a n d  b l e n d i n g  b e d  w i l l  b e  c o l l e c t e d  i n  a t o e  d r a i n  

b e t w e e n  t h e  r i v e r  a n d  t h e  b l e n d i n g  b e d  a n d  c a r r i e d  by a 

p i p e  a c r o s s  t h e  r i v e r  r e l o c a t i o n  a n d  i n t o  t h e  m i n e  d r a i n -  

a g e  d i t c h  w h i c h  e m p t i e s  i n t o  t h e  s o u t h  s e t t l i n g  pond 

No. 2 .  Sewage a n d  w a s t e  e f f l u e n t  f r o m  t h e  s h o p  w i l l  b e  

h a n d l e d  w i t h  s u i t a b l e  t r e a t m e n t  f a c i l i t i e s .  

c 

9 . 7  Mine  H a u l  Roads  

One o f  t h e  i n i t i a l l y  c o n s t r u c t e d  f a c i l i t i e s  i s  t h e  m a i n  

c o a l  h a u l  r o a d  f r o m  t h e  n o r t h  end  o f  t h e  m i n e  t o  t h e  s o u t h  

t a i l i n g s  pond No.  2 .  T h i s  r o a d  i s  a l s o  c o n n e c t e d  to two 

b r a n c h  r o a d s  w h i c h  l e a d  t o  t h e  b l e n d i n g  p i l e s  b y  30 f o o t  

( 9  m) h i g h  r a m p s  t o  p e r m i t  dumping  c o a l  i n  a l e v e l  p i l e  
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from elevation 5210 (1588 m). This main road and most 

others are 100 feet(30.5 m) wide. Another major road 

needed from the outset is the road to the top of Weary 

Ridge. A good deal of this road is on a -10% grade 

loaded. Roads in general vary between a maximum o f  8% 
and 10% grades depending upon what can be achieved. 
Hauling from the box cut benches to the mine backfill is 

via three 80 foot ( 2 4 . 4  m) wide bench roads in the west 

pit wall. The back slopes o f  these roads will be pre- 

sheared or line drilled with small diameter drills to 

minimize subsequent rock spalling. 

Hauling waste from the reaches is via ramp and 100 foot 

wide road cut into the east pitslope which is the No. 2 seam 

footwall. Coal haul branch roads will connect with the 

reach levels and to main roads to the plant. Some of these 

can be seen on the plans illustrating some of the stages of 

the mining operation. 

9.8 Highway and Railway Connections 

The topographical information available for planning a 

highway location was a series of 1" = 1000 ft. scale 

plans. These were adequate for projecting a route and 

for plotting a n  approximate profile. Because the terrain 

is generally not steeply mountainous it was possible, 

even with the limited contour data, to project a route 

which will be very close to an acceptable final route such 

as can be determined with say 5 foot contours on  1" - 2 0 0  ft. 

( 1 : 2 4 0 0 )  scale plans. The route selected from Elkford 

to the mine site has maximum curvature of  3 with most 

curves of lesser degree. There are only a few short 

sections of 4 %  to 6 %  grade, otherwise grade5 are generally 

0 
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considerably less. 

Crest vertical curves have minimum sight distance of 

600 ft. (183 m). We have used certain sections of the 

existing forestry road route where possible, but deviated 

a good deal to eliminate the steep grade and sharp curve 

sections of the forestry road. 

The route shown can be constructed to safe modern highway 

standards, and considering the long term industrial use 

as well as the increasing public traffic to he expected, 

we recommend that this type of modern highway route from 

Elkford to the minesite he adopted. The distance from 

Elkford to the preparation plant site is 28 miles (45 km) 

With reference to the highway profile grade and excavation 

quantities, we have performed a computer quantity takeoff 

and computer plotting of the resulting mass diagram. The 

quantities as balanced show a 2,316 foot ( 7 0 6  m) average 

haul. Had the contour data been accurate enough to warrant 

the work we could have modified the grade lines slightly, 

as they are generally below the ruling desirable 6% 

maximum, and reduced the average haul. When better contours 

are available, such modifications should reduce the average 

haul distances. 

The combined railway and highway corridor intentionally 

intersects the gravel hillside 1.7 miles (2.74 km) north 
of Elkford, in order to obtain suitable fill for large 

stretches o f  embankments of both facilities to the north 

and south. The final alignment and grade of both facilities 

should be set here so as to bal.ance the fill requirements 

to the north and south. 
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N o r t h  f r o m  t h e  p r e p a r a t i o n  p l a n t  w e  h a v e  d i v e r t e d  t h e  

f o r e s t r y  r o a d  t o  t h e  w e s t  o f  t h e  i n i t i a l  w a s t e  dump. 

The r o a d  r i s e s  t o  e l e v a t i o n  5714  ( 1 7 4 2  m) b e f o r e  d r o p p i n g  

down to t h e  C a d o r n a  C r e e k  c r o s s i n g  a p p r o x i m a t e l y  1 . 3 6  

m i l e s  ( 2 . 1 9  km) u p s t r e a m  f r o m  i t s  j u n c t i o n  w i t h  t h e  E l k  

R i v e r .  The r o u t e  t h e n  t r a v e r s e s  a m o d e s t  r i s e  b e f o r e  

c r o s s i n g  t h e  E l k  R i v e r  1 . 8  m i l e s  u p s t r e a m  f r o m  the  n o r t h  

e n d  o f  t h e  o p e n  p i t .  A t  0 . 7  m i l e s  n o r t h  f r o m  t h e  E l k  

R i v e r  c r o s s i n g  i t  j o i n s  t h e  e x i s t i n g  Kan E l k  power  t r a n s -  

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

G r a d e s  t h r o u g h  t h i s  s e c t i o n  r e a c h  8% w i t h  maximum d e g r e e  

o f  c u r v a t u r e  8 , The l e n g t h  o f  t h e  s e c t i o n  f r o m  t h e  

p r e p a r a t i o n  p l a n t  t o  t h e  j u n c t i o n  w i t h  t h e  t r a n s m i s s i o n  

l i n e  r o a d  i s  5 . 6 0  m i l e s .  

0 

A t  t h e  t i m e  t h e  E l k  R i v e r  i s  p l a c e d  b a c k  i n t o  o p e n  c h a n n e l ,  

t h r o u g h  t h e  mined  o u t  a r e a ,  t h e  h i g h w a y  n o r t h  o f  t h e  

p r e p a r a t i o n  p l a n t  c a n  a l s o  b e  p l a c e d  b a c k  i n  t h e  v a l l e y  

i f  d e s i r e d .  Drawing  No. 16G5 shows  t h i s  r o u t e ,  u s i n g  

t h e  s e c t i o n  f r o m  t h e  p l a n t  s i t e  p a s t  t h e  a r t i f i c i a l  l a k e  

and  a c r o s s  t h e  d i k e  s e p a r a t i n g  s e t t l i n g  pond No.  1 f r o m  

t h e  l a k e ,  w h i c h  i s  b u i l t  a t  t h e  commencement o f  m i n i n g ;  

a n d  t h e n c e  o v e r  t h e  t u n n e l  o u t l e t  p o r t a l .  It c r o s s e s  

t h e  m i n e  b a c k f i l l  a t  e l e v a t i o n  5 3 3 4  (1626  m) a n d  t h e  

C a d o r n a  C r e e k  a t  a p o i n t  450  f e e t  ( 1 3 7  m )  d o w n s t r e a m  f r o m  

t h e  w a t e r f a l l ,  j o i n i n g  t h e  w e s t  r o a d  d i v e r s i o n  j u s t  b e f o r e  

c r o s s i n g  t h e  E l k  R i v e r .  The  r o u t e  h a s  t h e  a d v a n t a g e  o f  

much b e t t e r  c u r v a t u r e  and  g r a d e s .  W h e t h e r  t h e  r o a d  i s  

p l a c e d  b a c k  n e a r  t h e  v a l l e y  b o t t o m  w i l l  d e p e n d  on w h a t  

t h e  r o u t e  i s  u s e d  f o r ,  o r  p l a n n e d  f o r  2 2  y e a r s  a f t e r  t h e  

m i n e  commences o p e r a t i o n ,  o r  upon t h e  d e s i r e s  o f  g o v e r n i n g  

b o d i e s  to h a v e  a n  e q u a l  r o u t e  to t h e  o n e  e x i s t i n g  p r i o r  t o  

m i n i n g .  



1-44 

South of Elkford we have not dealt with the highway, 

except for a length of about 1.1 miles (1.0 km) which 
must be revised to make room for the railway. 

The proposed rail link from Sparwood was studied by 

INTERNATIONAL ENGINEERING COMPAXY, a subsidiary of 

Morrison-Knudson Inc. Our terms of reference were to 

examine this route briefly and comment upon its 

acceptability. We have done this to a limited extent, 

and find that the route seems basically satisfactory. 

However, one of the conditions noted which can be altered, 

is the numerous crossings of the highway, or forestry 

road, both north and south of Elkford. The route we have 

shown combines the highway and railway routes in an 

acceptable corridor at several locations, and eliminates 

all highway-railway crossings between the junction with 

the Fording River railway and mine site. Even the crossing 

into the plant site has been eliminated as a result of 

moving the railway loop to the south of the plant. 

One major relocati.on is recommended from mile 3.42 (km 5.5) 

to mile 17.42 (km 28.03) measured from the junction to the 

Fording River Railway (which we have added). The south 

portion of this relocation eliminates some highway 

crossings and places the railway lower in the valley. The 

length is reduced here by 1,000 feet ( 3 0 4  m), Grades are 

no worse, and adverse summit rises are less. Excavation 

and embankment quantities are also reduced. 

The northern portion of this relocation results from the 

town of Elkford being built across the originally proposed 

route (Boivin Cr. by Elkford crossed at mile 15.56 
(km 25.04). Here we recommended that the railway and high- 

way be placed in a common corridor on the river flat, 
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p a s s i n g  a r o u n d  t h e  e a s t e r n  e d g e  o f  E l k f o r d ,  e x c e p t  f o r  

l e a v i n g  a t r a i l e r  camp a n d  s e r v i c e  s t a t i o n  o n  t h e  e a s t  

s i d e  of  t h e  t r a c k s .  The r o u t e  p a s t  t h e  s e w a g e  t r e a t m e n t  

f a c i l i t i e s  m u s t  b e  a b o u t  50  f e e t  ( 1 5  m) w e s t  o f  w h e r e  we 

h a v e  shown i t  o n  o u r  p l a n ,  w h i c h  was d rawn  w i t h o u t  

b e n e f i t  of  t h e  e x a c t  s e w a g e  t r e a t m e n t  p l a n t  l o c a t i o n .  

The t o t a l  l e n g t h  o f  t h e  I.E. C o .  r o u t e  w h i c h  h a s  b e e n  

r e v i s e d  i s  2 0 . 9 6  m i l e s  ( 3 3 . 7 2  km).  Our l o c a t i o n  r e d u c e s  

t h e  l e n g t h  o f  t h e  r a i l w a y  by 0 . 4 7  m i l e s  ( 0 . 7 7  k m ) .  T h e  

l e n g t h  t o  b e  c o n s t r u c t e d  w h i c h  i s  t h e  d i s t a n c e  f r o m  t h e  

j u n c t i o n  w i t h  t h e  F o r d i n g  R i v e r  R a i l w a y  a n d  t h e  p o i n t  

w h e r e  t h e  l o a d i n g  l o o p  r e - j o i n s  t h e  ma in  l i n e  i s  4 3 . 7 7  

m i l e s  ( 7 0 . 4 3  km).  

The f i n a l  l o c a t i o n  and  d e s i g n  o f  b o t h  t h e  h i g h w a y  and  r a i l -  

way require f i e l d  s t u d y ,  i n c l u d i n g  s o i l s  i n v e s t i g a t i o n ,  

and  t h e  p r e p a r a t i o n  o f  1" - 2 0 0 '  ( 1 : 2 4 0 0 )  s c a l e  c o n t o u r  

m a p p i n g  o f  t h e  p r o j e c t e d  r o u t e s ,  w h e r e  t h i s  i s  n o t  p r e s e n t l y  

a v a i l a b l e .  

9 . 9  H y d r o l o g i c a l  

The a b s e n c e  o f  p r e c i p i t a t i o n  a n d  r u n o f f  r e c o r d s  i n  t h e  u p p e r  

E l k  R i v e r  a r e a  i s  a m i n o r  p r o h l e m  in h y d r o l o g i c a l  a n a l y s i s .  

However ,  t h e  r e g i o n  d o e s  n o t  a p p e a r  t o  d i f f e r  g r e a t l y  f r o m  

many o t h e r  a r e a s  w h e r e  r e c o r d s  a r e  a v a i l a b l e .  F u r t h e r m o r e ,  

o b s e r v a t i o n  o f  t h e  s t r e a m s  o n  t h e  s i t e  g j v e s  a good 

i n d i c a t i o n  o f  f l o w  t o  t h e  e x p e r i e n c e d  o b s e r v e r .  T h e r e f o r e ,  

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

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

F o r  t h i s  c o n c e p t u a l  s t u d y  w e  h a v e  u s e d  a c c e p t e d  p r a c t i c e  
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i n  p e r f o r m i n g  a p p r o x i m a t e  c a l c u l a t i o n s  f o r  s i z i n g  o f  

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

The  f i n a l  m i n i n g  p l a n  w i l l  p r o v i d e  more  d e t a i l e d  d a t a  

s e t  o u t  on t h e  b a s i s  o f  a c c e p t e d  p r a c t i c e  a u g m e n t e d  b y  

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

o b t a i n i n g  some r e c o r d s  o f  p r e c i p i t a t i o n  a n d  r u n o f f  d u r i n g  

t h e  p r e - m i n i n g  p e r i o d .  



T A B L E  5 

1-47 

T A B L E  OF Q U A N T I T I E S  R E L A T I N G  TO EARTHWORKS OUTSIDE T H E  M I N E  

C u b i c  
Y a r d s  

Elk River Diversion Tunnel 22' excavation 
diameter Rock Excavation 

7,680 '  l eng th  108,127 
Concrete l i n i n g ,  p o r t a l s  and o u t f a l l  1 9 , 7 0 0  

Elk River Diversion open channel 940,000 
Elk River Diversion rock r i p r a p  225,000 

Weary Creek r e l o c a t i o n  and main- 
tenance road 600,000 

East Slope drainage r e l o c a t i o n  and 
maintenance road 4 0 5 , 0 0 0  

West Slope Fores t ry  Road and drainage 
r e l o c a t i o n  700,000 

Valley bottom i n i t i a l  drainage d i t c h e s  7 4 0 , 0 0 0  

Plan t  s i t e  excavat ion 9 7 5 , 0 0 0  

Plan t  s i t e  and blending bed embankment 1 , 5 5 0 , 0 0 0  

I n i t i a l  t a i l i n g s  pond dike 3 , 2 0 0 , 0 0 0  

I n i t i a l  t a i l i n g s  pond capac i ty  1 1 , 7 2 0 , 0 0 0  

Second t a i l i n g s  pond d ike  8 , 9 4 0 , 0 0 0  

Second t a i l i n g s  pond capac i ty  3 0 , 6 5 0 , 0 0 0  

Dikes around a r t i f i c i a l  l ake  and 
along Elk River r e l o c a t i o n  and 
i s l a n d  2 , 0 4 0 , 0 0 0  

Highway, Elkford t o  p lan t  s i t e  3,220,000 

Railway, Fording Junct ion  t o  mine 
s i te  * 6 , 4 5 0 , 0 0 0  

C u b i c  
Metres 

82,717 
1 5 , 0 7 0  

7 1 9 , 1 0 0  
172,125 

4 5 9 , 0 0 0  

309,825 

5 3 5 , 5 0 0  

5 6 6 , 1 0 0  

7 4 5 , 6 7 5  

1 , 1 6 5 , 7 5 0  

2 , 4 4 8 , 0 0 0  

8 , 9 6 5 , 8 0 0  

6 , 8 3 9 , 1 0 0  

2 3 , 4 4 7 , 2 5 0  

1 , 5 6 0 , 6 0 0  

2 , 4 6 3 , 3 0 0  

4 , 9 3 4 , 2 5 0  

*This i s  t h e  o r i g i n a l  I . E .  Co. estimate. The f i n a l  w i l l  be somewhat 

less, but  i s  not  a l t e r e d  pending more d e t a i l e d  work. 
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1 0 . 0  M I N E  PLANNING A N D  O P E R A T I O N  

1 0 . 1  D e v e l o p m e n t  o f  t h e  M i n i n g  C o n c e p t  a n d  R e l a t e d  E q u i p m e n t  
S e l e c t i o n  

The E l k  R i v e r  C o a l  d e p o s i t  w i t h  i t s  2 2  m i n e a b l e  s e a m  

g r o u p s  d i v i d e d  i n t o  40  t o  6 0  o r  more  m i n e a b l e  members  

p r e s e n t s  p o s s i b l y  a u n i q u e  m i n i n g  p r o b l e m ,  a t  l e a s t  i n  

c o m p a r i s o n  t o  p r e s e n t l y  o p e r a t i n g  c o a l  m i n e s .  

Upon a n a l y s i s  i t  b e c o m e s  c l e a r  t h a t  t h e  k e y  e l e m e n t  

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

c o n t r o l ,  d u e  t o  t h e  g r e a t  v a r i a b i l i t y  i n  c o a l  c h a r a c t e r -  

i s t i c s  f r o m  s e a m  t o  seam. The  m i n i n g  me thod  m u s t  t h e r e -  

f o r e  b e  t h e  o n e  b e s t  a b l e  t o  p r o v i d e  f o r  t h e  b l e n d i n g  

o f  a l l  seams f r o m  a l l  c o n c u r r e n t l y  a c t i v e  work  a r e a s ,  

t h r o u g h  a c y c l e  t i m e  a n d  v o l u m e  c o n s i s t e n t  w i t h  r e a s o n -  

a b l e  b l e n d i n g  b e d  s i z e  a n d  r e q u i r i n g  a s  s h o r t  a t i m e  a s  

p o s s i b l e  i n  s t o c k p i l e .  

A r e l a t i v e l y  f l a t  v a l l e y  s u c h  a s  t h i s  i s  f a v o r a b l e  f o r  a 

d r a g l i n e  o p e r a t i o n ,  u n t i l  o n e  e x a m i n e s  t h e  q u a l i t y  a n d  

c o a l  r e c o v e r y  a s p e c t s .  A p r e v i o u s  s t u d y  p r o p o s e d  d r a g -  

l i n e s  w o r k i n g  2 , 0 0 0  f o o t  ( 6 1 0  m) s e c t i o n s  a t  a t i m e .  

T h i s  p l a n  r e q u i r e s  a p p r o x i m a t e l y  3 . 3  y e a r s  a n d  n e a r l y  2 0  

m i l l i o n  t o n s  ( 1 8 , 1 4 4 , 0 0 0  t o n n e s )  of  c o a l  t o  c o m p l e t e  o n e  

c y c l e  t h r o u g h  t h e  seams, a n d  t h e r e f o r e  q u a l i t y  c o n t r o l  

i s  t o t a l l y  a b s e n t  a n d  t h e  p l a n t  o u t p u t  w o u l d  r a n g e  

g r a d u a l l y  b e t w e e n  t h e  e x t r e m e s  o f  e x c e s s  c o k a b i l i t y  and  

e x t r e m e l y  d e f i c i e n t  c o k a b i l i t y .  I t  a l s o  p r e s e n t e d  p r o -  

b l e m s  i n  m i n i n g  s m a l l  c o a l  seams.  F u r t h e r ,  i t  p r o p o s e d  

a v e r y  m a j o r  r e l o c a t i o n  o f  t h e  E l k  River  i n  terms o f  

b o t h  l e n g t h  a n d  e l e v a t i o n  c h a n g e s .  F o r  t h e s e  r e a s o n s  i t  



1-49 

was  r u l e d  o u t .  

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

v o l a t i l e  c o a l s  i n  l a r g e  p a r t  l i e  b e n e a t h  t h e  E l k  R i v e r ,  

b u t  a r e  e s s e n t i a l  t o  p r o d u c e  a q u a l i t y  c o k i n g  c o a l .  

T h i r d ,  i s  t h e  l a r g e  number  o f  s e a m s ,  many t h i n  members  

w i t h  a s s o c i a t e d  p a r t i n g s ,  a n d  t h e  p r o b l e m s  i n v o l v e d  

i n  s e p a r a t i n g  t h i s  c o a l  f r o m  t h e  r o c k .  

F o u r t h ,  i s  t h e  v e r y  a d v e r s e  e f f e c t  o f  d i l u t i o n  o n  t h e  

c l e a n  c o a l  r e c o v e r y  t h r o u g h  t h e  p r e p a r a t i o n  p l a n t .  

F i f t h ,  t h e  h i g h  r a t e  o f  p r o d u c t i o n  p r o p o s e d  r e q u i r e s  a 

l a r g e  w o r k i n g  a r e a .  

S i x t h ,  t h e  f r e q u e n t  c h a n g e  f r o m  r o c k  t o  c o a l  a c r o s s  a 

b e n c h  r e q u i r e s  a g r e a t  d e a l  o f  moving  o f  e q u i p m e n t  f o r  

b l a s t i n g  a n d  s w i t c h i n g  f r o m  r o c k  t o  c o a l  e x c a v a t i o n .  

S e v e n t h ,  

r o c k  a n d  c o a l  o u t  o f  r e a c h  o f  c o n v e n t i o n a l  m i n i n g  e q u i p -  

men t  w o r k i n g  a t  t h e  b e n c h  l e v e l .  

t h e  40' i n c l i n e  o f  t h e  c o a l  s e a m s  p l a c e s  much 

E i g h t h ,  t h e  t h i n  s e a m s  o f  c o a l  l y i n g  a t  40° c a n n o t  b e  

d o z e d  down t h e  f a c e  o f  a c o n v e n t i o n a l  s h o v e l  b e n c h  

h e i g h t ,  a n d  t h e y  c a n n o t  b e  e x c a v a t e d  f r o m  a b o v e  by d r a g -  

l i n e  o r  b a c k h o e  b e c a u s e  s c h e d u l i n g  r e q u i r e s  t h a t  t h e  

d r i l l i n g  m u s t  p r o c e e d  a n d  t h e s e  m a c h i n e s  a n d  t r u c k s  c a n -  

n o t  work  on t o p  o f  a d r i l l e d  a r e a .  

N i n t h ,  t h e  m i n i n g  m e t h o d  m u s t  p e r m i t  u n c o m p l i c a t e d  c o a l  

h a u l i n g  and  d r i l l i n g  a c c e s s  ramp s y s t e m s  t o  a l l  b e n c h e s  

a t  a l l  t i m e s .  
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T e n t h ,  t h e  m e t h o d  s h o u l d  p e r m i t  b a c k f i l l i n g  t h e  v a l l e y  

e x c a v a t i o n  w i t h  a minimum o f  l i f t i n g  o f  w a s t e  r o c k .  

E l e v e n t h ,  t h e  v a l l e y  s l o p e  m a t e r i a l  mus t  b e  removed i n  

a d v a n c e  o f  t h e  v a l l e y  f l o o r  e x c a v a t i o n .  

I t  was r e a d i l y  a p p a r e n t  t h a t  e a c h  s e a m  m u s t  b e  i n t e r -  

s e c t e d  f r e q u e n t l y  a n d  as  c o n c u r r e n t l y  a s  p o s s i b l e  t o  

p r o v i d e  b l e n d i n g  w i t h i n  d e s i r e a b l e  t i m e  l i m i t s .  A c c o r d -  

i n g l y  t h e  8 b e n c h  p a t t e r n  w i t h  5 0 0  f e e t  ( 1 5 2 . 4  m) o f  

w i d t h  t o  e a c h  b e n c h ,  and  e a c h  b e n c h  p r o j e c t i n g  a c r o s s  

t h e  e n t i r e  g r o u p  o f  seams, a n d  w i t h  a c o n t i n u o u s  a c c e s s  

ramp i n t e r s e c t i n g  a l l  b e n c h e s  a t  e a c h  e n d  o f  t h e  b e n c h e s ,  

w a s  c h o s e n .  M i n i n g  w i l l  p r o c e e d  s u c c e s s i v e l y  a c r o s s  

e a c h  b e n c h  w i t h  e a c h  f a c e  a d v a n c i n g  e a s t w a r d  a b o u t  4 0 0  

f e e t  ( 1 2 2  m) i n  a d v a n c e  of  t h e  n e x t  l o w e r  b e n c h  f a c e .  A s  

e x c a v a t i o n  o f  r o c k  f o l l o w i n g  a b l a s t  i s  c o m p l e t e d  a l o n g  

t h e  5 0 0  f e e t  ( 1 5 2 . 4  m) o f  w i d t h  p a r a l l e l  t o  t h e  s t r i k e  

o f  t h e  seams, t h e  r o c k  e x c a v a t i o n  e q u i p m e n t  i n t e r c h a n g e s  

w i t h  c o a l  e x c a v a t i o n  e q u i p m e n t  f r o m  a n  a d j a c e n t  b e n c h .  

B l a s t i n g  a g a i n  f o l l o w s  t h e  c o a l  e x c a v a t i o n  and  t h e  r o c k  

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

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

e x c a v a t i n g  e q u i p m e n t ,  o r  f o r  l a r g e  r o t a r y  d r i l l i n g  e q u i p -  

m e n t ,  a n d  s m a l l e r  d r i l l i n g  a n d  e x c a v a t i n g  u n i t s  m u s t  b e  

i n t e r j e c t e d  i n t o  t h e  c y c l e  w i t h  o b v i o u s  c o m p l i c a t i o n s  

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

A n a l y s i s  o f  t h e  d i s t r i b u t i o n  o f  c o a l  i n  t h e  t e r r a i n  i n -  

d i c a t e s  t h a t  i t  n e c e s s a r y  t o  commence m i n i n g  a t  t h e  

n o r t h  e n d  o f  t h e  p r o p o s e d  p i t ,  w h i c h  i s  k m i l e  ( 4 0 0  m) 

s o u t h  o f  t h e  c o n f l u e n c e  o f  t h e  E l k  R i v e r  a n d  C a d o r n a  

C r e e k .  A t  t h e  same t i m e  t h e  v o l u m e  o f  l o w  v o l a t i l e  

c o a l ,  a n d  t h e  n e e d  t o  r emove  t h i s  h i g h  l e v e l  m a t e r i a l  i n  
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f r o n t  o f  t h e  a d v a n c i n g  8 b e n c h  v a l l e y  b o x  c u t ,  r e -  

~ ~ u i r e s  e a r l y  commencement of  e x c a v a t i o n  a t  t h e  t o p  o f  

t h e  L i t t l e  Weary R i d g e .  

A n a l y s i s  o f  t h e  d i s t r i b u t i o n  o f  l o w  a n d  h i g h  v o l a t i l e  

c o a l s  shows  t h a t  b y  m i n i n g  L i t t l e  Weary R i d g e  down t o  

a l e v e l  o f  800  f e e t  ( 2 4 4  m) a b o v e  t h e  p i t  b o t t o m ,  p l u s  

o n e  2 5 0 0  f o o t  ( 7 6 2  m) " r e a c h "  i m m e d i a t e l y  i n  a d v a n c e  

o f  t h e  b o x  c u t ,  w h i l e  t h e  b o x  c u t  a d v a n c e s  s o u t h  u n t i l  

no more  m a t e r i a l  mus t  b e  p l a c e d  o u t s i d e  t h e  b o x  c u t ,  

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

i s  e x a c t l y  t h e  same as t h e  m i n e  a v e r a g e  o f  6 0 %  low t o  

4 0 %  h i g h e r  v o l a t i l e  c o a l s ,  d u r i n g  t h e  a p p r o x i m a t e l y  

6 y e a r s  r e q u i r e d  t o  r e a c h  t h i s  s t a g e .  

From t h i s  p o i n t  2 5 0 0  f o o t  ( 7 6 2  m) " r e a c h e s "  a r e  m i n e d  con-  

c u r r e n t l y  w i t h  a 2 5 0 0  f o o t  ( 7 6 2  m) a d v a n c e  o f  t h e  b o x  

c u t  s o  t h a t  t h e  r e a c h e s  a r e  a l w a y s  c o m p l e t e d  j u s t  a h e a d  

o f  t h e  a d v a n c i n g  b o x  c u t  f a c e .  The e x c a v a t e d  w a s t e  r o c k  

f r o m  t h e  b o x  c u t  i s  a l l  p l a c e d  b a c k  i n t o  t h e  m i n e  a f t e r  

6 y e a r s ,  ( 3 4  m i l l i o n  C U .  y d s .  ( 2 6 , 0 1 0 , 0 0 0  cm) i s  a l s o  

p l a c e d  b a c k  i n  t h e  m i n e  w i t h i n  t h e  l a t t e r  p a r t  o f  t h e  

f i r s t  6 y e a r s )  and  t h e  r e a c h  w a s t e  i s  p l a c e d  o n  t o p  o f  

t h e  b o x  c u t  w a s t e .  Of t h i s ,  m a t e r i a l  f r o m  + 5 0 0  ( 1 5 2 . 4  m) 

a b o v e  t h e  p i t  b o t t o m  t o  + S O 0  ( 2 4 4  m) i s  p l a c e d  a t  t h e  

e a 5 t  s i d e  o f  t h e  v a l l e y  b y  u t i l i z i n g  r amps  f r o m  e a c h  

r e a c h  t o  a c o n t i n u o u s  h a u l i n g  b e n c h  100 f e e t  ( 3 0 . 5  m) 

w i d e  e x c a v a t e d  i n t o  t h e  f o o t w a l l  o f  N o .  2 seam. T h e  

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

p l a n e s  o f  t h e  f o o t w a l l  s a n d s t o n e ,  a n d  i n  t h e  p r o c e s s  t h e  

t r o u b l e s o m e  No .  1 s e a m  l o c a t e d  w i t h i n  t h e  f o o t w a l l  s a n d -  

s t o n e  i s  r e m o v e d ,  c r e a t i n g  a more s t a b l e  h i g h w a l l .  
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M a t e r i a l  f r o m  t h e  + 4 0 0  ( 1 2 2  m) t o  f 5 0 0  ( 1 5 2 . 4  m) f o o t  

l e v e l  i s  h a u l e d  w e s t  a r o u n d  t h e  s o u t h  e n d  of  t h e  b o x  

c u t  a n d  p l a c e d  o n  t o p  o f  t h e  w e s t  s i d e  o f  t h e  f i l l e d  

i n  b o x  c u t  dump. In t h e  n o r t h  p o r t i o n  o f  t h e  p i t  t h i s  

i s  d o n e  i n  s u c h  a manner  t h a t  a v a l l e y  a n d  r i v e r  

c h a n n e l  a r e  c r e a t e d  t o  p e r m i t  t h e  r i v e r  t o  b e  p l a c e d  

b a c k  i n t o  o p e n  c h a n n e l .  G l a c i a l  t i l l  and  t o p s o i l  

a r e  a l w a y s  e x c a v a t e d  f r o m  t h e  v a l l e y  f l o o r  j u s t  i n  

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

t h e  a d v a n c i n g  f i n a l  p i t  b a c k f i l l .  

