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PREFACE 

The M i n i s t r y o f Mines and P e t r o l e u m R e s o u r c e s i s p l e a s e d t o have 
p l a y e d a n a c t i v e r o l e i n the s p o n s o r i n g o f t h i s R e c l a m a t i o n 
Symposium. 

We a r e p l e a s e d t o encourage b o t h a s t o n g m i n e r a l and c o a l 
development p o l i c y i 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 , and a 
c a p a b l e r e c l a m a t i o n program. 

I t i s a p a r t i c u l a r p l e a s u r e t o o b s e r v e t h a t communications a r e 
t a k i n g p l a c e between t h e i n d u s t r y and e n v i r o n m e n t a l g r o u p s . 

I n our o p i n i o n c o m m u n i c a t i o n i s the f i r s t s t e p i n o b t a i n i n g 
s o l u t i o n s i n a r e a s o f r e s o u r c e c o n c e r n . 

H onourable James R./'Chabot, 
M i n i s t e r , / 
M i n i s t r y o f Mines and P e t r o l e u m 
R e s o u r c e s . / s^\S 
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INTRODUCTION 

The Vernon R e c l a m a t i o n Symposium was s p o n s o r e d by t h e R e c l a m a t i o n and T e c h n i c a l 
R e s e a r c h Committee w h i c h f u n c t i o n s under t h e a u s p i c e s o f t h e M i n i s t r y o f M i n e s 
and P e t r o l e u m R e s o u r c e s and t h e M i n i n g A s s o c i a t i o n o f B r i t i s h C o l u m b i a . 

The purpose o f t h e symposium was t h e f u r t h e r a n c e o f c o m m u n i c a t i o n and d e v e l o p ­
ment o f knowledge among t h o s e c o n c e r n e d w i t h mine r e c l a m a t i o n . 

The '77 symposium was d i v i d e d i n t o f o u r s e s s i o n s , w h i c h were o r i e n t e d t o : 
The Company s i d e , E x p l o r a t i o n and I n s p e c t i o n , R e s e a r c h , and Impact on R e s o u r c e s 
and Uses. 

A 'round t a b l e 1 workshop s e s s i o n f o l l o w e d each s e r i e s o f l e c t u r e s . F i n d i n g s 
w h i c h a c h i e v e d consensus a t t h e i n d i v i d u a l t a b l e s were r e a d a t t h e c o n c l u s i o n 
of e a c h s e s s i o n and have been summarized i n t h e s e p r o c e e d i n g s . I n s u m m a r i z i n g 
t h e f i n d i n g s o f t h e workshops, t h o s e f i n d i n g s a p p e a r i n g most o f t e n have been 
l i s t e d f i r s t . 

Near t h e b e g i n n i n g o f t h e c o n f e r e n c e a l l p a r t i c i p a n t s were a s k e d t o submit 
t h e i r d e f i n i t i o n s o f r e c l a m a t i o n and t h e s e a r e summarized i n t h e s e p r o c e e d i n g s . 
D u r i n g the f i n a l workshop s e s s i o n , p a r t i c i p a n t s were a s k e d t o comment on 
t h i s symposium and t o recommend ways t o improve f u t u r e symposiums. 

The o p p o r t u n i t y was t a k e n a t t h e Banquet t o p r e s e n t t h e f i r s t a n n u a l Mine 
R e c l a m a t i o n Award. T h i s award was p r e s e n t e d t o K a i s e r R e s o u r c e s L t d . and 
a C i t a t i o n went t o P l a c i d O i l L t d . 
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OPENING REMARKS 3Y CHAIRMAN 

J.D. McDonald 

I would Like t o welcome a l l the del e g a t e s t o t h i s Reclamation Symposium. I t 
i s g r a t i f y i n g t o see the l a r g e t u r n out of r e p r e s e n t a t i v e s of i n d u s t r y , govern­
ment, u n i v e r s i t i e s , c o n s u l t a n t s and other a l l i e d f i e l d s . I would L i k e t o welcome 
the l a r g e c o n t i n g e n t of students who a r e a s s i s t i n g us i n che p r e s e n t a t i o n of 
t h i s symposium. 

The f o u r .sessions w i l l d e a l w i t h d i f f e r e n t a s p e c t s of r e c l a m a t i o n and the study 
groups a f t e r the p r e s e n t a t i o n of the papers w i l l g i v e an o p p o r t u n i t y t o develop 
a d i a l o g u e between i n d u s t r y , v a r i o u s government a g e n c i e s , academics, and c o n s u l t a n t s . 
Communication i s e s s e n t i a l i n d e v e l o p i n g t e c h n i q u e s , r e s e a r c h , g u i d e l i n e s re­
l a t i n g co r e c l a m a t i o n and i t i s hoped iihat t h i s symposium w i l l make c o n s i d e r a b l e 
progress i n c h i s f i e l d . 

T h i s i s the f i r s t symposium developed by the T e c h n i c a l Research Comnittee on 
Reclamation and i t i s hoped th a t t h i s w i l l be an annual event. F u t u r e symposiums 
w i l l have t o r e l a t e t o d i f f e r e n t phases of r e c l a m a t i o n i n order t o a v o i d being 
r e p e t i t i v e . 

As Chairman, I would Like t o thank a l l those people on the committee, and 
e s p e c i a l l y Murray G a l b r a i t h f o r t h e i r c o n t r i b u t i o n i n making t h i s symposium 
a success. 



5 

RECLAMATION DEFINITIONS 

One hundred and s i x t e e n d e f i n i t i o n s of r e c l a m a t i o n were submitted and one 
hundred and f i v e were s e r i o u s r e p l i e s . The d e f i n i t i o n s f e l l i n t o t he f o l l o w i n g 
g e n e r a l c a t e g o r i e s : 

The most common concept of r e c l a m a t i o n concerns the r e t u r n of d i s t u r b e d l a n d 
to a u s e f u l s t a t e . T h i r t y - t w o of the d e f i n i t i o n s mentioned t h i s w i t h most 
r e f e r r i n g t o pre-determined Land use o b j e c t i v e s . 

"Reclamation i s the development of d i s t u r b e d Land 
t o a s t H t e which i s s u b s t a n t i a l l y i n keeping w i t h 
pre-planned, a c c e p t a b l e s i t e - s p e c i f i c l a n d use." 

The second most common d e f i n i t i o n f o l l o w e d the theme of r e t u r n i n g the l a n d 
t o i c s n a t u r a l s t a t e . Twenty-seven of the d e f i n i t i o n s i n c l u d e d t h i s idea w i t h 
r e f e r e n c e t o e i t h e r the o r i g i n a l s t a t e of the l a n d or the s t a t e of the ad j a c e n t 
u n d i s t u r b e d l a n d . 

"Reclamation i s r e t u r n i n g a mining s i t e t o i t s 
n a t u r a l s t a t e u s i n g n a t i v e s p e c i e s of p l a n t s . " 

" R e c l a n a t i o n i s t o r e t u r n d i s t u r b e d Land t o a 
use and/or p r o d u c t i v i t y comparable t o adj a c e n t 
u n d i s t u r b e d Land." 

"Reclamation i s c o n t i n u a l p l a n n i n g and imple­
m e ntation of c u r r e n t t e chnology i n r e s t o r i n g 
an area d i s t u r b e d by mans a c t i v i t i e s t o a 
n a t u r a l s t a t e t h a t e x i s t e d p r i o r t o h i s i n v o l v e ­
ment i n the a r e a . " 

The t h i r d most common theme was the idea of r e t u r n i n g r.he d i s t u r b e d area t o a 
la n d use t h a t was a c c e p t a b l e t o the p u b l i c . Fourteen of the d e f i n i t i o n s 
i n c l u d e d t h i s i d e a . 

"Reclamation i s t o r e s t o r e the environmental 
a s p e c t s ( l a n d , a i r , water, e t c . ) t o an optimum 
l e v e l of s u i t a b i l i t y f o r use by manlcind." 

"Reclamation i s the r e s t o r a t i o n of the e c o l o g i c a l 
balance of an area t h a t has been or i s being 
e x p l o i t e d ( f o r m i n e r a l , t i m b e r , e t c . ) so as t o 
r e s t o r e the s i t e t o an equal or b e t t e r v a l u e 
t o the community a e s t h e t i c a l l y and e c o n o m i c a l l y . " 
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Another theme, which was found i n e l e v e n of the d e f i n i t i o n s , was the idea 
t h a t the d i s t u r b e d area must be r e t u r n e d t o a s t a t e where the v e g e t a t i o n 
was s e l f - s u s t a i n i n g . 

"Reclamation i s the r e s t o r a t i o n of land and water 
resources p r e f e r a b l y co a s e l f - s u s t a i n i n g s t a t e 
f o r purposes of m i t i g a t i n g u n n a t u r a l d i s t u r b a n c e s . " 

"Reclamation i s the r e s t o r a t i o n of d i s t u r b e d l a n d 
t o a s e l f - s u s t a i n i n g s t a t e t h a t approximated the 
o r i g i n a l c o n d i t i o n s u n l e s s a b e t t e r or more pro 
d u c t i v e use can be made of t h a t p a r t i c u l a r p i e c e 
of l a n d . " 

Ten of the d e f i n i t i o n s s a i d t h a t the d i s t u r b e d area must be r e t u r n e d t o a 
s t a t e where other l a n d use o p t i o n s a r e a v a i l a b l e . 

"Reclamation i s the r e s t o r a t i o n of a d i s t u r b e d 
area t o a l e v e l , such t h a t f u r t h e r l a n d use i s 
not impeded s e r i o u s l y . " 

"Reclamation i s the r e s t o r a t i o n of a d i s t u r b e d 
area t o a n o n - i n j u r i o u s s t a t e . " 

F i v e of the d e f i n i t i o n s s a i d t h a t the d i s t u r b e d area must be m i t i g a t e d but 
w i t h the economics c l e a r l y i n mind. 

"Reclamation i s the r e t u r n of d i s t u r b e d lands t o 
t h e i r p r e v i o u s s t a t e , or t o some p r e v i o u s l y agreed 
land use or form w i t h i n the economics of the 
p r o j e c t and common sense." 

"Reclamation i s the r e t u r n i n g of d i s t u r b e d land t o 
a u s e f u l c o n d i t i o n a t a reas o n a b l e c o s t . " 

F i v e of the d e f i n i t i o n s s a i d t h a t the d i s t u r b e d area should be m i t i g a t e d t o 
the p o i n t where nature can take over. 

" R e - c r e a t i o n of s o i l and contour t o a s t a b l e s t a t e 
where n a t u r a l s u c c e s s i o n of v e g e t a t i o n can occur. 
The area r e c l a i m e d s h o u l d be capable of su p p o r t ­
i n g c l i m a x f l o r a and fauna a p p r o p r i a t e t o the s i t e . " 
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F i v e of the d e f i n i t i o n s made r e f e r e n c e t o e r o s i o n c o n t r o l . 

"Reclamation i s i n the broad sense r e t u r n i n g the 
la n d t o some l a n d use ( w i l d e r n e s s , a g r i c u l t u r e , 
w i l d l i f e h a b i t a t , e t c . ) so t h a t m i n i n g becomes 
a s h o r t term use. E r o s i o n c o n t r o l and s l o p e 
s t a b i l i t y a re immediate concerns so t h a t o t h e r 
h a b i t a t s a r e not a f f e c t e d a d v e r s e l y . " 

Some o f the d e f i n i t i o n s s a i d t h a t p r e - p l a n n i n g i s an e s s e n t i a l 
p a r t of r e c l a m a t i o n . 

"Reclamation i s the p l a n n i n g and e x e c u t i o n o f a 
program t o develop d i s t u r b e d l a n d t o a s t a t e 
which i s s u b s t a n t i a l l y i n keeping w i t h pre-planned 
a c c e p t a b l e s i t e - s p e c i f i c l a n d use." 

The two phrases "by p r a c t i c a l means" and "common sense" were 
found i n many o f the d e f i n i t i o n s . The concept of " l a n d use 
o b j e c t i v e s " was a l s o h i g h l y p r e v a l e n t . Many o f the d e f i n i t i o n s 
used "mining a r e a s " o r " s i t e s " w h i l e o t h e r s used the g e n e r a l 
term " d i s t u r b e d l a n d " . I n a coup l e i t r e f e r r e d s p e c i f i c a l l y 
t o " l a n d d i s t u r b e d by man". 
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THE COMPANY SIDE 

Chairman - L . J . Cherene, K a i s e r Resources L t d . 
Wednesday, March 16, 1977 

A f t e r n o o n S e s s i o n 
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RECLAMATION PROBLEMS AT HIGH ELEVATIONS 

KAISER RESOURCES LTD. 
Sparwood B.C. 
A.W. M i l l i g a n 
R.J. Berdusco 

February 1, 1977 
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RECLAMATION PROBLEMS AT HIGH ELEVATIONS 

ABSTRACT 

K a i s e r Resources L i m i t e d operates a 4 m i l l i o n t o n per 
year s u r f a c e c o a l mine i n the s o u t h e a s t e r n corner of 
B r i t i s h Columbia. 

Since 1969, K a i s e r ' s Environmental S e r v i c e s Department 
has been r e s p o n s i b l e f o r the r e h a b i l i t a t i o n of some 
1400 a c r e s of l a n d d i s t u r b e d by mining and e x p l o r a t i o n 
from v a l l e y bottom e l e v a t i o n s of 3300 f e e t t o steep 
mountain t e r r a i n a t 6900 f e e t e l e v a t i o n . 

Some of the r e c l a m a t i o n problems encountered, e s p e c i a l l y 
a t e l e v a t i o n s above 5000 f e e t , a r e very steep s l o p e s , 
dark, h i g h l y e r o d i b l e s p o i l s and the a v a i l a b i l i t y of 
s u i t a b l e r e v e g e t a t i o n s p e c i e s . 

The use of m o d i f i e d a g r i c u l t u r a l and f o r e s t r y t echniques 
has p r o v i d e d an encouraging degree of success i n both 
e s t a b l i s h m e n t and maintenance of i n i t i a l ground cover. 
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L o c a t i o n and H i s t o r y 

I n 1968 K a i s e r Resources L t d . announced i t s i n t e n t i o n t o develop e x t e n s i v e 
c o a l d e p o s i t s i n the southeast corner of B r i t i s h Columbia. The p u b l i c 
r e a c t i o n t o t h i s announcement, because of the f e a r of w i l d e r n e s s d e s t r u c t i o n , 
was r e s p o n s i b l e f o r the f o r m u l a t i o n of p r o v i n c i a l r e g u l a t i o n s c o n t r o l l i n g 
r e c l a m a t i o n , s p e c i f i c a l l y S e c t i o n 8 of the Coal Mines R e g u l a t i o n A c t and 
S e c t i o n 11 of the Mines R e g u l a t i o n A c t . I n i t i a l l y t h i s a p p l i e d , i n the case 
of c o a l , o n l y t o open p i t d i s t u r b a n c e s , but was l a t e r amended t o i n c l u d e 
d i s t u r b a n c e s by e x p l o r a t i o n and underground mines. 

At the present time f i r m r e g u l a t i o n s have not been e s t a b l i s h e d as t o what 
c o n s t i t u t e s an a c c e p t a b l e l e v e l of r e c l a m a t i o n . T h i s i s due t o the wide 
range of c l i m a t e and topography w i t h i n the p r o v i n c e which c r e a t e s i t u a t i o n s 
t h a t are not e a s i l y d e f i n e d w i t h i n one s e t of r e g u l a t i o n s . Thus each o p e r a t o r 
has t o determine and develop on a s i t e s p e c i f i c b a s i s the r e c l a m a t i o n programme 
which w i l l p r o v i d e the most s u c c e s s f u l r e s u l t s . 

The p r o p e r t y owned by K a i s e r Resources L t d . c o n s i s t s of two s e p a r a t e a r e a s , 
the l a r g e r being i n the Crows Nest Coal F i e l d and the second p a r t of the 
E l k R i v e r Coal F i e l d . The Crows Nest F i e l d covers some t h i r t y (30) m i l e s i n 
l e n g t h and about twelve (12) m i l e s i n widuh near the c e n t r e of the b a s i n . T h i s 
f i e l d c o n t a i n s about twelve (12) mineable seams t h a t outcrop w i t h i n a 2,500 
f o o t s t r a t i g r a p h i c sequence p r i m a r i l y a l o n g the western s l o p e s of the Rocky 
Mountains. The second f i e l d , a p o r t i o n of the E l k R i v e r Coal F i e l d , i s 
a p p r o x i m a t e l y e i g h t (8) m i l e s i n l e n g t h and f o u r (4) m i l e s i n w i d t h , i t c o n t a i n s 
a p p r o x i m a t e l y seven (7) mineable seams t h a t outcrop w i t h i n 1,500 f o o t sequence 
of c o a l b e a r i n g measures. The c o a l measures i n both f i e l d s range i n t h i c k n e s s 
from f i v e (5) t o f i f t y (50) f e e t and v a r y i n e l e v a t i o n from 3,500 f e e t t o 
7,000 f e e t i n the Crows Nest F i e l d and from 4,500 f e e t t o 7,000 f e e t w i t h i n 
the E l k R i v e r Coal F i e l d . 

The overburden on both c o a l f i e l d s i s composed m a i n l y of sandstone and carbon­
aceous s h a l e w i t h some conglomerate and c a l c a r e o u s s h a l e s . The pH of t h i s 
m a t e r i a l ranges from 4.2 t o 7.8. The c o a l i t s e l f i s a low v o l a t i l e bituminous 
type w i t h a s u l p h u r content of 0.3 t o 0.4 per c e n t . 
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The r e c l a m a t i o n department was e s t a b l i s h e d i n 1969 and became f u l l y o p e r a t i o n a l 
i n the s p r i n g o f 1970. The development o f the programme has c o n t i n u e d s i n c e 
t h a t time and t o date 1,420 a c r e s o f d i s t u r b e d l a n d have been v e g e t a t e d . 
I n i t i a l l y the d i r e c t i o n o f the r e c l a m a t i o n programme was based on the Canada 
Land I n v e n t o r y , Land C a p a b i l i t y A n a l y s i s , however p r a c t i c a l e x p e r i e n c e has 
shown t h a t the b e s t approach t o r e c l a m a t i o n i s t o s t a r t a n a t u r a l s u c c e s s i o n 
at the primary l e v e l of grasses and shrubs r a t h e r than attempt t o r e p l a c e , 
f o r example a h i g h y i e l d f o r e s t w i t h s i m i l a r m a t e r i a l . The agronomic g r a s s e s 
used p r o v i d e not o n l y i n i t i a l ground cover but p r o v i d e a h i g h q u a l i t y f o r a g e 
t o r e p l a c e the f e e d i n g areas a l i e n a t e d by the ongoing mine o p e r a t i o n s . 

When K a i s e r Resources L t d . a c q u i r e d the p r o p e r t y i t was f o r t u n a t e , from a 
r e c l a m a t i o n v i e w p o i n t , t h a t s e v e r a l dormant mine s i t e s were a l s o a c q u i r e d . 
These areas were a v a i l a b l e f o r immediate r e c l a m a t i o n and i t was on these s i t e s 
t h a t t e c h n i q u e s and s p e c i e s were developed and s e l e c t e d . These s i t e s have 
proved more i n f o r m a t i v e over the y e a r s than would have a s e r i e s o f s m a l l e r 
t e s t p l o t s . A l l the problems of s l o p e , a s p e c t , and d i v e r s e s p o i l m a t e r i a l s 
can be e v a l u a t e d on one s i t e . I t was p o s s i b l e t o study on these areas t h e use 
by w i l d l i f e . T h i s l a s t b e i n g an important f a c t o r i n an a r e a where major w i l d ­
l i f e h a b i t a t i s b e i n g d i s t u r b e d . 

M i n i n g and E x p l o r a t i o n Methods 

M i n i n g 
P r e s e n t l y , a p p r o x i m a t e l y 80 per cent o f K a i s e r ' s c o a l p r o d u c t i o n i s d e r i v e d 
from s u r f a c e m i n i n g and 20 per cent from underground methods, predominantly 
h y d r a u l i c . A l though t h e r e i s some s u r f a c e d i s t u r b a n c e which r e q u i r e s r e c l a m a t i o n 
a s s o c i a t e d w i t h underground m i n i n g , the m a j o r i t y o f l a n d d i s t u r b a n c e i s a t t r i ­
buted t o s u r f a c e m i n i n g and e x p l o r a t i o n . These areas w i l l be the b a s i s o f 
d i s c u s s i o n i n t h i s r e p o r t . 
K a i s e r ' s p r e s e n t approach t o s u r f a c e m i n i n g i s a s h o v e l and t r u c k method. 
F i r s t the overburden i s d r i l l e d and b l a s t e d and then i t i s excavated by l a r g e 
s h o v e l s , loaded i n t o 200 t o n t r u c k s and h a u l e d t o dump s i t e s . A t the dump, 
the s p o i l m a t e r i a l i s d i s p o s e d o f i n benches or t e r r a c e s , each t e r r a c e wrapping 
around the s l o p e below the p r e c e d i n g one. Where f e a s i b l e , s p o i l i s b a c k f i l l e d 
i n t o dormant areas or n a t u r a l d e p r e s s i o n s . 
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As the overburden i s removed i n r o u g h l y 60 f o o t benches, the c o a l i s 
exposed. This i s then r i p p e d and pushed up f o r f r o n t end l o a d e r s which 
l o a d 100 t o n t r u c k s t h a t h a u l c o a l from the p i t s t o be processed. 