T h e  f i r s t  6 y e a r s  see  c o m p l e t i o n  o f  s p o i l i n g  f r o m  Weary 

R i d g e  i n t o  t h e  n o r t h  f o r k  o f  t h e  Weary C r e e k  V a l l e y ,  

A f t e r  a p p r o x i m a t e l y  2 0  y e a r s  t h e  Weary C r e e k  mus t  b e  

d i v e r t e d  f r o m  i t s  p r e s e n t  b e d  c r o s s i n g  t h e  E l k  V a l l e y .  

s o u t h w a r d  a r o u n d  t h e  s o u t h  e n d  o f  t h e  m i n e ,  a h e a d  o f  

t h e  b o x  c u t  a d v a n c e .  A f t e r  t h i s ,  t h e  m i n i n g  o f  t h e  n o r t h  

e n d  o f  t h e  B i g  Weary R i d g e  a b o v e  + 8 0 0  ( 2 4 4  m) i s  d e p o s i t e d  

i n  t h e  v a l l e y  o f  t h e  s o u t h  f o r k  o f  Weary C r e e k ,  and  

r e a c h "  a n d  v a l l e y  b o x  c u t  m i n i n g  c o n t i n u e  i n  s e q u e n c e  1 ,  

t o  t h e  s o u t h e r n  l i m i t  o f  t h e  m i n e .  

When o u r  m i n i n g  c o n c e p t  was f i r s t  e s t a b l i s h e d  w e  com- 

menced  d e v e l o p m e n t  d e t a i l s  b a s e d  o n  e m p l o y i n g  2 5  C U .  

y d .  ( 1 9 . 1  cm) e l e c t r i c  s h o v e l s  o p e r a t i n g  o n  5 0  f o o t  

( 1 5 . 2  m) h i g h  b e n c h e s .  The  l a r g e  s h o v e l s  w e r e  r e q u i r e d  

t o  o b t a i n  t h e  r e q u i r e d  o u t p u t  w i t h i n  t h e  work  a r e a  o f  

8 - 5 0 0  f o o t  ( 1 5 2 . 4  m) w i d e  b e n c h e s  p l u s  Weary R i d g e  

w o r k  a r e a ,  w h i l e  a l s o  c o n s i d e r i n g  t h e  number  o f  w o r k i n g  

l o c a t i o n s  a v a i l a b l e ,  a n d  t h e  amount  o f  moving  r e q u i r e d .  

The amount  o f  moving  a n d  s c h e d u l i n g  p r o b l e m s  r e s u l t i n g  

i n  o n l y  5 5 %  o f  n o r m a l  o u t p u t  f r o m  t h e s e  s h o v e l s ,  a n d  

many o t h e r  f a c t o r s  w h i c h  w e  w i l l  d e s c r i b e ,  made u s  l o o k  

f o r  a n  a l t e r n a t e  me thod  o f  m i n i n g  w h i c h  w o u l d  b e  more m o b i l e  
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a n d  f l e x i b l e ,  and  w o u l d  a l s o  s o l v e  a number  o f  o t h e r  

p r o b l e m s  r e l a t i n g  t o  t h e  s h o v e l  a p p r o a c h .  

We now c o n c l u d e  t h a t  t h e  s h o v e l  s h o u l d  b e  s e t  a s i d e  

i n  f a v o r  o f  a 24 C U .  y d .  ( 1 8 . 4  m') f r o n t - e n d  l o a d e r  

a n d  11.5 C U .  y d .  ( 8 . 8  m ) h y d r a u l i c  s h o v e l  m e t h o d ,  

w i t h  t h e  e l e c t r i c  d r i l l s  o n  c r a w l e r s  a l s o  r e p l a c e d  

b y  7 0 , 0 0 0  l b .  ( 3 1 , 7 4 6  k g )  p r e s s u r e  10 5 / 8 "  ( 2 7 0  mm) 

r o t a r y  d r i l l s  o n  r u b b e r  t i r e s .  H a u l i n g  w o u l d  s t i l l  

b e  d o n e  b y  1 7 0  t o n  ( 1 5 4 . 2  t o n n e s )  e l e c t r i c  r e a r  dump 

t r u c k s .  Some s m a l l  d r i l l s  w o u l d  s t i l l  b e  e m p l o y e d  

i n  t h e  3" t o  5" ( 7 6 - 1 2 7  mm) c rawler  a i r  t r a c  p e r -  

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

b u t  m o s t l y  t h e  s m a l l e r  d r i l l s  w o u l d  a l s o  b e  r u b b e r  

m o u n t e d  . 

3 

The r e a s o n s  f o r  r ecommend ing  t h e  c h a n g e  o f  e q u i p m e n t  

a r e  a s  f o l l o w s :  

1 .  M o b i l i t y .  The  e l e c t r i c  s h o v e l s  w o u l d  h a v e  t o  

w a l k  n e a r l y  200  m i l e s  ( 3 2 0  km) p e r  y e a r ,  t r a i l -  

i n g  e l e c t r i c  c a b l e s ,  moving  e a c h  t i m e  a new c o a l  

f a c e  i s  e x p o s e d ,  a n d  mov ing  o f f  t h r e e  b e n c h e s  

a d j a c e n t  t o  e a c h  b l a s t .  T h e r e  a r e  a p p r o x i m a t e l y  

1 1 7 2  l o a d i n g  p o s i t i o n s  p e r  y e a r .  Some l o a d i n g  

p o s i t i o n s  r e q u i r e  o n l y  a f e w  h o u r s  o f  w o r k ,  o t h e r s  

a t  m o s t  a f ew d a y s .  You may f i n d  y o u r s e l f  s c h e d u l -  

i n g  c o a l  l o a d i n g  i n  a 30 f o o t  (9m) s e a m  w h i c h  mus t  

b e  removed w h i l e  a s h o v e l  d o e s  5 h o u r s  on t h e  

n e x t  b e n c h  b e f o r e  r e q u i r i n g  t h e  p o s i t i o n  o c c u p i e d  

b y  t h e  c o a l  l o a d i n g  e q u i p m e n t  on  t h e  30 f o o t  

(9m) f a c e  w h i c h  n o r m a l l y  w o u l d  r e q u i r e  10 t i m e s  

t h e  t i m e  t o  r e m o v e .  Nex t  y o u  m i g h t  h a v e  5 a l t e r -  

n a t i n g  c o a l  and  p a r t i n g  members  t o  remove  b e f o r e  
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a s h o v e l  c o u l d  r e t u r n  t o  t h a t  p a r t i c u l a r  w o r k i n g  

f a c e ,  y e t  o n l y  a f e w  h o u r s  m i g h t  b e  r e q u i r e d  

f o r  t h e  s h o v e l  t o  c o m p l e t e  i t s  t a s k  e l s e w h e r e .  

S c h e d u l i n g  r e l a t i v e l y  u n n o b i l e  e q u i p m e n t  t o  

meet t h e  i n f i n i t e l y  v a r y i n g  t i m e  r e q u i r e m e n t s  

t h e r e f o r e  i s  n o t  g o i n g  t o  work  o u t  i n  p r a c t i c e ,  

a n d  t h e  p r o j e c t  m a n a g e r  w i l l  b e g i n  e l i m i n a t i n g  

t h i n  c o a l  seam m i n i n g  a n d  a l s o  b e g i n  m i n i n g  p a r t -  

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

t i l l  i t  i s  w o r k a b l e .  T h i s  r e s u l t s  i n  l o s t  c o a l  

i n  t h e  m i n e ,  a n d  r e d u c e d  o u t p u t  i n  t h e  p r e p a r a t i o n  

p l a n t ,  w i t h  c o n s i d e r a b l e  f i n a n c i a l  i m p l i c a t i o n s .  

On t h e  o t h e r  h a n d ,  m o b i l e  l a r g e  f r o n t - e n d  l o a d e r s  

w h i c h  h a v e  r e c e n t l y  become a v a i l a b l e ,  a n d  w h i c h  

w i l l  c o n t i n u e  t o  b e  i m p r o v e d  a n d  e n l a r g e d  p r i o r  

t o  t h i s  p r o j e c t  commencing ,  c a n  move q u i c k l y  b e -  

t w e e n  s i t e s ,  a n d  c a n  b e  d o u b l e d  a n d  q u a d r u p l e d  

a t  a n y  a v a i l a b l e  w o r k i n g  b e n c h ,  by t a n d e m  l o a d i n g ,  

s o  t h a t  2 . 5  t imes  t h e  p r o d u c t i o n  o f  a 2 5  C U .  y d .  

( 1 9 . 1  m) s h o v e l  may b e  o b t a i n e d  a t  a s i n g l e  a v a i l -  

a b l e  w o r k i n g  f a c e  i f  n e c e s s a r y .  

I f  r o c k  i s  i n  s h o r t  s u p p l y ,  t h e  l o a d e r s  move t o  

g l a c i a l  t i l l  w i t h i n  m i n u t e s ,  u n t i l  t h e  r o c k  s c h e -  

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

in t i l l  m a t e r i a l  i n  a n y  c a s e  d u e  t o  f r e q u e n t  l o a d  

b e a r i n g  p r o b l e m s  f o r  h e a v y  s h o v e l s .  

2 .  T r u c k  U t i l i z a t i o n ,  Much i d l e  t r u c k  t i m e  w i t h  con-  

s e q u e n t  h i g h  u n p r o d u c t i v e  wage c o s t s  a r e  l a r g e l y  

e l i m a t e d  b y  h a v i n g  l o a d e r s  w h i c h  c a n  move a s  q u i c k -  

l y  a s  t h e  t r u c k s .  
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3 .  The same l o a d e r s  w i l l  l o a d  c o a l  a s  w i l l  l o a d  

r o c k  i n  t h e  t h i c k e r  c o a l  seams, e l i m i n a t i n g  some 

mov ing .  

4 .  C l e a n u p  d o z i n g  a t  t h e  f a c e  i s  m o s t l y  e l i m i n a t e d  

by u s i n g  l o a d e r s ,  w i t h  some c o n s i d e r a b l e  c o s t s  

e l i m i n a t e d .  

5 .  I t  i s  n o t  p r a c t i c a l  t o  go t o  2 5  f o o t  ( 7 . 6  m) 

b e n c h e s  w i t h  l a r g e  s h o v e l s ,  a s  e v e n  50  f o o t  

( 1 5 . 2  m) b e n c h e s  r e q u i r e s  t o o  much n o v i n g .  

T h e r e f o r e  i n  w o r k i n g  50 f o o t  ( 1 5 . 2  m) b e n c h e s  

a l o t  o f  r o c k  i s  o u t  o f  r e a c h  o f  t h e  s h o v e l s  d u e  

t o  t h e  40' s l o p e  o f  t h e  c o a l  s e a m s .  I t  w o u l d  

r e q u i r e  1 0  - D 9  d o z e r s  w i t h  r i p p e r s  t o  f e e d  t h e  

i n a c c e s s i b l e  r o c k  t o  t h e  s h o v e l s .  

6 .  When t h i n  p a r t i n g s  o f  r o c k  a r e  e n c o u n t e r e d ,  t h e  

d o z e r s  c a n n o t  s i t  o n  t h e  n a r r o w  w i d t h  a n d  mus t  

yo-yo"  t h e  r o c k  down t o  t h e  l o a d i n g  b e n c h .  40' 

yo-yo" c a u s e s  l u b r i c a t i n g  p r o b l e m s .  

,, 
, I  

7 .  T h e  f e e d i n g  of  r o c k  f r o m  t h e  c o a l  s e a m s  b y  d o z e r  

r e s u l t s  i n  a d d i t i o n a l  m i n i n g  l o s s e s  a n d  d i l u t i o n  

o f  t h e  c o a l  w i t h  r o c k .  

8 .  D o z i n g  c o a l  r e s u l t s  i n  d e g r a d a t i o n  w h i c h  r e d u c e s  

p r e p a r a t i o n  p l a n t  y i e l d .  

9 .  By b e i n g  a b l e  t o  m i n e  25 f o o t  ( 7 . 6  m) b e n c h e s  

w i t h  f r o n t  e n d  l o a d e r s  n e a r l y  a l l  t h e  r o c k  c a n  

b e  r e a c h e d  b y  t h e  24 C U .  y d .  ( 1 8 . 4  cm) u n i t .  

A t h i n  l a y e r  w i l l  b e  l e f t  o n  t h e  c o a l  f o r  

r e m o v a l  b y  h y d r a u l i c  s h o v e l s  w i t h  l o n g  r e a c h  
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w h i c h  h a v e  v e r y  p r e c i s e  b u c k e t  c o n t r o l  a n d  

c a n  r e a c h  e v e r y  y a r d  o f  m a t e r i a l  f r o m  t h e  

b e n c h  l e v e l ,  t h u s  c o m p l e t e l y  e l i m i n a t i n g  a l l  

r o c k  a n d  c o a l  d o z i n g .  F u r t h e r m o r e  t h e s e  

m a c h i n e s  w i t h  p r e c i s e  c o n t r o l  a n d  t h e  a b i l i t y  

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

c a n  c a r e f u l l y  a n d  a c c u r a t e l y  remove  s u c c e s s i v e l y  

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

l o s s  a n d  l i t t l e  d i l u t i o n .  

We b e l i e v e  t h a t  e v e n  c o n s e r v a t i v e l y  s p e a k i n g ,  

t h i s  m i n i n g  m e t h o d  w i l l  i n c r e a s e  t h e  c l e a n  c o a l  

o u t p u t  by 1 0 %  p e r  y e a r  o v e r  t h e  s h o v e l  c o n c e p t .  

1 0 .  E l i m i n a t i n g  of  d i f f i c u l t  c o a l  d o z i n g  c u t s  t h e  

c o s t  o f  c o a l  l o a d i n g  t o  a b o u t  h a l f  o f  t h a t  

n e c e s s a r y  w i t h  t h e  s h o v e l  c o n c e p t .  

11. The amount  o f  d i l u t i o n  r o c k  h a u l e d  t o  t h e  p l a n t  

a n d  t h e  amount  o f  p l a n t  r e j e c t  h a u l e d  b a c k  

t o  t h e  m i n e ,  o r  t o  t h e  t a i l i n g s  d i k e  i s  s u b -  

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

1 2 .  The s i z e  o f  t h e  t a i l i n g s  p o n d s  and  d i k e s  c a n  

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

1 3 .  The  s i z e  o f  t h e  b l e n d i n g  b e d  i s  c u t  i n  h a l f  a s  

t h e  f u l l  c y c l e  t h r o u g h  a l l  s eams  f o r  25 f o o t  

( 7 . 6  m) b e n c h e s  i s  h a l f  t h a t  f o r  50  f o o t  ( 1 5 . 2  m) 

b e n c h e s .  T h e r e f o r e  o n e  c y c l e  i s  a p p r o x i m a t e l y  

5 0 0 , 0 0 0  s . t .  ( 4 5 3 , 6 0 0  t o n n e s )  i n s t e a d  o f  

1,000,000 s . t .  (907 .200  t o n n e s ) .  



1 4 .  
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E l e c t r i c  power  d i s t r i b u t i o n  c o s t s  a r e  e l i m i n a t e d .  

On t h e  o t h e r  h a n d ,  f i g u r e d  b y  i t s e l f ,  d i e s e l  power  

is m o r e  e x p e n s i v e .  

C a p i t a l  c o s t  o f  e q u i p m e n t  i s  much l e s s ,  u s i n g  

t h e  l o a d e r  c o n c e p t .  

F i n a l l y ,  a n a l y s i s  o f  t h e  i n i t i a l  6 o p e r a t i n g  

y e a r s  shows  a s t r i p p i n g  r a t i o  o f  8.37:l 

( 7 . 0 6  m / t o n n e )  c o m p a r e d  t o  a m i n e  a v e r a g e  o f  

6 . 4 2 : l  ( 5 . 5 1  m / t o n n e )  a n d  t h e  c u m u l a t i v e  

r a t i o  i n  t h e  f i r s t  y e a r s  i s  e v e n  much h i g h e r .  

T h e  a b i l i t y  t o  b e  f l e x i b l e  a n d  work  i n  a c o m p l e x  

d e v e l o p m e n t  s c h e m e  i s  b e y o n d  t h e  s h o v e l  c a p -  

a b i l i t y  b e c a u s e  of  l a c k  o f  m o b i l i t y  and  l e s s  

a b i l i t y  t o  " d o u b l e - u p ' '  i n  a v a i l a b l e  w o r k i n g  

s i t e s .  However ,  t h e  l o a d e r s  c a n  h a n d l e  a 

more  c o m p l i c a t e d  m i n i n g  p l a n .  A c c o r d i n g l y ,  we 

h a v e  p r o p o s e d  t o  s t u d y  t h e  i n i t i a l  p i t  

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

p o s i t i o n  i n  t h e  f i r s t  f ew  y e a r s  b y  d e l a y i n g  

some o v e r b u r d e n  r e m o v a l  a n d  b y  a t  t h e  same t i m e  

o b t a i n i n g  s u f f i c i e n t  c o a l  t o  s a t i s f y  p l a n t  n e e d s  

A g r e a t  many c o s t s  a r e  f i x e d ,  a n d  i t  i s  t h e r e -  

f o r e  m o s t  i m p o r t a n t  t o  g e n e r a t e  maximum r e v e n u e  

f r o m  t h e  o u t s e t .  

3 

3 
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1 0 . 2  O p e r a t i n g  F a c t o r s  

T h i s  p r o j e c t  r e q u i r e s  a c o n s i d e r a b l e  number o f  1 7 0  t o n  

( 1 5 4 . 2  t o n n e s )  t r u c k s  p a r t l y  b e c a u s e  t h e  w o r k i n g  a r e a  

r e q u i r e d  f o r  m i n i n g  t h e  c o m p l e x  s t r u c t u r e  e f f e c t i v e l y  

i s  q u i t e  e x t e n s i v e .  C o n s e q u e n t l y ,  t h e  amount  o f  m a t e r i a l  

l i f t e d  o u t  o f  t h e  m i n e  t o  o u t s i d e  dumps i n i t i a l l y  i s  l a r g e ,  

b e i n g  2 5 3 , 0 0 0 , 0 0 0  C U .  y d .  ( 1 9 3 , 5 4 5 , 0 0 0  m ) .  I n  o r d e r  t o  

b a c k f i l l  t h e  m i n e  w i t h  minimum l i f t  t h e  a v e r a g e  s l o p e  o f  

t h e  w a s t e  b a c k f i l l  m u s t  b e  f a i r l y  f l a t .  The r e s u l t  o f  

t h e s e  two f a c t o r s  i s  a f a i r l y  long h a u l  f r o m  t h e  m i n i n g  

a r e a  t o  t h e  b a c k f i l l  a r e a ,  e s p e c i a l l y  f o r  t h e  m a t e r i a l  

f r o m  t h e  r e a c h e s .  

3 

The  a v e r a g e  h a u l  f o r  w a s t e  r o c k  d u r i n g  t h e  i n i t i a l  6 y e a r s  

w h i l e  w e  a r e  m i n i n g  t h e  t o p  o f  L i t t l e  Weary R i d g e  a n d  

o p e n i n g  up t h e  i n i t i a l  box  c u t  i n  t h e  v a l l e y  f l o o r  i s  

1 . 7 7  m i l e s  ( 2 . 8 5  km) w i t h  a l i f t  o f  3 6 0  f e e t  ( 1 1 0  m).  

The a v e r a g e  f o r  t h e  w h o l e  p r o j e c t  i s  1 . 9 5  m i l e s  ( 3 . 1 4  km) 

w i t h  a l e s s e r  l i f t  o f  200  f e e t  ( 6 1  m). C o n v e r t i n g  t h e  

h a u l  a n d  l i f t  t o  e q u i v a l e n t  l e v e l  h a u l  w e  f i n d  t h a t  t r u c k  

r e q u i r e m e n t s  f o r  r o c k  r e m o v a l ,  b a s e d  on h a u l  o n l y  a r e  

a b o u t  95% o f  t h e  i n i t i a l  r e q u i r e m e n t  a s  a m i n e  a v e r a g e .  

T h e r e f o r e  i t  i s  t h e  h i g h e r  s t r i p p i n g  r a t i o  o f  8 . 3 7  

c u . y d . / s t .  ( 7 . 0 6  m / t o n n e )  d u r i n g  t h e  i n i t i a l  6 y e a r s  

V S .  6 . 4 2  c u . y d . / s . t . ( 5 . 4 1  m / t o n n e )  f o r  t h e  p r o j e c t  

a v e r a g e  w h i c h  makes  a r e q u i r e m e n t  f o r  more  r o c k  t r u c k s  

d u r i n g  t h e  f i r s t  6 y e a r s .  

3 

3 

F o r  c o a l  h a u l i n g  t o  t h e  p r e p a r a t i o n  p l a n t ,  i n c l u d i n g  

d i l u t i o n  r o c k ,  t h e  i n i t i a l  6 y e a r  a v e r a g e  h a u l  i s  2 . 2 3  

m i l e s  ( 3 . 5 9  km) w i t h  a l i f t  o f  285 f e e t  ( 8 7  m) .  T h e s e  

n u m b e r s  do n o t  c o n s i d e r  t h e  d o w n h i l l  h a u l s  w h i c h  a r e  

t r e a t e d  a s  z e r o  l i f t .  The  p r o j e c t  a v e r a g e  h a u l  f o r  c o a l  
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i s  2 . 1 7  m i l e s  ( 3 . 4 9  km) w i t h  a 228 f o o t  ( 6 9 . 5  m) l i f t .  

I t  i s  p l a n n e d  t o  a n a l y s e  t h e  i r . i t i a l  p i t  t o  m a x i m i z e  

c o a l  o u t p u t  a n d  m i n i m i z e  i n i t i a l  e x c a v a t i o n  u s i n g  a 

m o d i f i e d  p l a n  w i t h  m o b i l e  e q u i p m e n t .  T h i s  a n a l y s i s  w i l l  

r e s u l t  i n  m o r e  d e t a i l e d  h a u l a g e  c y c l e  c a l c u l a t i o n s  t h a n  

h a v e  b e e n  d o n e  t o  d a t e ,  a n d  n u m b e r s  a r i s i n g  f r o m  t h a t  

work  w i l l  s u p e r c e d e  t h o s e  l i s t e d  a b o v e .  

B a s e d  o n  t h e  a b o v e  i n i t i a l  h a u l i n g  r e q u i r e m e n t s  t h e  number 

o f  1 7 0  t o n  ( 1 5 4 . 2  t o n n e s )  t r u c k s  f o r  b o t h  r o c k  and  c o a l  

h a u l i n g  i s  46 a t  1 0 0 %  m e c h a n i c a l  a v a i l a b i l i t y  and  n o r m a l  

o p e r a t i n g  e f f i c i e n c y ,  w o r k i n g  5796  h o u r s  p e r  y e a r .  T h e  

r e q u i r e m e n t  i s  t h e r e f o r e  on t h e  a v e r a g e  55  t r u c k s  a t  8 0 %  

m e c h a n i c a l  a v a i l a b i l i t y ,  w i t h  n o r m a l  o p e r a t i n g  e f f i c i e n c y .  

However ,  t h e  p r o b a b i l i t y ,  a t  a 9 5 %  l e v e l ,  o f  h a v i n g  4 6  

t r u c k s  on  t h e  l i n e  w i t h  8 0 %  m e c h a n i c a l  a v a i l a b i l i t y ,  r e q u i r e s  

a f l e e t  o f  6 4  t r u c k s ,  s i n c e  t h e  a v e r a g e  m e c h a n i c a l  a v a i l -  

a b i l i t y  o f  8 0 %  i s  n o t  c o n s t a n t ,  b u t  v a r i e s  up o r  down 

c o n s i d e r a b l y  on  a d a y  t o  d a y  b a s i s .  I f  t h e  a v e r a g e  h a u l s  

c o u l d  b e  v a r i e d  f r o m  d a y  t o  d a y ,  and  t h e  number o f  l o a d e r s  

r a i s e d  and  l o w e r e d  w i t h  t h e  v a r y i n g  t r u c k  f l e e t  t h e  55  

t r u c k s  m i g h t  b e  n e a r l y  a d e q u a t e .  

However ,  t h i s  p r o j e c t  w i t h  i t s  e x a c t i n g  q u a l i t y  r e q u i r e m e n t s  

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

o f  t r u c k  number  f l u c t u a t i o n s  r e q u i r i n g  u n d e s i r e d  h a u l a g e  

p a t t e r n  m o d i f i c a t i o n s .  T h e r e f o r e  t h e  6 4  t r u c k s  a r e  n e e d e d ,  

5 5  f o r  r o c k  a n d  9 f o r  c o a l  o n  t h e  a v e r a g e .  

A f t e r  6 y e a r s  t h e  t r u c k  r e q u i r e m e n t s  a r e  r e d u c e d  f r o m  6 4  

t o  50 .  The t r u c k  p r o d u c t i v i t y  r a n g e s  f r o m  1 0 9  t o  1 5 3  

b a n k  c u .  y d s .  (83  - 1 1 7  m ) p e r  h o u r ,  on  a v e r a g e  c o n d i t i o n s  

f o r  t h e  m a j o r  h a u l s ,  and  t y p e s  o f  l o a d i n g  u n i t s  e m p l o y e d .  

No s p e c i a l  c o a l  t r u c k s  a r e  p r o v i d e d .  8 6 %  o f  t h e  t r u c k s  

3 
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are needed for rock hauling. A l s o  the 1 7 0  ton 

( 1 5 4 . 2  tonne) rock box size is sufficient in height 

for the loaders. A 1 7 0  ton ( 1 5 4 . 2  tonne) coal box 

could not be entirely loaded. Loading equipment will 

frequently change between rock and coal at the same 

face. F o r  these reasons two types of trucks would be 

difficult to schedule. Lower loaded tire pressure on 

the coal stockpiles is an advantage arising from under- 

loaded coal trucks. 

3 Loading of the trucks is by 2 4  CU. yd. ( 1 8 . 4  m ) front 

end loader. These units have put out 2 , 5 0 0  tons 

( 2 2 6 5  tonne) per hour in rock excavation. We are rating 

them at 1 , 5 7 4  tons ( 1 4 2 8  tonnes) per hour, or 7 0 0  bank 

cu. yds. ( 5 3 5  (b m ) per hour, with net operating hours 

per year, based on 70% mechanical availability of 5 0 7 1  

hours. Annual rating i s  therefore 3 , 5 5 0 , 0 0 0  b.c.y. 

( 2 , 7 1 5 , 7 5 0  b m ) per loader. The number of 2 4  CU. yd. 

( 1 5 . 4  m ) loaders required during the first 6 years is 

12, and after that 10. 

3 

3 

3 

A very important machine in this operation i s  the 11.5 

CU. yd. ( 8 . 8  m ) hydraulic shovel. This machine is 

expected to load 5 9 %  of the coal or 2 , 8 3 6 , 0 0 0  cu. yds. 

( 2 , 1 6 9 , 5 4 0  m ) per year, being the portion in thinner 

seams. It will also load 7 2 2 , 0 0 0  cu yds. ( 5 5 2 , 3 3 0  m ) 

of dilution rock to the plant, based on our reserve 

calculations. TJe actually expect this quantity can be 

substantially reduced a s  going to the plant, but the 

material will then be loaded to the dump. 2 , 9 2 5 , 0 0 0  

cu.yds. ( 2 , 2 3 7 , 6 2 5  m ) is also scheduled for hydraulic 

shovels a s  rock excavation to the dump. Total excavation 

per year by these units is therefore 6 , 4 5 3 , 0 0 0  cu. yds. 

3 

3 

3 

3 

( 4 , 9 5 9 , 4 9 5  m3). 



1-6 1 

We expect the hydraulic shovels at 80% mechanical 
availability and considering lost time during moving, 

to work 5 6 4 6  hours per year. Productivity is 

estimated at 3 9 4  b.c.y. (301 b m ) per hour, o r  8 8 7  

tons ( 8 0 5  tonnes) per hour loading rock and 4 8 1  s.t. 

( 4 3 6  tonnes) per hour loading coal. Annual productivity 

is 2 , 2 2 5 , 0 0 0  cu. yds. ( 1 , 7 0 2 , 1 2 5  m ) .  3 - 1 1 . 5  cu. yds. 

( 8 . 8  m ) hydraulic shovels are required. 

3 

3 

3 

Some coal may be obtained from the pit bottom by large 

hydraulic backhoe, probably yielding 6 million washed 

tons ( 4 , 5 9 0 , 0 0 0  tonnes) of  coal over the mine life. 

We have deliberately excluded this coal from our reserve 

calculations, as a contingency against possible unforeseen 

variations in the seam quality, especially as related to 

thinner coal seams. 

In all coal mines the large rotary drill maintains low 

drilling costs and is capable of high output in cubic 

yards drilled per year. However, in this mine with many 

sloping coal seams close together, the partial bench 

depth holes necessary due to sloping coal below requires 

that these holes be drilled to the coal and then stemmed 

short of the coal, thus losing the normal benefit o f  sub- 

grade drill hole explosive capacity, with resulting burden 

reduction to maintain proper burden depth ratio, and 

consequent reduction in drilling yield in CU. yd. per 

foot of drilling. The sloping seams require an angle 

hole following each coal seam removal. To reach and 

excavate the coal effectively it is necessary to drill 

2 5  foot ( 7 . 6  m) benches. The results of these factors 

is a yield per lin. foot of 10-5/8" ( 2 7 0  mm) inch hole 

of only 8.9 b.c.y. ( 2 2 . 3 4  b m Ilin. metre).Drilling 

prcduction in these relatively soft rocks is estimated 

3 
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a t  5 0  l i n .  E t .  ( 1 5 . 2 4  m) p e r  h o u r ,  f o r  2 , 5 7 9 , 0 0 0  

b . c . y .  ( 1 , 9 7 2 , 9 3 5  b m ) d r i l l e d  p e r  y e a r ,  p e r  d r i l l  3 

M o b i l i t y  i s  i m p o r t a n t  a s  m e n t i o n e d  p r e v i o u s l y  s o  w e  

a r e  p r o p o s i n g  t h a t  a 7 0 , 0 0 0  l b .  ( 3 1 , 7 4 6  k g  ) down 

p r e s s u r e  r u b b e r  t i r e d  t r u c k  m o u n t e d  d r i l l  b e  u s e d .  

F i f t e e n  o f  t h e s e  u n i t s  a r e  r e q u i r e d  d u r i n g  t h e  f i r s t  

6 y e a r s  a n d  1 2  t h e r e a f t e r .  

A n u m b e r  o f  p a r t i n g s  a r e  t o o  t h i n  f o r  l a r g e  r o t a r y  

d r i l l s .  T h e s e  w i l l  b e  h a n d l e d  b y  3 - 3  i n c h  ( 7 6  mm) d r i l l s  

a n d  t w o  4 - - 5  i n c h  s i z e  ( 1 0 2  - 1 2 7  mm) d r i l l s ,  o n e  3 i n c h  

( 7 6  m m )  and 1-5  i n c h  ( 1 2 7  mm) b e i n g  c r a w l e r  m o u n t e d ,  

t h e  b a l a n c e  o n  r u b b e r  t i r e s .  D r i l l i n g  o f  1 , 3 9 0 , 0 0 0  c u .  y d s .  

( 1 , 0 6 3 , 3 4 0  m ) p e r  y e a r  o f  p a r t i n g s  i s  r e q u i r e d  p l u s  l i n e  

d r i l l i n g  o f  r o a d  s l o p e s  i n  t h e  p i t w a l l .  D r i l l i n g  o f  

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

t h i n  s e c t i o n s  f r e q u e n t l y  b e i n g  d r i l l e d  a n d  t h e  l i n e  

d r i l l i n g ,  t h e  n e t  d r i l l i n g  o u t p u t  i s  an  a m a z i n g l y  l o w  

1 . 1 6  c u .  y d s .  p e r  l i n .  f t .  ( 2 . 9 1  m / l i n .  m ) .  

3 

3 

T h e  a m o u n t  o f  d r i l l i n g  e q u i p m e n t  a n d  t h e  l o w  y i e l d s  

i n d i c a t e  e x t r e m e l y  e x p e n s i v e  d r i l l i n g  a n d  b l a s t i n g  o n  

t h i s  p r o j e c t ,  a s  c o m p a r e d  t o  t h e  u s u a l  c o n d i t i o n s  

e n c o u n t e r e d .  

Road  m a i n t e n a n c e  i s  o f  g r e a t  i m p o r t a n c e  t o  t h e  s u c c e s s  o f  

t h i s  o p e r a t i o n .  W e  h a v e  n o t  s h o w n  a c r u s h e r  a t  t h e  B r a d f o r d  

B r e a k e r  s i t e ,  b e l i e v i n g  t h a t  s e l e c t e d  s a n d s t o n e  a t  t h e  

p i t  s h o u l d  b e  c r u s h e d  w i t h  m o b i l e  e q u i p m e n t  t o  o b t a i n  

s u p e r i o r  q u a l i t y  s u r f a c i n g  m a t e r i a l .  G r a v e l  b e d s  f r o m  

t h e  r i v e r  a r eas  o f  t h e  s i t e  s h o u l d  b e  s a v e d ,  c r u s h e d ,  

a n d  b l e n d e d  w i t h  t h e  c r u s h e d  r o c k  t o  o b t a i n  o p t i m u m  d e n s e  

g r a d e d  m i x e s  f o r  s u r f a c i n g ,  W i n t e r  s a n d i n g  m a t e r i a l  o n  t h e  



1-63 

other hand should be crushed and the fines removed for 

most effective "sanding", which actually will use a 

1% inch t o  3 / 8  inch ( 3 8  mm - 9 . 5  mm) grading for truck 

roads, with CaC12 as compared to the much finer material 

for highway use. 

The major factor in good trucking roads and consequent 

reduced truck maintenance is the use of adequate crushed 

gravel, especially where the rock is soft and breaks 

down rapidly. This assumes intelligent construction of the 

road subgrades, free of deleterious materials, and 

properly compacted. Four Caterpillar No. 16 graders will 
be required on the roads. An 8 , 0 0 0  gallon ( 3 6 , 3 3 1  litre) 

Caterpillar water wagon is also essential for dust 

control, along with use of CaCl on permanent roads. A 

s i l o  for CaC12 will be provided at the unloading site. 
2 

1 0 . 3  Slope and Foundation Stability and Waste Dump Construction 

A geotechnical report by Golder and Brawner, dated September, 

1 9 7 1  indicates that the footwall of the No. 2 seam should 

be stable t o  the mining heights planned. Our mining plan 

removes a 100 foot ( 3 0 . 5  m) wide bench in this footwall 

for 9 0 0  feet ( 2 7 4  m) down from the top of Little Weary 

Ridge, thus making the overall condition more stable than 

the condition which was used as the basis for calculations 

in the Golder - Brawner report. This is especially true as 

it removes the weak plane resulting from the No. 1 coal 
seam down to this level, a condition which was causing 

Golder - Brawner some concern. 

Horizontal drains in the slope below the +700 ( 2 1 3  m) 

level hauling bench should relieve hydrostatic pressure 
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adequately, since the slope of the No. 2 footwall 

is being exposed gradually in 25 foot ( 7 . 6  m) lifts. 

The drains would be drilled and installed from the 

working benches. The amount of water in the lower 

reaches of the slope, especially related to No. 1 coal 
seam, should be checked during the future drilling 

program, and the vertical interval at which the drains 

are required to drain the slope above before the un- 

drained height becomes unsafe should be determined 

from this testing. 

Water from the horizontal dra ns can be collected in 

an attached pipe and discharged at openings well north 

of the current working benches, where during the winter it 

will run under the snow and into the waste pile. It 
will reappear in the pumping sumps at the toe of the 

advancing dumps along with other seepage water and be 

pumped out of the mine. 

Vertical pipes must be drilled into the slope at about 

100 foot (30 m) vertical intervals and 15 foot ( 4 . 6  m) 

high steel mesh snow fence installed to prevent 

avalanche buildup down the ultimate slope height of 

1600 feet ( 4 8 8  m). One would have hoped that a slope 

exposed to the prevailing winds such as this would have 

some tendency to blow clear but based on field 

observations it does not appear that this will be the 

case. 

The pit wall above the +700 ( 2 1 3  m) road level will be 

created by fairly wide spaced holes drilled deeper than 

the average. The 11.5 CU. yd. ( 8 . 8  m ) hydraulic shovels 

will excavate these craters and backfill them with soil 

3 
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hauled to the site up the coal haul roads, or obtained 

from the current outside face slopes where available. 

Intermediate holes will be drilled a few feet deeper 

than necessary and the bottoms filled with drill cuttings. 

These unshot holes will provide water traps to provide 

water for trees or shrubs planted in them. Large trees 

can be expected to grow in the large craters and smaller 

trees or shrubs in the small craters. Initial grass 

planting in the soil filled craters will spread over the 

rock crevices as the trees develop and protect the face. 

The snow fences will minimize snow sliding damage to the 

developing trees. Should the snow fence method still not 

be effective, (1. ref.) a snow retention method used 

in an area in Rogers P a s s  would be completely effective 

here, but would probably be somewhat more expensive than 
the snow fences. 

Cratering of the No. 2 footwall, which is the east pit 
slope below the +700 level (213 m) road will be 

accomplished in a different manner than above the + 7 0 0  

(213 m) level road. Here vertical holes will be drilled 

with a 5 inch (127 mm) percussion drill after removal 

of the coal from every third 25 foot (7.6 m) bench and 

small craters will be produced and backfill with soil. 

We do not want to put many holes in the footwall slab 

above the No. 1 coal seam for stability reasons, s o  

vegetation placed on this portion of the slope will be 

less dense. 

The Golder-Brawner report was received after our pit end 

and west slopes were set. The report indicates that the 

north and south end slope design is stable as presented. 

The overall west slope is also stable. However, the 



1-66 

Golder-Brawner calculations indicate that the 120 foot 

( 3 6 . 6  m) high slopes between the 80 foot (24.4 m) wide 
haul road benches would he better if 2 or 3' flatter than 

we have designed. We realized that the design slope 

between benches was steep and accordingly included small 

diameter line drilling of this slope to minimize spalling. 

Considering the 2 - 3 variance from the recommended 

it may be that the slope between benches will require 

slight modification during final mine design analysis. 

0 0 

With respect to the till overburden slope over 100 feet 
( 3 0 . 5  m) high at the north end of the pit, we should find 

out what the water conditions are across the width of the 

valley at sta. 370 prior to finalizing this slope design. 

The incline is presently set at 2:l which should be stable. 

The toe of the slope for an unknown height will likely have to 

to be excavated and backfilled with shot rock within hours 

progressivley across the lower face, to prevent sloughing 
below the water table. This method is very effective and 

inexpensive and has been used on  till slopes of similar 

and greater heights with 100% success for similar conditions 

in the Rocky 2nd Selkirk Mountain areas. This method has 

consistently been more effective than horizontal drains 

in till. 

Waste dumps outside the pit limit on the east slope and 

the southern end in particular of the west dump are on a 

glacial till foundation and these foundations must be 

checked to determine the load bearing capability. The 

dumps will be constructed in lifts from the bottom up, and 

monitoring of the pressure buildup can prevent failures 

until consolidation allows the addition of further load. 

We have the latitude to reduce the amount of material on 

the east slope and increase the height of the northern 
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and central portions of the west dump, and the 

southern end of the west dump can be stepped back if 

necessary. Therefore waste disposal outside the pit 

is not considered to be a problem, provided that advance 

foundation study is done, so that the final dumps can 

be planned accordingly prior to dump construction. 

Reclamation is covered primarily in the environmental 

section o f  this report. Only a few more comments will 

therefore be made in this section as being closely related 

to engineering and mining aspects. 

Some mines present very severe problems in the disposal 

of waste rock to stable and reclamable slopes. Those 

particularly difficult in this respect are the ones where 

mining is from the top of high peaks which are gradually 

levelled and the waste dumped from many hundreds of feet 

above the base of the waste dump. 

While this mine has many difficult features which increase 

the cost of mining, it is reasonably favourable with respect 

to satisfactory disposal of waste in an environmentally 

desirable manner. This is because most of the waste dumps, 

due to the relative location of where rock must be 

excavated and where it must be dumped, are automatically 

in this dumping process built in lifts from the bottom u p .  

This very factor, however, produces high haulage costs due 

to abnormally high average lift of waste materials, 

compared to other western coal mines, although not so high 

in relation to the average open pit copper mine, for 

example. 

A furthe-r favourable condition is the large amount of 
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glacial till and organic swamp material available. This 

material is stripped ahead of the mining, and placed o n  

top of  the advancing waste dumps, or used in special 

features, such as the relocated swamp and pond on the 

initial western waste dump. Consequently, the rock dumps 

are covered by till, and being built from the bottom u p  

in most cases,can be built to a desirable slope angle 

favourable t .o revegetation. 

Most o f  the glacial till will be loaded with 2 4  cy. 

(18.4 m ) front end loaders and hauled with 1 7 0  ton 

( 1 5 4 . 2  tonne) trucks, but a few scrapers would likely 

be an asset, and also a large grader such as a Ray Go 

Giant, for levelling the surface of the large spoil areas. 

Details of the requirements for and amount of this type 

of equipment must still be calculated. 

3 

10.4 Manpower Requirements 

During the initial 6 years of operation the mine and 

preparation plant, including all classes o f  supervisory, 

maintenance and operating personnel, are expected to 

employ on site approximately 1100 people. 

Planning to date has not included the study of personnel 

requirements for accommodation and amenities. The 

present townsite space at Elkford is very nearly used up, 

and expansion f o r  at least another 600 people must take 
pI.ace on a bench 1 - 2 . 5  miles (1.6 - 4 km) to the south. 

This bench is probably not adequate in space, hut the 

addition of another moderately sloping area in the mouth 

of the Boivin Creek valley at Elev. 4 5 0 0  - 4 6 0 0  ( 1 3 7 2  - 1 4 0 2  m) 

should make u p  the deficiency. The alternative area 



w o u l d  b e  two l a r g e  benches on a f a n  2 . 5  m i l e s  ( 4 h )  t o  t h e  

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

s p a c e  on t e r r a i n  a l i t t l e  l e s s  i r r e g u l a r ,  a l t h o u g h  f u r t h e r  

away.  
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T A B L E  6 

L I S T  OF M A J O R  E Q U I P M E N T  I T E M S  

1 7 0  Ton e l e c t r i c  d r i v e  t r u c k s  6 4  

Rubber  t i r e  m o u n t e d  7 0 , 0 0 0  lb. - 1 0  5 / 8  r o t a r y  
d r i l l s  1 5  

C r a w l e r  m o u n t e d  a i r  t r a c  d r i l l  3" 1 

Rubber  T i r e  moun ted  a i r  t r a c  t y p e  m o b i l e  d r i l l s  
3" - 5" 4 

F r o n t  End L o a d e r s  24  C U .  y d .  

H y d r a u l i c  S h o v e l s  1 1 . 5  c u .  y d .  

1 2  

3 

F r o n t  End L o a d e r s  6 C U .  y d .  G 

Rubber  T i r e d  D o z e r s  C a t  8 3 4  

D o z e r s  C a t  D9 

G r a d e r s  C a t  1 6  

G r a d e r  Ray Go G i a n t  

S c r a p e r s  C a t  6 5 7  

C o m p a c t o r s  8 3 5  F 

8 0 0 0  G a l l o n  W a t e r  T a n k e r  

M a i n t e n a n c e ,  s e r v i c e  s u p p l y ,  t r a n s p o r t  
e q u i p m e n t  a n d  f a c i l i t i e s .  

2 

1 2  

4 

1 

3 

2 

1 
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1 1 . 0  DEVELOPMENT S C H E D U L E  

T h e  f o l l o w i n g  t i m e - s c h e d u l e  f o r  t h e  p r o j e c t  i s  

a n t i c i p a t e d  : 

M i d d l e  1 9 7 5  P r e f e a s i b i l i t y - S t u d i e s  i n c l u d i n g  a d d i -  
t o  

M i d d l e  1 9 7 6  t i o n a l  e x p l o r a t i o n  and  t e s t  w o r k ,  

F e a s i b i l i t y  - S t u d y  a n d  Mine  
to 

E a r l y  1 9 7 8  P l a n n i n g ,  

E a r l y  1 9 7 8  A r r a n g e m e n t s  f o r  p r o j e c t  f i n a n c i n g ,  

D e c i s i o n  t o  p u t  t h e  m i n e  i n t o  p r o d u c t i o n ,  

E a r l y  1 9 7 8  C o m p l e t i o n  of  m i n e  p l a n n i n g ,  c a l l i n g  
t o  

E a r l y  1 9 7 9  
a n d  e v a l u a t i o n  o f  t e n d e r s ,  i s s u i n g  

p u r c h a s e  o r d e r s ,  

1 9 7 9  t o  1 9 8 1  C o n s t r u c t i o n  a n d  m i n e  d e v e l o p m e n t ,  

M i d d l e  1 9 8 1  Commence c o a l  p r o d u c t i o n  

1 9 8 2  Minimum c o a l  p r o d u c t i o n  2 m i l l i o n  

s . t .  c l e a n  c o a l  

1 9 8 3  - 1 9 8 4  C o a l  p r o d u c t i o n  3 m i l l i o n  s . t .  c l e a n  

c o a l  p e r  y e a r  

1 9 8 5  C o a l  p r o d u c t i o n  4 m i l l i o n  s . t .  c l e a n  

c o a l  
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1.0 INTRODUCTION 
. 

The East Kootenay Repion (Nap l), located in the extreme 

southeastern part of British Columhia, has been historically 

an area for coal mining activity. Much of the early mining 

was underground and quantities were small. Adverse effects 

to environmental and recreation values that typify coal 

extraction by open-pit methods were relatively few. Both 

underpround and open-pit minjng have been viewed as conflict- 

ing with concerns for big gane production, forestry and 

recreation. However, the open-pit mining and environmental 

planning concepts presented here are believe6 to represent 

the best possible conservation approach to enerey resource 

development and ecosystem protection and enhancement at the 

Elk River site. 

The Elk River originating in Upper and Lower Elk Lakes, flows 

south between two mountain ranges and through the property 

to Elkford and Sparwood. It then continues southwest to join 
the Kootenay River near the Canada-United States border. 

The project site lies within the glaciated valley at an ele- 

vation range of approximately 5,000 ft. ( 1 , 5 2 4  m.) to 7,000 ft. 

( 2 , 1 3 4  m.), with adjacent mountains extending to 9,000 ft. 

( 2 , 7 4 3  m.) (Photograph P-1). The topography of the area is 

expected to produce significant variability of climate, soils 

and related vegetation over small geographical distances. 

An evaluation o f  the resources in the study area is given 

in the synoptic Land Capability Analysis Map (East Kootenay 

region) conducted by the CANADA LAND INVENTORY. This inven- 

tory indicates the uniqueness and importance of the big game 

and recreational capability in the area. ““loderate big 
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game range" occupies 19% of the project area; other big game 
ranges are classified as "high" or "moderate yield forest" 

land. Recreational values in this area are associated 

with scenic river valleys, uplands and mountains; thus, 

"moderate recreation" (10%) and "extensive recreation" (5%) 

are important use potentials of the project area. Forestry 

rates high in local importance, but is of relatively low 

value when compared to production at the provincial level. 

Forestry forms the largest single resource block - 5 8 %  of 

the project site - in the following groups: high yield 

forest, 23%; moderate yield forest, 2 1 % ;  and limited yield 

forest, 14%. The remaining 8% of the project area has been 
as "highland" which has capabilities for big 

primarily summer range, and extensive recrea- 

vitities (>lap M3). 

classified 

game range 

tional act 

A viable m ne operation will require diversion of the Elk 

River channel at the proposed minesite, and clearing and 

recontouring of the landscape. These environmental changes 

will result from pit operations, construction of the plant 

site and transportation systems, and accumulation o f  over 

burden and plant waste material. The mining concept 

presented here is an alternative to the original project 

advanced for mining of coal in the project area. The new al- 

ternative entails a mining approach and environmental planning 

concepts which decrease the diversion of the Elk River to 
4 . 2  miles (6.8 km.) Moreover, the valley conditions of the 

study area and the mitigating concepts proposed will avoid 

the problems encountered in other pit-mining locations in 

less favourable topography. 

Impact considerations, mitigation features, and reclamation 

techniques presented here as preliminary environmental plan- 

ning concepts are related to the existing minesite environment, 
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mining concepts and to a limited degree, the regional 

ecoloEy and social fabric of the East Kootenay Region. Con-  

siderably more work remains to be done in actual feasibil- 

ity studies to validate these concepts in terms of both 

technical and economic feasibility and social acceptance. 

Community interaction, especially with local and provincial 

planners and resource managers, will be emphasized in these 

feasibility studies. 

The conceptual planning presented in this report is based 

largely on several government reports and especially a 

series of baseline surveys conducted in the study area by 

B.C. RESEARCH for Emkay-Scurry in 1972 (Selected References). 
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2 . 0  C L I M A T E  A N D  A I R  Q U A L I T Y  

2 . 1  E x i s t i n g  C o n d i t i o n s  

C l i m a t i c  d a t a  o f  t h e  u p p e r  Elk R i v e r  V a l l e y  c a n  o n l y  

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

w e a t h e r  r e c o r d i n g  s t a t i o n  i n  t h e  a r e a .  The p r o p e r t y  

i s  i n  t h e  m o u n t a i n o u s  s u b s e c t i o n  o f  t h e  s o u t h e a s t  

c l i m a t i c  r e g i o n  o f  B r i t i s h  C o l u m b i a ,  a n d  e x p e r i e n c e s  a 

mean d a i l y  t e m p e r a t u r e  o f  l e s s  t h a n  5 5 ° F .  ( 1 3 ° C . )  i n  

J u l y ,  a n d  l e s s  t h a n  2 0 ° F .  ( - 7 ° C . )  i n  J a n u a r y .  F r o s t -  

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

f r o m  l e s s  t h a n  5 0  t o  a maximum o f  1 0 0  d a y s .  P r e c i p i -  

t a t i o n  i s  h i g h  d u r i n g  t h e  w i n t e r ,  w i t h  a s e c o n d a r y  

p e a k  o c c u r r i n g  i n  t h e  s p r i n g ;  summer p r e c i p i t a t i o n  i s  

r e l a t i v e l y  l o w  a n d  i s  c h a r a c t e r i z e d  by f r e q u e n t  t h u n d e r -  

s t o r m s .  

W i n t e r  s n o w f a l l  d a t a  on a m o n t h l y  a v e r a g e  a r e  a v a i l a -  

b l e  f r o m  f i v e  snow c o u r s e s  i n  t h e  E a s t  K o o t e n a y  d r a i n -  

a g e  b a s i n  ( T a b l e  1) .  The snow c o u r s e  c l o s e s t  t o  a n d  

a p p r o x i m a t i n g  l e a s e  c o n d i t i o n s  i s  l o c a t e d  on t h e  u p p e r  

F o r d i n g  R i v e r  t r i b u t a r y  o f  t h e  Elk R i v e r  ( E l e v .  4 , 4 0 0  f t . ,  

1 , 3 4 1  m . ) .  H e r e  t h e  a v e r a g e  v a l u e  o f  a c c u m u l a t e d  snow 

d e p t h s  i n  M a r c h ,  t h e  mon th  o f  maximum snow d e p t h ,  i s  

2 7  i n c h e s  ( 6 8 . 6  c m . ) ,  t h i s  b e i n g  a w a t e r  e q u i v a l e n t  o f  

7 . 6  i n c h e s  ( 1 9 . 3  c m . ) .  I n  M a r c h ,  1 9 7 5  t h e  snowpack  was 

r a t e d  a b o v e  a v e r a g e ,  w i t h  a r e a d i n g  o f  3 1 . 6  i n c h e s  

( 8 0 . 3  c m . ) .  S n o w f a l l  d a t a  f r o m  M t .  J o f f r e ,  F e r n i e ,  

N e w  F e r n i e  a n d  M o r r i s s e y  R i d g e  a r e  a l s o  p r e s e n t e d  i n  

T a b l e  1. They p r o v i d e  a d d i t i o n a l  snow d e p t h  i n f o r m a t i o n  

a t  e l e v a t i o n s  w i t h i n  t h e  r a n g e  o f  t h o s e  i n  t h e  p r o j e c t  

a r e a .  



2.2 Impact Considerations 

Production of atmospheric dust from 

a) actual mining operations, 

b) exposure of overburden materials 

and coal ore depots to wind, and 

c) traffic, and transport of coal 

could present serious annoyance problems and health 

hazards. Furthermore, excessive dust will impair 
photosynthesis and plant growth in the area and 

adversely affect landscape aesthetics. 

The cumulative effects of such problems depend on the 

direction and velocities of wind and the possibility 

of atmospheric inversions in the valley. These condi- 

tions influence atmospheric pollution levels at 

specific locations. 

Snowfall necessitates the creation of artifical snow 

banks (road clearing) and snow dumps (clearing of work 

sites) with their repercussions on drainage, erosion, 

and water quality. This, again, is dependent upon the 

accumulation and frequency of snowfall. Provision 

for s n o w  stora~e must anticipate differential snowfall 

according to elevation and normal year-to-year varia- 

tion (Table 1). 

2.3 Mitization & Reclamation Concepts 

A thorough examination of the meteorological varia- 
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bles that will affect the dispersal and deposition of 

coal dust must be undertaken. A comprehensive coal 

dust control program will necessitate: 

a) Baseline data of prevailing winds and flow patterns 

of air-borne particles; 

b) Tracking and prediction of dust-flow and -fall 

from the center of mining activity: 

c) Adjustment in the timing or location of dust pro- 

ducing activities where possible; 

d) Establishment of a water spraying program to 

reduce dust problems at minesite: 

e) Ongoing re-seeding and reclamation as mining pro- 

ceeds (see Sections 5.0 and 6.0); 

f) Maintenance of tree zones as wind belts, particu- 

larly to combat high winds; 

g) Dust control on roadways (considerations of water 

spraying, surfacing and speed controls); 

h) A monitoring system to identify potential health 
hazards or to maintain environmental standards. 

Incorporation of dust control programs is recognized as 

a primary factor in good mine operation in that dust 

control is essential to safe mining operations. 

Drainage and erosion problems resulting from precipi- 
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tation must be anticipated in erosion mitigation 

design. Spring runoff and summer storms imply peak 

water flows in the river system. Channel width and 

tunnel design must demonstrate peak flow capability. 

Similarly, erosion mitigation and slope-and-bank 

stabilization (Sections 3.0 and 4 . 0 )  will be consistent 

with the prevention of washouts. Settling ponds, in 

particular, must be designed to accommodate peak flow 

levels. 

Revegetation is regarded as an air quality mitigation 

approach for the stabilization of soil in disturbed and 

landscaped areas. 

The revegetation program must anticipate the regime of 

precipitation and snow-melt conditions. Fertilization 

and seeding will be influenced by the timing of favour- 

able and unfavourable precipitation periods to minimize 

erosive l o s s  of fertilizer, seed and seedlings. Selec- 

tion of plant species for revegetation purposes will 

take account of their tolerance limits and adaptability 

to local climatic conditions. 

The importance of such variables as minimum temperature, 

wind velocities, and snowfall relate to considerations 

of worker comfort. Planning for the insulation of 

buildings and for heating provisions is dependent o n  

climate . 
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TABLE 1 

WINTER SNOWFALL DATA: ACCUMULATED SNOW DEPTHS AND 
WATER EQUIVALENT I N  INCHES 

(Summarized from Snow Survey B u l l e t i n s :  Department of Lands, Fo res t s  and Water 
Resources; B r i t i s h  Columbia) 

UPPER ELK MORRISSCY MOUNT NEW 

4,400 f t .  5,750 f t .  6,100 f t .  3,500 f t .  4,100' 

RIVER RIDGE JOFFRE "lo FERNIE # l O A  

Snow S u r v e y  50: 0 1  min. 50: 32 m i n .  49: 27 min. 49: 30 min. 49; 30 min. 
B u l l e t i n  114 56 min. 115 07 min. 114 58 min. 114 56 min. 115 02 min. 

SNOW COURSE 

Snow W.E.  Snow W . E .  Snow W.E. Snow W.E.  Snow W . E .  

3 0 ( 5 )  5.9 3 8 ( 1 )  9 . 1  
40 7.9 38 9 . 1  
23 4.1 38 9 . 1  

Jan. 1 Mean(N)* 2 6 ( 1 )  4.7 5 0 ( 1 )  14 .3  -- -- 
Max. 26 4.7 50 14.3 -- -- 
Min. 26 4.7 50 14.3 -- -_ 

Feb. 1 Mean(N) 2 7 ( 3 )  5.8 7 3 ( 1 2 )  22 .1  5 1 ( 4 )  12.5 2 8 ( 3 4 )  6.9 4 5 ( 2 2 )  11.5 
Max. 35 8.1 98 29.9 69 17.3 48 12.0 66 18.4 
Min. 22 4.4 50 12.7 36 7.6 6 1.7 26 6.3 
1975 20 5 . 0  -- -- _ _  -- 31 21.0 -- _ _  

Mar. i Mean(Nj 2 7 [ 2 6 j  1.6 8 1 ( 1 1 )  27.8 5 1 ( 5 )  14.5 3 0 ( 3 5 )  8.3 5 0 ( 2 4 )  14.6 
Max. 50 13.0 115 39.6 7 3  21.7 54 1 5 . 2  7 1  23.0 
Min. 6 2.7 60 17.6 38 9.7 4 2.0 24 8.1 
1975 31.6 7.2 51.6 13.7 -- -_ -_ 39.9 9 . 2  -- 

Apr. 1 Mean(N) 2 4 ( 2 6 )  7.4 8 3 ( 1 2 )  31.3 5 6 ( 6 )  17.6 2 4 ( 3 6 )  8 . 1  4 5 ( 2 3 )  15.9 
Max. 44 13.6 107 44 .1  76 28.0 48 16.4 6 9  23.8 
Min . 5 1 . 0  57 19.9 38 10.5 0 0.0 20 7.9 
1975 31.6 8.5 -- -- _ _  -- 35.6 11.1 -- _- 

May 1 Mean(N) 4 ( 1 8 )  1 .4  7 4 ( 1 1 )  30.9 5 1 ( 6 )  18.7 7 ( 2 8 )  2 .7  2 0 ( 2 3 )  7 . 8  
Max. 17 5.5 105 49.0 69 30.4 39 13.9 55 21.3 
Min . 0. 0.0 54 22.1 33 10.9 -- _ _  _- -- 

1 0 7 )  .3 7 ( 1 4 )  3.2 
90 41.6 -- _- 11 4.7 26 11.4 
27 15.0 -- -_ 0 0.0 0 0.0 

May 15 Mean") O(1) 0.0 6 0 ( 8 )  26.4 -- -- 
-- -- Max. 

Min. -- -- 

June 1 Mean(N) -- -_ 2 8 ( 8 )  14.5 -- -- O(1) 0.0 2 ( 3 )  .7 
58 26.7 -- -- 0 0.0 6 2.0 

0 0.0 -- -- 0 0.0 0 0.0 
-- -- Max. 

Min. -- -- 

*N r e f e r s  t o  t h e  nuinber of yea r s  t h a t  measurements have been t a k e n .  
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3 . 0  H Y D R O L O G Y  A N D  WATER Q U A L I T Y  

3 . 1  E x i s t i n x  C o n d i t i o n s  

The E l k  R ive r  o r i g i n a t e s  i n  t h e  u p p e r  and  l o w e r  E l k  

L a k e s  ( 1 1 5 " 0 6 '  West, 5 0 ' 3 3 '  N o r t h ) ,  a n d  f l o w s  s o u t h e a s t  

and  s o u t h  f o r  a p p r o x i m a t e l y  n i n e  m i l e s  ( 1 4 . 5  km.)  t o  

t h e  n o r t h e r n  b o u n d a r y  o f  t h e  p r o j e c t  a r e a .  I t  c o n t i n -  

u e s  s o u t h  t h r o u g h  t h e  a r e a  f o r  a d i s t a n c e  o f  a p p r o x i m -  

a t e l y  1 3  m i l e s  ( 2 0 . 9  km.)  A f t e r  f l o w i n g  s o u t h  t o  N a t a l ,  

i t  t u r n s  a n d  f l o w s  s o u t h w e s t  t o  j o i n  t h e  K o o t e n a y  R i v e r  

a b o u t  10 m i l e s  ( 1 6 . 0  km.) f r o m  t h e  C a n a d a - U n i t e d  S t a t e s  

b o r d e r .  C a d o r n a  C r e e k  ( D r a i n a g e  B a s i n  B ,  ? lap  5 ) ,  t h e  

m a j o r  t r i b u t a r y  a b o v e  t h e  a r e a ,  o r i g i n a t e s  n e a r  C a d o r n a  

m o u n t a i n  a n d  f l o w s  s o u t h e a s t e r l y  j o i n i n g  t h e  E l k  R i v e r  

j u s t  n o r t h  o f  t h e  p r o p o s e d  d i v e r s i o n .  