E x p l o r a t i o n 

U n t i l 1974, K a i s e r ' s c o a l e x p l o r a t i o n t e c h n i q u e s c l o s e l y resembled those 
used by most mining concerns. The g e n e r a l approach was e x t e n s i v e access 
r o a d c o n s t r u c t i o n f o l l o w e d by seam t r a c i n g , t r e n c h i n g and t e s t p i t and a d i t 
sampling. T h i s approach i s no l o n g e r used a t K a i s e r . 

S i n c e 1974, the e x p l o r a t i o n approach has changed t o one of access c o n s t r u c t i o n 
f o l l o w e d by d r i l l i n g and more i n t e n s i v e g e o l o g i c a l mapping. Seam t r a c i n g and 
t r e n c h i n g t e c h n i q u e s are no lo n g e r used. A d i t s are s t i l l d r i v e n but these 
are c a r e f u l l y l o c a t e d t o a v o i d s e d i m e n t a t i o n o f w a t e r c o u r s e s . A l s o a d i t waste, 
p r e v i o u s l y dumped a t the most convenient p l a c e , i s now s a l v a g e d f o r s a l e o r 
i s dumped i n t o n a t u r a l d e p r e s s i o n s and r e s l o p e d t o a l l o w r e v e g e t a t i o n . A l l 
access roads and secondary d r i l l s i t e roads are p l o t t e d on s e n s i t i v i t y maps 
and a l t e r e d t o minimize e n v i r o n m e n t a l damage. They are then f l a g g e d and 
i n s p e c t e d p r i o r t o c o n s t r u c t i o n . A l l roads t h a t encounter merchantable 
timber are prelogged b e f o r e f i n a l r o a d b u i l d i n g thus s a l v a g i n g the timber 
r e s o u r c e and e l i m i n a t i n g the f i r e hazards o f r o a d s i d e s l a s h . 

D e s c r i p t i o n o f the High E l e v a t i o n Ecotype 

The main m i n i n g and e x p l o r a t i o n areas f a l l w i t h i n a b i o g e o c l i m a t i c zone 
d e s c r i b e d by K r a j i n a (1965) as the Engelmann s p r u c e - A l p i n e f i r zone a t 
e l e v a t i o n s from 4,500 t o 7,000 f e e t . T r e e l e s s areas above 6,500 f e e t a r e 
d e s i g n a t e d as A l p i n e zone. 

For the purpose o f d i s c u s s i o n , the term " h i g h e l e v a t i o n " i n t h i s r e p o r t 
w i l l r e f e r t o the 5,500 t o 7,000 f o o t range o f the Engelmann s p r u c e - A l p i n e 
f i r zone. T h i s zone i s c h a r a c t e r i z e d by an o v e r s t o r y o f Engelmann sp r u c e , 
A l p i n e f i r , Lodgepole p i n e , A l p i n e l a r c h , and Whitebark p i n e f o r e s t s on 
west t o southeast a s p e c t s and, u s u a l l y , g r a s s - s h r u b communities on south 
and s outheast a s p e c t s . 
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T y p i c a l l y , the s l o p e s of t h i s zone a r e v e r y steep and the t e r r a i n rugged 
The " i n s i t u " s o i l s can be d e s c r i b e d as r e g o s o l i c , a c i d brown and brown 
wooded and u s u a l l y form a s h a l l o w mantle over bedrock or g l a c i a l t i l l of 
v a r y i n g depths. T y p i c a l l y the pH range i s from 5.2 t o 7.0. The c l i m a t e 
i s c o n t i n e n t a l c o l d , humid (Koppen), c h a r a c t e r i z e d by l o n g , c o l d w i n t e r s 
and s h o r t , c o o l , dry summers. 

D e s c r i p t i o n of Reclamation Problems 

The b i o g e o c l i m a t i c zone d e s c r i b e d i s plagued w i t h a host of r e c l a m a t i o n 
problems. These i n c l u d e the th r e e main areas of: s o i l , s l o p e and a s p e c t , 
and s p e c i e s . 

S o i l Problems 

A f t e r i n d u s t r i a l d i s t u r b a n c e , s o i l s i n t h i s zone undergo dramatic change i n 
chemical s t a t u s , c o l o r , and s t r u c t u r e , a l l of which f r u s t r a t e r e v e g e t a t i o n 
e f f o r t s . 

Chemical change i s a g e n e r a l r a i s i n g of pH t o the 6.5 t o 8.5 range accompanied 
by a lower n u t r i e n t l e v e l , e s p e c i a l l y i n a v a i l a b l e n i t r o g e n . These changes 
of course b r i n g the pH range beyond the d e s i r a b l e range f o r t r e e s p e c i e s and 
some other n a t i v e p l a n t s . 

One other change caused by d i s t u r b a n c e i s a c o l o r change. The i n c o r p o r a t i o n 
of dark marine s h a l e s and c o a l i n t o the d i s t u r b e d s o i l tends t o make i t much 
darker than the n a t i v e s o i l s . T h i s t r a i t decreases the albedo and hence 
i n c r e a s e s heat a b s o r p t i o n c a u s i n g m o s i t u r e l e v e l s , i n a s o i l t h a t a l r e a d y 
l a c k s m o i s t u r e , t o decrease. I n an environment where a v a i l a b l e m o i s t u r e i n 
the growing season i s so c r i t i c a l , c o l o r change can be a s i g n i f i c a n t f a c t o r 
l i m i t i n g r e v e g e t a t i o n of d e s i r a b l e s p e c i e s . 

F i n a l l y , and c e r t a i n l y not the l e a s t important change i n s o i l f o l l o w i n g 
d i s t u r b a n c e i n the Engelmann s p r u c e - A l p i n e f i r zone i s s t r u c t u r e . I n 
g e n e r a l terms, l a r g e d i s t u r b e d s i t e s such as overburden dumps or roads a r e 
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c h a r a c t e r i z e d by a r e d u c t i o n i n both o r g a n i c matter and f i n e p a r t i c l e s , m a i n l y 
due t o b u r y i n g . T h i s reduces m o i s t u r e r e t e n t i o n and decreases c a t i o n exchange 
c a p a c i t y of the growing medium. However, t h e r e a r e some advantages t o an 
exposed s o i l t hat i s co a r s e . T h i s s o i l i s w e l l d r a i n e d and i t s p o t e n t i a l 
f o r e r o s i o n i s s i g n i f i c a n t l y lower than an exposed s o i l w i t h h i g h f i n e s c o n t e n t . 
I t i s a l s o important t o note t h a t g r a v i t a t i o n a l s o r t i n g takes p l a c e i n dump 
c o n s t r u c t i o n , w i t h l a r g e r p a r t i c l e s forming a crude f i l t e r a t the toe of the 
dump. The f r i a b l e n a ture of the exposed s h a l e s a l s o a l l o w s s o i l b u i l d i n g t o 
proceed a t an a c c e l e r a t e d r a t e , e s p e c i a l l y when r e v e g e t a t i o n occurs con­
c u r r e n t l y . 

Slope and Aspect Problems 

Most d i s t u r b e d areas u s u a l l y end up, i n g e n e r a l terms, somewhat s t e e p e r than 
" i n s i t u " s o i l s . These steep s l o p e s present problems f o r r e g e n e r a t i o n be­
cause of s u r f a c e creep, e r o s i o n , and other r e l a t e d items. Dumping procedures 
and other p r a c t i c e s which d i s t u r b l a r g e areas of l a n d i n mountainous t e r r a i n 
g e n e r a l l y tend t o make slopes more uni f o r m , t h a t i s w i t h fewer m i c r o s i t e s and 
l e s s v a r i a t i o n i n a s p e c t . A l s o , d r a i n a g e p a t t e r n s tend t o be d i m i n i s h e d by 
f i l l i n g of g u l l e y s and low a r e a s . The s i g n i f i c a n c e of these phenomena i s 
th a t i s makes r e v e g e t a t i o n more d i f f i c u l t e s p e c i a l l y i f the f i n a l a s p e c t s 
l e f t a f t e r d i s t u r b a n c e a r e south or southwest f a c i n g . M a i n l y because of 
temperature and r e l a t e d m o i s t u r e s t r e s s , these a s p e c t s have been found t o be 
more d i f f i c u l t t o r e c l a i m . 

Species 

The new and markedly d i f f e r e n t edaphic and induced c l i m a t i c c o n d i t i o n s of 
the dump slo p e s have r e s u l t e d i n a new environment f o r l i f e . U n f o r t u n a t e l y , 
some of the new c o n d i t i o n s no lo n g e r s u i t the requirements of some of the 
pr e v i o u s u s e r s . For example, because of the i n c r e a s e d pH and lowered o r g a n i c 
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matter c o n t e n t , most n a t i v e t r e e s p e c i e s do not f a r e w e l l . Paper b i r c h and 
B l a c k cottonwood are two n o t a b l e e x c e p t i o n s . As f a r as n a t i v e shrubs a r e 
concerned, t h i s i s an area where gr e a t v o i d s e x i s t i n the i n f o r m a t i o n a v a i l ­
a b l e on requirement f o r growth and f o r seed s t r a t i f i c a t i o n and p r o p o g a t i o n 
methods. Much r e s e a r c h and e x p e r i m e n t a t i o n i s r e q u i r e d i n t h i s a r e a . 

The importance of u s i n g n a t i v e g r a s s e s and legumes has been emphasized and 
debated by many authors i n range and r e c l a m a t i o n r e s e a r c h . A l t h o u g h K a i s e r 
has and c o n t i n u e s t o use agronomic s p e c i e s of both g r a s s e s and legumes, 
r e c o g n i t i o n i s g i v e n t o the t h e o r y t h a t t h i s approach may not be the most 
s u i t a b l e i n the l o n g run. P r e s e n t l y , both n a t i v e grasses and legumes c o l l e c t e d 
over the past two years a r e b e i n g t e s t e d f o r v i a b i l i t y i n g e r m i n a t i o n and 
growth t e s t s . The use of n a t i v e s p e c i e s w i l l r e c e i v e g r e a t e r emphasis i n 
r e c l a m a t i o n work i n the years t o come, e s p e c i a l l y a t h i g h e r e l e v a t i o n s . 

R eclamation Methods 

M i n i n g 

The most important phase of any r e c l a m a t i o n programme must be s i t e p r e p a r a t i o n . 
The primary o b j e c t i v e of t h i s i s t o r e - e s t a b l i s h watershed v a l u e s on the d i s ­
t u r b e d s i t e s and a t the same time p r o v i d e f a v o u r a b l e c o n d i t i o n s f o r the 
e s t a b l i s h m e n t of v e g e t a t i o n . A t K a i s e r Resources L t d . the f i n a l d i s p o s i t i o n 
of s p o i l f o r r e c l a m a t i o n i s i n c l u d e d i n the o v e r a l l mine p l a n . Because of the 
n a t u r a l topography most s p o i l m a t e r i a l i s formed i n t o l a r g e dumps w i t h l o n g 
steep s l o p e s . Where t h i s m a t e r i a l i s m a i n l y f i n e s p o i l , a c o n t i n u a l creep 
of t h i s f i n e s u r f a c e m a t e r i a l prevents v e g e t a t i o n from becoming e s t a b l i s h e d . 
Experiments i n the e a r l y days of the programme i n d i c a t e d t h a t the maximum 
an g l e f o r s u c c e s s f u l r e v e g e t a t i o n on f i n e m a t e r i a l i s 28 degrees. I n K a i s e r ' s 
programme^ 26 degrees was the s l o p e a n g l e aimed a t s i n c e i t not o n l y r e s u l t e d 
i n b e t t e r s e e d l i n g e s t a b l i s h m e n t but f a c i l i t a t e d the subsequent o p e r a t i o n s 
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of seeding, harrowing, and f e r t i l i z i n g . The angle of 26 degrees was aimed at 
i n the s m a l l e r i n h e r i t e d p i t s where the p l a n was t o contour the s p o i l dumps 
i n t o the c o n f i g u r a t i o n of the su r r o u n d i n g landscape. On the dumps formed by 
the o p e r a t i n g mine t h i s procedure i s not f e a s i b l e due t o t o t h e i r s l o p e l e n g t h 
and massive s i z e . An o p e r a t i n g p r a c t i c e of forming dump t e r r a c e s i n a wrap 
around f a s h i o n as the mine i s lowered, g r e a t l y f a c i l i t a t e s the r e c l a m a t i o n 
plans f o r t h i s s i t e . The i n c o r p o r a t i o n of these dump roads as t e r r a c e s when 
r e s l o p i n g w i l l reduce s u r f a c e e r o s i o n and r e t a i n m o i s t u r e f o r e s t a b l i s h i n g 
v e g e t a t i o n . The f i r s t areas were r e s l o p e d u s i n g 26 degrees as a maximum 
sl o p e a n g l e . However, as the work progressed, i t was f e l t t h a t t h i s p a r t i c u l a : 
s p o i l m a t e r i a l c o u l d be l e f t a t a steeper a n g l e . T h i s p r o p o s a l was based on 
the f a c t that the m a t e r i a l under the dump was s o l i d , the s p o i l m a t e r i a l i t s e l f 
was coarse and r e l a t i v e l y f r e e of f i n e s . I t was f e l t t h a t the u n d e r l y i n g and 
dump m a t e r i a l would be s t a b l e and the coarse s u r f a c e m a t e r i a l would prevent 
s u r f a c e creep, thus the sl o p e a n g l e c o u l d be l e f t a t 30 degrees. 

A f t e r a year there was no s i g n of e r o s i o n and v e g e t a t i o n had e s t a b l i s h e d 
s u c c e s s f u l l y . O b v i o u s l y the steeper angle has t o be a f a c t o r of the s p o i l 
m a t e r i a l , but where p o s s i b l e t h i s r e p r e s e n t s a c o n s i d e r a b l e c o s t s a v i n g i n 
l e a v i n g s p o i l i n p l a c e . 

A f t e r r e s l o p i n g the s p o i l , the stan d a r d approach i s the sowing of seed and 
f e r t i l i z e r by hand u s i n g c y c l o n e seeders. T h i s i s then harrowed under the 
s u r f a c e u s i n g v e r y heavy duty harrows which a r e drawn a c r o s s the s l o p e . T h i s 
procedure serves a dual purpose, p r i m a r i l y c o v e r i n g the seed, and sec o n d l y 
the harrows and dozer c r o s s i n g the s l o p e c r e a t e a s e r i e s of s m a l l t e r r a c e s 
which a i d i n e r o s i o n c o n t r o l and c o n t a i n s u r f a c e water f o r use by v e g e t a t i o n . 

The grass s p e c i e s used a r e a l l agronomic and the mixt u r e of gras s e s i s the 
r e s u l t o f t e s t p l o t and annual v e g e t a t i o n assessments of r e c l a i m e d s i t e s over 
the l i f e of the programme. The aim i s t o cover the s p o i l w i t h v e g e t a t i o n as 
soon as p o s s i b l e t o reduce a r o s i o n , p r o v i d e o r g a n i c m a t e r i a l and t o p r o v i d e 
g r a z i n g f o r w i l d l i f e . I d e a l l y ^ through s u c c e s s i o n , n a t i v e s p e c i e s w i l l i n v a d e 
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these seeded a r e a s . Questions have been r a i s e d as t o t h e i r s u i t a b i l i t y over 
the long term. To date s t u d i e s c a r r i e d out on e a r l i e r r e c l a i m e d s i t e s a t 
lower e l e v a t i o n s up t o 5,500 f e e t i n d i c a t e t h a t once e s t a b l i s h e d agronomic 
s p e c i e s c o n t i n u e t o reproduce and i n f a c t ground cover and p l a n t biomass have 
been on the i n c r e a s e . At the h i g h e r e l e v a t i o n s i t may be n e c e s s a r y t o i n t r o ­
duce n a t i v e g r a s s e s t o p r o v i d e a s u i t a b l e v e g e t a t i o n on a c o n t i n u i n g b a s i s . 
I t may a l s o be n e c e s s a r y to i n c l u d e n a t i v e seeds w i t h the i n i t i a l s eeding. 

One o p t i m i s t i c note i s t h a t a t e s t p l o t e s t a b l i s h e d i n 1971 on Harmer a t an 
e l e v a t i o n of 6,900 f e e t has shown an i n c r e a s e i n c e r t a i n s p e c i e s over the 
l i f e o f the p l o t . 

On dark s p o i l the seeds r e q u i r e c o v e r i n g t o p r o t e c t them d u r i n g g e r m i n a t i o n 
and the methods t h a t have proved most s u c c e s s f u l a r e harrowing or p r o v i d i n g 
a wood f i b r e mulch u s i n g a hydroseeder. T h i s approach s t r e s s e s the v a l u e of 
an i n i t i a l cover of g r a s s e s . I t i s f e l t t h a t once t h i s cover has been a c h i e v e d 
then n a t i v e shrubs and t r e e s which have been grown from seed or c u t t i n g s i n 
the greenhouse and n u r s e r i e s can be p l a n t e d on s i t e . These s e e d l i n g s can be 
h e l d i n the n u r s e r i e s u n t i l they are of a s u i t a b l e s i z e t o be f i e l d p l a n t e d . 
To date a p p r o x i m a t e l y 350,000 t r e e s have been p l a n t e d on r e c l a i m e d s i t e s . 

The a p p l i c a t i o n of f e r t i l i z e r t o e s t a b l i s h e d v e g e t a t i o n has been on an annual 
b a s i s . No d e f i n i t e time l i m i t has been e s t a b l i s h e d as t o the number of years 
t h i s may be n e c e s s a r y u n t i l the v e g e t a t i o n becomes s e l f - s u s t a i n i n g . Too 
l i t t l e i s known about the use of added n u t r i e n t s . A b e t t e r u n d e r s t a n d i n g of 
the n u t r i e n t c y c l e o f these p l a n t communities w i l l a l l o w f o r a more e f f i c i e n t 
use of f e r t i l i z e r . To t h i s end a study was i n i t i a t e d t o f o l l o w the f l o w of 
n u t r i e n t s through the s o i l , p l a n t , and d e t r i t u s compartments of the n u t r i e n t 
c y c l e . A l s o being s t u d i e d a r e n u t r i e n t c y c l e s of a d j a c e n t n a t i v e g r a s s l a n d s 
t o compare the ' s t a b l e 1 communities w i t h the i n t r o d u c e d communities. 
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E x p l o r a t i o n 

S i n c e 1974, K a i s e r Resources L t d . has employed e x p l o r a t i o n t e c h n i q u e s t h a t 
d i f f e r g r e a t l y from the e x t e n s i v e l a n d and water d i s t u r b i n g p r a c t i c e s p r e ­
v i o u s l y used. Once techniques such as seam t r a c i n g and t r e n c h i n g were 
used almost e x c l u s i v e l y t o p r o v i d e g e o l o g i c a l i n f o r m a t i o n . The r e v i s e d 
t e c h n i q u e used a t K a i s e r e l i m i n a t e s t he need f o r t h i s and w i t h the use of 
d r i l l h o l e i n f o r m a t i o n and g e o l o g i c a l mapping, as w e l l as planned access roads 
and a d i t s , more g e o l o g i c a l i n f o r m a t i o n can be o b t a i n e d w i t h l e s s unnecessary 
d i s t u r b a n c e . P r i o r t o any e x p l o r a t i o n d i s t u r b a n c e t a k i n g p l a c e , a l l e x p l o r ­
a t i o n p r o p o s a l s a r e p l o t t e d on s e n s i t i v i t y maps and a e r i a l photographs. 
T h i s enables Environmental S e r v i c e s personnel t o e v a l u a t e the e f f e c t s of 
the proposed work and t o request a l t e r a t i o n or e l i m i n a t i o n o f u n d e s i r a b l e 
p r o p o s a l s . I n the f i e l d , a l l roads, d r i l l s i t e s , and a d i t s i t e s a r e f l a g g e d 
and i n s p e c t e d p r i o r t o c o n s t r u c t i o n . T h i s enables s i t e s p e c i f i c changes t o 
be made t o a v o i d s e n s i t i v e areas t h a t d i d not show up on the s e n s i t i v i t y 
maps or a e r i a l photographs. Once c o n s t r u c t i o n has been approved, e x p e r i e n c e d 
o p e r a t o r s , most of whom have attended a K a i s e r sponsored course on E n v i r o n ­
mental awareness and p r o t e c t i v e technique;, i n E x p l o r a t i o n , c a r r y out tne work. 
Whenever merchantable t i m b e r i s encountered, p r e - l o g g i n g of the road r i g h t -
of-way i s c a r r i e d out. Merchantable timber i s decked and l a t e r s o l d t o l o c a l 
m i l l s . T h i s technique a v o i d s c o s t l y and dangerous s l a s h abatement a t a l a t e r 
date and p r o v i d e s a monetary r e t u r n as w e l l as the u t i l i z a t i o n of a n a t u r a l 
r e s o u r c e . 