W i t h i n  t h e  p r o j e c t  a r e a ,  d o w n s t r e a m  f r o m  t h e  C a d o r n a  

C r e e k  c o n f l u e n c e ,  t h e  E l k  R i v e r  h a s  f o u r  m a i n  t r i b u -  

t a r i e s  - G a r d n e r ,  BJeary, B l e a s d e l l  and  A l d r i d g e .  A l s o ,  

t h e r e  a r e  a number o f  s m a l l  d r a i n a g e s ,  m o s t  o f  w h i c h  

a r e  i n t e r m i t t e n t .  T h e s e  o r i g i n a t e  f r o m  d r a i n a g e  o f f  

t h e  r i d g e s  w h i c h  f l a n k  t h e  v a l l e y ,  o r  t h e  s m a l l  swanp-  

meadows w h i c h  d o t  t h e  v a l l e y  f l o o r .  

Two s t r e a m  h a b i t a t  t y p e s  o c c u r  o n  t h e  E l k  R i v e r  w i t h i n  

t h e  p r o j e c t  a r e a ,  a p o o l  and  r i f f l e  a n d  a m e a n d e r i n g  - 
b r a i d e d  h a b i t a t .  The p o o l  and  r i f f l e  h a b i t a t  o c c u r s  

b e t w e e n  t h e  E l k - C a d o r n a  c o n f l u e n c e  a n d  t h e  Elk-Weary  

c o n f l u e n c e .  T h i s  t y p e  o f  h a b i t a t  i s  c h a r a c t e r i z e d  b y  

a s t r a i g h t  a n d  n a r r o w  s t r e a m b e d  a n d  i s  s u b j e c t  t o  

h i g h  c u r r e n t  v e l o c i t i e s .  The m e a n d e r i n g  a n d  b r a i d e d  

h a b i t a t  t y p e  o c c u r s  u p s t r e a m  o f  t h e  p r o j e c t  a r e a  a n d  
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a g a i n  f r o m  t h e  c o n f l u e n c e  o f  Weary C r e e k  t o  t h e  

s o u t h e r n  end  o f  t h e  a r e a .  The w i d e r  a n d  m e a n d e r i n g  

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

t h e  v e l o c i t y  o f  t h e  c u r r e n t .  

The  d i s c h a r g e  r a t e s  r e c o r d e d  b y  B . C .  R e s e a r c h  ( P r o g r e s s  

R e p o r t  112, T a b l e  2 )  i n d i c a t e s  t h a t  t h e  E l k  R i v e r  u p s t r e a m  

f r o m  t h e  C a d o r n a  C r e e k  i s  much more  s u b j e c t  t o  f l a s h  

p e a k s  (HF!F:LWF = 5 . 4 : l )  t h a n  C a d o r n a  C r e e k  (HTJF:LWF = 

2 . 7 : l )  a n d  A l d r i d g e  C r e e k  (HWF:LWF = 4 . 4 : l ) .  The 

o t h e r  t h r e e  m a i n  t r i b u t a r i e s  a l l  s eem t o  e x h i b i t  

f l a s h  p e a k  c h a r a c t e r i s t i c s ,  G a r d n e r  C r e e k  HWF:LVF = 

5 . 6 : l ;  B l e a s d e l l  C r e e k ,  HbJF:LF!F = 5.1:l; a n d  Weary 

C r e e k ,  HVF:LbJF = 4.8:1 ( s e e  T a b l e  b e l o w ) .  The d i f f e r -  

e n c e  i n  t h e  d i s c h a r g e  r a t e  r e c o r d e d  a t  t h e  F o r e s t r y  

B r i d g e  a n d  t h e  sum o f  t h e  u p s t r e a m  t r i b u t a r i e s  i n d i c a t e s  

a s i g n i f i c a n t  c o n t r i b u t i o n  f r o m  o t h e r  s o u r c e s ,  m o s t  o f  

w h i c h  i s  f r o m  t h e  i n t e r m i t t e n t  s t r e a m s  l o c a t e d  i n  

d r a i n a g e  b a s i n s  C ,  D a n d  E (Map 5 ) .  

D i s c h a r g e  r a t e s  r e c o r d e d  by B . C .  R e s e a r c h ,  1 9 7 2 :  

J u l y  A u g u s t  S e p t e m b e r  
HWF LWF 

( c f s . )  ( c f s . )  ( c f s . )  

E l k  R i v e r  ( u p p e r  B r i d g e )  309  293  5 7  

G a r d n e r  C r e e k  ~ 28 1 0  5 

C a d o r n a  C r e e k  4 1 9  370  1 5 2  

~ ~ 

Sum d i s c h a r g e  756 6 7 3  2 1 4  

E l k  R i v e r  a t  t h e  

F o r e s t r y  B r i d g e  1 0 8 5  6 0 0  3 0 0  

S u m  d i s c h a r g e  o f  a b o v e  __ 756 673 2 1 4  

D i f f e r e n c e  329  c f s .  -73 c f s .  8 6  c f s .  

( 9 . 3  m s) ( - 2 . 0 7  m s) ( 2 . 4 3  m s) 3 3 3 





3.2 Environmental Considerations 

While previous mining proposals required the diversion 

of the Elk River about 10 miles (16 km.), including an 

extreme gradient of the watercourse at the end of the 

diversion, the concept presented in this submission 

has reduced the impact by diverting the river only 

4.2 miles (6.8 km.) and maintaining a grade of 0.5:; to 

1.0%, except for a short section o €  2.5%. 

Diverting the Elk River through 1.46 miles (2.35 km.) of 
2 0  feet (6.1 m.) wide tunnel may minimally affect the 

water quality in several ways. The perpetual darkness 

would cause a drop in photosynthesis, thus causing 

a drop in dissolved oxygen. A l s o ,  tunnels tend to 

maintain a fairly constant air temperature as compared 

to the outside: inside the tunnel it would be cooler 

in the summer, but warmer in the winter. Therefore, 

it may cause a temperature change of the water as it 

passes through the tunnel. However, with an estimated 

tunnel throughput time of about 30 minutes, these effects 

will be minimal. Alteration of the tributaries and diver- 

sion of the Elk River into 2.7 miles (4.4 km.) of new 
channel from the tunnel exit to a point downstream from 

the Forestry Bridge may affect the water by exposing it 

to more radiation, thus causing a rise in temperature. 

If water draining through the backfilled material or 

dump sites leaches out soluble elements, it may contam- 

inate other groundwater and/or surface water. This con- 

dition, along with a definitive understanding of ground- 

water regimes will be assessed. 

Straight and smooth-bottomed channels are usually 
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designed to quickly move water from an area. This, 

however, produces flash peaks downstream. 

Beaver ponds and marsh areas tend to retain runoff 

waters, thus reducing fluctuations in discharge rates. 

Also, the calm conditions created allow the sedi- 

ment t o  settle out. However, the channel water is 

usually warmer than the receiving waters and they 

often contain considerable quantity of natural pro- 

duced carbon, nutrients and toxic compounds (note 

the dark color of Gardner Creek, Appendix B - P 7 ) .  

Water draining from coal mining areas and/or coal 

piles tends to contain chlorides, sulphates, iron and 

occasionally barium which when released in a water- 

coiirse causes a drop in the dissolved oxygen and the 

pH. The flourishing growth of iron bacteria tends to 

deposit the iron on the river bed as ferric hydroxide 

(KLEIN, 1962, p . 1 2 0 ) .  Therefore, these parameters 

will be monitored on a regular basis. 

The mining operation may he a source of coal, coal 

dust, phenols (from solid waste disposal) and oil 

which could gain access to the watercourses. Pre- 

cautions will be taken to ensure that this does not 

happen. 

Also, with the establishment of a campsite in the area 

there exists the potential for nutrient or organic 

enrichment of the streams. Furthermore, some of the 

inorganic fertilizers used during the revegetating 

program will he worked into the stream but this will 

be kept to a minimum (Section 6.0 for details 

o n  application methods). 



3 . 3  M i t i o a t i o n  L R e c l a m a t i o n  C o n c e p t s  

B . C .  R e s e a r c h  ( R e p o r t  112) o b s e r v e d  t h e  c o m p a c t e d  

g l a c i a l  t i l l  w h i c h  i s  t o  b e  u s e d  f o r  c o n s t r u c t i o n  o f  

d r a i n a g e  d i t c h e s  r e s i s t s  e r o s i o n  (BCR R e p o r t  112). 

The d r a i n a g e  d i v e r s i o n s  a r o u n d  t h e  e d g e s  o f  t h e  h i l l s ,  

r a t h e r  t h a n  s t r a i g h t  down t h e  h i l l s i d e ,  w i l l  c r e a t e  a 

g r e a t e r  h o l d i n g  c a p a c i t y  b e c a u s e  o f  t h e i r  l o w e r  g r a d -  

i e n t s .  Rock a n d  d e b r i s  w o r k i n g  i n t o  t h e s e  c h a n n e l s  w i l l  

c r e a t e  a l a r g e  number  o f  s m a l l  p o o l s .  T h e s e  p o o l s  w i l l  

dampen t h e  f I a s h  p e a k s  a n d  c r e a t e  c a l m e r  c o n d i t i o n s ,  

a l l o w i n g  t h e  s u s p e n d e d  s o l i d s  t o  s e t t l e  o u t  (Map M6). 

A f t e r  t h e  c o a l  h a s  b e e n  r emoved  f r o m  t h e  p i t ,  t h e  

d i t c h  c o u l d  b e  r e - r o u t e d  o v e r  a m i n i n g  b e n c h  a n d  i n t o  

t h e  f i n a l  l a k e ,  t h u s  c r e a t i n g  a d r a i n a g e  g r a d i e n t  

s u i t a b l e  f o r  s p a w n i n g  ( A p p e n d i x  A - R 2  a n d  R 3 ) .  

The d i t c h  w h i c h  i s  d e s i g n e d  t o  p i c k  u p  t h o s e  s t r e a m s  

f e e d i n g  t h e  d r a i n a g e  g u l l i e s  o f f  G a r d n e r  R i d g e  i s  t o  b e  

d i r e c t e d  i n t o  G a r d n e r  C r e e k ,  w h i c h  i n  t u r n ,  i s  to b e  

d i r e c t e d  i n t o  t h e  s h a l l o w  l a k e  ( A p p e n d i x  A-Rl ) .  T h i s  

s h a l l o b r  l a k e  may b e  c o l o n i z e d  by s a l m o n i d s  w h i c h  c o u l d  

u s e  t h e  l o w e r  r e a c h e s  o f  t h e  G a r d n e r  d r a i n a g e  s y s t e m  a s  

a s p a w n i n g  a r e a .  

The d r a i n a g e  d i t c h  w h i c h  u t i l i z e s  t h e  d r a i n a g e  f r o m  

t h e  n o r t h w e s t  dump may b e  c o l o n i z e d  b y  f i s h ,  b u t  i t  i s  

u n l i k e l y  t h a t  i t  w o u l d  b e  s u i t a b l e  f o r  s a l m o n i d s .  

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

w a t e r  w i l l  t e n d  t o  f i l l  t h e  v o i d .  T h e r e f o r e ,  i t  s h o u l d  

h e  d e t e r m i n e d  i f  t h e r e  i s  a d a n g e r  o f  t o x i c  o r  u n d e s -  
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The b a n k s  o f  t h e  E l k  R i v e r  t h r o u g h o u t  t h e  l e a s e  a r e a  

a r e  q u i t e  s t a b l e .  T h o s e  b a n k s  w h i c h  a r e  e x p o s e d  a r e  

composed  o f  g l a c i a l  t i l l - p r e d o m i n a n t l y  g r a v e l  compac-  

t e d  i n  a s t r o n g  s i l t - c l a y  m a t r i x ,  w h i c h  r e s i s t s  e r o s i o n  

(BCR R e p o r t  # 2 ) .  T h e r e f o r e  t h e  s e d i m e n t  l o a d  o f  t h e  

E l k  R i v e r  i s  m a i n l y  d u e  t o  t h e  s o l i d s  b e i n g  worked  i n t o  

t h e  w a t e r c o u r s e s  ( A p p e n d i x  B-P9). 

The s e d i m e n t  d i s c h a r g e  o f  t h e  E l k  R i v e r  a t  Upper  

B r i d g e  - u p s t r e a m  f r o m  t h e  C a d o r n a  C r e e k  c o n f l u e n c e ,  

r a n g e d  f r o m  1 5 . 6  g m s . / s e c o n d  i n  J u l y  t o  l e s s  t h a n  

2 . 3  g m s . / s e c o n d  i n  S e p t e m b e r .  The l a r g e s t  p r o p o r t i o n  

o f  t h i s  s e d i m e n t  w a s  i n  t h e  f o r m  o f  s u s p e n d e d  s o l i d s .  

I n  c o n t r a s t ,  t h e  C a d o r n a  C r e e k  s e d i m e n t  d i s c h a r g e  f o r  

A u g u s t  w a s  g r e a t e r  t h a n  t h e  E l k  R i v e r  b u t  m o ~ t  o f  t h i s  

was i n  t h e  f o r m  o f  b e d l o a d .  However ,  t h e  S e p t e m b e r  

s u s p e n d e d  s e d i m e n t  was a l m o s t  d o u b l e  t h a t  o f  t h e  E l k .  

The s u s p e n d e d  s e d i m e n t  o f  t h e  E l k  R i v e r  a t  t h e  F o r e s t r y  

B r i d g e  - d o w n s t r e a m  f r o m  t h e  G a r d n e r  C r e e k  c o n f l u e n c e  - 

w a s  g r e a t e r  t h a n  t h e  sum o f  t h e  s u s p e n d e d  s e d i m e n t  i n  

t h e  E l k  R i v e r  a n d  C a d o r n a  C r e e k  (RCR R e p o r t  112, T a b l e  3 1 ,  

i n d i c a t i n g  t h e r e  may h e  a s i g n i f i c a n t  c o n c e n t r a t i o n  o f  

s u s p e n d e d  s o l i d s  c o n t r i b u t e d  f r o m  t h e  C a n d  D d r a i n a g e  

b a s i n s  (Map 5 ) .  

The c o n c e n t r a t i o n  o f  t o t a l  s o l i d s  t e n d s  t o  i n c r e a s e  a s  

t h e  w a t e r  f l o w s  down t h e  Elk R i v e r .  A l l  t h e  t r i h u t a r -  

i e s  b e t w e e n  C a d o r n a  C r e e k  a n d  A l d r i d g e  C r e e k  

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

E l k ,  w i t h  C r e e k  D (WS17) + G a r d n e r  C r e e k  (14’514 a n d  WS18) 

F- B l e a s d e l l  C r e e k  (WS9) * Weary C r e e k  ( W S 1 0 )  * C r e e k  A 

( W S 1 5 )  * C r e e k  B(WS16).  

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

t h i s  d o e s  n o t  h o l d  t r u e  f o r  C r e e k s  A and  B ( b o t h  h a v e  

a n  e x t r e m e l y  s t e e p  g r a d i e n t ,  3 5 . 3 %  and  30.6%, r e s p e c -  

t i v e l y  [BCR R e p o r t  8 2 ,  T a b l e  11, b u t  a r e l a t i v e l y  l o w  

c o n c e n t r a t i o n  o f  d i s s o l v e d  s o l i d s ) .  T h i s  may i n d i c a t e  

t h a t  t h e  i n t e r m i t t e n t  c r e e k s  u p s t r e a m  f r o m  t h e  p r o j e c t  

a r e a  c a r r y  m o r e  s o l i d s  i n  t h e  E l k  R i v e r  t h a n  t h o s e  

i n t e r m i t t e n t  c r e e k s  l o c a t e d  d o w n s t r e a n  f r o m  t h e  p r o j e c t  

a r e a ,  e v e n  t h o u g h  t h e y  h a v e  a l e s s e r  g r a d i e n t  ( T a b l e  2 ) .  

T h e r e  s e e m s  a l s o  t o  b e  a t r e n d  . i n  a l l  s t r e a m s ,  e x c e p t  

a t  C a d o r n a  C r e e k ,  t o w a r d s  a n  i n c r e a s e  i n  s o l i d s  l a t e r  

i n  t h e  y e a r  ( i . e .  S e p t e m b e r  A u g u s t  + J u l y  [ 3 C R ,  

R e p o r t  113, T a b l e  5 1 ) .  

The B . C .  R e s e a r c h  r e s u l t s  i n d i c a t e  some g e n e r a l  t r e n d s  

w h i c h  a p p e a r  t o  b e  c o n s i s t e n t ;  f o r  e x a m p l e ,  t h e r e  i s  a 

s t e a d y  i n c r e a s e  i n  s o l i d s ,  c o n d u c t i v i t y ,  c a r b o n ,  d i s -  

s o l v e d  o x y g e n ,  pH a n d  a l k a l i n i t y  a s  t h e  w a t e r  p r o g r e s s e s  

d o w n s t r e a m .  

Some o f  t h e  c r e e k s ,  p a r t i c u l a r ?  C r e e k  D (WS17), b o t h  

b r a n c h e s  o f  C a r d n e r  C r e e k  ( W S 1 4  and  T J S 1 8 ) ,  and  B l e a s d e l l  

C r e e k ,  a l l  h a v e  a h i g h  c o n d u c t i v i t y  w i t h  a n  accompany-  

i n g  h i g h  a l k a l i n i t y  a n d  h a r d n e s s  ( B C R  R e p o r t  113, 

T a b l e s  4 ,  6 a n d  7 ) .  T h e s e  r e s u l t s ,  combined  w i t h  t h e  

a b o v e  r e s u l t s ,  i n d i c a t e  b a c k g r o u n d  l e v e l s  o f  h e a v y  

m e t a l s  t o  b e  i n  d e t e c t a b l e  c o n c e n t r a t i o n .  

H O O T O N  ( 1 9 7 1 ,  T a b l e  ll), a f t e r  t a k i n g  n i n e  r e a d i n g s ,  

( w h i c h  p r o v i d e s  a b e t t e r  m e a n ) ,  a l s o  f o u n d  t h e  pH and  

d i s s o l v e d  s o l i d s  a r e  h i g h e r  a t  d o w n s t r e a m  l o c a t i o n s .  
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irable ions leaching out of the backfill material and 

contaminating ground or surface water. 

The organic load and nutrient enrichment of the water- 

courses will be controlled by treating (probably in the 

form of activated sludge) all domestic sewage. The 

effluent from this sewage treatment plant will be dir- 

ected into at least one settling pond, or it could be 

used in the revegetation program as a fertilizer (since 

it is nutrient rich). The sludge from this treatment 

system may be used as organic base for the revegetation 

propram. 

Beaver ponds constructed on top of the northwest 
dump at completion of mining 1.7ill help to remove 

sediment and reduce the flash peak of the water drain- 

ing off the ridge. 

The large stones (shot rock 

would create a large number 

between an.d below the rocks 

used to line the channel 

of microhabitats, behind, 

where the current would 

be reduced. These microhabitats would tend to trap 

much of the organic material and, initially, they would 

trap a considerable quantity of sediment. 

The construction of the channel will include alternat- 

ing pools and riffles. These pools will help to mini- 

mize fluctuations of the water temperature and to 

enhance fisheries (Section 7.3). It may also initially 

help remove sediment until the sediment load reaches 

equilibrium. If the pools cause an increase in the 

gradient at the riffles, this can be compensated for 

by building the channel in a meandering manner, 

thus increasing the total length of the channel and 
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reducing the gradient. Meandering will also tend to 

reduce the chance o f  flash peaks downstream. 

Programs to revegetate the channel banks will be 

initiated immediately after construction. Vegetation 

will be planted which will offer the greatest amount 

of shade for the watercourse and yet not impede fish- 

in? access. Sections o f  the channel hanks which are 

subject to erosion will also he vegetated. 



Resea rch ,  1 9  

E l k  R i v e r  

U p p e r  B r i d g e  

F o r e s t r y  B r .  

T r i b u t a r i e s  

C a d o r n a  C r .  

G a r d n e r  C r .  

B l e a s d e l l  C r  

W e a r y  C r .  

A l d r i d g e  C r .  

C r e e k  A 

WS-15 

WS-15A 

C r e e k  B 

C r e e k  C 

C r e e k  D 

J u l y  5 
A u g .  1 0  
S e p t  . 2 4  

J u l y  6 
A u g .  11 
S e p t .  2 5  

J u l y  6 
Aug .  11 
S e p t .  2 4  

J u l y  1 2  
A u g .  1 3  
S e p t . 2 5  

J u l y  11 
A u g .  1 4  
S e p t .  30 

J u l y  11 
Aug .  1 3  
S e p t . 2 9  

J u l y  1 3  
A u g .  1 3  
S e p t .  29 

J u l y  

A u g u s t  
S e p t .  

J u l y  
A u g u s t  
S e p t .  

J u l y  
A u g u s t  
S e p t .  

J u l y  
A u g u s t  
S e p t .  

A u g u s t  
S e p t .  

3 3 0 9  
2 . 8  2 9 3  
1 . 6  57 5 . 4  

TABLE 2 

H y d r o l o g i c a l  Data: E lk  
River and T r i b u t a r i e s  * 

S I T E  

*Raw d a t a  o b t a i n e d  
from B.C. 

6 . 4  f l 0 8 5  I 
5 . 2  
3 . 5  I 3 " E o "  1 3 . 6  I 
1 . 3  
1 . 0  
1 . 0  

2 . 5  4 6  
2 . 0  2 3  
1 . 8  g 5 . 1  

2 . 4 * *  1 4  
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4 . 0  GEOMORPHOLOGY AND GEOTECHNICAL CONSIDERATIONS 

4 . 1  Existing Conditions 

The project area is located in the Front Range province 

of the Rocky Mountains. The morphology of the area 

has been determined for the most part by thrust fault- 

ing, minor normal faulting and by subsequent erosion. 

A s  detailed in the Mining Section of this submittal, 

the proposed mine area consists of the upper Kootenay 

Formation which dips to southwest at anples ranging 

from 3 5 "  to 50". The steeper dips are generally found 

in the northern segment of the project area. 

Glaciation and subsequent erosion in the valley floor 

and along the lower reaches of the valley flanks has 

played an active role in creating the existing benches 

and outwash fans which are characteristic of the project 

area. Prominent geomorphic features in the area include 

alluvial fan development on several tributary creeks 
and the alluvial benches o n  the valley bottom south of 

Aldridge Creek. A rock slide, possibly related to 

faulting, is located o n  the west face of Big Weary 

Ridge approximately one mile south of Weary Creek (GOLDER, 

BRAWNER AND ASSOCIATES LTD., 1971). 

The narrowness or width of the valley floor, between 

the valley slope, can also be measured from Map M2. 

A t  key reference points, then, the calculated widths 

are a s  follows: 
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(miles) (km.) 
a) Cadorna Creek - Elk River confluence 

Width ......................... 0.5 ( . 8 )  

b )  Weary Creek - Elk River confluence 
(widest point in project area) 

Width ......................... 1.2 (1.9) 

Width ......................... 1.0 ( 1 . 6 )  

Width ......................... 0.9 (1.4) 

Width ......................... 1.2 (1.9) 

c) E l k  River - Gardner Creek confluence 

d) Elk River - Aldridge Creek confluence 

e) Mosquito Flats area 

These measurements are only approximations, b u t  they 

ultimately determine the feasibility of intra-valley 

movement corridors and the placement of mining 

development. 

4 . 2  Altered Landform & Stability Considerations 

Successful coal extraction, as outlined in this s u b -  

mittal, will necessitate landform alterations, and 

eventually the creation of a replacement landscape. 

The most striking landform changes as detailed in the 

Mining Report involve, sequentially, the relocation of 

the Elk River channel and some of its tributaries, 

establishment of the mining pit, the accumulation of 

waste and overburden on spoil piles, and the creation 

of tailing ponds and settling and silt retention ponds 

(Map M 6 ) .  Several seasonal streams (Map M5) will be 

diverted into the relocated river, while the main 

tributaries would be redirected outside the immediate 

mining area (Map M6) or left unaltered. 
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Any potential environmental impacts have been consid- 

ered under various subject headings in this report. 

However, in broader geomorphic terms, the Mining 

Report proposes the replacement of a so-called natural 

landscape with a man-formed landscape. The former 

developed in response to various glacial and climatic 

processes that shaped it. Having such a history, the 

present landscape "anticipates" such inputs as flowing 

water and adjusts to a predictable "balanced" state. 

In the reclaimed environment, soil erosion and river 

flooding will establish a new equilibrium over decades 

of time, and the performance of the new landscape (in 

terms of bioproductivity, water quality, recreational 

value) will be comparable to the existing. 

4 . 3  Mitigation & Reclamation Concepts 

Land reclamation and landform alteration as delineated 

in the Mining Report aims for an unobtrusive landscape 

that compares with existing conditions, in terms of 

productivity, erosion and aesthetics. 

A s  slope angles determine the frequency of landslides 

and degree of erosion, there is a recognized need for 

bank and slope stabilization procedures for such new 

landscape features as overburden and waste piles. Dump 

rehabilitation would include recontouring of slope 

surfaces to a maximum of 2 5 " ,  terracing of slopes, and 

staged revegetation. 

Such landform design will be extended into a revegeta- 
tion program (Section 6.0), with selective revegetation 

to proceed according to local conditions (Table 4 ,  
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Acreage Classification for Revegetation). 

The orientation of landscape planning and revegetation 

is the simulation of a "natural" landscape after min- 

ing operations are concluded. Such a landscape would 

conform to the requirements for the recolonization of 

wildlife (Section 8 . 0 )  and the consideration of 

aesthetic criteria (Section 10.0). In certain areas, 

reclamation concepts will undoubtedly enhance pro- 

ductivity for fish and wildlife, such as the creation 

of new lakes and beaver ponds and improved gradients in 

tributary streams for fish (Appendix A-R6, Rll). 

Reductions in the present gradients of existing streams 

will necessarily decrease the amount of suspended 

solids in water. 

Future planning programs will include the integration 

of geotechnically oriented data with that of other 

disciplines. Information obtained from field investi- 

gations and exploration drilling programs will be used 

to evaluate inter-related criteria such as various 

stability conditions, groundwater parameters, drainage 

conditions, foundation criteria and soils character- 

istics as related to salvage of topsoil and nutrient 
requirements for revegetation programs. 



11- 29 

5.0 SOILS 

5.1 Existing Conditions 

The Canada Land Inventory (Soil Capability for Agri- 

culture Map) classifies the soils of the Elk Valley 

as mainly Gray Wooded (Luvisol), although the alluvial 

soils range from Eutric Brunisols to Regosols and 

Gleysols. North of Sparwood, the best ratings obtained 

were Classes 4 and 5:  both indicating severe limita- 

tions that restrict the range of crops, but hinting that 
"improvement practices are feasible". 

In the lease area, the distribution of vegetation com- 
munities may be correlated with the soil groups 

present. B.C. Research conducted a limited soil survey 

at selected vegetation macroplot sites. 

Extrapolating from B.C. Research data, and assuming 

that soil types are indeed correlated with existing 

vegetation, the vegetation map (M7) included in the pre- 

sentation can serve as a map of associated soil types. 

Relating vegetation to soil types, and percentage of 

total area, the following generalizations would apply 

to the major portions of the lease: coniferous 

forest (pine and spruce) with the Degraded Eutric 

Brunisol, about 47.1%; open forest with the Malanic 

Brunisol subgroup, about 26.5%; forest and shrub, and 

meadow with the Melanic Brunisol subgroup, about 16.8%; 

and alluvial benches and fans in various locations on 

the valley bottom with the Orthic Regosol subgroup. 

With the exception of the shrub and sedge communities 
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on the valley bottom benches, the soil and subsoil 

material is judged to be well drained and permeable to 

seepage water (BCR Report #l). However, in the shrub 

and sedge areas, poor soil permeability and water 

impoundment by beavers has promoted the accumulation 

of organic material. 

5.2 Soil Removal & Stockpiling 

Soil storage and the development of so-called "manu- 

factured soil" (from surf ace humus and herbaceous 

vegetation, logging slash and peat) must be regarded 

as a prerequisite of successful revegetation. 

Consideration must also be given to development of 

an optimum base for soil to promote stability and 

appropriate drainage, nutrient enrichment of the soil 

medium, and the choice of plant species. Failure to 

plan for surface runoff or wind erosion in reclaimed 
areas for example would render the initial stockpiling 

as wasted effort. 

The initial revegetation program will include provi- 

sions for preservation of available soils and 

suitable soil materials - whether it be base material 
peat, or timber waste. It is fortunate that the mine- 

site contains deep peat bogs which will provide an 

ample supply of this valuable material for soil 
development. Allocation for storage of such materials 

will follow guidelines to minimize erosive l o s s  and 

subsequent organic pollution o f  water. 

5.3 Soil Development in Reclamation Programs 

Section 6 . 0  presents land classification criteria for 
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revegetation, with selective programs according to 

slope conditions. 

Soil development is regarded as essential to the 

reclamation program because of the limited amounts of 

actual soil material that can be retained. The top 

layer of soil and surface material of humus and 

herbaceous vegetation will be mixed with logging slash 

and peat in optimal proportions to be determined 

through testing. This mixture will form the basis of 

the developed, or manufactured soil. Moisture holding 

deficiencies inherent in the coarse textured coal mine 

spoils present problems, but the combination of mater- 

ials described above can overcome this difficulty. A s  

the revegetation program (Section 6 . 0 ) ,  indicates, the 

nutrient status of existing "natural" soils and 

reclaimed soils is intended to be replenished by fer- 
tilizer treatments. 
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6.0 VEGETATION 

6.1 Existing Vegetation & Plant Ecology Considerations 

B.C. Research (Report i l l )  described plant communities 
and habitat types* in the Elk River Valley and the 

project area on the basis of aerial photograph interpre- 

tation, and on-site observations. Vegetation community 

mapping units are delineated on the basis of dominant 

species composition and maturity. An existing vegeta- 

tion map f o r  the immediate mining site is presented 

here, based on this work (Map M 7 ) .  Plant community and 

habitat description was prefaced in the B.C. Research 

report with the comment: ”The plant communities and 

habitat types in the ... permit area are not unique to 
the Elk River Valley ... (They) are to be found to some 
extent elsewhere in the valley”. 