Apart from p r e - l o g g i n g , s u p e r v i s i o n and m o n i t o r i n g of proposed and on-going 
e x p l o r a t i o n , r e c l a m a t i o n o f past e x p l o r a t i o n work i s c a r r i e d out by K a i s e r ' s 
Environmental S e r v i c e s Department. Some of the work done i n c l u d e s s l a s h 
abatement u s i n g powersaws and a woodchipping machine, r i p p i n g and seeding 
of dormant roads, b a c k f i l l i n g of t r e n c h e s , seam t r a c e s , t e s t p i t s and a d i t s , 
and r e - e s t a b l i s h m e n t of wa t e r c o u r s e s . 
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C o n c l u s i o n s 

High e l e v a t i o n r e c l a m a t i o n i n the Engelmann s p r u c e - A l p i n e f i r zone appears 
t o be s u c c e s s f u l by p r e s e n t l y used tec h n i q u e s of r e s l o p i n g , s e e d i n g , 
p l a n t i n g , harrowing, and f e r t i l i z i n g . A l t h o u g h the g e n e r a l approach t o r e ­
s l o p i n g i s t o aim a t a maximum of 26 degrees, r e c e n t s m a l l s c a l e attempts 
a t 30 degrees have r e s u l t e d i n f a v o u r a b l e r e v e g e t a t i o n l e v e l s . 

N a t i v e t r e e s and shrubs have been used s u c c e s s f u l l y on r e c l a m a t i o n p r o j e c t s . 
However, some s i t e s a r e not s u i t a b l e f o r these p l a n t s because of changed 
s o i l c o n d i t i o n s . On such s i t e s , agronomic s p e c i e s of g r a s s and legumes a r e 
the o n l y s p e c i e s used. The use of n a t i v e s p e c i e s of g r a s s and legumes i s 
being i n v e s t i g a t e d a t K a i s e r . Present r e s e a r c h on the s u b j e c t i n g e n e r a l 
i n d i c a t e s t h a t i t may be n e c e s s a r y t o use n a t i v e s p e c i e s more e x t e n s i v e l y 
a t h i g h e l e v a t i o n s e i t h e r i n i n i t i a l s eeding or i n supplementary s e e d i n g s . 
T h i s i s expected t o ensure l o n g e v i t y of d e s i r a b l e s p e c i e s . 

The t e c h n i q u e s p r e s e n t l y b e i n g used i n the e x p l o r a t i o n - r e c l a m a t i o n s e c t i o n , 
t h a t i s p r e - p l a n n i n g of d i s t u r b a n c e s on s e n s i t i v i t y maps, m o n i t o r i n g and 
s u p e r v i s i o n of e x p l o r a t i o n work, r e s l o p i n g , t e r r a c i n g , r i p p i n g and s e e d i n g , 
and watercourse r e s t o r a t i o n a r e r e s u l t i n g i n a more o r d e r l y and l e s s damaging 
e x p l o r a t i o n program. Recent i n n o v a t i o n s w i d e l y used i n c l u d e the use of a 
woodchipping machine f o r s l a s h abatement, p r e - l o g g i n g of e x p l o r a t i o n r o a d s , 
t e r r a c i n g , and s a l v a g e of a d i t waste. 

Most fundamental t o the Reclamation program i n g e n e r a l i s p r e - p l a n n i n g . 
The e x p e r i e n c e a t K a i s e r i n d i c a t e s t h a t the most e f f e c t i v e and p r o d u c t i v e 
approach t o r e c l a m a t i o n i s w i t h r e s e a r c h programmes complementing the on­
going f i e l d programmes, not s u b s t i t u t i n g f o r them. 
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The I n t e r i o r Dry B e l t o f B r i t i s h Columbia's Southwest I n t e r i o r i s c h a r a c t e r ­
i z e d by the " r a i n shadow" e f f e c t which e x i s t s on the east s i d e of the Coast 
Range Mountains. I t i s a r e g i o n of l i m i t e d p r e c i p i t a t i o n , reduced c l o u d 
c o v e r , abundant sunshine and f r e q u e n t , s t r o n g , s u r f a c e winds. Summers tend 
t o be v e r y hot and d r y i n the lower v a l l e y s w i t h moderation a t the h i g h e r 
e l e v a t i o n s . Maximum summer temperatures i n excess of 100° F a h r e n h e i t a r e 
not uncommon i n the communities of A s h c r o f t and Spences B r i d g e . Annual 
p r e c i p i t a t i o n i n these communities v a r i e s between seven and t e n i n c h e s . 
N a t u r a l v e g e t a t i o n a l o n g the Thompson R i v e r a t these l o c a l i t i e s i s s p a r s e , 
c o n s i s t i n g of sage brush, j u n i p e r , and s m a l l c a c t u s , an assemblage t y p i c a l 
o f semi-desert c o n d i t i o n s . Benchlands above the r i v e r a r e d o t t e d w i t h 
Ponderosa p i n e . 

J u s t a few m i l e s t o the east l i e s the H i g h l a n d V a l l e y which g e o g r a p h i c a l l y 
occurs w i t h i n the I n t e r i o r P l a t e a u l a n d form a t e l e v a t i o n s r a n g i n g from 
3,000 f e e t t o 5,000 f e e t above sea l e v e l . T h i s i s a f o r e s t e d area of g e n t l y 
r o l l i n g h i l l s w i t h g r a s s y meadows along the v a l l e y f l o o r . P r e c i p i t a t i o n here 
ranges between 9 and 25 i n c h e s per y e a r , most of which occurs d u r i n g the 
w i n t e r months i n the form of snow. Summer temperatures here a r e moderate 
w i t h average maximum temperatures of 82° F a h r e n h e i t . Winters tend t o be 
l o n g and o c c a s i o n a l l y v e r y c o l d . Strong s o u t h w e s t e r l y winds a r e p r e v a l e n t 
d u r i n g the months of A p r i l through June. 

The v a l l e y borders two b i o g e o c l i m a t i c zones; the I n t e r i o r Douglas f i r zone of 
Douglas f i r , Ponderosa and Lodgepole p i n e ; and the Engelmann s p r u c e - s u b a l p i n e 
f i r zone. Lower s l o p e s of the d r i e r n o r t h s i d e of the v a l l e y a r e f o r e s t e d 
w i t h Ponderosa pine and Douglas f i r . Lodgepole pine a r e a l s o present 
depending upon the f i r e h i s t o r y of the a r e a . Higher up the n o r t h s i d e of 
the v a l l e y , the f o r e s t s a r e predominantly Lodgepole pine w i t h an Engelmann 
spruce component. N a t i v e p l a n t s p e c i e s other than those which have a l r e a d y 
been mentioned i n c l u d e dwarf j u n i p e r , w i l l o w , t r e m b l i n g aspen, sedge, 
p i n e g r a s s , bluebunch wheatgrass, b l u e g r a s s , soapberry, w i l d r o s e , w h i t e 
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hawkweed, l u p i n e , chickweed, t w i n f l o w e r , s t r a w b e r r y , timber m i l k v e t c h , and 
goldenrod, o n l y t o name a few. 

M i n i n g i s the predominant i n d u s t r y i n the H i g h l a n d V a l l e y and c u r r e n t l y 
employs i n excess of 1,000 persons d i r e c t l y . F o r e s t r y and c a t t l e r a n c h i n g 
a r e a l s o important i n d u s t r i e s i n the a r e a . The v a l l e y i s not a primary 
r e c r e a t i o n a l area but s e v e r a l s m a l l l a k e s i n the d i s t r i c t a r e v e r y popular 
w i t h t o u r i s t s and s p o r t s fishermen. 

M i n i n g i s not a newcomer t o the v a l l e y . Records i n d i c a t e the f i r s t s t a k i n g 
of copper c l a i m s a t the t u r n of the c e n t u r y i n an area t h a t i s now a p a r t 
of the Bethlehem Copper o p e r a t i o n . T h i s area saw l i m i t e d p r o d u c t i o n d u r i n g 
the years 1915-1917. However, mining as we know i t today, d i d not commence 
u n t i l 1962 when the present Bethlehem p l a n t came on stream. Since then the 
Lornex p r o p e r t y which i s s i t u a t e d on the o p p o s i t e s i d e o f the v a l l e y has 
a l s o been brought i n t o p r o d u c t i o n . 

W i t h the advent of l a r g e s c a l e open p i t m i n i n g , s e l e c t e d areas o f p r e v i o u s l y 
f o r e s t e d l a n d a r e being d i s t u r b e d i n order t o e x p l o i t the low grade copper 
d e p o s i t s . 

Current mine p r o d u c t i o n a t Bethlehem i s 30,000,000 tons of ore and waste per 
year. Most of t h i s m a t e r i a l i s waste and i s d e p o s i t e d on the waste dumps 
d u r i n g m i ning o p e r a t i o n s or i n the t a i l i n g s pond a f t e r p r o c e s s i n g and removal 
of copper i n the c o n c e n t r a t o r . The open p i t mines w i t h t h e i r a s s o c i a t e d 
waste dumps, p r e s e n t l y occupy 1,603 a c r e s i n c l u d i n g the p l a n t and t a i l i n g s 
d i s p o s a l a r e a . Development of a r e c l a m a t i o n program t h a t w i l l e v e n t u a l l y 
i n c l u d e a l l of t h i s d i s t u r b e d l a n d i s now i n p r o g r e s s . 

P r i o r t o the e s t a b l i s h m e n t of open p i t mining i n the v a l l e y , the predominant 
la n d use was t h a t of a w i l d l i f e h a b i t a t , w i t h the v a l l e y bottom b e i n g used f o r 
g r a z i n g domestic farm animals d u r i n g t he summer months. I n view of the past 
l a n d use and the poor s o i l c o n d i t i o n s which e x i s t on many of the d i s t u r b e d l a n d 
a r e a s , the r e c l a m a t i o n program a t Bethlehem has c o n c e n t r a t e d upon the s e l e c t i o n 
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and development of s e l f - p r o p a g a t i n g s p e c i e s of g r a s s and legume t h a t w i l l 
h e l p t o speed up the f o r m a t i o n of s o i l and, a t the same time, p r o v i d e a food 
source f o r w i l d or domestic u n g u l a t e s . Once these g r a s s e s and legumes become 
e s t a b l i s h e d , a n a t u r a l i n v a s i o n of n a t i v e shrubs and t r e e s i s a n t i c i p a t e d . 
T h i s would be supplemented w i t h a t r e e p l a n t i n g program i n c e r t a i n a r e a s . 

The Bethlehem mine and p l a n t s i t e a r e l o c a t e d on the n o r t h s i d e of the v a l l e y 
on a rounded summit a p p r o x i m a t e l y 1,500 f e e t above the v a l l e y f l o o r . Most of 
the l a n d areas which have been d i s t u r b e d face toward the west or southwest 
d i r e c t l y i n the path of the p r e v a i l i n g winds and the rays of the summer sun. 
Many s i t e s a l t h o u g h t e r r a c e d have i n t e r m e d i a t e s l o p e s approaching the n a t u r a l 
a n g l e of repose f o r the m a t e r i a l from which t h e y a r e c o n s t r u c t e d . Average 
annual p r e c i p i t a t i o n d u r i n g the time s i n c e r e c o r d k e e p i n g has been m a i n t a i n e d 
i s 13 i n c h e s , most of which occurs d u r i n g the w i n t e r months as p r e v i o u s l y 
mentioned. These f a c t o r s combined w i t h normal warm temperatures tend t o 
c r e a t e drought c o n d i t i o n s throughout the summer. 

D i s t u r b e d l a n d areas can be d i v i d e d i n t o t h r e e main groups: p l a n t and s e r v i c e 
a r e a s , i n c l u d i n g a c cess roads; open p i t s and mine waste dumps; and t a i l i n g s 
dams and ponds. 

The f i r s t of these groups presents fewer d i f f i c u l t i e s f o r r e c l a m a t i o n i n 
t h a t much of the o r i g i n a l t o p s o i l i s s t i l l i n p l a c e . Consequently, r e s e e d i n g 
can be done w i t h a minimum of s i t e p r e p a r a t i o n . I n some of the deeper e x c a ­
v a t i o n s , the t o p s o i l has been removed and the u n d e r l y i n g g l a c i a l t i l l exposed. 
T h i s m a t e r i a l , a l t h o u g h r e l a t i v e l y i n f e r t i l e and somewhat a l k a l i n e , can be 
s a t i s f a c t o r i l y r e c l a i m e d . The degree of success i n r e c l a i m i n g such a r e a s 
can be r e l a t e d t o the p h y s i c a l l o c a t i o n of the s i t e . S i t e s which have a 
n o r t h or e a s t e r l y aspect a r e s h e l t e r e d from the p r e v a i l i n g winds and d i r e c t 
s unshine. They g e n e r a l l y e x h i b i t b e t t e r m o i s t u r e c o n d i t i o n s and c o n s e q u e n t l y 
show evidence of more v i g o r o u s growth, whereas, the o p p o s i t e i s t r u e f o r 
s i t e s which have south or w e s t e r l y a s p e c t s . 
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R eclamation of exhausted open p i t s and t h e i r a s s o c i a t e d waste dumps pr e s e n t s 
a d i f f i c u l t problem a t Bethlehem. The Bethlehem o p e r a t i o n c o n s i s t s of f o u r 
s e p a r a t e mines or p i t s which w i l l have f i n a l w a l l s l o p e s v a r y i n g from 38 
to 50 degrees. F i n a l depths of these p i t s w i l l range between 400 and 1,000 f e e t . 
W a l l m a t e r i a l i s e s s e n t i a l l y f r e s h u n a l t e r e d bedrock. Three of these p i t s 
a r e p r e s e n t l y i n p r o d u c t i o n , the f o u r t h was exhausted i n 1976 and i s p r e s e n t l y 
being b a c k f i l l e d w i t h waste m a t e r i a l . The c l o s e p r o x i m i t y of t h i s exhausted 
p i t t o c u r r e n t p r o d u c t i o n areas has pr o v i d e d an economical waste d i s p o s a l s i t e 
and w i l l a l l o w dumping space f o r an e s t i m a t e d 50,000,000 tons of waste r o c k . 
R e c l a mation of the f i n a l s u r f a c e w i l l be e s s e n t i a l l y the same as t h a t r e q u i r e d 
f o r a waste dump. No d e f i n i t e plans have been f o r m u l a t e d as regards t o the 
r e c l a m a t i o n of the remaining p i t s upon t h e i r e x h a u s t i o n . However, c o n s i d e r a t i o n 
i s b eing g i v e n t o the p o s s i b i l i t y of t h e i r b e i n g used t o s t o r e t a i l i n g s from 
the c o n c e n t r a t o r . Should t h i s approach prove t o be p r a c t i c a l and meet w i t h 
the a p p r o v a l of the M i n i s t r y of Mines and the P o l l u t i o n C o n t r o l Branch, f i n a l 
r e c l a m a t i o n would be s i m i l a r t o t h a t of a t a i l i n g s pond. 

Wherever mining plans p e r m i t , waste dumps a r e c o n s t r u c t e d i n a t e r r a c e d f a s h i o n 
w i t h the berms p r o v i d i n g f u t u r e access f o r r e c l a m a t i o n p e r s o n n e l and equipment. 
U n f o r t u n a t e l y , t h i s i s not always p o s s i b l e because of space l i m i t a t i o n s and 
the mine c o n f i g u r a t i o n t h a t r e s u l t s from the ore bodies being l o c a t e d on the 
top o f a h i l l as opposed t o a s i d e h i l l or f l a t l o c a t i o n . 

M a t e r i a l c o m p o s i t i o n o f waste dumps i s v a r i a b l e and ranges from overburden 
and t o p s o i l t o f r e s h shot r o c k . The b l a s t e d rock i s n o r m a l l y coarse t e x t u r e d 
and c o n t a i n s o n l y a s m a l l percentage of f i n e s , o f t e n i n s u f f i c i e n t t o p r o v i d e 
an adequate seed bed. I t a l s o has poor m o i s t u r e r e t e n t i o n c h a r a c t e r i s t i c s . 
For t h i s r eason overburden and t o p s o i l removed d u r i n g mining o p e r a t i o n s a r e 
s t o c k p i l e d whenever p o s s i b l e f o r f u t u r e use i n r e s u r f a c i n g waste dumps which 
a r e l a c k i n g t o p s o i l . 

There are p r e s e n t l y two t a i l i n g s dams i n use a t Bethlehem, one has been c o n s t r u c t e d 
w i t h mine waste rock i n l i f t s s i m i l a r t o a waste dump. I t i s fa c e d on the 
downstream s i d e w i t h overburden removed d u r i n g mining o p e r a t i o n s and on the 
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upstream face w i t h c y c l o n e d t a i l i n g s sand. T h i s s t r u c t u r e i s a p p r o x i m a t e l y 
350 f e e t h i g h a t i t s deepest s e c t i o n and has an o v e r a l l l e n g t h i n excess of 
6,000 f e e t . The dam c o n t a i n s a p p r o x i m a t e l y 29,000,000 tons of waste r o c k . 
Near Bose Lake, a second s m a l l e r t a i l i n g s dam has been c o n s t r u c t e d from 
compacted g l a c i a l t i l l . I t has a maximum h e i g h t o f 100 f e e t and a l e n g t h 
of 2,000 f e e t . 

Reclamation of the t a i l i n g s pond beach upon the pond r e a c h i n g d e s i g n e l e v a t i o n 
s h o u l d be s t r a i g h t forward. The f i n a l beach s u r f a c e w i l l be almost f l a t 
p r o v i d i n g easy access t o an area t h a t can farmed w i t h c o n v e n t i o n a l a g r i c u l t u r a l 
equipment. U n t i l the t a i l i n g s beach becomes s t a b i l i z e d w i t h a grass-legume 
cover, the p r e v a i l i n g winds w i l l c o n t i n u e t o erode the beach s u r f a c e . P a r t ­
i c l e movement w i l l have ex t r e m e l y a b r a s i v e e f f e c t s upon e s t a b l i s h e d v e g e t a t i o n . 
To minimize wind e f f e c t s , a c o m b i n a t i o n of windbreaks and i r r i g a t i o n w i l l be 
used. E x p e r i m e n t a l work done on a one a c r e t e s t s i t e u s i n g t h i s approach has 
p r o v i d e d encouraging r e s u l t s . Snow f e n c i n g was used f o r the windbreak, however, 
a wind row of waste roc k or other s t a b l e m a t e r i a l would have p r o v i d e d the 
same e f f e c t . The p l a n t i n g of S i b e r i a n Pea p l a n t s and Caragana shrubs have 
a l s o been suggested f o r f u t u r e windbreaks. 

C o n v e n t i o n a l farming equipment i s used f o r grass seeding and f e r t i l i z e r 
s p r e a d i n g on a l l areas t h a t a r e a c c e s s i b l e . R e c e n t l y a f o u r wheel d r i v e 
t r a c t o r of 45-50 hp. r a t i n g was used w i t h a harrow f o r seed bed p r e p a r a t i o n . 
T h i s was f o l l o w e d by seeding w i t h a t r a c t o r mounted broadcast seeder and 
harrowing. R e s u l t s o b t a i n e d u s i n g t h i s equipment have been good and l e s s 
c o s t l y than a l t e r n a t i v e methods. Hydroseeding has been used e x t e n s i v e l y on 
those areas not a c c e s s i b l e w i t h c o n v e n t i o n a l farming equipment. T h i s method 
has proven s u c c e s s f u l p r o v i d i n g t h a t seeding i s done when m o i s t u r e c o n d i t i o n s 
a r e not too dry. Under dry c o n d i t i o n s , much of the seed i s blown away by the 
s t r o n g winds which frequent the d i s t r i c t . Our e x p e r i e n c e suggests t h a t 
hydroseeding j u s t a f t e r the disappearance of the l a s t w i n t e r snow g i v e s good 
r e s u l t s . Mulches a r e i n c l u d e d i n a l l h y d r a u l i c s l u r r i e s and c o n t r i b u t e t o 
the e f f e c t i v e n e s s of the hydroseeding a p p l i c a t i o n . At the present t i m e , a 
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s i l v a - f i b r e mulch i s used. S e v e r a l c h e m i c a l b i n d e r s have been i n v e s t i g a t e d 
but none has been used v e r y e x t e n s i v e l y . 

S i n c e the i n c e p t i o n of our r e c l a m a t i o n program s e v e r a l s p e c i e s of g r a s s 
and legume have been i n v e s t i g a t e d among which a r e the f o l l o w i n g : Nordan 
C r e s t e d Wheatgrass, Streambank Wheatgrass, Pubescent Wheatgrass, T a l l 
Wheatgrass, Smooth Brome Grass, S i b e r i a n Wheatgrass, Timothy, Kentucky 
B l u e g r a s s , Canada B l u e g r a s s , R u s s i a n W i l d Rye, P e r e n i a l Ryegrass, S a i n f o i n , 
White Blossom Sweet C l o v e r , Y e l l o w Blossom Sweet C l o v e r , Rambler A l f a l f a , 
T a l l Fescue, Creeping Red Fescue and Crown Vetch. 

S e v e r a l of these v a r i e t i e s have proven s u c c e s s f u l i n c l u d i n g Nordan C r e s t e d 
Wheatgrass, Streambank Wheatgrass, Pubescent Wheatgrass, White and Y e l l o w 
Blossom Sweet C l o v e r , T a l l Fescue and Hard Fescue. I n the meantime, a l l 
v a r i e t i e s under t e s t a r e reviewed p e r i o d i c a l l y . 

A r e c e n t hydroseeding a p p l i c a t i o n c o n s i s t e d of the f o l l o w i n g m i x t u r e : 
Nordan C r e s t e d Wheatgrass 30% 
Streambank Wheatgrass 30% 
T a l l Fescue 20% 
Creeping Red Fescue 10% 
Rambler A l f a l f a 10% 

T h i s m i x t u r e was a p p l i e d a t a r a t e of 50 pounds per a c r e a l o n g w i t h s i l v a -
f i b r e mulch a t a r a t e of 800 pounds per a c r e . A 13-10-10 f e r t i l i z e r was 
a p p l i e d a t 150 pounds per a c r e a t the same time. 

F e r t i l i z e r s a r e a p p l i e d i n v a r y i n g amounts a t a l l r e c l a m a t i o n s i t e s a t the 
time of i n i t i a l s e e d i ng. The type and amount of f e r t i l i z e r r e q u i r e d ( i f any) 
ar e determined by the requirements a t the s p e c i f i c s i t e under r e v i e w . Main­
tenance f e r t i l i z e r i s a p p l i e d whenever i t i s n e c e s s a r y . 

During the i n i t i a l y e a r s of our r e c l a m a t i o n program, s e v e r a l attempts were made 
at r e f o r e s t a t i o n . A p p r o x i m a t e l y 1,800 Lodgepole p i n e , Douglas f i r and Spruce 
s e e d l i n g s were p l a n t e d on v a r i o u s d i s t u r b e d s i t e s where l i t t l e or no s i t e p r e ­
p a r a t i o n had been done. Needless t o say, the r e s u l t s were not good. S i n c e 
these e a r l y t r i a l s , an a d d i t i o n a l 3,450 s e e d l i n g s o f mixed v a r i e t y have been 
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p l a n t e d a t a s i t e on which a good grass-legume cover was e s t a b l i s h e d p r i o r 
t o the t r e e p l a n t i n g . The r e s u l t s of t h i s p l a n t i n g a r e v e r y encouraging. 
On another s i t e where good grass-legume cover has been e s t a b l i s h e d t h e r e 
i s s u b s t a n t i a l evidence of n a t u r a l i n v a s i o n of w i l l o w and aspen s p e c i e s . 
T h i s would appear t o be the r o u t e t o go. 
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A f e l l o w " r e c l a m a t i o n i s t " , w i t h e x p e r i e n c e p r i m a r i l y i n c o a l mine r e c l a m a t i o n , 
r e c e n t l y commented t h a t r e v e g e t a t i o n of t a i l i n g s was l e s s of a c h a l l e n g e than 
c o a l mine waste because t a i l i n g s were r e l a t i v e l y u n i f o r m and l i m i t e d i n a r e a . 
I n terms of c e r t a i n f a c t o r s , such as p a r t i c l e s i z e and s l o p e c o n d i t i o n s , t h i s 
may be t r u e ; however, as I hope t o i l l u s t r a t e , t a i l i n g s and t a i l i n g s p r o p e r t i e s 
which i n f l u e n c e p l a n t l i f e can be e x t r e m e l y v a r i a b l e , and not o n l y among s i t e s 
but w i t h i n t a i l i n g s d e p o s i t s and w i t h time. Cognizance of t h i s f a c t i s an im­
p o r t a n t p r e r e q u i s i t e t o development of e f f e c t i v e and e f f i c i e n t t a i l i n g s revege­
t a t i o n programs and t o the f o r m u l a t i o n of r e a l i s t i c g u i d e l i n e s , standards or 
r e g u l a t i o n s f o r t a i l i n g s r e c l a m a t i o n . 

I n f o r m a t i o n t o i l l u s t r a t e v a r i a b i l i t y i n c l i m a t e , m i n e r a l o g y , c h e m i c a l and 
p h y s i c a l c h a r a c t e r i s t i c s , f a c t o r s l i m i t i n g p l a n t growth and i n c u l t u r a l t e c h ­
niques f o r m i t i g a t i n g growth l i m i t i n g f a c t o r s and e s t a b l i s h i n g v e g e t a t i o n on 
t a i l i n g s from Cominco mining p r o p e r t i e s at Benson Lake, P i n c h i Lake, Salmo, 
K i m b e r l e y , P i n e P o i n t and Y e l l o w k n i f e i s p r e s e n t e d . 

1. V a r i a b i l i t y i n T a i l i n g s C h a r a c t e r i s t i c s and F a c t o r s L i m i t i n g P l a n t Growth 

Cominco mining p r o p e r t i e s a r e d i s t r i b u t e d among s e v e r a l b i o g e o c l i m a t i c zones 
i n B r i t i s h Columbia and the Northwest T e r r i t o r i e s which r e p r e s e n t a wide range 
of c l i m a t i c c o n d i t i o n s which i n f l u e n c e p l a n t growth ( 1 , 2, 3) (Table 1 ) . 
Economic and gangue m i n e r a l s as w e l l as s i z e of the t a i l i n g s d e p o s i t v a r y 
among mining p r o p e r t i e s (Table 2 ) . At some p r o p e r t i e s , more than one type of 
t a i l i n g s e x i s t s . I n most d i s p o s a l s i t e s , p a r t i a l s e g r e g a t i o n or r e d i s t r i b u t i o n 
o f the v a r i o u s m i n e r a l and s i z e f r a c t i o n s occurs d u r i n g deposition., r e s u l t i n g 
i n a d e p o s i t w i t h v a r i a b l e c h e m i c a l and p h y s i c a l c h a r a c t e r i s t i c s b o t h over 
the s u r f a c e and w i t h depth. V a r i a t i o n i n t a i l i n g s c h a r a c t e r i s t i c s can develop 
over time as r e s u l t of m o d i f i c a t i o n s i n m i n i n g , m i l l i n g and d i s p o s a l t e c h n i q u e s 
and p h y s i c a l , c h e m i c a l and b i o l o g i c a l r e a c t i o n s which occur w i t h i n the t a i l i n g s 
d e p o s i t f o l l o w i n g exposure t o the atmosphere. The v a r i a t i o n i n t a i l i n g s 
p h y s i c a l and c h e m i c a l c h a r a c t e r i s t i c s , e v a l u a t e d t o a s s e s s the s u i t a b i l i t y of 
t a i l i n g s as growth media f o r p l a n t s , and more s p e c i f i c a l l y , t o i d e n t i f y 
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p o t e n t i a l growth l i m i t i n g f a c t o r s , i s demonstrated (Tables 3, 4, 5 ) . 
A v a i l a b l e s u p p l i e s of e s s e n t i a l p l a n t n u t r i e n t s , t a i l i n g r e a c t i o n , s a l t 
c o n c e n t r a t i o n s , t o t a l S, c a l c i u m carbonate e q u i v a l e n c e , c a t i o n exchange 
c a p a c i t y , p a r t i c l e s i z e d i s t r i b u t i o n , p a r t i c l e and bu l k d e n s i t y and a v a i l ­
a b l e m o i s t u r e h o l d i n g c a p a c i t y v a r y b o t h w i t h i n and among t a i l i n g s d e p o s i t s 
and w i t h time. The s p e c i f i c r e l a t i o n s h i p s between c e r t a i n t a i l i n g s p h y s i c a l 
and c h e m i c a l c h a r a c t e r i s t i c s as determined by a n a l y t i c a l t echniques and the 
p o t e n t i a l f o r s u s t a i n i n g p l a n t growth on t a i l i n g s a r e not w e l l d e f i n e d . 
However, by comparing t a i l i n g s v a l u e s w i t h those of s o i l w i t h known p l a n t 
growth p o t e n t i a l , a t l e a s t the n a t u r e , i f not the degree of s e v e r i t y , o f 
c e r t a i n growth l i m i t i n g f a c t o r s can be i d e n t i f i e d . 

Growth l i m i t i n g f a c t o r s a s s o c i a t e d w i t h Cominco t a i l i n g s i n c l u d e : d e f i c i e n c i e s 
of one or more e s s e n t i a l p l a n t n u t r i e n t s i n c l u d i n g N, P, K, Ca, Mg, B and 
p o s s i b l y o t h e r s ; extremes of a c i d i t y and p o s s i b l y a l k a l i n i t y ; e x c e s s i v e con­
c e n t r a t i o n s of s a l t s and, i n areas of l i m i t e d p r e c i p i t a t i o n , m o i s t u r e s t r e s s 
(Table 5 ) . Su r f a c e c r u s t i n g , f o r m a t i o n of hard, impermeable s t r a t a , movement 
of t a i l i n g s by wind a c t i o n and l i m i t e d pore volume a r e growth l i m i t i n g f a c t o r s 
observed d u r i n g s i t e i n s p e c t i o n . U s u a l l y more than one growth l i m i t i n g f a c t o r 
has been i d e n t i f i e d w i t h i n a s p e c i f i c t a i l i n g s d i s p o s a l a r e a . Some ca r e and 
c a u t i o n must be e x e r c i s e d when sampling t a i l i n g s and i n t e r p r e t i n g a n a l y t i c a l 
d a t a . Sampling s i t e s s hould be r e p r e s e n t a t i v e of the range of c o n d i t i o n s 
e x i s t i n g near the s u r f a c e and w i t h depth. Chemical and p h y s i c a l c h a r a c t e r i s t i c s 
of r e c e n t l y d e p o s i t e d t a i l i n g s c o n t a i n i n g r e a c t i v e s u l f i d e m i n e r a l s can change 
s u b s t a n t i a l l y w i t h i n a s h o r t time p e r i o d and may c o n t i n u e t o change f o r an 
i n d e t e r m i n a t e p e r i o d t o time. Under s e m i - a r i d c o n d i t i o n s , s a l t c o n c e n t r a t i o n s 
near the s u r f a c e of s a l i n e t a i l i n g s d e p o s i t s change d u r i n g the growth season, 
g e n e r a l l y i n c r e a s i n g d u r i n g p e r i o d s of low p r e c i p i t a t i o n and h i g h e v a p o r a t i o n . 

2. A m e l i o r a t i o n of Growth L i m i t i n g F a c t o r s A s s o c i a t e d With T a i l i n g s 

Improving t a i l i n g s as a growth medium f o r p l a n t s i s one of t h e f i r s t a l t e r ­
n a t i v e s c o n s i d e r e d i n d e v e l o p i n g a r e v e g e t a t i o n p l a n . Other a l t e r n a t i v e s 
i n c l u d e s e l e c t i o n of p l a n t s p e c i e s having t o l e r a n c e o f s p e c i f i c growth l i m i t i n g 
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f a c t o r s and c o v e r i n g the t a i l i n g s w i t h a more s u i t a b l e medium. E x p e r i m e n t i n g 
w i t h a l t e r n a t i v e t e c h n i q u e s f o r a m e l i o r a t i n g c h e m i c a l and p h y s i c a l c o n d i t i o n s 
which s e v e r e l y l i m i t p l a n t growth on t a i l i n g s i s a major part of Cominco's 
r e c l a m a t i o n program. However, i n most s i t u a t i o n s encountered t o date, s e l e c t i o n 
of s p e c i a l l y adapted p l a n t s p e c i e s i n c o m b i n a t i o n w i t h improvements t o the 
growth medium, e i t h e r by a d d i t i o n of amendments or by c o v e r i n g w i t h a l e s s 
t o x i c growth medium, may be r e q u i r e d f o r e f f e c t i v e and e f f i c i e n t r e c l a m a t i o n . 

2.1 D e f i c i e n c i e s of E s s e n t i a l P l a n t N u t r i e n t s 

P l a n t growth on t a i l i n g s i s s e v e r e l y l i m i t e d by d e f i c i e n c i e s o f one or more 
e s s e n t i a l p l a n t n u t r i e n t s . A l l Cominco t a i l i n g s e v a l u a t e d t o date have " p l a n t 
a v a i l a b l e " n i t r o g e n and phosphorus c o n c e n t r a t i o n s i n the " v e r y low" range 
(Table 3 ) . Growth room i n v e s t i g a t i o n s have confirmed t h a t a p p l i c a t i o n of 
both n i t r o g e n and phosphorus i s e s s e n t i a l f o r s a t i s f a c t o r y growth of g r a s s 
on t a i l i n g s . " A v a i l a b l e " potassium c o n c e n t r a t i o n s a r e g e n e r a l l y i n the " v e r y 
low t o low" range, however, e l i m i n a t i n g potassium from a n u t r i e n t mix a p p l i e d 
t o t a i l i n g s does not l i m i t g rass growth as s e v e r e l y as e l i m i n a t i n g n i t r o g e n 
or phosphorus. " A v a i l a b l e " magnesium c o n c e n t r a t i o n s range from " v e r y low" t o 
" v e r y h i g h " , however, as was observed w i t h potassium, p l a n t growth was not 
s e v e r e l y l i m i t e d when magnesium was not added t o t a i l i n g s . T a i l i n g s d e f i c i e n t 
i n magnesium a r e g e n e r a l l y a c i d i n r e a c t i o n . A p p l i c a t i o n of d o l o m i t e t o 
improve t a i l i n g s r e a c t i o n w i l l g e n e r a l l y p r o v i d e s u f f i c i e n t magnesium f o r 
p l a n t growth. 

I n c o n t r a s t t o t a i l i n g s , gypsum, a waste product of phosphoric a c i d manu­
f a c t u r e , c o n t a i n s " v e r y h i g h " c o n c e n t r a t i o n s of phosphorus and s a t i s f a c t o r y 
growth of grass and legume s p e c i e s was p o s s i b l e w i t h o u t a d d i t i o n of phosphorus. 
Grass growth on gypsum was, however, l i m i t e d by d e f i c i e n c i e s of n i t r o g e n , 
potassium and magnesium. A l f a l f a developed symptoms c h a r a c t e r i s t i c o f boron 
d e f i c i e n c y when growing on gypsum l i m e d w i t h d o l o m i t e . 

I n a d d i t i o n t o l i m i t i n g growth of a g r i c u l t u r a l s p e c i e s , n u t r i e n t d e f i c i e n c i e s 
r e s t r i c t n a t u r a l r e v e g e t a t i o n of n o n - t o x i c t a i l i n g s d e p o s i t s by n a t i v e p l a n t 
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s p e c i e s . A p p l i c a t i o n of a n u t r i e n t mix c o n t a i n i n g n i t r o g e n , phosphorus and 
potassium t o P i n c h i Lake t a i l i n g s i n i t i a t e d e s t a b l i s h m e n t o f n a t i v e herbaceous 
and woody p l a n t s p e c i e s w i t h i n the f e r t i l i z e d a r e a . S i m i l a r l y , n a t i v e g r a s s 
s p e c i e s have invaded f e r t i l i z e d e x p e r i m e n t a l areas on s l i g h t l y t o moderately 
s a l i n e Con t a i l i n g s i n which seeded s p e c i e s d i d not e s t a b l i s h or s u s t a i n 
growth. Growth of n a t i v e s p e c i e s was observed on t a i l i n g s s u p p l i e d by n u t r i e n t s 
r e l e a s e d by m i n e r a l i z a t i o n of p l a n t r e s i d u e s o r i g i n a t i n g from v e g e t a t i o n growing 
a d j a c e n t t o the t a i l i n g s d e p o s i t and from decaying t r e e s p a r t i a l l y submerged 
w i t h i n the t a i l i n g s d e p o s i t . 

Chemical f e r t i l i z e r s a r e a convenient source of p l a n t n u t r i e n t s f o r promoting 
growth on t a i l i n g s . Growth room and f i e l d i n v e s t i g a t i o n s have demonstrated 
t h a t e x c e l l e n t p l a n t growth can be e s t a b l i s h e d and s u s t a i n e d on n o n - t o x i c 
t a i l i n g s by a p p l y i n g f e r t i l i z e r s . However, s p e c i f i c i n f o r m a t i o n f o r p l a n n i n g 
e f f e c t i v e and e f f i c i e n t f e r t i l i z e r use i n t a i l i n g s r e v e g e t a t i o n programs i s 
l i m i t e d . Improperly planned f e r t i l i z e r programs can be c o s t l y i n terms o f 
w a s t e f u l use of an important l i m i t e d r e s o u r c e , unnecessary a p p l i c a t i o n s and 
i n c r e a s e d p o t e n t i a l f o r s u r f a c e and groundwater c o n t a m i n a t i o n . F e r t i l i z e r 
n i t r o g e n can be l o s t as r e s u l t of l e a c h i n g , v o l a t i l i z a t i o n and d e n i t r i f i c a t i o n . 
C a r e f u l c o n s i d e r a t i o n of n i t r o g e n source, r a t e , time and method of a p p l i c a t i o n 
can minimize l o s s e s . S i n c e t a i l i n g s a r e g e n e r a l l y c o a r s e t e x t u r e d , w i t h a 
ve r y low c a t i o n exchange c a p a c i t y , l e a c h i n g of potassium and magnesium f e r t ­
i l i z e r s from the r o o t zone i s p o s s i b l e . Phosphorus f e r t i l i z e r s r e a c t w i t h 
m i n e r a l c o n s t i t u e n t s of t a i l i n g s forming r e a c t i o n products of low water 
s o l u b i l i t y . F o l l o w i n g r e v e r s i o n , phosphorus i s r e l a t i v e l y immobile. E f f i c i e n c y 
of phosphorus use i s dependent, t h e r e f o r e , on s o l u b i l i t y of the r e a c t i o n pro­
duct and p o s i t i o n of the r e a c t i o n product r e l a t i v e t o a b s o r b i n g r o o t s . A t 
the Land Reclamation s h o r t course, h e l d a t U.B.C. i n March 1974, Dr. Beaton, 
C h i e f Agronomist a t Cominco, presented an e x c e l l e n t d i s c u s s i o n of s o i l - p l a n t 
n u t r i e n t r e l a t i o n s h i p s t o g e t h e r w i t h g e n e r a l comments on more e f f e c t i v e use of 
f e r t i l i z e r s i n mine and m i l l waste r e v e g e t a t i o n programs (Table 4 ) . Dr. Beaton's 
comments were based on many years of r e s e a r c h and e x p e r i e n c e w i t h f e r t i l i z e r 
use i n a g r i c u l t u r e . To improve e f f i c i e n c y o f f e r t i l i z e r use i n t a i l i n g s 
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r e v e g e t a t i o n programs, however, more r e s e a r c h i s r e q u i r e d t o improve 
f e r t i l i z e r recommendations and a p p l i c a t i o n t e c h n i q u e s . 

I n a d d i t i o n t o improving the e f f i c i e n c y of f e r t i l i z e r use, a l t e r n a t i v e sources 
of p l a n t n u t r i e n t s should be c o n s i d e r e d . A g r i c u l t u r a l and m u n i c i p a l o r g a n i c 
wastes, i f c o n v e n i e n t l y s i t u a t e d , have p o t e n t i a l as sources of p l a n t n u t r i e n t s , 
as w e l l as f o r improving p h y s i c a l p r o p e r t i e s such as i n f i l t r a t i o n and r e t e n t i o n 
of water. Care sh o u l d be taken not t o s e l e c t o r g a n i c r e s i d u e s w i t h C:N r a t i o s 
i n excess of 20 to 25:1. A d d i t i o n of s u b s t a n t i a l amounts of o r g a n i c r e s i d u e s 
w i t h wider C:N r a t i o s would l i k e l y induce or aggravate n i t r o g e n d e f i c i e n c y s i n c e 
a v a i l a b l e n i t r o g e n i n t a i l i n g s would be used by micro-organisms r e s p o n s i b l e f o r 
o r g a n i c matter breakdown. 