According to habitat type, vegetation in the Elk River 

Valley, including the project area, is composed o f  

coniferous forest, mixed deciduous and coniferous for- 

est, shrub, meadow and alpine communities. 

The coniferous forest habitat type is dominant in the 

Elk River Valley; it occupies 47.1% of the entire 
project area. The most prevalent community is immature 

lodgepole pine with small pockets of mature pine and 

mature spruce representing survivors of the 1936 
forest fire. 

*“Plant community” was defined as a vegetation unit character- 
ized by the dominant plant species (p.11); forest communities 
and related understory were grouped into larger and more 
inclusive ecological units termed “habitat types“, denoting 
an ecosystem having “characteristic interactions of climate, 
vegetation, and soil . . . ‘ I  (p.11). 
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The deciduous and coniferous forest habitat type is 

composed primarily of a pine-aspen community above 

the valley bottom on the western exposure of Weary 

Ridge and further south down the east side of the 

valley; an aspen-pine community on the Weary Creek 

alluvial fan; and veteran stands of spruce-cottonwood 

on the alluvial benches south of Aldridge Creek. This 

habitat type occupies 2 . 4 %  o f  the project area. 

The open forest habitat type occupies the more steeply 

sloping portions of the permit area. This habitat type 

is composed primarily of open stands of immature pine, 

immature pine and spruce, with an abundance of shrubs, 

and shrub and grass communities. I t  occupies 26.5% of 

the project area. 

The forest and shrub habitat type, occupying 14.1% of 
the project area occurs on flat to gently sloping 

benches of the valley bottom. These are characterized 

by an abundance of moisture due to restricted soil 

drainage and beaver activity locally restricting sur- 

face drainage. Representative communities are pine, 

pine-spruce, willow-sedge and birch-sedge. 

The meadow habitat type occurs on poorly drained flat 

or nearly flat areas of the valley bottoms or around 

beaver ponds. This community occupies only 2.7% of 

the project area. Representative species include 

sedges, willows and scrub birch. 

The alpine habitat type comprises 6.2% of the area, 

the majority of which is designated "snow patch" or 

"slide" type. Representative communities are fire- 
weed-wild rye and shrub dominated alder-willow. 
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Drill and trench disturbances (Appendix B-P12) result- 

ing from exploration were seeded with a mixture of 

grasses and clover in the fall of 1971 (Appendix B-P14). 

These disturbed sites were surveyed by B.C. Research 

during 1972 for success of vegetation establishment and 

the occurrence of any naturally colonizing plant species. 

Three vegetation classes, good, moderate and poor, 

were designated based o n  the number of plants per unit 

area. B.C. Research calculated that "an average dis- 

turbed site" would have the following coverage within 

the three revegetation classes: 25% in the "good" 

class; 31% in the "moderate" class; and 44% in the 

poor" class. Revegetation by native plant species 

was considered negligible over most of the disturbed 

areas. 

T ,  

Two biogeoclimatic zones are described for the region: 

an Engelmann spruce-subalpine fir zone extending from 

the valley floor to approximately 7,500 feet (2,286 m.) 

and an alpine zone occurring at elevations above 

7,500 feet (2,286 m.). It should be emphasized that 
this designation refers to the eventual climax community, 

i.e. the theoretical community toward which all succes- 
sional development in a given region is tending. At 

present as a result of a forest fire in 1936, early 

sera1 (subclimax) communities predominate in the area. 

Similarly, the "beaver habitats" in the valley are con- 

sidered successional, or disturbance habitats, having 

typically a short ecologic history, reverting back to 

"normal" forest succession when abandoned by the 

beavers (Appendix B-P13). The abundance of beaver 

habitat, open forest and deciduous growth has been 

maintained by a variety of disturbance conditions. If 
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present conditions are to serve as a model for future 

reclamation, they must be seen as early seral rather 

than as late seral or climax stages. 

6 . 2  Vegetation to be Cleared 

Table 3 itemizes the habitat types, in terms of actual 

acres of vegetation on the project area, that will be 

removed or disturbed. These acreages have been con- 

verted to percentages of the total acreages of the 

respective habitat types on the project area. 

The loss of vegetative cover implicit in the establish- 

ment of a mining development and ancillary supply 

corridors as outlined in the mining report entails the 

following impact considerations: 

a) The l o s s  of timber production time through removal 

of predominantly immature stands ( 4 0  years); 

mature stands to be harvested. 

b) erosion control and watershed deterioration; 

c) l o s s  o f  food base and cover for resident and 

migratory wildlife, as discussed in Section 8.0; 

d) the l o s s  of significant recreation or aesthetic 
potential, as recognized in Section 10.0. 

6.3 Revegetation Concepts 

A plan for revegetation, whether it be reseeding with 
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grasses and legumes or planting with shrubs and trees, 

must appreciate local conditions of the mining develop- 

ment area. Precedents in revegetation elsewhere only 

establish guidelines, not prescriptions for reclamation. 

Plant species and ecotypes (varieties) must be regarded 

as organisms with definite limits of tolerance and 

dependence on the suitability of local conditions for 

any successful adaptation. Hence, successful revege- 

tation depends on a program of experimental revegeta- 

tion before and during the actual mining period. Prior 

experimentation with seed mixes, shrubs or trees on 

anticipated post-mining substrates will have long-term 

economic advantages. 

To evaluate any revegetation program it is necessary 
to establish criteria for success in terms of species 

desirability, cover per unit area, soil holding 

capability, forage potential, and aesthetics. The 

initial community established by the program must be 

related to long-term plant species and community succes- 

sion. The initial and secondary communities should 

be consistent with environmental guidelines provided 

by the resource management agencies, which in turn 

reflect public values. What is necessary, then is an 

overall, integrated mitigation and reclamation program 

in which revegetation is given some direction. 

Traditional problem areas in coal mine revegetation 

are: creation o f  unstable steep slopes, inadequate 

moisture retention, and l o s s  of organic and inorganic 

material (problems of soil development and stabiliza- 

tion). Reclamation procedures that will alleviate 

soil loss and enhance revegetation have been identified. 

They include those measures desirable for soil develop- 
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ment (see Section 5.0) and the erosion control tech- 
niques discussed under the heading of "Hydrology and 

Water Quality" (Section 3 . 0 ) .  Similarly, an ongoing 

program of reseeding and planting will be subject t o  

the constraints discussed in the section entitled 

"Climate and Air Quality" (Section 2 . 0 ) .  

Broad objectives will include a commitment to limit 

the amount of cleared surface exposed at any one time; 

this will require a continual reclamation program, 

synchronized with the rate of coal removal. To i-nsure 
optimum utilization of existing soil for reclamation, 

stockpile areas (Appendix B - P 1 0 )  for storage of topsoil 

and s o i l  matrix materials (logging slash, peat, till) 

will be given planning priority. A final reclamation 

plan is necessary to detail the procedures of land- 

scape contouring, soil base preparations, control of 

fine grained materials, and the enhancement of soil 
capability through fertilization before the actual 

revegetation. 

Roadways and exploration trails within the project 

area merit particular attention (Appendix A-R7 and 

R8) because of their potential for excessive erosion, 

particularly where stream crossings are involved. 

Recontouring and removal of structural debris will 

precede the final landscape improvement scheme with 

the choice o f  revegetation techniques to anticipate 

local disturbances. 

Right-of-way clearing (Appendix A-R9) will create 

aesthetic impact and linear wildlife habitats. It is 
essential that these areas be planned and managed to 

develop plant community stability and aesthetic attrac- 
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tiveness. Linear habitats often provide corridors for 

animal movements between other habitats and valuable 

edge" characteristics. Efforts will be directed to the 1 ,  

design of these clearings to maximize their biological 

potential and enhance any functions for animal shelter, 

food, and nesting areas. However, in the case of road 

right-of-way clearings, considerations of traffic and 

animal safety requirements may nullify the benefits that 

the clearings of segregated powerline clearings may 

realize. Revegetation of road clearings can, however, 

add some continuity between tall stands of forest and 

the abrupt barrenness of a road (Map M8). 

In addition to the general concepts discussed above, 

site specific renderings are presented in Appendix A 
which indicate the anticipated visual effects of the 

reclamation program, including revegetation in eight 

of the eleven drawings. It should be noted that, in 

general, forage for wildlife is emphasized on relatively 

flat slopes (Appendix A - R 2 )  conifers dominate the steeper 

slopes for aesthetic reasons, and shrubs and decid- 

uous trees are prominent along water courses and lake- 

shores to enhance wildlife and fish habitat. 

Recreational use features such as fishing access will 

be taken into account. Primary consideration in 

initial seeding will always be given to erosion control 

in all areas and special plantings will be employed in 

potential problem areas. 

Table 4 and the following Revegetation Plan (Map M9) 

present the overview concept for the minesite. Slope 

angle is indicated as the key variable with other 

parameters to be refined through the field study pro- 

gram. It is especially significant that dump slopes 
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a r e  b e n c h e d  a n d  d o  n o t  e x c e e d  2 5 "  a s  i s  o f t e n  t h e  c a s e  

i n  Rocky M o u n t a i n  c o a l  m i n i n g ,  t h e r e b y  i n s u r i n g  t h a t  a 

good v e g e t a t i v e  c o v e r  c a n  b e  r e a d i l y  e s t a b l i s h e d  a s  

m i n i n g  p r o g r e s s e s .  T a b l e  5 p r o v i d e s  r e v e g e t a t i o n  d a t a  

f o r  t h e  m i n e s i t e .  
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T A B L E  3 

DISTRIBUTION OF H A B I T A T  TYPES W I T H I N  T H E  
M I N E  S I T E  OF THE ELK R I V E R  C O A L  PROJECT 

H A B I T A T  TYPES 

1. F o r e s t  

P i n e *  
S p r u c e  
P i n e - A s p e n  

2 .  Open F o r e s t  

3 .  F o r e s t  a n d  S h r u b  

4 .  Fen  o r  Meadow 

5 .  A l p i n e  

TOTAL 

A C R E S  (HECTARES)  

2 , 6 2 5 . 7  ( 1 , 0 6 2 . 6 )  
7 9 . 0  ( 3 2 . 0 )  

1 1 4 . 6  ( 4 6 . 4 )  

8 9 7 . 5  ( 3 6 3 . 2 )  

1 , 1 8 0 . 1  ( 4 7 7 . 6 )  

1 3 8 . 1  ( 5 5 . 9 )  

3 9 . 8  ( 16.1) 

5 , 0 7 4 . 8 * *  ( 2 , 0 5 3 . 8 )  

( 2 )  
T o t a l  
H a b i t a t  
Type  o n  
P r o j e c t  

A r e a  

3 0 . 4  
5 4 . 3  
2 5 . 5  

1 8 . 2  

4 4 . 9  

2 6 . 9  

2 . 9  

N o t e s :  

* P i n e  ( 2 , 6 2 5 . 7  a c r e s )  i n c l u d e s  3 8 . 2  a c r e s  o f  m a t u r e  
p i n e .  

** T h i s  r e p r e s e n t s  2 6 . 4 %  o f  t h e  t o t a l  l e a s e  a r e a  o f  
1 9 , 2 0 0  a c r e s .  
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TABLE 4 

ACREAGE CLASSIFICATION FOR RFJEGETATION AND 

MITIGATIVE ENHANCEMENT OF OFFSITE UNGULATE RANGES 

TYPE 

1. HIGH CAPABILITY 

Natura l  S o i l  

Reclaimed S o i l  

6 .  MODERATE CAPABILIT' 

Natural  S o i l  

Reclaimed S o i l  

C. LON CAPABILITY 

Reclaimed S o i l  

D. PARTIALLY 
RECLAIMABLE 

Reclaimed S o i l  

CHARACTERISTICS 

Low r e l i e f  
(0' t o  1 5 O )  

O f f s i t e *  w i l d l i f e  habi- 
t a t  improvement a r e a s .  

Bench s lopes  on dumps & 
o t h e r  l e v e l  d i s turbance  
a r e a s  

Moderate r e l i e f  
( 1 5 O  t o  2 5 O )  

O f f s i t e *  w i l d l i f e  habi- 
t a t  improvement a reas .  

Dump s lopes ;  some ex- 
p l o r a t i o n  t renches ,  
road c u t s  & f i l l s  

High Rel ief  
( 2 5 O  t o  35O) 

Some explora t ion  trench- 
e s  & most roadway cu t  & 
f i l l  s lopes  

3 5 O +  s lopes  

Pockets on excavated 
rock faces  

3 f f s i t e :  Kev w i l d l i f e  a reas .  o u t s i d e  t h e  minine. E 

TREATMENT 

F e r t i l i z e d  & seeded 
where appropr i a t e  
wi th  p re fe r r ed  forage  
spec ies .  

F e r t i l i z e d  & seeded 
with prefer red  forage  
spec ie s .  

F e r t i l i z e d  & seeded 
where appropr i a t e  
with p re fe r r ed  fo rage  
spec ies .  

F e r t i l i z e d  & seeded 
wi th  i n i t i a l  cover 
crop and/or  con i f e r s .  
P lan ted  where approp- 
r i a t e  wi th  con i f e r s .  

F e r t i l i z e d ,  mulched & 
seeded wi th  i n i t i a l  
cover c rop  and/or  
con i f e r s .  Planted 
where appropr i a t e  with 
con i f e r s .  

U t i l i z e  mining or 
s p e c i a l l l y  developed 
benches f o r  a e s t h e t i c  
landscape p l an t ings .  

:e depic ted  on t h e  reveg - - 
t a t i o n  map, wi th  p o t e n t i a l  f o r  forage  improvement t o  o f f s e t  temporary lo s ses  
r e s u l t i n g  from mining. 
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REVEGETATION IN TERMS OF RECLAIMED ACREAGES 

SLOPE 
CHARACTER- 
ISTICS 

A. 0"-15" 

B. 15"-25" 

c. 25"-37" 

D. 35"+ 

RECLAIMED RECLAIMED TOTAL 
MINE AREA ROADS 

Acres Hectares Acres Hec. Acres Hectares 

2,775.1 (1,123.1) 5.8 ( 2.3) 2,780.9 (1,125.4) 

183.7 ( 74.3) --- -_- 183.7 ( 74.3) 

941.2 ( 380.9) 74.5 (30.2) 1,015.7 ( 411.1) 

270.2 ( 109.3) --- _ _ _  270.2 ( 109.3) - 

4,170.2 (1,687.7) 80.3 (32.5) 4,250.5 (1,720.1) 

UNCLASSIFIED : 

Minesite to Elkford: Corridor Area 475.2 ( 192.3) 

TOTAL 4,725.7 (1,912.5) 
hectares acres 
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7.0 AOUATIC LIFE 

The fisheries of a watercourse can be limited by a number of 

physical and/or chemical variables. Common parameters which 

may limit fish productivity or which may further limit the 

fisheries if measures are not adopted to at least maintain 

existing conditions include the following. 

Habitat - streams which have a variety of types of habitat are 
usually considered the most productive for salmonids. Riffle 

areas produce the greatest abundance of macroinvertebrates 

(the food of fish); however, generally fish feed in the riffles 

only at night and they spend the daylight hours in the cool 

deep pools. Therefore, a stream with alternating pools and 

riffles usually has good potential for high fish productivity. 

Furthermore, the riffles help oxygenate the water and may 

provide spawning habitat (if moderate sized gravel is avail- 

able), while the pools provide rearing and overwintering 

habitat. 

Current - heavy current sometimes limits the fishery poten- 
tial as fish will not tolerate swift currents for long 

periods. 

Temperature - fish are poikilotherms (cold-blooded), therefore 

their metabolic rate is determined by the temperature of their 

environment. While most fish can tolerate water temperature 

other than the preferred, sudden (even though small) changes 

can cause fish kills (THREINEN, 1958). Furthermore a tempera- 

ture rise may have adverse effects on hatching of fish eggs. 
However, the salmonid productivity of some extremely cold 

watercourses can be increased by allowing warming, that is, by 
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removing some of the streambank vegetation. 

Oxygen - the dissolved oxygen is frequently a limiting 

factor. Salmonids require a high concentration of dissolved 

oxygen. The lower limits of dissolved oxygen tolerance for 

salmonids is considered to be 5 p.p.m. This factor must also 

be considered necessary for spawning redds (fish eggs). 

Sediment - sediment and silt can kill fish directly, but 
more frequently these materials affect the fisheries by 

settling out on spawning redds, thus reducing the oxygena- 

tion of the fish eggs, causing embyro mortality. HYNES (1973) 
feels, "tolerable level of turbidity is probably less than 

80 mg./l. of inert silt and that any considerable amount of 

deposition is bound to have biological consequences". 

__ Food - salmonid fish feed mainly on invertebrates - both 
terrestrial and aquatic - and other fish. Streambank vege- 

tation serves to increase the availability of invertebrate 

from both environments. Enhancement techniques, such as adding 

organic material to a nutrient poor stream, or increasing 

the total habitat, micro or macro, will increase the produc- 

tivity of aquatic invertebrates, thus increasing the fisher- 

ies potential (MUNDIE, 1974). 

7.1 Existing Conditions and Populations 

The Elk River upstream from the Cadorna Creek conflu- 

ence is a braided, meandering stream with considerable 
potential for trout spawning (Clark, undated). 

B.C. Research (Report # 2 ,  Table 4 )  reports that down- 
stream from Cadorna Creek the streambed becomes narrow 

and straight, thus creating a swift current with a sub- 



11-48 

strate composed of mainly large boulders and rubble. 

It contains a large number of pools, most of which 

are quite large and deep and offer adequate fish 

shelter (Class 2 ) * .  The stream bank vegetation consists 

mainly of pine forest and brush (primarily willow), 

which helps stabilize the stream bank. 

Stream bank vegetation shades the waters (helping to 

maintain constant temperature); provides a habitat for 

terrestrial insects which are a source of food for 

fish; and the leaves, seeds, roots and twigs being 

dropped or washed into the watercourse provide a food 

source for a large number o f  aquatic invertebrates and 

a nutrient source for aquatic plants (primary producers). 

Downstream from the Weary Creek confluence the E l k  

River becomes a meandering, braided stream again, with 

a more gradual gradient (Hooton, 1971, and BCR Report # 2 )  

and contains a substrate composed of finer material - 

rubble and gravel (BCR Report # 2 ) .  Clark (undated) 

describes these side channels a s  being important spawning 

and rearing areas, and since they provide a greater river 

bottom surface, the total macroinvertebrate productivity 

would probably be much higher than the single channel. 

Tributaries of the E l k  River 

Within the project area those tributaries lying between 

Cadorna and Bleasdell Creeks are the watercourses which 

will be directly affected by the mining activity. The 

* C l a s s  1 p o o l s  a r e  l a r g e s t ,  d e e p e s t  a n d  o f f e r  m a x i m u m  fish 
s h e l t e r ;  c l a s s i f i c a t i o n  is g r a d e d  d o w n  t o  C l a s s  5 p o o l s ,  w h i c h  
a r e  s m a l l ,  s h a l l o w ,  a n d  o f f e r  no f i s h  s h e l t e r  ( B C R  R e p o r t  # 2 ,  
p . 1 3 ) .  
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c r e e k s  w i t h i n  t h i s  a r e a  i n c l u d e  G a r d n e r  C r e e k ,  Weary 

C r e e k  a n d  f i v e  i n t e r m i t t e n t  s t r e a m s .  

Of t h e  " o n - s i t e ' '  c r e e k s ,  G a r d n e r  i s  p r o b a b l y  t h e  mos t  

i m p o r t a n t  f o r  f i s h .  The l o w e r  e n d ,  w h i c h  i s  

ponded  by b e a v e r  dams ,  p r o v i d e s  good r e a r i n g  h a b i t a t .  

T h i s  pond i s  f e d  b y  t h r e e  t r i b u t a r i e s ,  a l l  o f  w h i c h  

h a v e  a n  e x t r e m e l y  s t e e p  g r a d i e n t  and  wou ld  t h e r e f o r e  

b e  o f  l i m i t e d  f i s h e r i e s  v a l u e  e x c e p t  i n  t h e  l o w e r  p o r -  

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

F u r t h e r m o r e ,  i f  f i s h  managed  t o  m i g r a t e  p a s t  t h i s  f i r s t  

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

r e l a t i v e l y  s h o r t  a n d  s h a l l o w  ( C l a s s  4 a n d  5 )  o f f e r i n g  

l i t t l e  s h e l t e r  f o r  f i s h .  The s u b s t r a t e  i s  composed  

m a i n l y  o f  c o a r s e  m a t e r i a l  - b o u l d e r s ,  r u b b l e  and  

g r a v e l ,  p r o v i d i n g  l i m i t e d  h a b i t a t .  Most  o f  t h e  s t r e a m  

b a n k  v e g e t a t i o n  a l o n g  t h i s  c r e e k  i s  m a d e  up o f  f o r e s t  

w i t h  t h e  b a l a n c e  b e i n g  b r u s h .  

A t  i t s  u p p e r  r e a c h e s ,  Weary C r e e k  h a s  a s t e e p  g r a d i e n t  

( a b o u t  350  f e e t  [ 1 0 6 . 7  m . ]  v e r t i c a l  d r o p  p e r  m i l e )  and  

o f f e r s  l i t t l e  p o t e n t i a l  f o r  f i s h  s p a w n i n g  o r  r e a r i n g .  

I t  a l s o  c o n t a i n s  t h r e e  b a r r i e r s  t o  f i s h  m i g r a t i o n  - a 

l o g  j a m ,  a w a t e r f a l l ,  and  h i g h  v e l o c i t y  w a t e r .  However ,  

a good s i z e d  c u t t h r o a t  was s i g h t e d  u p s t r e a m  f r o m  t h e s e  

b a r r i e r s  ( C l a r k ,  u n d a t e d ) .  T h e r e  a r e  a number  o f  p o o l s  

( 2 6 )  o f  w h i c h  h a l f  a r e  l a r g e  and  d e e p  ( C l a s s  1 ) .  The 

s u b s t r a t e  f a i r l y  m e d i u m - s i z e d  m a t e r i a l ,  t h e r e f o r e  o f f e r -  

i n g  some p o t e n t i a l  f o r  s p a w n i n g .  The s t r e a m  b a n k  v e g e -  

t a t i o n  d o e s  n o t  c o n t a i n  a n y  f o r e s t ;  i t  i s  made u p  o f  

m a i n l y  b r u s h  ( A p p e n d i x  B-P8). 

Most  o f  t h e  o t h e r  f i v e  t r i b u t a r i e s ,  b e i n g  i n t e r m i t t e n t ,  

w o u l d  b e  o f  m i n i m a l  v a l u e  t o  a n y  a q u a t i c  l i f e .  However ,  
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their steep gradients probably contribute to a signif- 

icant sediment load which is carried into the Elk River 

during runoff periods. 

The other two tributaries within the project area, but 

outside the mining site, namely Bleasdell Creek and 

Aldridge Creek, are the most important fisheries trib- 

utaries within the lease area, with the Aldridge rank- 

ing first. 

Bleasdell Creek has a steep gradient ranging from 

200 ft./mile (100 m./km.) at the lower reaches to 500 ft./ 
mile (250 m./km.) at the upper reaches. It contains a 

variety of substrate sizes. The habitat is mainly 

riffles with a few small shallow pools. Its streambanks 

are mainly forest with some brush. However, Clark 

(undated) implies fish migration up this creek may be 

blocked by an improperly installed road culvert. 

Aldridge Creek gradient is more moderate, ranging from 

130 ft./mile (65 m./km.) to 280 ft./mile (140 m./km.) 
Near the mouth, the stream breaks up into a braided 
stream and the stream banks contain thick growths of 

willows. There are numerous locations in this area 

which would be suitable for spawning. Upstream from 

this area the creek is made up of a pool-riffle habitat 

with a variety of substrate sizes, but only pockets of 

spawning-sized gravel (Clark, undated). 

Mac r o inv er t eb r a t e s 

Comparing the results of Hooton et a1 (1971) macro- 

invertebrate collections (presented in Appendix C in 

graph form) indicate there is an inhibiting effect 
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exerted on the macroinvertebrates within the project 

area - at the lower end (Station 2 - upstream from 
Aldridge Creek, presented in Appendix C in graph form). 

This type of inhibition (which affects all groups of 

organisms) usually indicates the presence of a toxin. 

However, he points out that the conditions at Station 2 

differed from the other stations in that the gradient 

was steeper (causing a swift current) and the substrate 

was bedrock, cobble and sand, rather than gravel, which 

may account for this difference in relative abundance. 

Hooton (1971) also found there was a shift in population 

as the summer progressed, with mayflies (Ephemeroptera) 

and stoneflies (Plecoptera) becoming more and more 

dominant. 

The results of the B.C Research (Report # 5 )  macro- 

invertebrate samples (presented in Appendix C in 

graph form) indicate a considerable reduction in macro- 

invertebrates downstream from the Cadorna Creek con- 

fluence, with the greatest reduction occurring at two 

stations - one downstream from the Gardner confluence 
(Station WS3) and the other immediately upstream from 
Aldridge Creek (WS5, close to Station 2, used by 

Hooton et al). 

During August all of Elk River within the lease area 

appears to be a s  productive as the upstream locations 

with the exception of the area directly below the Weary 

confluence (Station WS-4a is Station WS-4 relocated 

to the west side of the river). 

October sampling indicates a possible return to the 

springtime cqnditions in that the area downstream 

from Gardner Creek is less productive than the upstream 
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areas. And there is also (as during the spring) a 

reduction of organisms downstream from the Bleasdell 

Creek confluence. 

Comparing the macroinvertebrate samples collected in 

the tributaries for each of the three sampling periods, 

Gardner Creek sample contained very few organisms. .The 

results of the July sampling indicate Creeks A and D 

also have low productivity. 

Weary Creek experienced the most interesting shift in 

community structure. During the spring there was a 

dense population of mayflies (91 individuals), with 

caddisflies (Trichoptera) ranking second (16 indiv- 
iduals), and trueflies (Diptera) ranking third (11 
individuals). The stonefly population was very sparse 

with only three organisms were collected. During the 

summer, however, stoneflies ( P )  became dominant (67 

,individuals) with mayflies ( E )  ranking second (36 

individuals), caddisflies (T) third ( 2 8  individuals) 

and flies (D) fourth ( 2 4  individuals). The results 

of the samples indicate there is a return to a 

community structure similar to the springtime except 

that flies now rank second ( 2 8  individuals) and 

stoneflies third (22 individuals). 

The community structure in Aldridge Creek remained 
fairly constant throughout the period, although the 

productivity (total number of individuals) was lower 

than that of Bleasdell Creek and Cadorna Creek. 

Bleasdell Creek and Cadorna Creek had similar produc- 

tivity and community structure. 
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In the tributaries there is a definite shift in 

community structure as the summer progresses. The 

warmer weather appears to favour all the organisms 

but especially stoneflies, which becomes quite 

numerou5 by fall. This increase in productivity is 

probably a response of the organism to availability 

of food (deciduous leaves and other organic material 

being dropped or washed into the watercourse). 

7.2 Impact Considerations 

Mining activities in the East Kootenays has resulted 

in impacts which should be used as an example to 

develop sound mitigative measures. Strip coal mining 

and stream alteration can result in: 

- reduced or eliminated spawning habitat; 

- reduced rearing potential; 

- reduced fish holding capacity (clearing of stream- 

bank vegetation, channelization removes the cutbank 

and p o o l  habitat); 

- reduction in diversity and abundance of aquatic 

macroinvertebrates. 

Hooton et a1 (1971) feel that the most serious impact 

o f  strip mines or watercourses is the runoff and s u b -  

sequent siltation of the streambed. Reference is made 

to the reduced fisheries productivity o f  Harmer Creek, 

Erickson Creek, Clode Creek and portions of Michel Creek 

as examples of the effects of strip mining on water- 

courses in the East Kootenays. 

Diversions and the relocation of watercourse are also 
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considered to be potential sources of serious erosion, 

siltation and flooding problems. Proper planning well 

in advance of production is expected to minimize the 

effect of piled waste and overburden slumping and run- 

off problems. 

7.3 Mitigation Measures & Enhancement Techniques 

While the above mentioned concerns may present a prob- 

lem, proper mitigative measures could minimize the 

effect. The Upper Elk River and the tributaries 

within the study area (especially Weary Creek and 

the five intermittent streams between Cadorna conflu- 

ence and Gardner Creek) already possess flash peak 

characteristics (Table 2). The diversion of the head- 

waters of these intermittent streams, as indicated in 

the accompanying drawings (Appendix A-R1) will reduce 

this peaking. Precautions should also be taken to 

reduce the erosion-siltation problem. For example, 

using gabions and/or roclc berms strategically placed in 

drainage ditches and settling ponds with sediment trap 

outflows will reduce a large percentage of the sediment 

gaining access to the Elk River (Appendix A-R4,5). But 

erosion controlled at the source, by vegetating the 

stream banks and all hillsides, is of even greater 

significance. 

Furthermore, the large rocks used to construct the 

Elk River diversion channel will create microhabitats 
behind, between and below these large rocks. Here 

current is reduced thus allowing much of the sediment 

load of the stream to settle out. In addition, in 

areas where potential erosion problems exist, the rip- 
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rap will be graded with the coarse material near the 

bottom and with the finer material near the top, which 

should remove much of the sediment load being carried 
down the channel bank by runoff. 

The exposed channel will b e  subject to temperature 

fluctuations. However, if the channel is built with 

pools and riffles, the water temperature will not 

experience extreme fluctuations and will offer a varied 
habitat. 

The increased surface area due to coarse, oblique 

shaped shot rock will increase the primary productivity, 

and consequently fish productivity. These micro- 

habitats would probably also be suitable for fish 

shelter, where there is a reduced current, thus compen- 
sating for the reduction of cutbank habitat. 

The 1.4 miles ( 2 . 3  km.) of tunnel may affect the tem- 

perature and/or the dissolved oxygen (Section 3 . 3 ) .  

However, considering a velocity of 3.5 ft/sec. ( . 7 2  m./ 

sec.), the velocity at Forestry Bridge during September 

(BCR Report # 2 ,  Table 2), the water would take 

35 minutes or less to pass through the tunnel (or 

winter rate of approximately 2 ft./sec. 12.1 m.Isec.1 

would require one hour). It is unlikely that the waters 

would experience a serious change in dissolved oxygen 

or temperature during this period. However, pools at 

both ends of the tunnel will help to equalize the 

temperature besides providing a resting place for 

migrating fish. 

The tunnel may present a barrier to migrating salmonid 

fish, but baffles (Appendix A-R5) should aid fish in 
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passing through (fish cannot swim against velocities 

of greater than .5 cm./sec. for very long). In Germany 
tunnel workmen have observed fish migrating through 

long tunnels and large resident fish populations dwel- 

ling within these tunnels. Therefore, the tunnel 

concept for this project is unlikely to prevent fish 
migration. 

Each end of the tunnel, especially if the current can 

be kept to a minimum, will probably be used by fish as 
a daytime refuge (shelter). 

All culverts will be planned and placed in such a 

manner so as not to block fish passage (see Appendix A- 

R5 and R 1 0 ) .  Therefore fish will be allowed to migrate 

upstream into the mining site and colonize the shallow 

lake, and probably the settling pond. The Gardner 

Creek feeding this lake may be used by the newly 

established population as a spawning area or it could 

be altered into a spawning channel. 

Relocating the drainages off Little Weary Ridge and 

Weary Creek and directing them into the deep lake 
will reduce the magnitude of the flash peaks, thus im- 

proving the Elk River fish habitat. 

In summary, the information available indicates that at 

present the Elk River within the project area has low 

to moderate fisheries potential due to the swift current 
and extreme discharge oscillations. Fisheries of the 

section may also be limited by the apparent low pro- 

ductivity of fish food organisms (macroinvertebrates). 

downstream from the Weary Creek (Stations WS4, WS4a 

and WS5). Judging from the macroinvertebrates and 
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the water chemistry results, it appears that the water 

from the vicinity of the proposed mining site contains 

an inhibiting substance. This hypothesis is further 

illustrated by the difference in color between the 
water of Gardner Creek and of the Elk River (Appendix B 
P 7 ) .  

Open-pit mining possesses the potential for exerting a 

serious impact on the watercourses of the area. How- 
ever, if proper precautions are taken, the effect 

would be minimal, and the long-term effect (with the 

development of lakes) will be an increase in the fisher 

ies potential. 
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FISH OF THE UPPER ELK RIVER WATERSHED 

RELATIVE 
ABUNDANCE 

SPAWNING 
SEASON 

SPAWNING 
HABITAT 

S P E C I E S  HABITAT FOOD 

Abundant Primary - aqua t i c  and 
t e r r e s t r i a l  inver  te- 
b r a t e s .  
Secondary - f i s h .  

Spring and 
e a r l y  summer 

Yellowstone Cut throa t  Trou 
(Salmo c l a r k i  l e w i s i )  

Lakes & rocky pools 
& back eddies  of 
streams 

Migrate s h o r t  
d i s t ances  7 
2 miles .  Spawn 
i n  redds dug on 
upstream end of 
r i f f l e s .  

Common Probably l i v e  in 
l akes  & migra te  i n t o  
s t ream t o  spawn. 

Primary - f i s h .  Benthic 
organisms - molluscs,  
i n s e c t  l a r v a e  and f i s h  
eggs - 

F a l l  (mid- 
August t o  
e a r l y  
November) 

May migra te  long 
d i s t ances  ; 
Spawn i n  streams 

Dolly Varden 
(Sa lve l inus  malma) 

Occasional Thrives b e s t  i n  cold,  
c l e a r  s t reams.  

Primary - i n s e c t s ;  
Secondary - f i s h .  

Spawn i n  f a l l  
hatch i n  
sp r ing  

Constructs  redds 
i n  g rave l  beds 

Eastern Brook Trout 
(Sa lve l inus  f o n t i n a l i s )  

of s t reams (2nd 
poss ib ly  l a k e  
shoals .  j 

Release eggs on 
on g rave l  i n  
shallow water.  
Spawn i n  l akes .  

Abundant Lakes & streams 
(of t en  found i n  s w i f t  
flowing streams) 

Chief ly  a bottom feede r ,  
mainly on i n s e c t  l a rvae .  

Spawn i n  l a t e  
October o r  
e a r l y  Novembe 
Eggs hatch i n  
March 

Mountain Whitef ish 
(Prosopium wil l iamsoni)  

Rare Running water.  Probably e a t  a lgae  off  
rocks.  

Late  spr ing .  Probably spawn 
i n  streams. 

Br idge l ip  Suckers 
(Catestomus columbianus) 
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8.0 TERRESTRIAL WILDLIFE 

8.1 Preliminary Findings on Wildlife Habitat Conditions - 
and Utilization 

Wildlife of the Elk River Valley can be categorized 

according to resource use: 

a) Big game: elkcwapiti), moose, mule deer, white- 

tailed deer, mountain goat, bighorn sheep, grizzly 

bear, black bear, cougar. 

b) Fur bearers: coyote, lynx, muskrat, wolverine, 

beaver. 

c) Upland game birds: blue grouse, spruce grouse, 

ruffed grouse. 

d) Waterfowl: mallard, green-winged teal, widgeon, 

common merganser. 

e) Miscellaneous: songbirds, shorebirds, raptors, 

amphibians, reptiles, small mammals, insects. 

Species composition for the area is lacking for micro- 

tine rodents, carnivores, birds, reptiles and amphibians 

Land capability maps (Canada Land Inventory) indicate 

the importance of big game capability in the project 

area; alternatively, the capability for waterfowl here 

is estimated as "negligible" or "nonexistent". 

Moderate big game range", consisting of Class 3 range 9 ,  

and Class 3 winter range, covers approximately 19% of 
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t h e  p r o j e c t  a r e a .  F o r  w a t e r f o w l ,  t h e  Canada  Land 

I n v e n t o r y  c h a r a c t e r i z e s  t h e  E l k  R i v e r  V a l l e y  a s  C la s s  7 ,  

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

t h a t  a l m o s t  n o  w a t e r f o w l  a r e  p r o d u c e d .  A C la s s  6 

h a b i t a t ,  w i t h  l o w  c a p a b i l i t y  f o r  w a t e r f o w l  p r o d u c t i o n ,  

i s  l o c a t e d  h a l f w a y  b e t w e e n  C a d o r n a  a n d  A l d r i d g e  C r e e k s  

a l o n g  t h e  E l k  R i v e r .  S e a s o n a l  u s e  o f  t h i s  r e g i o n  by 

w a t e r f o w l  m i g r a n t s  h a s  b e e n  o b s e r v e d  b u t  n o t  e v a l u a t e d .  

P r e v i o u s  i n v e n t o r y  p r o j e c t s  i n  t h e  v a l l e y  h a v e  c e n t e r e d  

p r i m a r i l y  o n  u n g u l a t e  d i s t r i b u t i o n s .  A lmos t  t h e  e n t i r e  

a r e a  i s  u s e d  a s  summer r a n g e  b y  e l k ,  m o o s e ,  d e e r ,  b l a c k  

b e a r  a n d  g r i z z l y .  Moose ,  u n l i k e  d e e r  a n d  e l k ,  r e p o r t e d l y  

r e m a i n  o n  t h e  f l a t s  and  l o w e r  s l o p e s  o f  t h e  v a l l e y  

t h r o u g h o u t  t h e  summer.  R e l a t i v e  n u m b e r s  a n d  w i n t e r -  

i n g  d i s t r i b u t i o n s  w i t h i n  t h e  p r o j e c t  a r e a  a r e  n o t  

p r e s e n t l y  known.  

I t  i s  r e p o r t e d  t h a t  t h e  r i p a r i a n  h a b i t a t  a l o n g  t h e  

E l k  R i v e r  a s  w e l l  a s  t h e  s o u t h  a n d  wes t  f a c i n g  s l o p e s  

a l o n g  A l d r i d g e  C r e e k  s e r v e  a s  " m o d e r a t e  t o  e x t e n s i v e l y  

u s e d "  w i n t e r  r a n g e  f o r  e l k  and  moose .  

A c c o r d i n g  t o  B r i t i s h  C o l u m b i a  F i s h  a n d  W i l d l i f e  

a e r i a l  s u r v e y s ,  m o u n t a i n  g o a t  w i n t e r  r a n g e s  seem 

w e l l  r emoved  f r o m  t h e  p r o j e c t  a r e a .  S i g n i f i c a n t  e l k  

w i n t e r  r a n g e s  a r e  p l a c e d  a l o n g  t h e  T o d h u n t e r  and  

Ewin t r i b u t a r i e s  o f  t h e  E l k  R i v e r ;  moose w i n t e r  r a n g e s  

a l o n g  t h e  b a s e  o f  t h e  G r e e n h i l l s  R a n g e ;  a n d  b i g h o r n  

s h e e p  w i n t e r  r a n g e s  a l o n g  Ewin C r e e k .  

T h e s e  w i n t e r i n g  r a n g e s  a r e  s i t u a t e d  o u t s i d e  t h e  

i m m e d i a t e  p r o j e c t  a r e a ,  b u t  t h e  d e g r e e  o f  movement t o  

t h e  E l k  R i v e r  p r o p e r t y  a n d  i t s  i m p o r t a n c e  f o r  summer 
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ranges or movement corridors (access to northerly 

ranges) for these ungulates remains undetermined. 

Snowfall data for the lease are unavailable, and it 

is ultimately this variable that can limit the capa- 

bility of this area as winter range. Generally, 

ungulates are severely restricted by snow which 

exceeds two-thirds of chest height, deer then being 

more confined than moose (KELSALL AND TELFER, 1971). 

Beavers are significant residents of the valley bottom 

areas in that they have contributed to the marshy nature 

of the flat benches above the Elk River. 

8.2 Habitat Removal Considerations 

As Table 3 indicates, about 5,074 acres (or 2,053.8 ha, 

26.4% of the entire 19,200 acres [7,770.2 ha.] of pro- 

ject area) will be removed or disturbed by mining devel- 

opment. The greatest single acreage loss involves pine 

forest (2,625.7 acres, 1,062.6 ha., or 30.4% of the 

existing stands on the project area). While this pine 

forest may provide cover for big game, it would have 

marginal value for forage. As grazing and browsing by 
ungulates is expected to occur mainly in the valley 

bottoms and on the lower slopes of adjacent mountains, 

the loss of 2,215.7 acres (896.7 ha.) of "open forest", 

"forest and shrub", and "fen or meadow" habitats 

(Table 3) will encroach on summer, and possibly winter, 
foraging for the ungulates. 

The proposed coal mining development will necessitate 

habitat removal or alteration and, until reclamation 
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proceeds, renewable resource productivity will be dis- 

rupted. However, total habitat loss must be measured 

in the context of the entire Elk River Valley, not 
only in the immediate coal development area. Develop- 

ment of service lines and transportation corridors to 

the mining area will have adverse affects on wildlife 

especially since these facilities follow the valley 

bottom. Local east-west movements will be hindered 

and road kill problems should be expected. 

Habitat removal must be examined in an ecological 

context, in terms of the interrelations and inter- 

actions among ecosystem elements. L o s s  of habitat 

ultimately results in localized mortality for seden- 

tary wildlife, and increased competition and starva- 

tion elsewhere for the more mobile species. To 
illustrate that this is a real problem, approximately 

5 0 %  of the bighorn sheep in the East Kootenay region 

died during the 1964-65 winter due to a combination of 

adverse environmental conditions resulting in malnu- 

trition and disease (B.C. Fish and Wildlife Branch). 

Ungulates traverse several habitat types and relative- 

ly long distances, certainly during seasonal movements. 

Localized interruption in the continuity of the 

landscape, such as intensive mining activity, could re- 

sult in alteration of traditional movements. 

L o s s  of beaver habitat entails similar biotic and 

physical effects. Beaver dams typically foster a 

wide array of animal and plant life, and exert signif- 

icant effects on stream flow variables and water 

quality downstream. Amphibians in considerable numbers 

can be expected to use these ponds year round or 



seasonally for spawning and early development. These 

animals are in turn an important food source for birds, 

mammals and possibly fish. 

8 . 3  Possible Responses to Anticipated Disturbances 

A general scenario of wildlife response to significant 
disturbance is as follows: A s  habitat destruction 

proceeds, local animal populations perish or withdraw 

to less favourable habitat; actual movements from pre- 

ferred habitat to marginal or overpopulated habitat 

imposes risk factors on wildlife; both physiological 

stress due to disturbance, and the coalescence of 

normally well dispersed individuals contribute to 
substantial drains on the carrying capacity of the 
range; all these factors, beginning with the initial 

disturbance and ending with loss of food quality, 

individually and/or collectively affect wild animals 

through mortality from injury, disease, starvation 

and reproductive failure. 

Taking the ungulates as indicator species, some exam- 

ples of wildlife vulnerability and response to 

disturbance can be described: 

a) Ungulate species feed extensively on browse during 

the winter, and if they remain in the project 
area during winter, loss of habitat because of 

mining activity would engender increased inter- 
specific and intraspecific competition and mortal- 

ity. In turn, further habitat reduction would 

result from the co-actions of different animals 
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intensively browsing and limiting the growth and 

extension of forage species. 

b) White-tailed deer and moose usually feed in isola- 

tion or small groups. Limited availability of 

suitable habitat results in clumping of individuals, 

thus increasing exposure to hunting. 

c) For elk and mule deer in particular, breeding and 

calving correspond to the timing of seasonal move- 

ments. Breeding success depends on the 

synchronization of sexually segregated herds. 

Restricted access to the rutting areas by either 

males or females can avert reproduction. Pregnant 

or lactating females are sensitive to interference; 

adverse conditions lead to embyro resorption, 

abortion, or calf abandonment. 

Alternatively, land alteration necessarily creates 

new ecological conditions, or niches. A s  resident 

wildlife species are expelled or restricted, popula- 

tion levels of "disturbance" species or species 

adapted for human altered environments can be expected 

to rise. Many of the animals that have been designated 

pests" (starlings, house sparrows, house mice) ! I  

commonly possess the ability to adapt to changing 

conditions. Further, the assumption of pest-like 

behaviors by the native fauna is likely. Both black 

and grizzly bears are attracted to settlements with 

poor garbage or sewage disposal, becoming a nuisance, 

and a danger as man-bear interaction increases. Elk 

commonly shift ranges to foraging areas created by 

road and forest clearing; ultimately, those elk 
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isolated by development can become dependent on winter 

feeding programs. Disturbance and overgrazing of 

revegetated areas by elk may necessitate such feeding 

programs, or other control programs. Similarly, 

rodents are rapid colonizers of disturbance habitats 

and revegetated lands. Under these conditions, high 

rodent levels produce benefits for raptors and 

mammalian predators but may present problems for the 

revegetation program. 

8 . 4  Mitigation Measures and Management Techniques 

A wildlife resource strategy must evolve to relate 

land use and reclamation to wildlife habitat change, 

and the requirements of associated wildlife species. 

Such an environmental program should be based on the 
premise that diversity of wildlife is a desirable goal 

for a healthy and aesthetically pleasing environment. 

Suggested guidelines for the environmental planning 

programs, as they relate specifically to wildlife, 

would include: 

a) An inventory of key wildlife resources, with con- 

siderations for resident and occassional species, 

population estimates, temporal distribution, 

habitat distribution, migration routes, and timing 

of critical life processes. These provide data 

to assess the initial impact of mining activity, 

and establish a baseline for development of 

management criteria. 

b) Identification of limiting factors: food sources, 

breeding locations, nesting and denning sites, 
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protective cover. A re-establishment of viable 
wildlife populations necessitates planning for the 

environmental conditions that enhance their carry- 

ing capacity success and distribution. 

Areas of potential impact, as determined from a) 

and b) above, to be outlined in order to institute 

a program of mitigation procedures as mine planning 

proceeds. 

Establishment of broad goals for impact allevia- 

tion: retention and creation of biological 

corridors to maintain all undisturbed spaces within 

the project as wildlife habitats; seasonal opera- 
tions organized to minimize disturbance to cruical 

wildlife activities; use of manual rather than 
mechanical techniques where possible; sanctuary 

zones designated as wildlife refuges for the 

remainder of the lease; and a program of people 

management (hunting and access restrictions). 

A feedback system to gauge wildlife populations as 
mining development occurs, to sense unanticipated 

wildlife trends; provisions for adjustment and 

alternative mitigation measures. 

Consultation with Provincial Fish and Wildlife to 

determine East Kootenay wildlife management goals; 

presently the highest priorities for wildlife 

habitat improvement in the region are reduced live- 

stock grazing and forest enroachment in key winter 

range areas (DEPT. OF RECREATION & CONSERVATION). 



Land reclamation is a stated goal of the proposed 

mining project. Specifically, an objective of the 

environmental program is the recreation of wildlife 

habitat. New landscape features (Appendix B - R 1  and R 4 )  

such as lake and marsh development, seem ideally 

pre-adapted for beaver colonization, further enhance- 

ment of reclaimed habitat to proceed according to the 

biological requirements of beaver. 

As explained in the vegetation section ( 6 . 0 ) ,  forage 

for big game animals will be encouraged in reclamation. 

The post-mining environment should be more productive 

in this regard than the existing coniferous slopes 

(Table 5). Furthermore, access in much of the project 

area is presently restricted due to the abundance o f  

snags at and above ground level (Appendix B-P6 and P 7 ) .  
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9 . 0  H E R I T A G E  RESOURCES 

9 . 1  I n f o r m a t i o n  t o  D a t e  

An e v a l u a t i o n  o f  r e c r e a t i o n  r e s o u r c e s  g i v e n  i n  t h e  

Land C a p a b i l i t y  Map ( F e r n i e  A r e a )  c o n d u c t e d  b y  t h e  

C a n a d a  Land I n v e n t o r y ,  i n d i c a t e s  n o  e v i d e n c e  o f  h i s -  

t o r i c  o r  p r e - h i s t o r i c  s i t e s  i n  t h e  E l k  R i v e r  V a l l e y .  

R e f e r e n c e  t o  t h e  E l k  R i v e r  d a t e s  t o  t h e  P a l l i s e r  

E x p e d i t i o n  o f  1858 (SPRY, 1 9 6 3 ) .  S i g n i f i c a n t l y ,  

P a l l i s e r  c o m p l e t e l y  c i r c u m v e n t e d  t h e  u p p e r  E l k  R i v e r  

V a l l e y .  P a l l i s e r  e n t e r e d  p r e s e n t  B r i t i s h  C o l u m b i a  

t h r o u g h  t h e  K a n a n a s k i s  P a s s  a n d  p r o c e e d e d  w e s t  a l o n g  

t h e  ( p r e s e n t )  P a l l i s e r  R i v e r  t o  i t s  c o n f l u e n c e  w i t h  

t h e  K o o t e n a y  R i v e r .  The r e t u r n  t o  t h e  p r a i r i e s  i n -  

v o l v e d  t h e  c r o s s i n g  o f  t h e  E l k  R i v e r  n e a r  i t s  j u n c t i o n  

w i t h  t h e  K o o t e n a y ,  a n d  s u b s e q u e n t  e a s t w a r d  movemen t ,  

s o u t h  o f  t h e  E l k  R i v e r ,  t h r o u g h  t h e  N o r t h  K o o t e n a y  P a s s .  

P a l l i s e r ' s  a s s o c i a t e ,  B l a k i s t o n ,  i s  r e c o r d e d  a s  c r o s -  

s i n g  t h e  E l k  R ive r  n e a r  Wigwam R i v e r .  

T h e r e  i s  some p o s s i b i l i t y  t h a t  L i n e  C r e e k  ( n o r t h  o f  

G r a v e  C r e e k ,  a b o u t  1 0  m i l e s  L 1 6 . 1  km.]  n o r t h  o f  N a t a l -  

M i c h e l ) ,  w a s  p a r t  o f  a N o r t h  F o r k  P a s s  r o u t e  t o  t h e  

p r a i r i e s .  S i m i l a r l y ,  o t h e r  p a s s e s  i n  t h e  a r e a ,  s u c h  

a s  Weary C r e e k  Gap o r  F o r d i n g  R i v e r  P a s s ,  may h a v e  

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

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

A t  p r e s e n t ,  h o w e v e r ,  no  a r c h a e o l o g i c a l  o r  h i s t o r i c a l  

i n v e n t o r y  o f  t h e  a r e a  i s  a v a i l a b l e .  
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9 . 2  Planning Considerations 

There is a need f o r  preliminary study to investigate 

the possibility of archaeological sites, historical 
routes, and historical buildings or remains. Consul- 

tation with universities, local history societies, 

native peoples, and the appropriate governmental agen- 

cies is required. 

Commitments will be made for the preservation of on- 

site archaeological and historical sites through the 

development of heritage resources protection planning 

guidelines. 
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1 0 . 0  R E C R E A T I O N  RESOURCES A N D  USE 

1 0 . 1  R e s o u r c e  Base C o n s i d e r a t i o n s  

The Canada  Land I n v e n t o r y  (Map M11) i n d i c a t e s  t h e  r e l a -  

t i v e  i m p o r t a n c e  o f  r e c r e a t i o n  c a p a b i l i t y  i n  t h e  u p p e r  

E l k  R i v e r  w a t e r s h e d .  R e c r e a t i o n  v a l u e s ,  a s s o c i a t e d  

w i t h  s c e n i c  r i v e r  v a l l e y s  and  m o u n t a i n s ,  a r e  c l a s s i -  

f i e d  a s  " m o d e r a t e " .  R e f e r e n c e  i s  made t o  t h e  p o s s i b i l -  

i t i e s  f o r  f r e q u e n t  v i e w i n g ,  s p o r t  f i s h i n g  p o t e n t i a l ,  

and  g e n e r a l  o u t d o o r  r e c r e a t i o n ,  s u c h  a s  h i k i n g  and  

n a t u r e  s t u d y .  O u t s i d e  o f  t h e  p r o j e c t  a r e a ,  t h e  Canada  

Land I n v e n t o r y  j u d g e s  t h e  E l k  L a k e s  ( A p p e n d i x  B-P4) 

a n d  t h e  u p p e r  C a d o r n a  C r e e k  w a t e r s h e d s  a s  h a v i n g  "High 

Q u a l i t y  R e c r e a t i o n a l  V a l u e s "  ( A p p e n d i x  B-P5; Map M4).  

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

E l k  R i v e r - C a d o r n a  C r e e k  c o n f l u e n c e  ( A p p e n d i x  B-P15) ,  

t h e r e  a r e  n o  c o m m e r c i a l  r e c r e a t i o n a l  d e v e l o p m e n t s  i n  

t h e  u p p e r  E l k  R i v e r  V a l l e y ,  b u t  t h e r e  a r e  s i t e s  n a t u r -  

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

t r i b u t a r i e s  s u p p o r t  game f i s h  p o p u l a t i o n s .  The a c c e s s  

a n d  t h e  f i s h i n g  on a l m o s t  a l l  t h e  c r e e k s  i s  impeded  b y  

f i r e - b u r n e d  w i n d f a l l ,  t h i c k  g r o w t h s  o f  b r u s h  a l o n g  t h e  

b a n k s  a n d / o r  s t e e p  g r a d i e n t s  ( A p p e n d i x  B-P6, 7 a n d  1 1 )  

The v a l l e y  p r o v i d e s  a v a r i e t y  o f  b i g  game,  n o t a b l y  e l k  

moose  a n d  d e e r .  

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

t h e  p r o j e c t  a r e a  by r o a d s  a n d  e x p l o r a t i o n  s c a r s  

(Map M 2 ;  A p p e n d i x  B-P12) .  

T h e r e  a r e  two p o i n t s  o f  v i s i t o r  a c c e s s  t o  t h e  u p p e r  E l k  
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R i v e r  V a l l e y :  a n o r t h e r n  e n t r y  v i a  t h e  E l k  P a s s  r o a d  

( A p p e n d i x  B-P3) f r o m  t h e  K a n a n a s k i s  L a k e s  ( A p p e n d i x  B- 

P 2 )  i n  A l b e r t a ,  a n d  a s o u t h e r n  e n t r y  f r o m  E l k f o r d ,  

B r i t i s h  C o l u m b i a  ( A p p e n d i x  B-P16) .  

1 0 . 2  E x i s t i n g  a n d  P o t e n t i a l  U s e  C o n s i d e r a t i o n s  

I n  a s u r v e y  c o n d u c t e d  b y  B r i t i s h  C o l u m b i a  F i s h  a n d  

W i l d l i f e  a n d  B . C .  R e s e a r c h  d u r i n g  J u l y  a n d  A u g u s t  o f  

1 9 7 1 ,  a n  e s t i m a t e d  1 8 1  a n g l e r s  f i s h e d  a l o n g  t h e  u p p e r  

E l k  R ive r  a n d  c a u g h t  a p p r o x i m a t e l y  3 4 4  c u t t h r o a t ,  

34  D o l l y  V a r d e n ,  a n d  185  w h i t e f i s h ;  t h e  s u c c e s s  r a t i o  

f o r  c u t t h r o a t  was 0 . 9 0  w h i l e  s u c c e s s  f o r  a l l  s p e c i e s  

w a s  1 . 4 8 .  

A f u r t h e r  r e c r e a t i o n a l  s u r v e y  ( B u l l ,  1 9 7 2 )  was c o n d u c -  

t e d  i n  t h e  E l k  V a l l e y .  The s t u d y  was l i m i t e d  t o  t h e  

a r e a  b e t w e e n  t h e  h e a d w a t e r s  o f  E l k  R i v e r  a n d  i t s  

c o n f l u e n c e  w i t h  F o r d i n g  R i v e r ;  t h a t  i s ,  e n c o m p a s s i n g  

t h e  p r o j e c t  a r e a .  E s s e n t i a l l y ,  t h e  s t u d y  m e a s u r e d  

summer t ime  r e c r e a t i o n ;  some o f  t h e  f i n d i n g s  r e l e v a n t  

t o  t h e  E l k  R i v e r  C o a l  P r o j e c t  i n c l u d e :  

a )  D u r i n g  J u l y  and  A u g u s t ,  1 9 7 2 ,  some 1 0 , 0 0 0  p e o p l e  

s p e n t  a t o t a l  o f  2 4 , 0 0 0  d a y s  o f  r e c r e a t i o n  i n  t h e  

E l k  V a l l e y .  The v a l l e y  i s  a p p a r e n t l y  h e a v i l y  

u t i l i z e d  i n  w i n t e r  b y  s n o w m o b i l e  e n t h u s i a s t s .  

b )  The v a l l e y  was  v i s i t e d  e q u a l l y  by A l b e r t a n s  a n d  

B r i t i s h  C o l u m b i a n s ,  w i t h  m o s t  A l b e r t a n s  e n t e r i n g  

f r o m  t h e  n o r t h  a n d  m o s t  B r i t i s h  C o l u m b i a n s  e n t e r -  

i n g  f r o m  t h e  s o u t h .  
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c) The reasons for seeking recreation in the Elk 

Valley were rated by the respondents in the follow- 

ing order of decreasing importance: fishing, 

relaxation, other, camping, hunting and hiking. 

The "other" category related to aesthetic values 

of the valley such as mountain scenery, clean 

air, quiet surroundings, and wildlife viewing. 

d) Hunting becomes the predominant recreational 

activity in the fall, with moose and elk as the 

principal target species. 

e) Recreationists desire few, if any, changes within 

the upper valley. Of the 12 categories in the 

survey for "changes which would increase enjoyment", 

the largest group, 17.2% (n=21) of 122 respondents, 

wanted less mining activity. 

Information is not yet available on how many vehicles 

actually travelled the valley length through the 

project area, or the degree of recreation here. 

The upper Elk River is situated close to a number of 

expanding population centers in B . C .  and Alberta. 

The Kananaskis Lakes to the north of the Elk Lakes 

support heavy recreation use at present. 

Winter use of the area will expand with the growing 

popularity of snowmobiles an cross-country skiing. 

Current estimates of 50 and 2 0 0  snowmobiles on a 

weekend day have been reported for the upper Elk River 

area. Thus, projections of increased land use and of 

further demand for recreational considerations in the 

valley are not unwarranted. 
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10.3 Impact Consideration 

The impact possibilities contained in the preceding 

sections of this report also relate to the recreational 

potential of the valley and the aesthetic features 

that recreationists seek. 

The existing recreation trends and values, as deter- 

mined by British Columbia Fish and Wildlife (Bull, 

1972) provide a preliminary basis for predictions of 

public concerns relative to mining development impact 

on recreation; these concerns include: 

a) local removal and alteration of mountain scenery; 

b) loss of fishing locations, and game fish produc- 
tivity; 

c) noise pollution, including that of local mining 
development and along the length of the valley 

(daily traffic, train noise); 

d) air pollution: coal dust and traffic dust; 

e) water pollution: seepage of industrial waste; 

uncontrolled sedimentation; 

f) l o s s  of big game capability; 

g) loss of winter recreation: snowshoeing, cross- 

country skiiing, and snowmobiling; 

h) alteration or interruption of the proposed Contin- 

ental Divide Trail; effects on hiking, camping, 

regional aesthetics; 

i) loss of resident wildlife: bird watching, nature 

study and wilderness atmosphere; and, 

j) crowding of alternative recreatipn areas. 
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1 0 . 4  Mitigation & Reclamation Concept's 

Preceding discussions of mitigation and reclamation 

can be interpreted in a recreation context. Ultimate 

reclamation aims for revegetation and increased 

wildlife and fish productivity, coincidentally restore 

traditional recreation uses and offer potential 

recreational alternatives. The shallow lake below the 

northwest dump setting pond (Appendix A-R1) is a prim- 

ary example. It could be available early in project 
development as a recreation resource for picnicking, 

fishing and observation of mining activity. An inform- 

ation station can be established here as an educational 

resource, providing interpretative material on energy 

resource development and local ecology. 

A peripheral benefit from mining activity would be the 

upgrading of the present road in the valley; this will 

enhance access to Cadorna Creek and the Upper Elk River 

Valley. 

A comprehensive recreation resource program will be 
useful in conjunction with mining development. This 

implies adjustment to minimize recreation resource 

damage and definition of environmental management goals. 

Present landscape and wildlife utilization by the 

public will guide the direction of reclamation. Exam- 

ples might be creation of waterfalls (aesthetic criteria), 

increased acreage of forage lands for elk productivity 

(hunting criteria), or return to climax conifers 

(forestry criteria). 