A d d i t i o n of p l a n t n u t r i e n t s can be reduced by e s t a b l i s h i n g p l a n t s p e c i e s w i t h 
the c a p a c i t y of s y m b i o t i c a s s o c i a t i o n s w i t h s o i l micro-organisms capable of 
a s s i m i l a t i n g a l t e r n a t e or l e s s a v a i l a b l e forms of a l i m i t i n g p l a n t n u t r i e n t . To 
i l l u s t r a t e , a s i g n i f i c a n t d e t e r i o r a t i o n i n g r a s s stands growing on t a i l i n g s 
o c c u r s when annual n i t r o g e n a p p l i c a t i o n s are d i s c o n t i n u e d . T h i s suggests a 
n e c e s s i t y f o r a maintenance n i t r o g e n program f o r an, as y e t , undetermined number 
of y e a r s to s u s t a i n s a t i s f a c t o r y growth of g r a s s e s . V e g e t a t i o n w i t h a 
s i g n i f i c a n t component of n i t r o g e n - f i x i n g s p e c i e s can, however, s u s t a i n s a t i s ­
f a c t o r y growth w i t h o u t maintenance n i t r o g e n . The use of n i t r o g e n - f i x i n g p l a n t 
s p e c i e s i s a l e s s c o s t l y a l t e r n a t i v e t o a maintenance n i t r o g e n program. 
S i m i l a r l y , the a v a i l a b i l i t y of r e s i d u a l o r g a n i c and i n o r g a n i c forms of 
phosphorus may be i n c r e a s e d by the s e l e c t i o n of p l a n t s p e c i e s capable of a 
s y m b i o t i c a s s o c i a t i o n w i t h m y c o r r h i z a l organisms. 

2.2 A c i d T a i l i n g s R e a c t i o n 
Normal growth of most p l a n t s p e c i e s i s s e v e r e l y l i m i t e d on s o i l w i t h a pH l e s s 
than 5. Very few s p e c i e s o f p l a n t s can s u r v i v e on s o i l w i t h a pH l e s s than 4. 
Weathered t a i l i n g s from Cominco's Benson Lake and S u l l i v a n p r o p e r t i e s have a 
pH i n the range of 2 t o 3.5. Development of an extreme a c i d r e a c t i o n i n 
t a i l i n g s i s g e n e r a l l y the r e s u l t of c h e m i c a l and b i o l o g i c a l o x i d a t i o n of i r o n 
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s u l f i d e m i n e r a l s , forms of which have been i d e n t i f i e d i n a l l Cominco t a i l i n g s 
m a t e r i a l s . An extreme a c i d r e a c t i o n can develop r e l a t i v e l y soon a f t e r 
d e p o s i t i o n and exposure t o the atmosphere. For example, f r e s h l y d e p o s i t e d 
s u l f i d e t a i l i n g s have a n e u t r a l t o s l i g h t l y a l k a l i n e r e a c t i o n , however, 
w i t h i n a matter o f a few months, extreme a c i d i t y may develop. The s e v e r i t y 
of the a c i d r e a c t i o n i s dependent, i n p a r t , on r e l a t i v e q u a n t i t i e s o f 
r e a c t i v e i r o n s u l f i d e m i n e r a l s and m i n e r a l s capable o f n e u t r a l i z i n g a c i d 
generated d u r i n g o x i d a t i o n , such as c a l c i t e and d o l o m i t e . The p h y t o t o x i c 
e f f e c t s of extreme a c i d i t y can be a l l e v i a t e d by a p p l i c a t i o n o f a p p r o p r i a t e 
q u a n t i t i e s o f l i m i n g m a t e r i a l s such as c a l c i t e , d o l o m i t e , h y d r a t e d l i m e and 
m a r l . However, a n a l y t i c a l t e c h n i q u e s n o r m a l l y used t o e s t i m a t e " l i m e 
r e q u i r e m e n t " o f a c i d s o i l s do not p r o v i d e a r e a l i s t i c e s t i m a t e of " l i m e 
r e q u i r e m e n t " o f a c i d or p o t e n t i a l l y a c i d t a i l i n g s (Table 6 ) . Less convenient 
and r e l a t i v e l y long term i n c u b a t i o n and growth s t u d i e s have demonstrated t h a t 
the l i m e requirement o f a c i d t a i l i n g s i s extremely h i g h r e l a t i v e t o t h a t of 
a c i d s o i l s and t h a t i t bears no r e l a t i o n t o t a i l i n g s pH. For example, 
q u a n t i t i e s of CaC03 r e q u i r e d t o m a i n t a i n a near n e u t r a l r e a c t i o n throughout 
a combined growth and i n c u b a t i o n p e r i o d o f one y e a r , were 40, 97 and 125 mg/gm 
of Benson Lake t a i l i n g s , S u l l i v a n o x i d i z e d s i l i c e o u s t a i l i n g s and S u l l i v a n 
o x i d i z e d i r o n t a i l i n g s , r e s p e c t i v e l y . Converted t o tons per a c r e - f o o t , the 
v a l u e s are e q u i v a l e n t t o 92, 185 and 301 tons per a c r e , r e s p e c t i v e l y . The 
amount o f CaC03 r e q u i r e d t o m a i n t a i n a near n e u t r a l r e a c t i o n i n f r e s h a c t i v e l y 
o x i d i z i n g s i l i c e o u s t a i l i n g s appears t o be g r e a t e r than t h a t o f o x i d i z e d 
s i l i c e o u s t a i l i n g s . A d d i t i o n of 110 mg CaC03 per gm of f r e s h s i l i c e o u s 
t a i l i n g s was not s u f f i c i e n t t o prevent t a i l i n g s pH from dropping t o 5.5 
d u r i n g a 54-week growth and i n c u b a t i o n p e r i o d . Without a d d i t i o n o f CaC03 
t a i l i n g s pH decreased from 6.2 t o 2.6 d u r i n g the same p e r i o d . 

O x i d a t i o n o f i r o n s u l f i d e m i n e r a l s can a l s o r e s u l t i n i n c r e a s e d s a l t concen­
t r a t i o n s , s u r f a c e c r u s t i n g and f o r m a t i o n of hard impermeable s t r a t a at or near 
the t a i l i n g s d e p o s i t s u r f a c e . R e v e g e t a t i o n o f a c i d t a i l i n g s , t h e r e f o r e , 
r e q u i r e s a m e l i o r a t i o n of o t h e r growth l i m i t i n g f a c t o r s w hich, i n some i n s t a n c e s , 
may be more d i f f i c u l t and c o s t l y t o m i t i g a t e than the a c i d r e a c t i o n . S u l l i v a n 
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i r o n t a i l i n g s are a case i n p o i n t . In a d d i t i o n t o n u t r i e n t d e f i c i e n c i e s and 
an extremely h i g h l i m e r equirement, i r o n t a i l i n g s are s t r o n g l y s a l i n e and 
have a h a r d , impermeable l a y e r , up t o 3" t h i c k , e i t h e r at or w i t h i n n i n e 
i n c h e s of the s u r f a c e . E f f e c t i v e i n c o r p o r a t i o n of l i m i n g m a t e r i a l s i s 
e s s e n t i a l l y prevented by t h i s adverse p h y s i c a l c o n d i t i o n T a i l i n g s immed­
i a t e l y below the impermeable l a y e r are u n o x i d i z e d , s a t u r a t e d and t h i x o t r o p i c , 
w i t h i n s u f f i c i e n t b e a r i n g s t r e n g t h t o support equipment. As an a l t e r n a t i v e 
t o improving i r o n t a i l i n g s as a growth medium, a l e s s t o x i c i n d u s t r i a l waste 
from Cominco's f e r t i l i z e r o p e r a t i o n s at Kimberley i s c u r r e n t l y under 
e v a l u a t i o n . 

Gypsum, r e f e r r e d t o e a r l i e r i n t h i s p r e s e n t a t i o n , i s d i s p o s e d of on land 
immediately adjacent the i r o n t a i l i n g s d i s p o s a l area and has p o t e n t i a l as a 
r e l a t i v e l y low c o s t m a t e r i a l f o r c o v e r i n g i r o n t a i l i n g s . Gypsum a l s o has an 
e xtremely a c i d r e a c t i o n , however, r e l a t i v e t o i r o n and s i l i c e o u s t a i l i n g s , the 
l i m e requirement i s low. Growth room s t u d i e s have demonstrated t h a t n i t r o g e n -
f i x i n g legume s p e c i e s a l f a l f a , b i r d s f o o t t r e f o i l and a l s i k e c l o v e r , w i l l grow 
s a t i s f a c t o r i l y on gypsum limed w i t h 15 mg o f d o l o m i t i c l i m e s t o n e per gm o f 
gypsum and f e r t i l i z e d w i t h up t o 155 ppm potassium and 4 ppm boron I n f i e l d 
i n v e s t i g a t i o n s i n i t i a t e d i n the s p r i n g o f 1976, b i r d s f o o t t r e f o i l , rambler 
a l f a l f a , h ard f e s c u e , t a l l wheatgrass, western wheatgrass and c r e s t e d wheat-
gr a s s e s t a b l i s h e d s a t i s f a c t o r i l y on gypsum limed w i t h the e q u i v a l e n t of 6 t o n / a c r e -
f o o t of h y d r a t e d l i m e . I n c r e a s i n g h y d r a t e d l i m e r a t e t o 18 t o n / a c r e - f o o t d i d 
not improve s e e d l i n g e s t a b l i s h m e n t and growth d u r i n g the f i r s t y e a r , however, 
gypsum pH was m a i n t a i n e d at a h i g h e r l e v e l o f 7.4 compared t o 6.0 f o r the lower 
l i m e r a t e - A p p l i c a t i o n o f up t o 22 t o n / a c r e - f o o t of d o l o m i t i c l i m e s t o n e d i d 
not r a i s e gypsum pH above 5 1. Only g r a s s s p e c i e s e s t a b l i s h e d s a t i s f a c t o r i l y 
on gypsum limed w i t h d o l o m i t e . I n a d d i t i o n t o low l i m e r e q u i r e m e n t , gypsum i s 
n o n - s a l i n e , "very h i g h " i n a v a i l a b l e phosophorus and does not possess the un­
d e s i r a b l e p h y s i c a l c h a r a c t e r i s t i c s d e s c r i b e d f o r i r o n t a i l i n g s . Gypsum does, 
u n f o r t u n a t e l y , c o n t a i n minor amounts of f l u o r i d e . Legume and grass forage 
grown on gypsum l i m e d w i t h h y d r a t e d l i m e and sampled at the end of one growing 
season c o n t a i n e d 80 t o 310 ppm f l u o r i d e - F . P l a n t s and p l a n t p r o d u c t s u s u a l l y 
range from l e s s than 1 to 16 ppm f l u o r i d e - F (5). F l u o r i d e c o n t e n t s c o n s i d e r e d 
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s a f e f o r animal consumption range from 30 t o 400 ppm f l u o r i d e - F and depend 
on the form of f l u o r i d e and the type of l i v e s t o c k ( 5 , 6 ) . 

.2.3 S a l i n e T a i l i n g s 

P l a n t growth on t a i l i n g s can be s e v e r e l y l i m i t e d by h i g h c o n c e n t r a t i o n s of 
water s o l u b l e s a l t s . S a l t c o n c e n t r a t i o n s i n s o i l s and other growth media 
a r e measured and expressed i n terms of the e l e c t r i c a l c o n d u c t i v i t y of the 
s o i l s o l u t i o n . C o n d u c t i v i t i e s a r e u s u a l l y measured on s a t u r a t i o n e x t r a c t s 
and expressed i n terms of m i l l i m h o s per cm a t 25°C. P l a n t s v a r y i n s e n s i t i v ­
i t y t o s a l t s and once c o n c e n t r a t i o n s exceed 8 mmhos/cm, o n l y s a l t t o l e r a n t 
s p e c i e s such as s e v e r a l wheatgrass s p e c i e s , t a l l f e s c u e , R u s s i a n w i l d r y e , 
b i r d s f o o t t r e f o i l and sweet c l o v e r grow s a t i s f a c t o r i l y . A t c o n d u c t i v i t i e s 
above 16 mmhos/cm, o n l y a few v e r y t o l e r a n t p l a n t s grow s a t i s f a c t o r i l y . 

I n a d d i t i o n t o s a l i n e a c i d t a i l i n g s , h i g h s a l t c o n c e n t r a t i o n s occur i n 
a l k a l i n e t a i l i n g s a t the Con mine a t Y e l l o w k n i f e . C o n d u c t i v i t i e s f o r 43 
s u r f a c e t a i l i n g s samples c o l l e c t e d i n J u l y and August 1976 ranged from 2 t o 
54 mmhos/cm and averaged 25 mmhos/cm. E i g h t y - t h r e e p e r c e n t , 67%. and 47% o f 
samples c o l l e c t e d had c o n d u c t i v i t i e s g r e a t e r t h a n 8, 16 and 24 mmhos/cm, 
r e s p e c t i v e l y . C o n d u c t i v i t i e s decreased w i t h depth a v e r a g i n g 6 mmhos/cm below 
the s u r f a c e f o o t . Discharge of s a l i n e mine water t o the t a i l i n g s pond has 
c o n t r i b u t e d t o development of a s a l i n e growth medium. Subsequent e v a p o r a t i o n 
of t a i l i n g s m o i s t u r e r e s u l t s i n upward m i g r a t i o n and a c c u m u l a t i o n o f s a l t s 
i n s u r f a c e l a y e r s of t a i l i n g s . 

I n growth room s t u d i e s , s a l i n e t o l e r a n t t a l l wheatgrass grew s a t i s f a c t o r i l y on 
t a i l i n g s w i t h a c o n d u c t i v i t y of 16 mmhos/cm. Leaching w i t h 1 cm water per cm 
depth of t a i l i n g s or a d d i t i o n of 75 mg peat moss per gm of t a i l i n g s was 
nece s s a r y f o r growth of c r e e p i n g r e d f e s c u e , a l e s s s a l t t o l e r a n t g r a s s s p e c i e , 
t o y i e l d more than 50% o f c r e e p i n g r e d fes c u e y i e l d on a n o n - s a l i n e a g r i c u l t u r a l 
s o i l . 
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F i e l d s t u d i e s on s l i g h t l y to moderately s a l i n e t a i l i n g s have demonstrated 
the c a p a b i l i t y of s e v e r a l g r a s s s p e c i e s , i n c l u d i n g c r e e p i n g r ed f e s c u e , meadow 
f o x t a i l , r e d t o p , reed canarygrass and c r e s t e d wheatgrass to s u s t a i n growth 
f o r at l e a s t t h r e e y e a r s under severe c l i m a t i c s t r e s s i n the Y e l l o w k n i f e area 
The h i g h l i g h t of the 1976 f i e l d program, however, was the s u c c e s s f u l e s t a b l i s h ­
ment of f o u r grasses and one legume on t a i l i n g s which had proven too s a l i n e 
f o r seeding growth d u r i n g two p r e v i o u s y e a rs F a v o u r a b l e e a r l y season p r e ­
c i p i t a t i o n i s b e l i e v e d t o have c o n t r i b u t e d t o e s t a b l i s h m e n t of s a l t t o l e r a n t 
t a l l and western wheatgrasses, c o l d t o l e r a n t a r c t a r e d c r e e p i n g r e d fescue and 
f o x t a i l b a r l e y and a s a l t t o l e r a n t legume, birds«foot t r e f o i l . I n c o r p o r a t i o n 
of up t o 40 tons peat moss per a c r e - f o o t d i d not improve g e r m i n a t i o n o f f i r s t 
season growth. At the end of the f i r s t growing season t a i l i n g s c o n d u c t i v i t i e s 
were s i m i l a r f o r a l l peat r a t e s and were i n the ord e r o f 20 t o 24 mmhos/cm. 
A l a r g e d e p o s i t of peat e x i s t s adjacent the t a i l i n g s d i s p o s a l area and has 
p o t e n t i a l f o r use as a t a i l i n g s amendment on an o p e r a t i o n a l s c a l e i f f i e l d 
s t u d i e s demonstrate t h a t peat moss i s e f f e c t i v e f o r r e d u c i n g s a l t c o n c e n t r a t ­
i o n s . 

I n a d d i t i o n , a v i s i t t o the S a l t R i v e r a l k a l i f l a t s , i n Wood B u f f a l o N a t i o n a l 
Park, was made i n m i d - J u l y and seed from a number of s a l i n e t o l e r a n t n a t i v e 
p l a n t s p e c i e s was c o l l e c t e d f o r growth room and f i e l d e v a l u a t i o n 

2.4 Accumulation of P o t e n t i a l l y Toxic M e t a l s by  
V e g e t a t i o n Growing on T a i l i n g s 

T a i l i n g s g e n e r a l l y c o n t a i n m etals i n q u a n t i t i e s g r e a t e r than n o r m a l l y found i n 
non-contaminated s o i l . M o n i t o r i n g v e g e t a t i o n growing on t a i l i n g s f o r p o t e n t i a l l y 
t o x i c m e t a l s cannot be ov e r l o o k e d when a s s e s s i n g the s u i t a b i l i t y of t a i l i n g s as 
a growth medium o r , f o r t h a t m a t t e r , when a s s e s s i n g v e g e t a t i o n as an a c c e p t a b l e 
t a i l i n g s r e c l a m a t i o n a l t e r n a t i v e . 
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V e g e t a t i o n grown on t a i l i n g s a t Cominco mining p r o p e r t i e s i s b e i n g monitored 
f o r metals of concern t o the s p e c i f i c a r e a . As i n d i c a t e d e a r l i e r , e l e v a t e d 
l e v e l s of f l u o r i d e accumulated i n v e g e t a t i o n grown on gypsum. V e g e t a t i o n 
grown on Con t a i l i n g s c o n t a i n s a r s e n i c i n w i d e l y r a n g i n g c o n c e n t r a t i o n s from 
10 ppm t o 260 ppm. By comparison, v e g e t a t i o n grown on s o i l i n the Y e l l o w k n i f e 
area ranged from 6 ppm to 44 ppm As. Grass f o r a g e grown on l i m e d , a c t i v e l y 
o x i d i z i n g s i l i c e o u s t a i l i n g s i n a growth room environment averaged 865 ppm Zn. 
A d d i t i o n of the e q u i v a l e n t of 100 and 203 cons of sewage sludge per 1,000 
tons of t a i l i n g s i n c r e a s e d Zn content of forage t o 1,370 ppm and 1,814 ppm, 
r e s p e c t i v e l y . I n c o n t r a s t , g rass grown on l i m e d s i l i c e o u s t a i l i n g s which has 
been exposed to atmospheric c o n d i t i o n s f o r 30 or more y e a r s , averaged o n l y 
59 ppm Zn. Grass f o r a g e grown on an uncontaminated s o i l d u r i n g the same 
experiment c o n t a i n e d 50 ppm Zn. 

The mercury content of t w e n t y - e i g h t g r a s s and legume forage samples grown on 
P i n c h i Lake t a i l i n g s d u r i n g 1976 ranged from 0.1 ppm t o 1.5 ppm and averaged 
0.4 ppm. Mercury c o n t e n t s of t e r r e s t r i a l p l a n t s ranged from 10 t o 200 ppb on 
normal s o i l s and from 0.5 t o 3.5 ppm i n the v i c i n i t y of mercury d e p o s i t s ( 7 ) . 
Warren (8) r e p o r t e d mercury content o f v e g e t a t i o n growing i n the v i c i n i t y of 
mercury m i n e r a l i z a t i o n i n 3.C. r a n g i n g from 2.2 t o 30 ppm. 

The copper content o f g r a s s forage grown on Benson Lake t a i l i n g s d u r i n g the 
1975 growing season ranged from 5 ppm t o 40 ppm. Normal range suggested f o r 
p l a n t s i s 3 ppm t o 40 ppm Cu ( 5 ) . 
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Table 1: Geographic Location and Biogeoclimatic Zones of Several Cominco Mining Properties 

Operation 

Location 

Latitude: 
Longitude: 

Biogeoclimatic 
Zone 

Climate 

Elevation (m) 

Mean Annual 
P r e c i p i t a t i o n (ism) 

Sullivan 

Kimberley 

49°42'N 
116° 2'W 

Interior 
Douglas F i r 

Montane 

1,020 

378 

Pinchi 
Lake 

Ft. St. James 

54°38'N 
124°26'W 

Sub-Boreal 
Spruce 

Sub-Boreal 

720 

470 

H. B. 

Salmo 

49°8'N 
117°10'W 

Interior 
Western Hemlock 

Montane 

884 

762 

Benson 
Lake 

Port McNeil 

50°21'N 
127°14'W 

Coastal 

Western Hemlock 

Marine 

152 

3,200 

Con 

Yellowknife, N. W. T. 

62°27' 
U4-22' 

Boreal Forest 
(Northwestern Transition) 

Boreal 

152 

254 

Pine Point 

Pine Point, N.W.T. 

60°49' 
114°28' 

Boreal Forest 
(Upper Mackenzie) 

Boreal 

205 

330 
00 

May-September 163 218 160 475 125 178 
Pr e c i p i t a t i o n (mm) 

Extreme Minimum -44 -49 -27 -13 -51 -52 
Temperature (°C) 

Extreme Maximum 42 37 39 34 30 36 
Temperature (°C) 

Mean Annual Length 180-200 140-160 180-200 260-280 120-140 12 0-140 
of Growing Season 
(days) 
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Table 2$ Economic and Gangue M i n e r a l o g y and A r e a l Extent o f T a i l i n g s 

O p e r a t i o n 

S u l l i v a n 
I r o n T a i l i n g s 

S i l i c e o u s T a i l i n g s 

KFO Gypsum 

Economic M i n e r a l s 

Pb, Zn, Ag 

Pb, Zn, Ag 

Phosphoric A c i d 

Gangue M i n e r a l s 

p y r r h o t i t e , p y r i t e , galena 
s p h a l e r i t e , q u a r t z 

Area 
(Acres) 

594 

p y r r h o t i t e , p y r i t e , q u a r t z , 276 
c a l c i t e , c h l o r i t e , m i c a , g a r n e t , 
f e l d s p a r , t o u r m a l i n e 

gypsum, phosphate r o c k , 
phosphate s l i m e s , phos­
p h o r i c a c i d , f l u o r o s i l i c a t e s 

150 

P i n c h i Lake Hg c a l c i t e , d o l o m i t e , a n k e r i t e , 
q u a r t z , s e r i c i t e , g r a p h i t e , 
c i n n a b a r , h e m a t i t e , p y r i t e , 
b a r i t e , s t i b n i t e , c h a l c o p y r i t e 

67 

H. B. Pb, Zn c a l c i t e , d o l o m i t e , t a l c , 
t r e m o l i t e , p y r r h o t i t e , p y r i t e 

61 

Benson Lake Cu, Fe ma g n e t i t e , a n d e s i t e , garnet, 
p y r r h o t i t e , c a l c i t e , e p i d o t e 

Con Au q u a r t z , a n k e r i t e , c h l o r i t e , 150 
car b o n a t e , a r s e n o p y r i t e , p y r i t e , 
s t i b n i t e , s p h a l e r i t e 

P i n e P o i n t Pb, Zn c a l c i t e , d o l o m i t e , p y r i t e , 1,000 
m a r c a s i t e , g a l e n a , s p h a l e r i t e , 
p y r r h o t i t e 
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Table 3: A v a i l a b l e P l a n t N u t r i e n t C o n c e n t r a t i o n s i n T a i l i n g s 

A v a i l a b l e N u t r i e n t s 
N03=N P K Mg 

EP™ 

1. S u l l i v a n C oncentrator 

I r o n T a i l i n g s - U n o x i d i z e d <1 
- O x i d i z e d ^1 

S i l i c e o u s T a i l i n g s - U n o x i d . <1 
-Oxid. <1 

KFO Gypsum <l-2 

2. P i n c h i Lake 

T a i l i n g s <l-3 
T a i l i n g s Slimes <1 

3. H.B. 

T a i l i n g s 1 
T a i l i n g s Slimes 1 

4. Benson Lake 

T a i l i n g s -1972 <l-3 
-1975 <l 

T a i l i n g s Slimes - 1972 <1 

5. Con 

Con T a i l i n g s <1 
Negus T a i l i n g s 3-6 

6. P i n e P o i n t 

T a i l i n g s <1 
T a i l i n g s Slimes <L 

<2 <325-45 40-125 
3- 8 <25 <25-500+ 

2-3 <25-65 30-270 
2-3 <25 500+ 

135 <25-65 <25 

4- 13 <25-100 45-500+ 
4 70 215 

2-9 <25 85-130 
5- 14 <25 200-225 

<l-2 50-85 30-40 
2-6 <25 30-220 

< 2 110 60 

2-10 <25-80 50-500+ 
6- 10 95-100 500+ 

2 <25 150-275 
2 <25 240 
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Table 4: C e r t a i n Chemical P r o p e r t i e s o f T a i l i n g s 

4. 

5. 

6. 

T o t a l CaC03 
PH S Equiv. CEC ECe PH 

a ) (%) (meq/lOOg) (mmhos/c 

S u l l i v a n C o n c e n t r a t o r 

I r o n T a i l i n g s - U n o x i d i z e d 5.8-6.1 34 25 1-3 2- 4 
-Oxid. 2.0-2.5 7 0 1-6 2-36 

S i l i c e o u s T a i l i n g s - U n o x i d . 5.6-6.9 11 12 1-8 2- 5 
-Oxid. 2.4-2.8 4 0 6 6-20 

KFO Gypsum 3.5-5.0 12 0.5 1 2- 4 

P i n c h i Lake 

T a i l i n g s 8.0-8.6 0.2 43 1-3 1- 6 
T a i l i n g s Slimes 8.1 0.1 52 3 1 

H.B. 

T a i l i n g s 7.6-8.7 1.4 84 1 1- 3 
T a i l i n g s Slimes 7.7-7.9 3 71 2 1- 3 

Benson Lake 

T a i l i n g s - 1 9 7 2 6.4-7.3 4 6 2 2- 3 
-1975 2.5-3.8 4 1 - 2-36 

T a i l i n g s Slimes-1972 7.2 4 17 3 3 
-1975 7.5 2 — — 2 

Con 

Con T a i l i n g s 7.6-8.3 0.6 21 _ 4-54 
Negus T a i l i n g s 7.7-8.3 0.8 24 2-45 

Pin e P o i n t 

T a i l i n g s 7.6-7.9 10 25-68 _ 3- 7 
T a i l i n g s Slimes 7.3 - - - 4 



T a b l e 5: P h y s i c a l P r o p e r t i e s o f T a i l i n g s 

P a r t i c l e S i z e 
Sand S i l t 

(%) 
Clay 

1. S u l l i v a n C o n c e n t r a t o r 

I r o n T a i l i n g s - U n o x i d i z e d 
- O x i d i z e d 

33 
20-29 

64 
45-60 

3 
20-26 

S i l i c e o u s T a i l i n g s - U n o x i d i z e d 
- O x i d i z e d 

KFO Gypsum 

2. P i n c h i Lake 

T a i l i n g s 
T a i l i n g s Slimes 

30-87 
0 

11-64 
81 

2-7 
19 

3. H.B. 

T a i l i n g s 
T a i l i n g s Slimes 

36-40 
0-1 

50-58 
87-88 

5-10 
11-12 

4. Benson Lake 

T a i l i n g s 
T a i l i n g s Slimes 

78-86 
47-58 

14-19 
38-49 

0-4 
4-5 

5. Con 

Con T a i l i n g s 13 77 10 

Bulk P a r t i c l e 
D e n s i t y D e n s i t y A.W. S.C. 
(g/cm3) (g/cm3) (%) 

2.4 4.3 16-20 
1.2 2.8 11-28 

1.0 2.2 29 

1.6 2.7 11 
1.0 2.7 

1.6 2.9 11 
1.2 2.9 24 

1.7 3.5 13 
1.6 3.4 35 

1.3 



Table 6: T o t a l S, CaC03 E q u i v a l e n c e and Lime Requirement o f S e l e c t e d R e a c t i v e T a i l i n g s M a t e r i a l s 

S u l l i v a n C o n c e n t r a t o r  

I r o n T a i l i n g s 

O x i d i z e d 

U n o x i d i z e d 

I n i t i a l 

2.2 

5.8 

T o t a l 
S 
a) 

5.7 

36.0 

CaC03 
Equiv. 
a) 

0 

25 

Lime Requirement 
BaCl2-
TEA 
(mg/g) (mg/g) ( t o n / a c . - f t . ) 

I n c u b a t i o n -
Growth Tech. 

44 215 

2 n.a. 

301 

n.a. 

F i n a l 
PH 

6.9 

n. a. 

S i l i c e o u s T a i l i n g s 

O x i d i z e d 

U n o x i d i z e d 

2.4 

6.2 

2.5 

20.0 

0 

11 

25 97 

110+ 

185 

268 

6.9 

5.5 

u> 

Benson Lake 

T a i l i n g s 2.6 2.0 12 40 92 7.0 
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RECLAMATION AT ISLAND COPPER 

UTAH MINES LTD. Rupert I n l e t , B. C. 
.A. P e l l e t i e r - C h i e f of En v i r o n m e n t a l Q u a l i t y 

R.J. H i l l i s - En v i r o n m e n t a l S u p e r v i s o r 
March, 1977 
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RECLAMATION AT ISLAND COPPER 

ABSTRACT 

Utah Mines L t d . operates a l a r g e open p i t copper 
mine l o c a t e d on the n o r t h shore o f Rupert I n l e t 
on the n o r t h e r n end of Vancouver I s l a n d . 

S i n c e 1970 the Envi r o n m e n t a l Department a t I s l a n d 
Copper has been r e s p o n s i b l e f o r mine r e c l a m a t i o n 
s t u d i e s and o p e r a t i o n s . I n i t i a l s t u d i e s i n c l u d e d 
a d e t a i l e d assessment of s o i l s and f o r e s t p r o d u c t ­
i v i t y i n the ar e a . I n i t i a l o p e r a t i o n s i n c l u d e d 
p l a n t i n g 60 a c r e s o f d i s t u r b e d ground around the 
p l a n t f a c i l i t i e s and access road. Subsequent 
o p e r a t i o n s have i n c l u d e d t e s t p l o t s and s t a b i l i ­
z a t i o n of waste dump o u t s l o p e s . 



57 

RECLAMATION AT ISLAND COPPER MINE 

I n t r o d u c t i o n 

F i r s t I would mention t h a t t h i s i s not a r e s e a r c h or s c i e n t i f i c paper 
but a g e n e r a l d e s c r i p t i o n of r e c l a m a t i o n at I s l a n d Copper Mine. 

I s l a n d Copper Mine i s s i t u a t e d on the n o r t h shore of Rupert I n l e t on the 
n o r t h e r n end of Vancouver I s l a n d and i s the l a r g e s t open p i t o p e r a t i o n 
l o c a t e d i n c o a s t a l B r i t i s h Columbia. The m i n e r a l r e s e r v e s i n d i c a t e 
a p p r o x i m a t e l y 280 m i l l i o n tons of r e c o v e r a b l e ore w i t h a grade of 0.52% 
copper and 0.018% molybdenum. 

The mine i s capable of moving 160,000 tons of r o c k per day by the 
c o n v e n t i o n a l t r u c k and s h o v e l method. 

The m i l l i n g o p e r a t i o n can p r o c e s s 40,000 to 50,000 tons of ore per day 
and produce up to 1,000 tons of copper c o n c e n t r a t e and 15 tons of 
molybdenum c o n c e n t r a t e . 

Recoverable by-products i n the c o n c e n t r a t e i n c l u d e g o l d , s i l v e r and rhenium. 

The ore r e s e r v e s are such t h a t a s i n g l e p i t of a p p r o x i m a t e l y 8,000 f e e t by 
4,000 f e e t w i t h an e v e n t u a l depth of 1,000 f e e t below sea l e v e l w i l l be 
developed i n the twenty year l i f e of the mine. The t o t a l area occupied by 
the p i t w i l l be a p p r o x i m a t e l y 500 a c r e s . The e s t i m a t e d average s t r i p p i n g 
r a t i o f o r the twenty year o p e r a t i o n w i l l be 2.42 tons o f waste f o r each 
ton of ore. 

I n a low grade open p i t o p e r a t i o n l a r g e volumes of waste have to be removed 
and d i s p o s e d of i n an e n v i r o n m e n t a l l y a c c e p t a b l e manner. To t h i s end 
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e n g i n e e r 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 a r e o f the essence f o r a 
s u c c e s s f u l m i n i n g v e n t u r e . 

A b a s i c r e c l a m a t i o n p l a n was developed at I s l a n d Copper w i t h both 
s h o r t - t e r m and long-term o b j e c t i v e s . 

The s h o r t - t e r m o b j e c t i v e s o f the r e c l a m a t i o n p l a n were t o : 
1) Reduce e r o s i o n and subsequent s i l t a t i o n of n a t u r a l waters 

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

2) M a i n t a i n a s t h e t i c q u a l i t y around the mine s i t e . 

The long-term o b j e c t i v e s or l a n d use c o n s i d e r a t i o n f o r the area a r e : 
1) R e c r e a t i o n 
2) W i l d l i f e h a b i t a t 
3) F o r e s t r y 
4) Watershed, and 
5) A combination o f the above. 

The p r e s e n t l a n d use i n the i n t e r m e d i a t e a r e a , o t h e r than the mine o p e r a t i o n , 
i s w i l d l i f e h a b i t a t and r e c r e a t i o n a l f i s h i n g . The area s u r r o u n d i n g the mine 
i s d e s i g n a t e d as prime f o r e s t y i e l d r e g i o n and i s p r e s e n t l y u t i l i z e d by l o c a l 
f o r e s t companies. 

Before the mine s t a r t e d the t o p o g r a p h i c r e l i e f i n the p i t area was moderate 
w i t h e l e v a t i o n s r a n g i n g from sea l e v e l t o s l i g h t l y more than 400 f e e t above 
sea l e v e l . The area was covered by second growth hemlock w i t h minor amounts 
of s p r u c e , cedar and f i r . The t r e e s v a r i e d i n s i z e from 15 t o 2 5 - i n c h 
stumps and h e i g h t s o f 100 t o 150 f e e t . These stands were merchantable timber. 
I n the lower e l e v a t i o n s t h e r e were minor stands o f mature c e d a r , and f i r 
a s s o c i a t e d w i t h non-merchantable timber i n the swampy a r e a . 

The ore body was o v e r l a i n w i t h v a r y i n g t h i c k n e s s e s o f overburden. 
The e a s t e r n end o f the p i t had over 300 f e e t o f t i l l c o v e r . 
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G e n e r a l D i s c u s s i o n 

The i n i t i a l r e c l a m a t i o n r e s e a r c h was t o a s s e s s the s o i l o v e r l a y i n g t h e 
t i l l m a t e r i a l . 

The perhumid c l i m a t e o f the a r e a , (80 i n c h e s o f p p t / y e a r ) which i n c l u d e s 
a c o n s i d e r a b l e amount o f p r e c i p i t a t i o n even d u r i n g summer months, 
s t r o n g l y engenders c h e m i c a l w e a t h e r i n g . S o i l development occu r s even on 
w e l l d r a i n e d s i t e s because w a t e r , the medium f o r c h e m i c a l r e a c t i o n s , i s 
abundant. With a h i g h m o i s t u r e c o n t e n t , the end p r o d u c t s o f v a r i o u s 
c h e m i c a l r e a c t i o n s a r e e f f i c i e n t l y l e ached from the s o i l system. 
Moderate temperatures, year round, w i t h o n l y r a r e p e r i o d s o f ground f r e e z i n g , 
f u r t h e r engenders the w e a t h e r i n g of s o i l m a t e r i a l s . 

The n o r t h c e n t r a l a r e a o f the p i t was a d e p r e s s i o n where r e s t r i c t e d 
removal of s o i l water o c c u r r e d . Due t o the humid c l i m a t e and the 
r e l a t i v e l y f l a t l andform, the s o i l s were s a t u r a t e d f o r most of the year. 
As a r e s u l t , a n a e r o b i c c o n d i t i o n s p r e v a i l e d and a c o n s i d e r a b l e amount of 
o r g a n i c m a t e r i a l developed. 

T r u l y x e r i c s i t e s were not t o be found on the r o c k o u t c r o p s t h a t o c c u r r e d 
on the west s i d e o f the p i t . T h i s i s because s o i l water s t o r a g e c a p a c i t y 
i s not a b s o l u t e l y necessary i n such a humid c l i m a t e . 

Iwo groups of s o i l s were encountered i n the area: p o d z o l s and o r g a n i c s o i l s . 

The dominant s o i l o f the area i s a moderately w e l l d r a i n e d D u r i c Humo -
F e r r i c P o d z o l which developed i n the g l a c i a l t i l l . T h i s s o i l i s c h a r a c t e r ­
i z e d by a c c u m u l a t i o n o f s u r f i c i a l o r g a n i c m a t e r i a l s o v e r l a y i n g a meter or more 
of a r e d d i s h brown Bf h o r i z o n . The t r a n s i t i o n t o r e l a t i v e l y unweathered t i l l 
i s a b r u p t , although the uppermost t e n c e n t i m e t e r o f the t i l l , the d u r i c 
h o r i z o n , i s more p l a t y and harder than the t i l l ai: g r e a t e r depths. 
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The s u r f a c e o r g a n i c h o r i z o n s , L, F and H c o n t a i n l i t t l e i n c o r p o r a t e d 
m i n e r a l compounds and are s t r o n g l y a c i d i c (pH o f 3.0 t o 4.0) and c o n t a i n 
the b u l k of n u t r i e n t s a v a i l a b l e t o the f o r e s t ecosystem. 

The Bf h o r i z o n i s loamy, somewhat f i n e r t e x t u r e d than the parent t i l l as 
a r e s u l t o f wea t h e r i n g . This h o r i z o n i s a c i d i c , low i n bases, but en­
r i c h e d w i t h i r o n and aluminum. S i n c e i n t h i s p o d z o l the o r g a n i c matter 
content of the B h o r i z o n i s low, l e v e l s of n i t r o g e n , s u l p h u r and 
phosphorus are a l s o low. Although the n a t i v e v e g e t a t i o n i s adapted t o such 
an i n h e r e n t l y low f e r t i l i t y s t a t u s , the use of e x o t i c s p e c i e s i n r e c l a m ­
a t i o n o b v i o u s l y demands s i g n i f i c a n t f e r t i l i t y amendments. 

The o r g a n i c s o i l s are a s s o c i a t e d w i t h r e l a t i v e l y f l a t landform w i t h the 
water t a b l e at or very near the s u r f a c e year round. T h i s type of s o i l 
c overs a p p r o x i m a t e l y 10% o f the p i t area. These s o i l s are p o o r l y d r a i n e d 
Typic M e s i s o l and p o o r l y d r a i n e d T y p i c F i b r i s o l . The a c i d i t y of these 
s o i l s ranged from a pH of 2.7 t o 2.9. 

The s o i l - v e g e t a t i o n r e l a t i o n s h i p s i n the area are d i s t i n c t . The p o d z o l 
s o i l s developed i n t i l l , support dense f o r e s t communities dominated by 
west e r n hemlock and balsam f i r w i t h minor admixtures of S i t k a spruce, r e d 
cedar and Douglas f i r . The o r g a n i c s o i l s support r e d cedar and sedges. 

The f o r e s t c a p a b i l i t y of the area a c c o r d i n g t o C.L.I, f o r e s t c a p a b i l i t i e s 
maps, ranged from I d (258-300 c . f . / a c - y r ) f o r western hemlock i n the p o d z o l s 
t o 3W (major l i m i t a t i o n t o f o r e s t growth and e x c e s s i v e l y h i g h water t a b l e ) 
f o r r e d cedar i n the o r g a n i c s o i l s . The s i t e i n d e x f o r wes t e r n hemlock i n 
the area i s up t o 180 w h i l e the s i t e i n d e x i n p o o r l y d r a i n e d s i t e s drops 
t o 50 f o r r e d cedar. 
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R e c l a m a t i o n O p e r a t i o n 

As mentioned e a r l i e r , the o b j e c t i v e s o f the r e c l a m a t i o n program are 
i n the s h o r t term, t o s t a b i l i z e the d i s t u r b e d areas and t o prevent e r o s i o n . 
I n an area of h i g h r a i n f a l l w i t h 3 in c h e s i n a day not uncommon, e r o s i o n 
i s a s e r i o u s problem. 

I n the s p r i n g of 1971 a p p r o x i m a t e l y f i f t y a c r e s o f the c o n s t r u c t i o n s i t e 
area and 10 acres o f road allowance were seeded by a i r c r a f t and hand-held 
c y c l o n e seeders. The areas covered d i d not r e c e i v e any s p e c i a l p r e p a r a t i o n 
p r i o r t o seed and f e r t i l i z e r a p p l i c a t i o n . A m i x t u r e o f annual r y e g r a s s , 
p e r e n n i a l r y e g r a s s , c r e e p i n g r e d f e s c u e , r e d t o p , n o r t h e r n p e r e n n i a l r y e , 
w h i t e dutch c l o v e r , a l s i k e c l o v e r , bent g r a s s and meadow fes c u e was a p p l i e d 
at a r a t e o f 60 l b s / a c r e . F e r t i l i z e r (20-20-10) was a p p l i e d at a r a t e of 
300 l b s / a c r e at the time of seeding. 