Specific provisions for a recreation-oriented program 

during mining development miggt include: 
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a) Consultation with provincial planning departments 

regarding short term and long term land use. 

b) Improvements in road quality with a by-pass of the 

mining area; 

c )  Small-scale experiments during development of a 

program to establish natural areas. 

d )  General containment of mining activities, and 

mitigation procedures outlined previously. 

. 
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11.0 SOCIO-ECONOMIC CONSIDERATIONS 

11.1 Regional Context 

Recreation is the outstanding land use activity in 

the Upper Elk River Valley, and along with mining, 

forestry and limited ranching, provides the economic 

base for the East Kootenay region. This is one  of 

the fastest growing regions in British Columbia, with 

a 29.2% population increase in the five-year period 

between 1967 and 1972, twice the provincial average. 

The Upper Elk River Valley is situated close to a 

number of population centers in both British Columbia 

and Alberta, allowing some half a million people to 

make daily trips to the Valley. 

11.2 Impact Consideration 

Socio-economic considerations relative to the proposed 

project focus on the new town of Elkford (Appendix B- 

P16). In addition to the recreation potentials noted 

it is recognized that the proposed mining project will 

directly affect development of this community. It is, 

from its inception, a mining town serving as a resi- 

dence and trade center for existing mines in the Elk 

River Watershed (Map Ml). Additional mining and steadily 

re expansion increasing recreational trade 

of Elkford. 

The proposed Elk River mine w 

will requ 

11 employ an estimated 
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1100 people directly, with anticipated expansion of 
the town of Elkford in the order of an additional 

6000 people. The full population growth impact remains 

to be analyzed for urban and regional planning purposes. 

Income benefits to residents can be anticipated. 

A survey conducted in the East Kootenay Area under the 
Canada Land Inventory in 1966 determined that 32% of 

the non-farmers inventoried had been o u t  of work at 

some time in the preceding three years. The average 

total family income reported by respondents from a small 
sample was $4,994 in 1965. Total family incomes of less 

than $3,000 were recorded by 18% of the non-farm and 32% 

of the farm respondents. This unemployment problem 

continues and is especially serious at present due to 

the depressed condition of the forest products industry. 

Land use alternatives for the Upper Elk River area at 

this point appear to be concerned primarily with mining 

development and improved transportation and recreation 

facility development. Improvements to the Elk River 

roadway linking Sparwood and the Kootenay Valley to the 

Elk and Kananaskis Valleys would greatly increase 

traffic and recreational activity in the valley and 
expand the economic base for the new town of Elkford 

(Map M10). 

It is evident that with or without mining, recrea- 

tional use of this valley will most probably increase 

rapidly in the coming years, thus increasing the need 

for support and control facilities and programs. 

Revenue generated by energy resource development pro- 

jects in the East Kootenays should prove very helpful 

in providing the necessary government services associa- 

ted with increasing outdoor recreation activity. 





Wildfire, especially, which can prove much more disrup- 

tive than mining, will require much greater control 

effort as recreation use increases. 

The adverse impact associated with increased mining 

and recreation activity in the valley will be on those 

people who have been or would in the future use the 

area as a recreational retreat from more heavily 

populated areas. This will include three guide out- 

fitter operations. The availability of other areas in 

the East Kootenay region which can provide this 

"wilderness" experience must be considered in future 

project and regional development planning. Furthermore, 

the tradeoffs represented by economic productivity 

from mining and potential recreation benefits through 

facility development must be weighed. 

11.3 Cooperative Approach to Planning 

Regional planning efforts are largely a government 

responsibility requiring input and cooperation from 

industry. Should the basic mining and environmental 

planning concepts presented by Elco Mining Ltd. re- 

ceive approval in principal at this time, a coordinated 

approach can be developed for future planning efforts 

by the company and local and provincial government 

agencies. 



G L O S S A R Y  OF E N V I R O N M E N T A L  TERMS 

A d a p t a b i l i t y  - t h e  a b i l i t y  o f  a n  o r g a n i s m  o r  a p o p u l a t i o n  

t o  r e s p o n d  t o  c h a n g e s  i n  i t s  e n v i r o n m e n t  s o  a s  t o  con-  

t i n u e  l i v i n g  a n d  r e p r o d u c i n g .  

B r u n i s o l s  - b r o w n  f o r e s t  s o i l s ,  c h a r a c t e r i s t i c a l l y  w e l l -  

d r a i n e d .  

C a r r y i n g  Capac- - t h e  maximum l e v e l  t o  w h i c h  t h e  r e s o u r c e s  

o f  a h a b i t a t  c a n  b e  u s e d  b y  o r g a n i s m s  w i t h o u t  i n d u c i n g  

i n s t a b i l i t y .  

C l i m a x  - t h e  f i n a l  o r  u l t i m a t e  communi ty  i n  a s u c c e s s i o n .  

C o v e r  - v e g e t a t i o n  t h a t  s e r v e s  t o  p r o t e c t  o r  c o n c e a l  a n i m a l s .  

C u t b a n k  - a c o n d i t i o n  w h i c h  e x i s t s  w h e r e  t h e  r i v e r  c u r r e n t  

h a s  u n d e r m i n e d  a s e c t i o n  o f  t h e  b a n k  c r e a t i n g  a s t e e p  

u n v e g e t a t e d  s l o p e .  

D i s t u r b a n c e  - a n y  d i s r u p t i o n  o f  e n v i r o n m e n t a l  c o n d i t i o n s ,  

u s u a l l y  u n a n t i c i p a t e d  by w i l d l i f e  a n d  u s u a l l y  r e l a t e d  

t o  human a c t i v i t y ,  w h i c h  t h r e a t e n s  t h e  a b i l i t y  o f  a 

p a r t i c u l a r  a n i m a l  t o  s u r v i v e .  

E c o l o g y  - t h e  s t u d y  o f  r e l a t i o n s h i p s  b e t w e e n  o r g a n i s m s  a n d  

t h e  i r e n v  i r o n men t . 

E c o s y s t e m  - a c o m p l e x  o f  i n t e r r e l a t e d  o r g a n i s m s  a n d  non-  

l i v i n g  e n v i r o n m e n t a l  e l e m e n t s ,  w h i c h  i n t e r a c t  t o  f o r m  

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



E c o t y p e  - a v a r i a n t  w i t h i n  a s p e c i e s  t h a t  i s  g e n e t i c a l l y  

a d a p t e d  t o  l o c a l  e c o l o g i c a l  c o n d i t i o n s ;  e q u i v a l e n t  t o  

a n  e c o l o g i c a l  r a c e " .  F o r  e x a m p l e ,  a p a r t i c u l a r  p l a n t  

s p e c i e s  may h a v e  a d w a r f ,  w i n t e r - d o r m a n t  v a r i a n t  a d a p t e d  

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

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

9 ,  

F l a s h  P e a k s  - a c o n d i t i o n  t y p i c a l  o f  a r e a s  w h i c h  a r e  w e l l  

d r a i n e d ;  t h e s e  t e n d  t o  r e t a i n  v e r y  l i t t l e  w a t e r  t h u s  

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

t o  o s c i l l a t e .  W a t e r c o u r s e s  w h i c h  r e c e i v e  r u n o f f  f r o m  

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

a f t e r  p e r i o d s  o f  p r e c i p i t a t i o n ;  t h i s  i s  a f l a s h  p e a k .  

F o r b  - a n y  h e r b  t h a t  i s  n o t  a g r a s s  o r  g r a s s l i k e ;  f o r  e x a m p l e ,  

l e g u m e  p l a n t s .  

G l e y s o l s  - g r e y  a n d / o r  y e l l o w - g r e y  c o l o r e d  s o i l s  u s u a l l y  

r e s u l t i n g  f r o m  w a t e r - l o g g i n g  a n d  l a c k  o f  a e r a t i o n .  

H a b i t a t  - t h e  p l a c e  w h e r e  a n  o r g a n i s m  ( o r  a communi ty  o f  

o r g a n i s m s )  l i v e s  o r  r e g u l a r l y  a p p e a r s ;  i t  i s  commonly 

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

a n d  v e g e t a t i o n  w h i c h  o c c u p y  t h e  a r ea .  

- HWF - h i g h  w a t e r  f l o w  i n  c . f . s .  

I n d i c a t o r  S p e c i e s  - t h o s e  o r g a n i s m s  w h i c h  a r e  s e l c t e d ,  o n  t h e  

b a s i s  o f  t h e i r  a s s o c i a t i o n  w i t h  a p a r t i c u l a r  communi ty  

o r  h a b i t a t  t y p e  a n d l o r  on t h e  b a s i s  o f  t h e i r  known re-  

s p o n s e s  a n d  s e n s i t i v i t i e s ,  t o  e v a l u a t e  c h a n g e s  i n  t h e  

p h y s i c a l  e n v i r o n m e n t .  



I n d i g e n o u s  - i m p l y i n g  a p l a n t  o r  a n i m a l  t h a t  i s  n a t i v e  t o  

a p a r t i c u l a r  r e g i o n .  

L e a c h i n g  - t h e  p r o c e s s  by w h i c h  s o l u b l e  compounds  o r  e l e m e n t s  

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

L i m i t i n g  f a c t o r s  - a n y  c o n d i t i o n  w h i c h  a p p r o a c h e s  o r  e x c e e d s  

a n  o r g a n i s m ' s  l i m i t s  of  p h y s i o l o g i c a l  o r  b e h a v i o r a l  

t o l e r a n c e .  

L u v i s o l s  (Gray-Wooded)  - s o i l s  w h i c h  h a v e  d e v e l o p e d  f r o m  -- 
h i g h  b a s e  m a t e r i a l s  u n d e r  f o r e s t s  and  c h a r a c t e r i z e d  b y  a n  

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

m i n e r a l  s o i l .  

LWF - low w a t e r  f l o w  i n  c . f . s .  

M a c r o p h y t e s  - v a s c u l a r  a q u a t i c  p l a n t s ,  s u c h  as b u l l r u s h e s  

M a c r o i n v e r t e b r a t e s  - t h o s e  a q u a t i c  i n v e r t e b r a t e s  ( m a i n l y  

i n s e c t  l a r v a e )  w h i c h  a r e  v i s i b l e  w i t h o u t  t h e  a i d  o f  a 

m i c r o s c o p e .  

M i c r o h a b i t a t  - a s m a l l  u n i t  o f  s p a c e  w h i c h  c a n  s u p p o r t  a 

p a r t i c u l a r  s p e c i e s  o r  communi ty .  

M i c r o t i n e  r o d e n t s  - g e n e r a l l y ,  t h e  s m a l l e r  r o d e n t s ,  s u c h  a s  

v o l e s  o r  meadow m i c e .  

M i g r a t i o n  - a p e r i o d i c  p o p u l a t i o n  movement i n v o l v i n g  a r o u n d  

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

__- N i c h e  - t h e  p o s i t i o n ,  r o l e  o r  s t a t u s  o f  a n  o r g a n i s m  w i t h i n  



i t s  communi ty  a n d  e c o s y s t e m  r e s u l t i n g  f r o m  t h e  o r g a n i s m ' s  

s t r u c t u a l  a d a p t a t i o n s ,  p h y s i o l o g i c a l  r e s p o n s e s ,  a n d  

s p e c i f i c  b e h a v i o r s .  The  e l k  ( w a p i t i ) ,  f o r  e x a m p l e ,  

o c c u p i e s  t h e  n i c h e  o f  a s o c i a l ,  h e r d i n g ,  summer g r a z i n g /  

w i n t e r  b r o w s i n g ,  s e a s o n a l l y  m i g r a t i n g  u n g u l a t e .  

P e a t  - a h i g h l y  o r g a n i c  s o i l  o f  p a r t i a l l y  decomposed  v e g e -  

t a b l e  m a t t e r .  

P o i k i l o t h e r m s  - a n i m a l s ,  s u c h  a s  f i s h  o r  i n s e c t s ,  w h i c h  a r e  

c o l d - b l o o d e d ,  t h a t  i s ,  t h e i r  b o d y  t e m p e r a t u r e  i s  d e p e n d e n t  

upon  e x t e r n a l  t e m p e r a t u r e s  a n d  v a r i e s  w i t h  t h e m .  

P o o l  - t h a t  s t r e t c h  o f  a w a t e r c o u r s e  w h e r e  t h e  w a t e r  i s  c a l m  

a n d  d e e p .  

P o p u l a t i o n  - a n  i n t e r b r e e d i n g  g r o u p  w i t h i n  a s p e c i e s ,  i s o l a t e d  

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

P r o d u c t i v i t y  - r a t e  o f  e n e r g y  s t o r a g e ,  o r  r a t e  o f  b i o m a s s  

f o r m a t i o n  i n  a communi ty ;  commonly,  t h e  p r o d u c t i v i t y  

o f  a n  e c o s y s t e m  r e f e r  t o  i t s  " r i c h n e s s " .  The p r o d u c t i v i t y  

o f  e a c h  t r o p h i c  l e v e l  ( t h a t  i s ,  e a c h  g r o u p  of  o r g a n i s m s  

w h i c h  f e e d  o n  s m a l l e r  o r g a n i s m s  or p l a n t s )  i s  l i m i t e d  

b y  p r i m a r y  p r o d u c t i v i t y  ( p l a n t  l i f e ) ,  w h i c h  i n  t u r n  

i s  l i m i t e d  by t h e  p h o t o s y n t h e t i c  p r o c e s s  of  t h e  p l a n t s .  

R e g o s o l s  - s o i l s  u s u a l l y  d e v e l o p i n g  f r o m  u n c o n s o l i d a t e d  or 

s o f t  r o c k  d e p o s i t i o n .  

E 
R i f f l e  - t h e  r o c k y  a r e a  o f  a w a t e r c o u r s e  w h e r e  t h e  w a t e r  i s  

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

S a l m o n i d  - a member o f  t h e  s a l m o n  f a m i l y  u s e d  i n  t h i s  p r e s e n t a -  

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



* S e d g e  - a n y  o f  t h e  v a r i o u s  r u s h  - l i k e  o r  g r a s s  - l i k e  

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

S e r e  ( s e r a l )  - a s e r i e s  o f  c o m m u n i t i e s  w h i c h  d e v e l o p  i n  a 

g i v e n  p h y s i c a l  e n v i r o n m e n t ;  t h e  r e l a t i v e l y  t r a n s i t o r y  

c o m m u n i t i e s  a r e  c a l l e d  s e r a l  s t a g e s .  

S u b s t r a t e  - t h e  r i v e r  b o t t o m  m a t e r i a l .  

U n g u l a t e  - a n y  h o o f e d  a n i m a l ,  s u c h  a s  e l k  ( w a p i t i )  d e e r ,  

m o o s e ,  a n d  b i g h o r n  s h e e p .  
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The following 

ity and a pre 

INTRODUCTION 

is an evaluation of the Elk River coal qual- 

iminary plant design. Since the antic pated 

dilution is excessive, the plant performance was difficult 

to assess, so many reasonable assumptions had to be made 

based o n  other Western Canadian coal operations. In gen- 

eral, the E l k  River coals are of similar quality to that 

of Fording River, although the product ash will be some- 

what higher because all the seams in the series will be 

mined. During the forthcoming drilling and testing program, 

more emphasis should be placed o n  simulating the actual raw 

coal characteristics which will be encountered during 

mining so that washability data will be more realistic. 

In other words, future washability tests should be conducted 

on size ranges that would reflect more accurately the pro- 

posed plant feed conditions. 
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RAW COAL ASH CONTENT 

Of primary importance in designing a wash plant for the Elk 

River coal is the proper determination of the raw coal ash 

content. Because of the extreme variability of the coal 

quality, a meaningful accurate figure cannot be determined. 

A better figure would be the range expected. A l s o ,  the 

extent and quality of dilution will in practice be highly 

variable. 

Table 1 shows all the test results available from bulk sam- 

ples, electrologs (histogram averages), and drill hole 

analyses. In addition, Table 3 shows a revised ash content 

which compensates for dilution. The nature of this dilu- 

tion material was determined by visually observing several 

drill cores. A s  a result, the average plant feed ash content 

will be 3 0 - 3 5 % .  
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P H Y S I C A L  C O A L  C H A R A C T E R I S T I C S  

S i n c e  t h e  c o a l  i n  t h e  E l k  V a l l e y  h a s  b e e n  s u b j e c t e d  t o  

s e v e r e  s t r e s s  d u e  t o  t e c t o n i c  a c t i v i t y ,  t h e  c o a l  i s  v e r y  

f r i a b l e  a n d  g e n e r a l l y  e x h i b i t s  a h i g h  g r i n d a b i l i t y  i n d e x .  

A f r i a b i l i t y  t e s t  s i m i l a r  t o  t h e  d r o p  t e s t  u s e d  i n  i r o n  o r e  

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

w i l l  o f t e n  i n d i c a t e  how bad  t h e  c o a l  d e g r a d a t i o n  w i l l  b e  

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

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

t h e  W e s t e r n  C a n a d i a n  c o a l s  p r o d u c e  v e r y  f l a t  p a r t i c l e s  

r a t h e r  t h a n  c u b i c a l  p a r t i c l e s ,  t h u s  t h e  e f f i c i e n c y  o f  c o n -  

v e n t i o n a l  c o a l  c l e a n i n g  e q u i p m e n t  i s  n o t  a s  good a s  i t  wou ld  

b e  i n  t h e  E a s t e r n  U n i t e d  S t a t e s  ( i . e .  t h e  p r o b a b i l i t y  e r r o r  

o n  h e a v y  m e d i a  c y c l o n e s  i n c r e a s e s  f r o m  0 . 0 4  t o  0 . 0 8 ) .  I n  

a d d i t i o n ,  t h e  c o a l  w e a t h e r s  v e r y  q u i c k l y .  The c o a l ,  

a l t h o u g h  i t  i s  v e r y  h a r d  when i t  i s  m i n e d ,  r e l i e v e s  i t s  

i n t e r n a l  s t r e s s  a n d  c r u m b l e s  i n  a m a t t e r  o f  d a y s  i n  a 

s t o c k p i l e .  T h u s ,  i t  i s  m o s t  d e s i r a b l e  t o  l i m i t  t h e  s i z e  o f  

t h e  s t o c k p i l e  a n d  t o  f e e d  d i r e c t l y  t o  t h e  p l a n t  t o  t h e  

e x t e n t  t h a t  b l e n d i n g  r e q u i r e m e n t s  p e r m i t .  

T a b l e s  2 and  3 show t h e  a n t i c i p a t e d  r aw c o a l  c h a r a c t e r i s -  

t i c s ,  a n d  i n d i c a t e  t h e  t e s t  r e s u l t s  on c l e a n  c o a l .  B e c a u s e  

o f  t h e  h i g h  d i l u t i o n ,  i t  i s  q u i t e  a p p a r e n t  t h a t  t h e  

t h e o r e t i c a l  c l e a n  c o a l  c h a r a c t e r i s t i c s  w i l l  n e v e r  b e  

a c h i e v e d .  A l s o ,  i t  i s  o b v i o u s  t h a t  a much b e t t e r  m i n i n g  

s c h e m e  w o u l d  i n c l u d e  s e a m s  2 t o  1 2  e x c l u d i n g  s e a m s  5 and  6 .  

Then t h e  p l a n t  f e e d  w o u l d  b e  a b o u t  2 5 %  a s h  ( j u s t  a s  F o r d i n g  

R i v e r ' s  i s )  a n d  a 9 . 5 %  a s h  p r o d u c t  c o u l d  b e  a c h i e v e d .  The  

c o a l  w o u l d  t h e n  h a v e  t o  b e  b l e n d e d  t o  a c h i e v e  h i g h e r  c o k e  

s t a b i l i t y  i n d i c e s .  

q. 
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T A B L E  2 

ELK RIVER COAL 

PHYSICAL CHARACTERISTICS” 

AVGE. 
HARDGROVES REPORT COAL 

_ _ _ _  SEAM A S H  (CLEAN) (CLEAN) ABILITY A S H  SPLITS NESS 
RAW VM . FSI. GRINDA- CLEAN N O . O F  THICK- 

1 
2 20% 19.8 
3 20% 19.5 
4 25% 19.1 
4 A  25% 
6 45% 18.9 
7 30% 19.4 
8 35% 20.2 
9 25% 20.0 

10 20% 21.9 
11 
12 30% 24.2 
13 40% 24.3 
14 50% 26.7 
15 50% 26.3 
16 55% 28.4 
17 45% 30.0 
18 50% 31.1 
19 45% 31.2 
20 30.0 
21 

T h i n  

7% 

4-4% 

4% 
6% 
5 
6 
5 

6 

5 - 6  

8% 

9 
8 

8 

8% 
8% 

8% 

8% 

1 

1 2 4  10.4 1 - 2 14 
131 8.2 1 - 3 6 
89 8.5 1 - 2 28 

81 9.0 1 - 2 5 
103 8.5 1 - 2 5 
97 6.8 2 - 4 2 0  

85 7.2 1 - 3 16 
88 6.3 2 - 3 26 

Poor Quality 5 14 
132 9.0 3 - 7 18 
106 10.1 1 - 4 19 
96 9.9 7 18 
97 9.3 5 17 
78 9.6 4 - 5 13 
70 7.5 15 
89 10.6 4 14 
71 9.1 2 - 5 8 

No Data 6 
No Data 

*Based o n  Coal Science Report, October, 1971. 



( % )  
o f  

Seam Reserve 

i 

2 8 . 8  
3 3 . 3  
4 1 5 . 9  
4 A  
5 0 . 9  
6 2 . 6  
7 2 . 2  

8 9 . 1  

9 7 . 1  

1 0  1 0 . 5  

11 2 . 4  
1 2  6 . 1  
1 3  6 . 4  

1 4  5 . 6  
1 5  5 . 1  
1 6  3 . 5  
1 7  4 . 3  
1 8  3 . 7  
1 9  1.1 
20 0 . 9  
2 1  0 . 4  

TABLE 3 

ELK RIVER COAL 

PROJECTED PLANT FEED FINES & ASH 

Estimated Average 
Fines Thickness 

Anticipated Content of o f  Estimate 
Dilution % of Coaly Recoverable Dilution Plant 

Raw Coal Grindability Fraction Members Material Feed Ash 

1 2 . 2  
2 4 . 1  
1 4 . 1  

6 2 . 6  
4 4 . 2  
1 8 . 3  

1 8 . 4  

9 . 8  

8 . 9  

2 1 . 6  
2 1 . 9  
3 3 . 6  

3 3 . 7  
3 1 . 7  
6 3 . 3  
3 5 . 5  
6 0 . 0  
4 5 . 8  
5 0 . 7  

1 0 0 . 7  

Wt. Average 2 4 . 8  

1 2 4  6 0 %  
1 3 1  7 0% 

8 9  3 0 %  
2 5 %  

Very Thin 
8 1  2 5 %  

1 0 3  4 2 %  

9 7  3 7 %  

85 2 5 %  

88 3 0 %  

1 3 2  7 0 %  
1 0 6  4 5 %  

9 6  3 5 %  
9 7  3 7 %  
7 8  2 5 %  
7 0  2 0 %  
8 9  3 0 %  
7 1  2 1 %  

No Data 
No Data 

3 7 . 1 %  

3 '  
1 4  ' 

6 '  
2 8 '  

3 '  
5 '  
5 '  

2 0 '  

1 6  ' 
2 6 '  

1 4 '  
1 8 '  
1 9 '  

1 8  ' 
1 7 '  
1 3 '  
1 5 '  
14 '  

8 '  

Coaly shale 2 0 %  
Shale 2 0 %  
Gray Shale 2 5 %  
Coaly Shale 2 5 %  

Gray Shale 
High Ash Coal 
& Coaly Shale 
Gray and Coaly 
Shale 
Gray and Coaly 
Shale 
Gray and Dark 
Shale 
Siltstone 
Gray Shale 
Carb Shale and 
Silts t one 

4 5 %  

30% 

35% 

2 5 %  

2 0 %  

3 0 %  

4 0 %  
5 0 %  
50% 
5 5 %  w 
4 5 %  
5 0 %  nr 

ru 
00 

4 5 %  
m 

3 2 . 8 %  
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D I L U T I O N  

S i n c e  many o f  t h e  s e a m s  a r e  s p l i t  by e x t e n s i v e  p a r t i n g s ,  a 

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

Much o f  t h e  d i l u t i o n  w i l l  b e  c a r b o n a c e o u s  s h a l e  a n d  c o a l y  

s t r i n g e r s  i n  s i l t s t o n e  ( t h e  p r i m a r y  i n t e r b e d d i n g  r o c k )  s o  

o n e  c a n  a n t i c i p a t e  t h a t  m o s t  o f  t h e  m a t e r i a l  w i l l  r e p o r t  t o  

t h e  c o a l  c l e a n i n g  p l a n t .  The d i l u t i o n  w i l l  n o t  m e r e l y  

r e p o r t  t o  t a i l i n g s ,  b u t  w i l l  i n c r e a s e  t h e  - + 0 . 1  s p e c i f i c  

g r a v i t y  m a t e r i a l  i n  t h e  p l a n t  f e e d  and  w i l l  r e n d e r  w a s h i n g  

v e r y  d i f f i c u l t .  A s  a r e s u l t ,  n o  l e s s  t h a n  a 1 . 0 %  i n c r e a s e  

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

To o f f s e t  t h i s  t y p e  o f  d i l u t i o n ,  F o r d i n g  R i v e r  w a s t e s  t h e  

t o p  t h r e e  f e e t  o f  t h e  seam i n  t h e i r  d r a g l i n e  p i t .  I f  t h e  

c o a l  s e a m  m u s t  b e  b l a s t e d  a l o n g  w i t h  t h e  f o o t w a l l  m a t e r i a l ,  

a s  was t h e  c a s e  w i t h  a t e n  f o o t  r i d e r  s eam i n  C a r d i n a l  

R i v e r ' s  5 0 B  p i t ,  t h e  c o a l  a n d  r o c k  wou ld  b e  s o  b a d l y  mixed  

t h a t  m o s t  o f  t h e  seam wou ld  h a v e  t o  b e  w a s t e d .  T h i s  b l a s t -  

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

I n  m i n i n g  a n y  o n e  seam, a n  a c c e p t a b l e  u p p e r  a s h  l i m i t  ( o f  

s a y  4 0 % )  s h o u l d  b e  e s t a b l i s h e d ,  and  c o a l  w i t h  h i g h e r  a s h  

s h o u l d  b e  w a s t e d .  G e n e r a l l y ,  i f  h i g h e r  a s h  c o a l s  a r e  

b l e n d e d  w i t h  l o w e r  a s h  c o a l s ,  t h e  p l a n t  r e c o v e r y  d e c r e a s e s  

m a r k e d l y .  Even  t h o u g h  t h e  M . K .  S c u r r y  r e p o r t s  a n d  t h e  work  

d o n e  b y  B i r t l e y  E n g i n e e r i n g  s u g g e s t s  t h a t  b l e n d i n g  i n c r e a s e s  

t h e  r e c o v e r y  i n  t h e  p l a n t ,  t h i s  c a n n o t  b e  t r u e  b e c a u s e  t h e  

w a s h a b i l i t y  o f  e a c h  c o a l  i n  t h e  b l e n d  t h e n  i n c r e a s e s  i n  n e a r  

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

d e c r e a s e d .  S i m i l a r  s t u d i e s  a t  F o r d i n g  R i v e r  a l s o  s u g g e s t e d  

t h a t  b l e n d i n g  wou ld  i n c r e a s e  p l a n t  r e c o v e r y ,  b u t  p l a n t  t e s t s  

on i n d i v i d u a l  s e a m s  p r o v e d  o t h e r w i s e .  
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Since the Elk River coals are so variable, and since it 

will be impossible not to blend some of the seams; and since 

the grindability and ash content vary so much on the prop- 

erty, it would be more desirable to design a plant with two 

separate and different circuits with individual feeds from 

individual stockpiles. 

The attached dilution table gives some indication as to the 

degree of change in the washability of the coal. Since 

there is considerable variability as to what the dilution 

material might be on each seam, it is reasonable to assume 

the same quality of dilution material for each seam. If 

further tests are conducted on the coal, it would be advan- 

tageous to do some washability tests on the material, since 

they will increase the - + specific gravity material on the 
1.80 float fraction, thereby rendering the coal more diffi- 

cult to clean. 

Results of Limited Drill Core Examination: Rock/Coal Interfaces 

An examination of a limited number o f  core samples stored in 

Blairmore indicates that the type of interface rock that 

will be encountered will be approximately as noted hereunder. 