By f a l l , the f i r s t g e r m i n a t i n g p l a n t s p e c i e s such as c l o v e r and annual r y e 
had produced a v i a b l e seed and an e x c e l l e n t ground cover. A w e l l developed 
r o o t system had developed by the f o l l o w i n g summer. 

In e a r l y 1971 p r e - s t r i p p i n g of the p i t area s t a r t e d . An attempt was made 
at s t o c k p i l i n g the o r g a n i c s o i l s from the lower r e g i o n s of the p i t . The 
s o i l b e i n g s a t u r a t e d was soupy and i m p o s s i b l e t o s t o c k p i l e w i t h the equip ­
ment t h a t was used f o r the s t r i p p i n g . At t h i s time i t became e v i d e n t t h a t 
s t o c k p i l i n g o r g a n i c t o p s o i l i n an area o f h i g h p r e c i p i t a t i o n would be v e r y 
d i f f i c u l t and even i m p r a c t i c a l . 

A t e s t p l o t was developed t o e s t a b l i s h the p o t e n t i a l o f t i l l as a growth 
medium. The t i l l used was r e p r e s e n t a t i v e o f the m a t e r i a l t h a t would 
e v e n t u a l l y cover dump s u r f a c e s . 

The t e s t p l o t was d i v i d e d i n t o 9 e q u a l areas and t r e a t e d w i t h v a r y i n g 
amounts of seed and f e r t i l i z e r . 
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A g e n e r a l view of the macro p l o t s a f t e r f i v e y e a r s i s shown here. No 
a d d i t i o n a l f e r t i l i z e r was added t o the macro p l o t a f t e r i n i t i a l s eeding. 
Good p l a n t growth i s e v i d e n t i n p l o t s t h a t were f e r t i l i z e d . Macro p l o t 
w i t h o u t f e r t i l i z e r d i d not produce a good v e g e t a t i o n cover even w i t h 80 
pounds of seed per acr e . 

The t e s t p l o t served t o i d e n t i f y optimum seeding and f e r t i l i z e r r a t e s 
and e s t a b l i s h e d t h a t t i l l m a t e r i a l can be used as a medium f o r r e v e g e t ­
a t i o n . 

T h i s s l i d e i s of a r o c k causeway b e f o r e i t was seeded i n 1971. The ground 
p r e p a r a t i o n i n v o l v e d s p r e a d i n g t i l l on top of the r o c k base. T h i s i s the 
same causeway a year l a t e r . An i n t e r e s t i n g o b s e r v a t i o n here i s t h a t a l f a l f a 
has taken over as the dominant s p e c i e s even though i t was seeded a t o n l y 
5 p a r t s per 100 o r i g i n a l l y . 

These s l i d e s taken l a s t summer i n d i c a t e t h a t grass seeded i n 1971 i s con­
t i n u i n g t o be an e f f e c t i v e means o f e r o s i o n c o n t r o l w i t h o u t any major 
maintenance c o s t . Evidence of n a t i v e s p e c i e s i n v a d i n g seeded areas i s 
shown i n these s l i d e s . As p a r t o f our r e c l a m a t i o n program we have been 
documenting n a t u r a l r e v e g e t a t i o n i n areas d i s t u r b e d but not seeded. The 
dominant t r e e s p e c i e s are r e d a l d e r and we s t e r n hemlock. The dominant 
shrubs i n c l u d e r e d e l d e r b e r r y and salmonberry. Some n a t i v e g r a s s e s , f o r b s , 
sedges and f e r n s have been i d e n t i f i e d . 

In the waste dump areas t h e r e has been an e f f o r t t o r e c l a i m dump s u r f a c e s 
as w e l l as dump o u t s l o p e s . Some o f the work i s f o r s h o r t - t e r m b e n e f i t s 
and documentation because most of the dumps a r e not i n a completed form. 

Appr o x i m a t e l y 15 acres of the beach dump has been prepared f o r seeding. 
The ground p r e p a r a t i o n c o n s i s t s of r e g r a d i n g the waste r o c k , c o v e r i n g 
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w i t h a m i x t u r e o f t o p s o i l and t i l l m a t e r i a l and f i n a l l y g r a d i n g t o a 
r e l a t i v e l y smooth s u r f a c e . 

A s i x a c r e p l o t was seeded i n 1976. T h i s s l i d e shows the p l o t as i t 
looked t h i s w i n t e r . The c o s t o f p r e p a r i n g and seeding t h i s area was 
app r o x i m a t e l y $1,200.00/acre. 

Another area seeded i n 1973 was a s m a l l waste dump n o r t h o f the p i t . 
This p l o t was prepared w i t h o r g a n i c s o i l and has a v e r y t h i c k growth of 
gr a s s . The c o s t per acre o f t h i s r e c l a m a t i o n e f f o r t was a p p r o x i m a t e l y 
$1,500.00 

Research on r e v e g e t a t i n g steep o u t s l o p e s o f waste dumps g r e a t e r than 
37° i s i n p r o g r e s s . The method employed c o n s i s t s of over-burden m a t e r i a l 
b e i n g d e p o s i t e d at the top of the dump and pushed over the s i d e by b u l l ­
d o z ers. The overburden s l i d e s down the dump f a c e f i l l i n g i n c r e v i c e s 
between b o u l d e r s on the way down. The dump f a c e i s then hand-seeded and 
f e r t i l i z e d a t a r a t e of 60 and 200 l b s per acre r e s p e c t i v e l y . A heavy matted 
growth o f grass was e s t a b l i s h e d on s l o p e s of 35° t o 40° as i s shown i n t h i s 
s l i d e . On s l o p e s g r e a t e r than 55° f a i l u r e o c c u r r e d d u r i n g a heavy r a i n f a l l 
i n December 1976. The s l o p e s t h a t f a i l e d were areas t h a t had a 3-foot 
l a y e r o f overburden and poor s u r f a c e d r a i n a g e . We found t h a t i t i s 
important t h a t a v e r y t h i n l a y e r o f overburden be d e p o s i t e d a l o n g t he 
s l o p e and t h a t water be d i v e r t e d from the dump c r e s t . 

T h i s w i n t e r a number o f a l d e r and hemlock s e e d l i n g s have been t r a n s p l a n t e d 
a l o n g dump s l o p e s p r e v i o u s l y seeded. The t r a n s p l a n t i n g of a l d e r d u r i n g the 
w i n t e r has been v e r y e f f e c t i v e . Growths o f over 200% a year have been 
documented. T r a n s p l a n t e d hemlock seeding have a l s o done w e l l . 

T h i s dump was p l a n t e d l a s t September. T h i s s l i d e was taken t h r e e months 
l a t e r . 
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A program of c o l l e c t i n g a l d e r cones was s t a r t e d i n 1974. The cones were 
processed t o o b t a i n some 2 m i l l i o n a l d e r seeds a year . L a b o r a t o r y t e s t s 
on these seeds have i n d i c a t e d over 50% g e r m i n a t i o n . The procedure i s now 
t o i n c l u d e a l d e r seed w i t h the grass at a r a t e of a p p r o x i m a t e l y 1 p a r t per 
100. 

No attempts have been made i n m o n i t o r i n g m e t a l l e v e l s i n the v e g e t a t i o n 
c o v e r i n g d i s t u r b e d areas because of problems i n s t a n d a r d i z i n g an a c c e p t ­
a b l e d i s t r i b u t i o n of s p e c i e s t o monitor. We do p l a n t o moni t o r the 
for a g e t h a t the deer have been g r a z i n g on and comparing i t t o some 
st a n d a r d from a c o n t r o l area. 

T h i s i s a s a l t l i c k s t a t i o n covered t o p r o t e c t the s a l t from d i s s o l v i n g 
i n the r a i n . 

M e t a l l e v e l s of rode n t s t h a t i n h a b i t r e v e g e t a t e d areas are b e i n g monitored. 
The deermouse b e i n g the most abundant i s used as an i n d i c a t o r . The t i s s u e 
o f the specimens c o l l e c t e d have been a n a l y z e d f o r copper, molybdenum, l e a d , 
z i n c , cadmium and a r s e n i c . 

The average copper i s 2.50 ppm, molybdenum 0.35 ppm, l e a d 0.20 ppm, 
z i n c 22 ppm, cadmium 0.05 ppm, and a r s e n i c 0.50 ppm. There i s no 
d i f f e r e n c e between animals caught i n the r e v e g e t a t e d areas compared t o 
animals from the c o n t r o l s i t e o u t s i d e mine area. 

Other c h e m i c a l m o n i t o r i n g a s s o c i a t e d w i t h r e c l a m a t i o n has been the water 
q u a l i t y program o f s u r f a c e r u n o f f s u r r o u n d i n g the p i t a r e a . A s m a l l l a k e 
a d j a c e n t t o the p i t has been monitored f o r the pas t seven y e a r s w i t h o u t 
showing any impacts o f the o p e r a t i o n . 

I n c o n c l u s i o n the s h o r t - t e r m o b j e c t i v e s o f e r o s i o n c o n t r o l and a e s t h e t i c 
enhancement of the p l a n t s i t e are b e i n g a t t a i n e d . I n the l o n g e r term i t i s 
encouraging t o note t h a t i n an area such as Rupert I n l e t t h e r e i s evidence 
t h a t v e g e t a t i o n i n c l u d i n g t r e e s can r e a d i l y c o l o n i z e even bare r o c k . 
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WORKSHOP SUMMARIES 
THE COMPANY SIDE 

CONCERNING COMMUNICATION IN AND BETWEEN AGENCIES 
At l e a s t two v i e w p o i n t s were expressed. 
A. i n s u f f i c i e n t communication 

- found a t a l l l e v e l s ; f e d e r a l , p r o v i n c i a l and i n d u s t r y 
- improvements needed between V i c t o r i a and R e g i o n a l Resource Committees, 

the o p e r a t i o n s end of a company and the government body r e s p o n s i b l e f o r 
r e g u l a t i n g the a c t i v i t y of a company, and between i n t e r - g o v e r n m e n t a l 
o f f i c e s . 

- an a s s o c i a t e d problem i s the l a c k of a d m i n i s t r a t i v e c o n n e c t i o n s 
between r e s e a r c h e x p e r t s and mine o f f i c i a l s — a problem t h a t seems t o 
i n c r e a s e w i t h the d i s t a n c e of the mine from V i c t o r i a . 

- another a s s o c i a t e d problem i s the e x c e s s i v e waste of time which occurs 
between a company's p o l i c y change and a p p r o v a l or n o t i c e of d i s a p p r o v a l 
by the o v e r s e e i n g government agency. 

- the p r o d u c t i o n of forms and c i r c u l a t i o n of these between a g e n c i e s was 
c o n s i d e r e d an i n s u f f i c i e n t system f o r good communication. 

- need f a c e t o face communication f o r maximum e f f i c i e n c y . 

B. adequate communication 
- seems t o be " p r e t t y good" communication between the m i n i n g companies 

themselves on the r e s e a r c h l e v e l . 
- t h e r e seems t o be no r e a l d r a s t i c l a c k of communication between 

government and the mining companies as both a r e i n a sense p i o n e e r i n g 
r e c l a m a t i o n . 

- communication problems t h a t might r e s u l t might be on the lower l e v e l s 
such as communication between o p e r a t i o n s and r e c l a m a t i o n r e s e a r c h e r s . 

- t h e r e i s good r a p p o r t i n B r i t i s h Columbia between the government a g e n c i e s 
and the m i n i n g companies. 
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CONCERNING INTER AGENCY CO-OPERATION GROUP APPROACH 
- need t o work c o l l e c t i v e l y 
- companies would p r e f e r t o d e a l w i t h one agency 
- t h i s agency sh o u l d be r e g i o n a l i z e d such t h a t recommendations would be 

approached at a l o c a l l e v e l and made by people f a m i l i a r w i t h an ar e a . 
- t h i s agency c o u l d a c t as a more c e n t r a l one person c l e a r i n g house t h a t 

can b r i n g i n e x p e r t s . 

CONCERNING SITE SPECIFIC NATURE OF RECLAMATION 
- r e c l a m a t i o n i s s i t e s p e c i f i c and each s i t e has i t s own unique problems 
- subsequent t o t h i s , the broad o b j e c t i v e s o f the r e c l a m a t i o n g u i d e l i n e s s h o u l d 

be i n acc o r d w i t h the b i o p h y s i c a l s t a t e of the mine s i t e . 
- i n d u s t r y s h o u l d have more say i n the f o r m a t i o n of g u i d e l i n e s due t o a more 

b a s i c knowledge o f the p r a c t i c a l elements i n v o l v e d . 

CONCERNING EVENTUAL (SUBSEQUENT) LAND USE 
-the e v e n t u a l l a n d use sho u l d be w i t h i n r e a s o n a b l e l i m i t a t i o n s o f the s i t e . 
- p l a n n i n g f o r e v e n t u a l l a n d use i s s i t e s p e c i f i c and s h o u l d be done b e f o r e 

the m i n i n g a c t u a l l y takes p l a c e . 
- the u l t i m a t e l a n d use sh o u l d be up t o the people i n the area o f the mine 

t o d e c i d e , and not the people back i n V i c t o r i a . 

CONCERNING GOALS AND RATIONALE FOR RECLAMATION 
- t h e r e i s a need t o r e s t o r e the l a n d t o use but r e s t o r a t i o n s h o u l d n ' t be 

undertaken i f the l a n d i s going t o be re-opened i n the f u t u r e . 
- r e c l a i m i n g l a n d b e f o r e i t i s f i n i s h e d w i t h i s a waste o f time and money 

i f i t i s o n l y f o r cosmetic and p u b l i c r e l a t i o n s r e a s o n s ; t h e r e may be 
v a l u e i n t h i s , however, i n p l a n t s p e c i e s s u c c e s s i o n or s t a b i l i t y . 

- m i n i n g companies s h o u l d not be i n t o r e c l a m a t i o n f o r p u b l i c r e l a t i o n s purposes. 
- t h e r e i s a growing committment i n the m i n i n g i n d u s t r y i n d e v e l o p i n g r e ­

c l a m a t i o n as a moral n e c e s s i t y . 
- the l a n d s h o u l d be r e s t o r e d t o as near t o eq u a l u s e f u l n e s s , or b e t t e r , 

but not n e c e s s a r i l y the p r e v i o u s use, f o r the v a l u e of p a r t i c u l a r l a n d 
or uses may v a r y w i t h time. 
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- the q u e s t i o n o f r e c l a i m i n g l a n d t o eq u a l or b e t t e r than o r i g i n a l i s 
i d e a l i s t i c . 

- n a t u r e and e s p e c i a l l y a q u a t i c r e s o u r c e s i s where r e c l a m a t i o n s h o u l d 
be d i r e c t e d . The a e s t h e t i c appeal o f man sh o u l d be secondary. 

- need a c l a r i f i c a t i o n of r e s p o n s i b i l i t i e s and p r i o r i t i e s - - i . e . no 
mine company s h o u l d be made t o f e e l g u i l t y f o r damaging n a t u r a l c o n d i t i o n s 
r a t h e r , problems should be brought out i n t o the open and s o l v e d , i f 
p o s s i b l e . 

- must e s t a b l i s h o b j e c t i v e s of r e c l a m a t i o n ; i s i t 
a) r e s t o r a t i o n ( e x a c t ) 
b) r e c l a m a t i o n ( s i m i l a r ) or 
c) r e h a b i l i t a t i o n (new u s e ) . 

CONCERNING DURATION OF RESPONSIBILITY FOR RECLAMATION 
- l e n g t h o f r e c l a m a t i o n i s s u b j e c t i v e . 
- who i s t o de c i d e how long a company must moni t o r i t s r e c l a m a t i o n s i t e 

a f t e r c l o s i n g down mining o p e r a t i o n s ? 
- suggest t h a t i t sh o u l d be up t o the government agencies i n v o l v e d t o 

de c i d e on the l e n g t h o f r e c l a m a t i o n . 
- a l s o suggested t h a t r e c l a m a t i o n s h o u l d c o n t i n u e u n t i l v e g e t a t i o n i s 

s e l f - s u s t a i n i n g i n cases o t h e r than a c i d t a i l i n g s ponds. 

CONCERNING COSTS OF RECLAMATION 
- r e c l a m a t i o n s h o u l d be c o n s i d e r e d a p r o d u c t i o n c o s t and d e t a i l e d c o s t 

b e n e f i t a n a l y s i s s h o u l d be undertaken b e f o r e any mi n i n g proceeds. 
- r e c l a m a t i o n procedure must be r e f i n e d as the m i n i n g company i s 

o b v i o u s l y concerned w i t h o v e r a l l f i n a n c i a l p r o f i t . 
- the two major obstances t o the m i n i n g i n d u s t r y i n c a r r y i n g out 

r e s t o r a t i o n o f mine s i t e s are 'costs o f r e c l a m a t i o n ' and 'technology 
a v a i l a b l e t o d e a l w i t h r e c l a m a t i o n ' . 
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CONCERNING PRE-LEGISLATION OPERATIONS 
- must t r e a t e x i s t i n g mines d i f f e r e n t l y from s t a r t i n g mines when 

e s t a b l i s h i n g r e c l a m a t i o n procedures. 
- many o l d mine d i s p o s a l s i t e s not chosen w i t h r e c l a m a t i o n i n mind. 
- t h e r e i s not s u f f i c i e n t base l i n e data t o d e a l w i t h changes i n 

r e c l a m a t i o n o b j e c t i v e s t h a t r e s u l t d u r i n g the course of mining 
o p e r a t i o n s . 

CONCERNING BONDING 
Two d i f f e r e n t views were e v i d e n t : 
A. 

- a system of performance l e v e l s s h o u l d be used i n s t e a d of s e c u r i t y 
B.C. Hydro bonds. 

- bonds t i e up company cash t h a t does not n e c e s s a r i l y have t o be t i e d up. 
- some u n f a i r n e s s i n the amount of bonds r e q u i r e d f o r i n d i v i d u a l mines 

i s e v i d e n t . 
- can you put a p r i c e or v a l u e on the land? 

B. 
- mining development i s becoming more c o n t r o l l e d through bonding. 
- bonding sh o u l d cover the c o s t f o r s t a b i l i t y and e r o s i o n c o n t r o l t o 

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

CONCERNING RECLAMATION STANDARDS 
- a r e the g u i d e l i n e s f a i r f o r a l l r e s o u r c e users or i s mining b e i n g u t i l i z e d 

as the t e s t s p e c i e s . 
- should have one agency f o r r e c l a m a t i o n f o r a l l r e s o u r c e u s e r s . 

CONCERNING USE OF NATIVE PLANT SPECIES 
- need a n a t i v e p l a n t m a t e r i a l c e n t e r w i t h n e c e s s a r y v a r i e t y of n a t i v e 

s p e c i e s as w e l l as s p e c i e s from other a r e a s . 
- t h e r e i s a l a c k o f i n f o r m a t i o n on n a t u r a l seed. 
- need j o i n t e f f o r t by government and i n d u s t r y t o make a v a i l a b l e s p e c i a l i t y 

seed t y p e s . 
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CONCERNING EDUATION/INFORMATION 
- need e d u c a t i o n of companies and e d u c a t i o n of the p u b l i c as t o 

the developments i n r e c l a m a t i o n . 
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CONCLUSION OF DAY 1 

BANQUET - SMORGASBORD 

KEYNOTE ADDRESS BY DR. WALI 

(Text u n a v a i l a b l e but c e n t e r e d on the n e c e s s i t y o f d e v e l o p i n g t o t a l 
mine p l a n n i n g w i t h p r a c t i c a l o b j e c t i v e s ) 
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EXPLORATION AND INSPECTION 

Chairman - A. 0'Bryan, M i n i s t r y o f Mines and Petroleum Resources 

Thursday, March 17, 1977 

Morning S e s s i o n 
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RECLAMATION IN THE PEACE RIVER COALFIELD 
R. George, M i n i s t r y o f Mines and Petroleum Resources 

ABSTRACT 

A summary o f r e c l a m a t i o n o f pa s t e x p l o r a t i o n work 
i s p r o v i d e d w i t h comment on the d i r e c t i o n o f e x p l o r ­
a t i o n and r e c l a m a t i o n . 

Some problems and s e n s i t i v i t i e s o f a l p i n e r e g i o n s 
and c o a l e x p l o r a t i o n a r e looke d a t i n p a r t i c u l a r . 
I n f o r m a t i o n on r e c l a m a t i o n headway r e s u l t i n g from 
r e s e a r c h and i n s p e c t i o n i n 1976 i s p r o v i d e d . An 
accompanying s l i d e p r e s e n t a t i o n i s made. 