1. Interface rock heavy and hard, breaks into large 

pieces which will mostly be excluded in the 

rotary breaker 

2 .  Interface rock which is heavy and hard but breaks 

into smaller pieces which will enter the plant 

but are easily separated in the plant 

4 2 %  

4 1 %  
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3. Interface rock light, carbonaceous and soft, which 

will enter the plant and b e  difficult to separate 17% 

Table 4 shows for comparison the nature of the rock-coal 

interface, based o n  12 written drill hole logs. Table 5 
shows the quantity of dilution rock, by seam that has been 

estimated for the mine. 
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TABLE 4 

INCIDENCE OF TYPES OF ROCK-COAL INTERFACE 
BASED ON WRITTEN DRILL HOLE LOGS: -~ ~ ~ 

For Holes M70-17C to M70-30C Inclusive 

HIGHWALL Sandstone 6 
,, Sandstone & Siltstone 2 2  
#, Black Sandstone & Siltstone 2 
9 ,  Siltstone 17 
( 1  Black Siltstone 2 4  
( 9  Coaly Sandstone 2 4  
,I Coaly Sandstone & Siltstone 3 

2 
99 

FOOTWALL Sandstone 6 
,, Sandstone & Siltstone 1 8  
9 ,  Black Sandstone & Siltstone 3 
( 1  Silts t one 1 5  
1 ,  Black Siltstone 2 5  

I# Coaly Sandstone & Siltstone 1 

, I  Coaly Siltstone 2 1  

Coaly Shale ~ 

I ,  

1 ,  Coaly Sandstone 0 

1 1  Coaly Siltstone 19 
,I Coaly Shale 5 

1 
93 

__ I ,  High Ash Coal 

HIGHWALL 
Incidence coalv rock interface 
- Sandstone or Siltstone 2 6 %  

FOOTWALL 
Incidence coaly rock interface 
- Sandstone or Siltstone 2 2 %  

Incidence coaly shale interface 
o r  high ash coal 4 %  

Overall incidence O f  coaly rock 
interface with coal 2 8 %  

Balance - clean rock interface 7 2 %  
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z 
4 
w 
LI] Short T o n s  

TABLE 5 

TABLE O F  COAL RECOVERIES BY SEAM 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
24 

ZAW COAL 

C u .  Yards 

11,729,843 
4,433,269 

21,219,150 
1,137,984 
3,466,866 
2,925,002 
12,095,373 
9,394,329 
13,993,620 
3,217,380 
8,180,843 
8,572,156 
7,427,602 
6,758,961 
4,663,675 
5,768,707 
4,882,450 
1,505,420 
1,136,431 
473,009 
241,664 
39,081 

14,310,408 
5,408,588 
25,887,363 
1,388,340 
4,229,577 
3,568,503 

14,756,355 
11,461,081 
17,072,216 
3,925,204 
9,980,629 
10,458,030 
9,061,674 
8,245,933 
5,689,684 
7,037,823 
5,956,589 
1,836,613 
1,386,446 
577,071 
294,830 
47,679 

162,580,636 L33,262,815 

% Of 
Total 

Seam 
by 

8.81 
3.33 

15.93 
0.85 
2.60 
2.19 
9.08 
7.05 

10.51 
2.41 
6.14 
6.43 
5.57 
5.07 
3.50 
4.33 
3.66 
1.13 
0.85 
0.35 
0.18 
0.03 

L O O .  0 0  

RECOVERED TOTAL 

(R.o.M.) 

cu .  Yards 

874,796 
652,248 

1,834,398 
434,755 
933,822 
325,822 

1,355,167 
561,143 
763,660 
424,182 

1,092,870 
1,758,936 
1,529,028 
1,305,500 
1,801,921 
1,250 , 735 
1,788,293 
421,038 
351,333 
309,955 
161,548 
9,304 

.9,940,454 

C u .  Yards 

12,604,639 
5,085,517 
23,053,548 
1,572,739 
4,400,688 
3,250,824 
13,450,540 
9,955,472 
14,757,280 
3,641,562 
9,273,713 
10,331,092 
8,956,630 
8,064,461 
6,465,596 
7,019,442 
6,670,743 
1,926,458 
1,487,764 
782,964 
403,212 
48,385 

53,203,269 

VOLUME 
DILUTION 

-Y-- of 

R a w  

7.46 
14.71 
8.65 
38.20 
26.94 
11.14 
11.20 
5.97 
5.46 
13.18 
13.36 
20.52 
20.59 
19.32 
38.64 
21.68 
36.63 
27.97 
30.92 
65.53 
66.85 
23.81 - 
14.96: 

SG = 2.40 for dilution by weight 
+ S . T .  

40,315,610+202,896,246+ 24.80 

ROM 

6.94 
12,83 
7.96 
27.64 
21.22 
10.02 
10.08 
5.64 
5.17 
11.65 
11.78 
17.03 
17.07 
16.19 
27.87 
17.82 
26.81 
21.86 
23.61 
39.59 
40.07 
19.23 

13.02" 

19.87 
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GRINDABILITY 

The grindability of the coal should be a major indicator as 

to the size distribution of the plant feed. At Fording 
River it has been established that Hardgrove grindability 

index can range from 85-120 and the corresponding size 

range of plant feed is approximately as follows: 

- H.G. %-28 Mesh 
Index 

85 25 - 30% 

95 3 0  - 4 0 %  

105 4 0  - 50% 
120 - 6 0 %  

In actual practice, Fording's plant feed is very often 50% 
minus 28 mesh. Originally, some speculation as to the 

cause of the high fines blamed the mining technique. How- 

ever, Fording has attempted to improve the size distribu- 

tion by varying loading methods (i.e. using front end 

loaders and shovels instead of the dragline) with very 
little success. 
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GAMMA LOGS & VISUAL OBSERVATION OF CORES 

Several holes were logged for gamma and density. Interpre- 

tation of the coaly sections would normally be limited to a 

gamma of about 4 0 ,  therefore the seams would not be nearly 

as thick as those described. A s  an example, Exhibit 15 
would have 16 feet of coal in Seam 1113, 19.5 feet in 1 / 1 4 ,  

and 10 feet in Seam {Ill. The smaller coaly sections des- 
cribed would be called carbonaceous shales. Visual examina- 

tion of the cores support this interpretation. 

During a visit to the core shed at Blairmore, cores M70-20C 

showed all but 6(a) of Seam 116 group to be high ash coal 

and parting; M70-llC showed 8(b) to be poor coal; M70-24C 

showed the upper part of 19(a) as not acceptable; and Seam 

1/16 to be generally of poor quality. 
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WASHABILITY 

Since washability tests were only conducted on the coaly 

portions of the seams, they will not represent the actual 
conditions during operation. Western Canadian coal mining 

experience has indicated that the dilution associated with 

the plant feed has made what appeared to be good washabili- 

ties l o o k  poor. As a result several of the coal companies 
had to have their allowable product ash levels increased by 

about 1%. 

The following summary applies to the individual seams to 

be cleaned and should give some insight as t o  the washabil- 

ity. 

The seam is very thin and no information has been devel- 

oped. 

The seam ash is highly variable and has an extremely high 

grindability index, s o  that the washability tests are 

probably not at a11 indicative of the actual conditions 
which will be experiened during washing. Dilution is 

only expected to be 1 2 % ,  but the - + 0.1 specific gravity 
material is already 2 9 . 4 %  at 1.50 specific gravity, so 
in general, this seam will not be easy to clean. This 

seam should be cleaned in the two-stage H.M. cyclone cir- 

cuit. The ash content of the bulk sample tested was 14.0% 
whereas Seam # 2 N  has an ash content of 2 5 . 8 %  and the 
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histogram indicates the ash should be about 18% in Seam #2. 

This seam should be retested with the shale partings 
included. 

The raw ash content was reported to be in the 10% range 
in Exhibits 13 and 2 7 ,  yet the bulk sample ash was 16.3%. 
This may be a good indicator of the variability of the 
coal. The - + 0.1 specific gravity is reported to be 12.7% 
at 1.50 specific gravity, but is actually 15.4% for 
1.80 specific gravity float. Since the grindability index 
is once again very high, the washability will not repre- 
sent the actual washing conditions. The coal is, however, 
very good, so recoveries should be fairly high. The froth 
flotation yield on 18% ash fines is reported as 91%, but 
in actual practice yields of 80% for this quality of coal 
are more reasonable. 

Seam #4 

The raw ash content on this seam will be about 2 5 %  with 
very little dilution. The coal is fairly hard (grindabil- 
ity of 89) so excess fines content will not be a problem. 
The washability should be quite accurate, and the near 
gravity material is 18.2% (corrected for 1.80 specific 
gravity float) so this coal should be amenable to single 
stage heavy media cleaning. The coaly section, however, 
contains many partings which were not accounted for when 
calculating the dilution factor. Whether or not partings 
were excluded from the bulk samples should be verified. 



Seam i14a 

The raw coal characteristics on this seam are about the 

same as Seam # 4 .  A slightly better recovery should be 

expected because of the lesser amount of near gravity mat- 

erial. The elementary ash versus specific gravity is 

erratic indicating poor separation during the washability 

test. 

Seam 115 

No data is available, and dilution will be high s o  it 

probably is impractical to mine. 

Seam 116 

The raw coal will be about 2 0 %  ash, and an additional 

4 4 . 2 %  dilution is expected most of which will be grey 

shale. Since the coal is fairly hard and since the - + 0.1 
specific gravity material is 18%, it may be reasonable to 

assume that a 50-55% recovery and a product ash of 

9.5-10% can be achieved. Since the shaley material will 

not be excessively fine, a single stage H.M. washing may 

be adequate with perhaps a H . M .  bath to remove the coarse 

shales. The washability data is again not representative 

because o f  the high dilution anticipated. Visual inspec- 

tion o f  this seam in Hole 2 O C  indicates that only the 
uppermost seam of the Seam # 6  group was acceptable coal. 

Examination of additional cores must be made to determine 

whether H o l e  2 O C  is representative. 

Seam 117 

The Coal Science sample is very much higher in ash than 
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any of the previous samples, once again demonstrating the 

extreme variability of the coal. This seam also has a 

high grindability index (103) s o  an excessive amount of 

fines can be anticipated. Fortunately, the anticipated 

mining dilution is low s o  the washability may be fairly 

representative of actual washing conditions. The product 

ash will probably be 14-15% or higher at a recovery of 
50%. Because of the high fines content and extreme amount 

of near gravity material, this coal is suited to a two- 

stage heavy media cyclone circuit. 

Seam #8 

The raw ash (35%) and near gravity materal (19.5%) will 
yield a clean coal of 10-10.5% ash at a recovery of about 
55-60% in the coarse coal circuit, and somewhat higher in 
the fines circuit. Because of the fairly high dilution, 

and intermediate fines content, the coal could be cleaned 

in a two-stage H.M. circuit or a single-stage circuit 
depending on the feed ash. 

Seam #9 

The raw coal ash content should be about 25% with very 
little dilution. The washability data shows a high - +0.1 
specific gravity at 1.45 cut point; however, at 1.50 the 
near gravity material is 18%, s o  the coal will lend 

itself to a single-stage heavy media cleaning. Once 

again, the washability should be fairly accurate and the 

coal should clean very similarly to Seam 114. Recovery 

on this seam should be about 70% with an ash content of 
9 .O-9.5%. 



Seam 1/10 

The bulk sample analyses on Seam 1\10 are consistent and 
once again the washability should be fairly accurate. 

This seam would also blend well with 114, and / / 9  and 

should lend itself to a single-stage cleaning. The elem- 

entary ash versus specific gravity is low at about 1.70 
specific gravity in the washability tests. 

Seam 1/11 

This seam is a split of Seam 1/12 

Seam 1\12 

Although the bulk samples are consistent, the drill holes 

indicate that the coal quality varies considerably. The 

grindability is extremely high (132) indicating an exten- 
sive amount of fines will be generated during mining. 

Because of the variability of this seam, it should be 

cleaned with two-stage cyclones although there is not a 

great deal of near gravity material. The seam could be 

handled the same as Seam 118. The elementary ash was once 

again very erratic indicating poor testing. 

Seam 1/13 

Because of the many splits in the seam, the raw coal ash 

content could run as high as 4 0 % .  Coupled with the high 

fines content is a high near gravity material (28%) on 
the 1.80 specific gravity float, s o  a clean coal ash of 

less than 10% would be difficult to achieve. This coal 

very definitely should be cleaned in two-stage heavy 

media cyclones. 
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Seam # 1 4  

The coaly fraction's ash content is about 2 3 % ;  however, 
with the severe dilution anticipated the raw coal ash will 
be about 4 5 - 5 0 % .  Generally there does not appear to be 
an excess of near gravity material; however, the dilution 
cannot be accurately accounted for so it is likely that 
the coal should be cleaned in a two-stage system. 

Seam # 1 5  

Once again, the raw ash content of the seam is highly 
variable, but the coal fractions are exceptionally dirty. 
The yield will most likely be 50% and the product ash 
about 10%. This coal also should be cleaned in a two- 
stage cyclone because of the dilution and because of the 
2 0 %  near gravity material already in the coal. 

Seam # 1 6  

The average ash content of this seam cannot be determined 
until further test work is done compensating for dilution. 
If the dilution is really 6 3 . 3 %  (see Table 3 )  then the 
plant feed may b e  totally unacceptable. This seam is only 
drilled at 8,000 foot intervals to date. Dilution at 
Sta. 2 6 0  which is the best showing is 4 5 % .  Dilution at 
Sta. 2 6 0  and Sta. 3 4 0  can be improved substantially by 
mining only two splits. Sta. 180 cannot be improved. The 
present washability data does not apply; however, the coal 
may be cleaned in a single-stage cyclone if the diluting 
rock is fairly coarse. Most of the rock could then be 
removed in a H.M. bath. Since the coal has a low grinda- 
bility index, it will not produce a severe amount of fines. 
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Seam 1/17 

The average raw coal ash content of Seam 1/17 should be 
about 4 5 %  including dilution, and the coal should clean 

easily in a single-stage H.M. unit. There is almost n o  

near gravity material so dilution will not severely 

hamper recovery. Recovery should be about 50% with a 

product ash o f  less than 8%. 

Seam 1/18 

Seam #18 has a higher fines content, and a higher amount 
of dilution than Seam 1/17 so it t o o  could be cleaned in 

a single-stage unit. The near gravity material is low 

and the washability should be quite accurate. Recovery 

should be about 50% at 9% ash. 

This seam is split by four partings, s o  dilution will be 

extensive. The last two sections of the seam are very 

high in ash, and since the coal is very hard (low in 

fines), this seam may produce a fairly low ash product 

(less than 9%). It should also be amenable to single- 

stage cleaning, and a heavy media bath could have good 

application here. 

Conclusions 

Several of the seams have an excessive amount of near grav- 

ity material and should be cleaned in two-stage heavy media 
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c y c l o n e s .  O t h e r s  a r e  v e r y  l o w  i n  n e a r  g r a v i t y  m a t e r i a l  and  

s t i l l  o t h e r s  a r e  v e r y  h i g h  i n  f i n e s .  S i n c e  t h e  o v e r a l l  

p l a n t  f e e d  w i l l  b e  a b o u t  30 -35% a s h  a n d  v a r y  b e t w e e n  20 and  

45% a n d  s i n c e  t h e  r e q u i r e d  a n n u a l  p r o d u c t i o n  i s  f o u r  m i l l -  

i o n  s h o r t  t o n s  p e r  y e a r ,  i t  i s  f e a s i b l e  t o  s p l i t  t h e  p l a n t  

i n t o  p a r a l l e l  c i r c u i t s  w h i c h  w i l l  more  n e a r l y  m a t c h  t h e  

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

s p l i t  s h o u l d  b e  made as  o u t l i n e d  i n  t h e  f o l l o w i n g  t a b l e .  

The  f i n e  c o a l  s h o u l d  a l l  b e  h a n d l e d  a s  o u t l i n e d  i n  t h e  

p l a n t  d e s i g n  s e c t i o n .  

T A B L E  6 

PROPOSED PLANT F E E D  

"Hard"  C o a l  C i r c u i t  " S o f t "  C o a l  C i r c u i t  
(%)  ( % )  

Avg . T o t a l  Avg . T o t a l  
T h i c k -  D i l u -  R e s e r -  T h i c k -  D i l u -  R e s e r -  

Seam il n e s s  t i o n  ves  S e a m  il n e s s  t i o n  v e s  

i l 4 & 4 a  
ii 6 

ii 9 

i l l 0  

# 5 * 
#16*  

il 1 7 

ii 1 8 

ii 1 9 

2 8 '  1 4 . 1  
5 '  4 4 . 2  

1 6 '  9 . 8  

2 6 '  8 . 9  

3 '  6 2 . 6  

1 3 '  6 3 . 3  

1 5 '  3 5 . 5  

1 4  ' 6 0 . 0  

8 '  4 5 . 8  

1 5 . 9  

2 . 6  

7.1 

1 0 . 5  

0 . 9  

3 . 5  

4 . 3  

3 . 7  

1.1 

B 2 1 4  ' 1 2 . 2  8 . 8  

ii 3 6 '  2 4 . 1  3 . 3  

il 7 1 6 '  1 8 . 3  2 . 2  

il 8 * 2 6 '  1 8 . 4  9 . 1  

#12*  1 8  ' 2 1 . 9  6 . 1  

il 1 3 1 9 '  33 .6  6 . 4  

ii 1 5 1 5  ' 3 1 . 7  5 . 1  

#ll* 1 4 '  2 1 . 6  2 . 4  

il 2 0 7 '  5 0 . 7  0 . 9  

il 2 1 - 2 4 2 2 '  1 0 0 . 7  0 . 6  

W t ' d .  
T o t a l s  1 4 2 '  2 4 . 3  4 9 . 6  1 0 1 '  2 6 . 5  5 0 . 4  

* c o u l d  b e  c l e a n e d  i n  e i t h e r  c i r c u i t  a t  v a r i o u s  

t i m e s  
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The seams with a high amount of near gravity material also 

have a high grindability index. This leads one to wonder 

if the data on this coal is valid or if the data is a 

function of drill core recovery. Also, the washability of 

the 28x100 mesh fraction should be checked so that an effec- 

tive compound water cyclone circuit can be designed. 

For purposes of evaluating the sink float data, the elemen- 

tary ash versus specific gravity for each seam was plotted. 

(Figures 1, 2 and 3). If the results do not plot as a 

straight line, one can assume that the tests were in error. 

Because of the scatter over the 19 seams, the average 

results were used for design. These average results are 

almost a constant for all the Western Canadian coking coals, 

so it is reasonable to predict the washability of the fines 

fractions based on tests conducted over other properties. 

In order to design the plant, some assumptions about the 
coal must be made, s o  the average type of  coal in the 3/4" 

to 28 mesh range is assumed to be about the same as Seams 114 
#4a, # 9 ,  814 and 1\15 (33.7% of the reserves). Although 

these washabilities are biased to the poor side, they 

probably compensate for the increased near gravity material 

due to dilution. Also, the washability is corrected by 

adding 10% plus 1.90 specific gravity rock to the coal to 
come up with a 35% ash plant feed. The washability is then 

as follows: (Tables 7 and 8 ) .  
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TABLE 7 

314" x 28 Mesh Washability 

S . G .  ( X )  (%)  (%)  (%)  
Fraction WT . Ash. Cum.Wt. Cum. Ash. 

- 1.30 
1.30 - 1.35 
1.35 - 1.40 
1.40 - 1.45 
1.45 - 1.50 
1.50 - 1.60 
1.60 - 1.70 
1.70 - 1.80 
1.80 - 1.90 

+ 1.90 

25.2 
9.0 

16.5 
5.7 
2.9 
3.2 
1.3 
0.7 
0.9 
34.6 

2.7 25.2 

5.3 34.2 
9.5 50.7 

14.4 56.4 
19.0 59.3 
25.5 62.5 
34.5 63.8 
43.5 64.5 
53.0 65.4 
82.5 100.0 

2.7 
3.4 
5.4 
6.3 
6.9 
7.9 
8.4 
8.8 

9.4 
35.0 

In addition, the washability of the -28 mesh coal is neces- 
sary to predict the performance of the two-stage compound 
water cyclones. Since no such washabilities were carried 
out on this property, those of similar coals have been sub- 
stituted here. To produce a plant feed of 32.8% overall, 
the 35% fines fraction will have a 28.7% ash content. 

TABLE 8 

28 Mesh X 0 Washability 

S . G .  ( 2 )  ( % )  ( % )  ( % )  
Fraction WT. Ash. Cum.Wt. Cum.Ash. 

- 1.35 
1.35 - 1.40 
1.40 - 1.45 
1.45 - 1.50 
1.50 - 1.60 
1.60 - 1-70 
1.70 - 1.80 

+ 1.80 

44.7 
10.5 
6.2 
2.5 
4.8 
1.7 
1.1 

28.5 

4.3 
9.8 

15.0 
17.7 
26.5 
34.8 
43.1 
77.4 

44.7 
55.2 
61.4 
63.9 
68.7 
70.4 
71.5 

100.0 

4.3 
5.3 
6.3 
6.8 
8.2 
8.8 
9.3 

28.7 
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PLANT CAPACITY 

In order to produce 4 . 0  million short tons per year of clean 
coal, the plant should be fed at a rate of 1 , 2 8 0  short tons 

per hour. This is almost double Fording River Coal's pres- 

ent plant feed rate for two million long tons per year 

production; however, the dilution at Fording is not nearly 

as extensive as it will be at Elk River. 

TABLE 9 

PREPARATION PLANT OPERATING PARAMETERS 

( 2 4  Hour, 7 DaylWeek Operation) 

Days /Y ear 

Scheduled Holidays 

Unscheduled Delays 

Unscheduled Weather Delays 

Total Days Available to Produce 

Average Plant Availability 

Days Operated 

Hours per Day 

3 6 5  days 

2 4  days 

10 days 

3 days 

3 2 8  days 

0 . 7 1  

2 3 2 . 5  days 

2 4  

Total Hours Operated/Year 5 , 5 8 0  Hrs. 

Tons Per Hour of Feed 

Total Tons of Feed per Year 

Plant Recovery 

1,280 tph. 

7 , 1 4 3 , 0 0 0  

0 . 5 5  

Total Short Tons per Year 4 , 0 0 0 , 0 0 0  

A single plant with a feed rate this high is very cumber- 
some and complex to operate. It is highly inflexible and 
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c a n n o t  h a n d l e  d r a s t i c  c h a n g e s  in f e e d  w i t h o u t  h a v i n g  

e x c e s s  c a p a c i t y  b u i l t  i n t o  e a c h  c i r c u i t .  A much e a s i e r  

t y p e  o f  p l a n t  t o  o p e r a t e  wou ld  b e  o n e  s p l i t  i n t o  two s e p -  

a r a t e  p a r a l l e l  p l a n t s  f o r  c o a r s e  c o a l ,  w i t h  a common f i n e s  

c i r c u i t .  One s i d e  o f  t h e  p l a n t  ( "Hard  c o a l  s e c t i o n )  w o u l d  

p r o c e s s  c o a l  w h i c h  was g e n e r a l l y  e a s i e r  to w a s h ,  and  w h i c h  

w i l l  c o n t a i n  c o a r s e r  c o a l  a n d  r o c k .  The o t h e r  s i d e  ( " S o f t "  

c o a l  s e c t i o n )  w i l l  c l e a n  t h e  e x t r e m e l y  f i n e ,  h i g h  n e a r  

g r a v i t y  t y p e  o f  c o a l .  The  p r o p o s e d  p l a n t  f e e d  s p l i t  w i l l  

b e  5 5 0  t p h .  t o  t h e  t w o - s t a g e  c l e a n i n g  c i r c u i t ,  a n d  750 t p h .  

to t h e  s i n g l e - s t a g e  c i r c u i t .  S i n c e  n o  a c c u r a t e  a l l o w a n c e  

c a n  b e  made f o r  m i n i n g  c o n d i t i o n s ,  t h e  p l a n t  f i n e s  c i r c u i t  

w i l l  b e  d e s i g n e d  f o r  50% m i n u s  2 8  m e s h ,  o r  650  t p h .  A l s o ,  

s i n c e  t h e  w a s h a b i l i t y  d a t a  f o r  t h e  m i n u s  2 8  mesh c o a l  h a s  

n o t  b e e n  d e v e l o p e d ,  i t  i s  as sumed  t h a t  t h e  c o a l  q u a l i t y  

w i l l  b e  h i g h l y  v a r i a b l e  ( j u s t  a s  t h e  c o a r s e  f r a c t i o n s  a r e )  

s o  t w o - s t a g e  compound w a t e r  c y c l o n e s  s h o u l d  b e  i n s t a l l e d  

to c l e a n  t h e  2 8  x 6 5  mesh  c o a l ,  and  f r o t h  f l o t a t i o n  for 

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

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

C a n a d i a n  c o a l s .  

S i z e  D i s t r i b u t i o n  

The  a n t i c i p a t e d  p l a n t  f e e d  s i z e  d i s t r i b u t i o n s  a r e  i n c l u d e d  

a s  F i g u r e  6 .  The  c o a r s e r  + 3 / 8 "  c o a l  s h o u l d  c l e a n  w e l l  i n  

a s t a t i c  h e a v y  m e d i a  b a t h  s u c h  a s  t h e  L i n k - B e l t  T e s k a  

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

w i l l  b e  r e j e c t e d .  The  s o f t e r  c o a l  s e a m s  w i l l  not p r o d u c e  

a s i g n i f i c a n t  amount  o f  + 3 / 8 "  c o a l  s o  t h e  o n l y  e f f e c t i v e  

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

c y c l o n e s .  S i n c e  t h e  amount  o f  n e a r  g r a v i t y  m a t e r i a l  i s  

o v e r  2 0 % ,  i t  w o u l d  b e  a d v a n t a g e o u s  t o  u s e  t w o - s t a g e s  

o p e r a t i n g  a t  0 . 1 0  s p e c i f i c  g r a v i t y  d i f f e r e n c e .  The  f e e d  
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s p l i t  s h o u l d  b e  s i m i l a r  t o  t h a t  shown i n  t h e  f o l l o w i n g  

t a b l e .  

B e c a u s e  o f  t h e  h i g h  and  v a r i a b l e  a m o u n t s  o f  d i l u t i o n ,  a 

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

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

m i g h t  v a r y  f r o m  4 0 - 8 0 %  c l e a n  c o a l .  

D e s i g n  T h r o u g h p u t  

The f o l l o w i n g  t a b l e  shows  t h e  d e s i g n  t h r o u g h p u t  t o  p r o -  

d u c e  f o u r  m i l l i o n  s h o r t  t o n s  o f  c l e a n  c o a l  p e r  y e a r .  
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TABLE 10 

DESIGN THROUGHPUT 

Unit Coal Size TPH Feed Max. Product Max. R e f u s e  

"HARD" COAL CIRCUIT 

H.M. Bath 4'x 3/8" 180 tph. 120 tph. 80 tph. 
H.M. 
Cyclones 3/8"x28M 4 2 0  tph. 330 tph. 210 tph. 

" S 0 F T " C 0 AL C I R C U IT 

Stage 1 H.M. 
Cyclone 
(1.50 S . G . )  2 "  x 28M 330 tph. 265 tph. 200 tph. 

Stage 2 H.M. 
Cyclone 2" x 28M 200 tph. 70 tph. 160 tph. 

COMBINED FINES CIRCUIT 

2 Stage 
Compound 
Water 
Cyclones 28M x 0 650 tph. 300 tph. 135 tph.* 

Froth 
Flotation 65M x 0 295 tph. 175 tph. 2 1 0  tph. 

*Second Stage 
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PRODUCT EVALUATION 

Since the dilution has some effect on the washability, and 

since the bulk samples do not always represent the plant 

feed for the entire seam, some reasonable assumptions have 

been made about the general characteristics of the plant 

feed, and the average washabilities used to design the 

plant. 

Figures 7 and 8 are plant performance curves for those 
washabilities. For purposes of design, it is assumed that 

the washability of the heavy media bath coal, and the coal 

being fed the H . M .  cyclones in the coarse coal section of 

the plant are the same. This will not in fact be true since 

most of the dilution will report to the bath. 

Further testing on the various coal seams should be conduc- 

ted with the final flowsheet in mind. In this report the 

performance curve for the two-stage compound water cyclones 

was derived for another coal deposit since no  washability 

data was available for the 2 8  mesh by 100 mesh fractions. 

This fraction constitutes a large portion of the total 

tonnage and should be thoroughly tested. In addition, 

the size consist of each fraction should be such that it 

more nearly approximates actual plant feed conditions. The 

bulk samples previously tested are considerably coarser 

than the actual plant feed will be. 

With these assumptions, the product should be as follows: 
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HEAVY MEDIA BATH 

FEED 150 tph, 4" x 3/8", 35% Ash 
PRODUCT 10.8% Ash, 0.10 probability error 

59% Recovery, 1.55 specific gravity 
REFUSE 69.8% Ash 

HEAVY MEDIA CYCLONES (coarse section) 

FEED 405 tph, 318" x 28 Mesh, 35% Ash 
PRODUCT 9.25% Ash, 0.06 probability error 

53.5% Recovery, 1.45 specific gravity 
REFUSE 64.6% Ash 

HEAVY MEDIA CYCLONES (fines section) 

FEED 275 tph, 2" x 28 Mesh, 35.0% Ash 
PRODUCT 10.1% Ash, 0.08 probability error 

52.5% Recovery, 1.45 specific gravity 
REFUSE 62.5% Ash 

COMPOUND WATER CYCLONES 

FEED 450 tph., 28 Mesh x 0, 28.7% Ash 
PRODUCT 11.4% Ash, 0.15 probability error 

37.5% Recovery*, 1.60 specific gravity 
REFUSE 60.8% Ash**, (21% reject)*** 

FROTH FLOTATION 

FEED 187 tph., 65 Mesh x 0, 28.1% Ash 

PRODUCT 11.5% Ash 
50% Recovery 

REFUSE 44.7% Ash 

*This is percent reporting to clean coal after the sieve bend screens 
**Refuse from second stage C.W. cyclone. 

***Balance of coal is froth flotation cell feed. 
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The combined product would then be as follows on 1,280 tph. 

of plant feed: 

TABLE 11 

Average Plant Feed & Product 

Feed Product Product 
TPH TPH ASH % 

Heavy Media Bath 150 88.5 10.8 

Coarse Heavy Media Cyclones 405 217 9.25 

Fine Heavy Media Cyclones 275 144 10.1 

Compound Water Cyclones 450 169 11.4 

Froth Flotation 93.5 11.5 
Total 1,280 712.0 10.4 

Plant recovery would be 55.6% at a product of 10.4% ash. 
With normal operating judgement error and less than perfect 

plant equipment performance, this ash could range to 11.0%. 

The probability errors chosen for this evaluation are con- 

servative since one might expect a heavy media cyclone 

circuit to operate to 0 . 0 4  error on Pennsylvania coals. 

In the coarse circuit, 0.06 was chosen for H.M. cyclones 
because of the high ash feed and severe amount of refuse. 

0.08 was used in the fine H.M. cyclone circuit because of 
the anticipated extensive amount of near gravity material 

and the flat nature of soft Western Canadian coals. The 

compound water cyclones may cut at lower specific gravi- 

ties; however, the nature of the coal is such that recover- 

ies would be reduced drastically with only small decreases 

in product ash. Also, if the size distribution of the 

28 x 100 mesh material becomes weighted to the finer sizes 

due to degradation in the pumps, the probable error may 

approach 0.20. 
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Froth flotation performance might be better; however, there 

is no  data available on flotation of 65M x 0 coal with a 
28% ash feed. 

Figure 9 shows the plant recovery and product ash as a 
function of plant feed ash. From this it becomes very 

apparent that the dilution should be minimized in order to 

produce a suitable product at acceptable recoveries. 

Tailings Facilities 

The plant will produce 1,055,000 tons of fine coal tail- 

ings annually which must be impounded behind a tailings 

dam. This material will be deposited as follows: 

SOLIDS VOLUME: 1,055,000 (3 2.0 S.G.* = 626,187 c.y. 
VOID VOLUME : (between solid particles) 

ICE VOLUME : (swell due to ice deposi- 

4 0 %  of total - - 417,458 C.Y. 

tion in winter) 

10% greater than normal = 105,000 c.y. 

172,300 c.y. - CONTINGENCY : 15% - 

TOTAL 1,320,945 c.y. 

Ice will form on the deposited tailings during the winter 

which is buried and does not thaw during the summer. Also 

a contingency volume of 15% should be added for variations 
in operating conditions, and decreased specific gravity 

of plant tailings. 

*This can be as low as 1 . 6 5  S.G. 