R. George's p r e s e n t a t i o n was i n the form of s l i d e s 
not s u i t a b l e t o w r i t t e n r e p r o d u c t i o n . 
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RECLAMATION OF EXPLORATION DISTURBANCES 

AT KAISER RESOURCES LIMITED, SPARWOOD, B.C. 

R. Berdusco, K a i s e r Resources L t d . 

ABSTRACT 

Si n c e the f o r m a t i o n of the E x p l o r a t i o n - R e c l a m a t i o n 
S e c t i o n o f the Environmental S e r v i c e s Department i n 
1974, K a i s e r Resources L i m i t e d has c a r r i e d out an 
i n t e n s i v e program o f r e c l a m a t i o n on l a n d and water­
courses a f f e c t e d by past and ongoing c o a l e x p l o r a t i o n 
a c t i v i t i e s . To d a t e , 277 a c r e s o f l a n d have been 
r e c l a i m e d . T h i s i n c l u d e s e x p l o r a t i o n r o a d s , t r e n c h e s , 
seam t r a c e s , t e s t p i t s , d r i l l s i t e s , a d i t s , s l i d e 
areas and o t h e r r e l a t e d d i s t u r b a n c e s . 

To a c c o m p l i s h t h i s work, a number o f i n n o v a t i v e 
t e c h n i q u e s are u t i l i z e d i n c l u d i n g t e r r a c i n g o f steep 
dump s l o p e s , p r e - l o g g i n g of e x p l o r a t i o n r o a d s , 
s l a s h d i s p o s a l u s i n g a p o r t a b l e woodchipping machine 
and t o t a l removal o f a d i t r e f u s e . A number o f o t h e r 
t e c h n i q u e s and r e f i n e m e n t s are s t i l l i n the r e s e a r c h 
and development s t a g e s . 

A system of p r e - p l a n n i n g and m o n i t o r i n g of ongoing 
e x p l o r a t i o n work has a l s o been used e f f e c t i v e l y . 
T h i s system reduces damage t o e n v i r o n m e n t a l l y s e n s i t i v e 
areas and v i r t u a l l y e l i m i n a t e s unnecessary d i s t u r b a n c e . 

R.Berdusco's p r e s e n t a t i o n was i n the form o f s l i d e s 
not s u i t a b l e t o w r i t t e n r e p r o d u c t i o n . 
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PLANNING, ENVIRONMENTAL PROTECTION 
AND RECLAMATION TECHNIQUES ON 

THE SAXON PROJECT, 
PEACE RIVER COAL BLOCK 

Geoff 

Denison C o a l L i m i t e d 
C a l g a r y , A l b e r t a 

J o r d a n and Georgia Hoffman 
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PLANNING, ENVIRONMENTAL PROTECTION 
AND RECLAMATION TECHNIQUES ON 

THE SAXON PROJECT, 
PEACE RIVER COAL BLOCK 

Geoff Jordan and Ge o r g i a Hoffman 

ABSTRACT 

The Saxon p r o p e r t y o f Denison Coal L i m i t e d i s l o c a t e d 
adjacent t o the A l b e r t a P r o v i n c i a l Boundary i n the e a s t e r n 
f o o t h i l l s of the Rocky Mountains w i t h i n the Peace R i v e r Coal 
B l o c k o f B r i t i s h Columbia. E x p l o r a t i o n on the p r o p e r t y was 
f i r s t c a r r i e d out i n 1970, a t which time d r i l l i n t e r s e c t i o n s 
o f a h i g h q u a l i t y m e t a l l u r g i c a l c o k i n g c o a l were made. A 
lo n g range p l a n of e x p l o r a t i o n commenced i n 1975 w i t h a 
program of d e t a i l e d g e o l o g i c a l mapping b e i n g f o l l o w e d by 
i n t e n s i v e e x p l o r a t i o n aimed a t co m p l e t i n g a f e a s i b i l i t y 
study towards the end of 1977. 

Long range p l a n n i n g has not o n l y a l l o w e d the p r e c i s e 
o b j e c t i v e s o f the e x p l o r a t i o n program t o be determined, 
but a l s o a l l o w e d s t r i c t measures f o r env i r o n m e n t a l p r o ­
t e c t i o n t o be imposed. Consequently, a s i g n i f i c a n t r e ­
d u c t i o n i n the amount and c o s t of r e c l a m a t i o n o f d i s ­
t u r b e d s u r f a c e area i s a n t i c i p a t e d . 

Hand t r e n c h i n g , h e l i c o p t e r d r i l l i n g , b r i d g e c o n s t r u c t i o n 
and o t h e r techniques have a l r e a d y made s i g n i f i c a n t con­
t r i b u t i o n s t o r e d u c t i o n of s u r f a c e d i s t u r b a n c e , and new 
techn i q u e s a r e c u r r e n t l y b e i n g employed t o f u r t h e r reduce 
s u r f a c e d i s t u r b a n c e and the c o s t o f r e c l a m a t i o n , as w e l l 
as t o reduce e x p l o r a t i o n c o s t s i n some i n s t a n c e s . 
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INTRODUCTION 

An E x p l o r a t i o n Reclamation P h i l o s o p h y 

The approach taken towards an e x p l o r a t i o n program and subsequent 
r e c l a m a t i o n s h o u l d be s i g n i f i c a n t l y d i f f e r e n t from procedures adopted 
f o r mine s i t e and s p o i l dump r e c l a m a t i o n . 

I n mine s i t e developments, the movement of a l a r g e volume o f m a t e r i a l 
i s r e q u i r e d so t h a t the n a t u r a l r e s o u r c e s l y i n g beneath the s u r f a c e may 
be e c o n o m i c a l l y e x t r a c t e d . Thus, mine s i t e r e c l a m a t i o n n e c e s s a r i l y i n ­
v o l v e s the r e c o n t o u r i n g and r e v e g e t a t i o n of r e l a t i v e l y l a r g e areas of 
d i s t u r b e d s u r f a c e m a t e r i a l s . An e x p l o r a t i o n program u s u a l l y does not 
i n v o l v e much m a t e r i a l s t r a n s p o r t . Subsequent development o f an e x p l o r ­
a t i o n area f o r m i n i n g w i l l o n l y t a k e p l a c e i f and when the e x p l o r a t i o n 
s t u d i e s have demonstrated t h a t the proposed development i s e c o n o m i c a l l y 
sound. 

S i n c e the implementation o f an e x p l o r a t i o n program does not guarantee 
mine development, the p r i n c i p a l emphasis d u r i n g e x p l o r a t i o n must be 
p l a c e d on en v i r o n m e n t a l p r o t e c t i o n , w i t h r e c l a m a t i o n t e c h n i q u e s o n l y 
b e i n g a p p l i e d when l a n d d i s t u r b a n c e i s found t o be n e c e s s a r y ; a l l 
r e a s o n a b l e e f f o r t s s h o u l d be made t o keep l a n d s u r f a c e d i s t u r b a n c e 
d u r i n g e x p l o r a t i o n t o a minimum. 

M i n i m a l s u r f a c e d i s t u r b a n c e d u r i n g e x p l o r a t i o n can o n l y be achieved by 
d e t a i l e d l o n g range p l a n n i n g combined w i t h s t r i n g e n t c o n t r o l s upon f i e l d 
p e r s o n n e l . T h i s approach i s b e i n g a p p l i e d t o e x p l o r a t i o n b e i n g c a r r i e d 
out on the Saxon C o a l P r o j e c t . 
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THE SAXON COAL PROPERTY 

Denison Coal L i m i t e d , i n c o n j u n c t i o n w i t h i t s Ruhrkohle Group p a r t n e r s , 
i s c u r r e n t l y c o n d u c t i n g e x p l o r a t i o n on the Saxon p r o p e r t y w i t h the i n ­
t e n t i o n o f c o m p l e t i n g a f i n a l f e a s i b i l i t y study toward the end o f 1977. 
The aim o f the f e a s i b i l i t y study i s t o demonstrate t h a t the Saxon p r o p e r t y 
i s capable of s u p p o r t i n g a c o a l m i n i n g o p e r a t i o n p r o d u c i n g up t o 4 m i l l i o n 
tonnes of m e t a l l u r g i c a l c o a l a n n u a l l y from both s u r f a c e and underground mines. 

The Saxon p r o p e r t y c o n s i s t s o f 33,585 acres o f c o a l l i c e n c e s l o c a t e d i n 
n o r t h e a s t e r n B r i t i s h Columbia ad j a c e n t t o the A l b e r t a P r o v i n c i a l Boundary. 
The c o a l l i c e n c e s are l o c a t e d t o cover the p r i n c i p a l c o a l b e a r i n g u n i t o f 
the a r e a , the Gates Member of the Commotion Formation. Four c o a l seams o f 
economic importance w i t h t h i c k n e s s e s i n excess of t h r e e metres have been 
l o c a t e d w i t h i n the Gates Member, and the p r e s e n t s t u d i e s are i n t e n d e d t o 
show t h a t s u f f i c i e n t r e s e r v e s are a v a i l a b l e f o r economical m i n i n g by both 
s u r f a c e and underground methods. 

G e o g r a p h i c a l l y the p r o p e r t y i s l o c a t e d i n the e a s t e r n f o o t h i l l s o f the 
Rocky Mountains about 170 km. south o f Dawson Creek, B r i t i s h Columbia. 
The Narraway R i v e r c u t s a c r o s s the c e n t r a l p o r t i o n o f the p r o p e r t y i n a 
n o r t h e a s t e r l y d i r e c t i o n and the Torrens R i v e r f l o w s i n a s i m i l a r d i r e c t i o n 
a t the southern p r o p e r t y boundary. The e a s t e r n and w e s t e r n margins of the 
p r o p e r t y are d e f i n e d by n o r t h w e s t e r l y t r e n d i n g r i d g e s separated by a broad 
v a l l e y f l o o r . The h i g h ground on the p r o p e r t y reaches an e l e v a t i o n o f 2200 
metres w h i l e the v a l l e y f l o o r o f the Narraway R i v e r i s at an e l e v a t i o n of 
1100 metres. 

An i n i t i a l e n v i r onmental study o f the Saxon p r o j e c t was r e c e n t l y completed 
by B.C. Research. T h i s study has p r o v i d e d p a r t o f the b a s i s f o r the d i s ­
c u s s i o n below by p r o v i d i n g data on c l i m a t e , and p l a n t and animal communities. 
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The c l i m a t e i n the Saxon area i s c h a r a c t e r i z e d by l o n g c o l d w i n t e r s 
and s h o r t growing seasons. The area i s e s t i m a t e d t o r e c e i v e r e l a t i v e l y 
low annual p r e c i p i t a t i o n o f about 35 t o 40 cm., most of which occurs as 
snow. Strong winds blow from the west and northwest throughout the y e a r . 

At lower e l e v a t i o n s the p r o p e r t y f a l l s w i t h i n the Englemann spruce-
s u b a l p i n e f i r zone, and i s f o r e s t e d by s p r u c e , l o d g e p o l e p i n e and p o p l a r , 
w i t h dense underbrush o f t e n c o n s i s t i n g of w i l l o w s p e c i e s . T r a n s i t i o n t o 
the a l p i n e tundra zone takes p l a c e at e l e v a t i o n s i n excess o f about 1800 
metres. The main v a l l e y f l o o r , a s u b - s u r f a c e water d i s c h a r g e zone, i s 
commonly marshy, and the s u r f i c i a l m a t e r i a l i n t h i s area i s a t h i n veneer 
of g l a c i a l t i l l c o v e r i n g the Cretaceous s t r a t a . 

I n the a l p i n e r e g i o n s , a t h i c k cover o f grasses and s m a l l shrubs i s 
p r e s e n t t o an e l e v a t i o n a p p r o x i m a t e l y 300 metres above t r e e l i n e . At 
h i g h e r e l e v a t i o n s the v e g e t a t i o n c o v e r , which c o n s i s t s of mosses and 
s m a l l mat-forming a l p i n e p l a n t s , becomes more s p a r s e , c o v e r i n g u s u a l l y 
t e n t o f i f t e e n p e rcent o f the l a n d s u r f a c e except i n s m a l l w e l l p r o t e c t e d 
areas which are not d i r e c t l y exposed t o the harsh weather c o n d i t i o n s . 

I n h i g h a l p i n e areas an environment s i m i l a r i n appearance t o a r i d d e s e r t 
p l a i n s , such as the " g i b b e r p l a i n s " of A u s t r a l i a , i s o f t e n found. These 
more b a r r e n r e g i o n s have a dense s u r f a c e cover of s m a l l stones which i s 
formed by a c o m b i n a t i o n o f w e a t h e r i n g p r o c e s s e s and wind e r o s i o n . As 
w e a t h e r i n g takes p l a c e , p h y s i c a l , c h e m i c a l and b i o l o g i c a l p r o c e s s e s break 
down the r o c k s t r a t a p r o d u c i n g s o i l m a t e r i a l s and sand and s i l t s i z e d r o c k 
p a r t i c l e s t o g e t h e r w i t h coarse r o c k fragments. I n areas where v e g e t a t i o n 
cover i s s p a r s e , wind a c t i o n winnows away the f i n e m a t e r i a l , l e a d i n g t o 
an a c c u m u l a t i o n o f the c o a r s e r fragments which p r o t e c t the f i n e r m a t e r i a l s 
beneath. The p r e v a i l i n g wind d i r e c t i o n i n the Saxon area i s from the west 
and n o r t h w e s t , and h i g h a l p i n e s l o p e s f a c i n g those d i r e c t i o n s are found t o 
be the most s u s c e p t i b l e t o the g e n e r a t i o n o f the type of environment 
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described above. This environment i s p a r t i c u l a r l y sens i t i ve , and removal 

of the accumulated su r f ac i a l mater ia l can lead to increased wind erosion. 

The var iety of w i l d l i f e on the property i s s imi la r to that found i n the 

eastern f o o t h i l l s farther towards the south. In the alpine region small 

herds of Rocky Mountain bighorn sheep consist ing of 4 to 5 beasts have 

occasional ly been seen and one herd of 30 sheep i s known to inhabit the 

Mount Torrens area which l i e s beyond the property to the east. Moose have 

been observed i n the swampy regions along the Narraway River and g r i z z l y 

and black bears have been encountered i n the alpine and forested regions. 

Goats, caribou, and deer are less common. Numerous smaller furbearing 

animals are found through the property. Baseline studies have shown that 

f i s h are only present i n the Narraway River, apparently because numerous 

water fa l l s have prevented the i r migration into the smaller streams of the 

area. 

At the present time the only profess ional land use a c t i v i t i e s being con­

ducted i n the area are guiding by l o c a l o u t f i t t e r s and the operation of a 

t rap l i ne on the property. Small scale ranching and some logging i s car r ied 

out i n Alberta 10 miles downstream along the Torrens River. Occasional r e ­

creat iona l v i s i t s by t ou r i s t s , campers and hunters occur. 

PROJECT PLANNING AND IMPLEMENTATION 

The i n i t i a l period of exploration on the Saxon property took place i n the 

period from 1970 to 1972 when a l im i ted amount of d r i l l i n g , ad i t ing and 

mapping was carr ied out. The target for th i s program was the obvious Gates 

Member s t rata exposed on the northeastern r idge of the property, an area 

now ca l led Saxon East, where coal was known to be present. The aim of th i s 

program was to determine whether the seams present contained su f f i c i en t tonnag 

of coal of a su i table qua l i ty to warrant further exploration as a mining 

project. Such was found to be the case, but most exploration a c t i v i t y began 

to focus, by a l l agencies, on projects being conducted farther north. 
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In 1974 exploration of Saxon was again considered, and a long range plan 

for exploration was formulated. A decis ion was made to carry out explor­

at ion using a three-stage approach: deta i led geological surface mapping of 

the ent i re property i n the f i r s t year, to be followed by two years of i n ­

tensive exploration to conclude the study. Targets for the intensive 

exploration would be selected on the basis of the geological mapping, and 

areas of environmental s e n s i t i v i t y could be i d e n t i f i e d p r io r to the com­

mencement of land disturbance. 

The program of helicopter-supported geological mapping began i n 1975 and 

was intended to determine whether addi t iona l mining p o s s i b i l i t i e s could be 

located besides those known to be present i n Saxon East, and to assess the i r 

importance before proceeding to a program involv ing s i gn i f i can t land d i s ­

turbance. The 1975 mapping program showed that an area of surface mining 

potent ia l existed i n the area ca l l ed Saxon South, and that some p o s s i b i l i t i e s 

for underground mining may be located i n the densely vegetated and poorly 

exposed va l ley region ca l led Saxon West. 

Using the resu l t s of the geological mapping program and advice from 

various B r i t i s h Columbia government agencies, i t was poss ible to plan the 

layout of access roads i n the area to service a l l of the planned explorat ion 

to the completion of the f e a s i b i l i t y study at the end of th i s year, as w e l l 

as to be s u f f i c i en t to allow further deta i led study to. be carr ied out i n the 

future. In general, only short t r a i l s are required from th i s access for 

d r i l l i n g purposes. The access road to Saxon South was also located along an 

area of previous land disturbance, and according to a route which w i l l be 

su i table for mining purposes. Of the 33,585 acres that l i e w i th in the Saxon 

property boundaries, i t i s estimated that less than one percent w i l l have 

been affected by exploration a c t i v i t i e s by the end of the program th i s year. 

Although Saxon East was expected to be the area of best potent ia l for under­

ground mining, a l im i ted amount of d r i l l i n g was planned for Saxon West at 

the s tar t of the 1976 f i e l d program to determine whether that area should 
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become the p r i n c i p a l e x p l o r a t i o n t a r g e t . Most of the e x p l o r a t i o n a c t i v i t i e s 
were planned f o r the two p o t e n t i a l underground mines planned i n Saxon East 
and the s u r f a c e m i n i n g d i s t r i c t i n Saxon South. The 1976 e x p l o r a t i o n sub­
s e q u e n t l y confirmed the r e s u l t s o f the g e o l o g i c a l mapping program and showed 
t h a t c o a l of s u i t a b l e q u a l i t y and i n s u f f i c i e n t tonnages e x i s t e d i n these 
t h r e e p r i n c i p a l m i n i n g areas. 

ENVIRONMENTAL PROTECTION TECHNIQUES 
To m i n i m i z e the amount of l a n d d i s t u r b a n c e and thus reduce the c o s t of r e ­
c l a m a t i o n , a s t r o n g emphasis has been p l a c e d upon d e v i s i n g e x p l o r a t i o n 
t e c h n i q u e s which are r e l a t e d t o env i r o n m e n t a l p r o t e c t i o n . 

Perhaps the most s i g n i f i c a n t r e s u l t s have been gained by the use of hand 
t r e n c h i n g , as opposed t o b u l l d o z e r t r a n c h i n g , t o o b t a i n d e t a i l e d d a t a from 
s u r f a c e exposures o f c o a l seams. I n most e x p l o r a t i o n programs, use of 
s u r f a c e seam data i s depended upon t o l i n k s u r f a c e mapping t o the d e t a i l e d 
but w i d e l y s c a t t e r e d d a t a p o i n t s a v a i l a b l e from d r i l l c o r e s . As a r e s u l t , 
numerous seam s u r f a c e d a t a p o i n t s are c o n s i d e r e d n e c e s s a r y t o c l a s s i f y seam 
r e s e r v e s i n a proven c a t e g o r y . 

The i n t e n s i v e e x p l o r a t i o n o f s u r f a c e o u t c r o p s , when conducted by b u l l d o z e r s , 
n e c e s s a r i l y i n t r o d u c e s c o m p a r a t i v e l y l a r g e areas o f s u r f a c e d i s t u r b a n c e , not 
o n l y f o r the tr e n c h e s themselves, but a l s o t o p r o v i d e access f o r the b u l l ­
dozer t o the t r e n c h s i t e s . Hand t r e n c h i n g , where f i e l d crew support i s p r o ­
v i d e d by h e l i c o p t e r , d r a m a t i c a l l y reduces the amount of s u r f a c e d i s t u r b a n c e . 

I t has been found t h a t the hand trenche s must be at l e a s t i n excess of 1 metre 
deep t o p e n e t r a t e beyond the zone o f s u r f a c e creep t o g i v e c o n s i s t e n t and 
r e l i a b l e measurements o f seam t h i c k n e s s e s and c h a r a c t e r i s t i c s . S i n c e the 
maximum p r a c t i c a l depth o f a hand t r e n c h i s l i m i t e d by the h e i g h t o f the 
t r e n c h e r s , t h i s t e c h n i q u e cannot be used s u c c e s s f u l l y i n areas c h a r a c t e r i z e d 
by deep s u r f a c e creep. At the p r e s e n t time i t has been found t h a t the con­
s t r u c t i o n of hand tr e n c h e s i s o n l y p r a c t i c a l i n areas above t r e e l i n e , s i n c e 
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the dense v e g e t a t i o n and t h i c k s o i l and c o l l u v i u m cover below t r e e l i n e 
makes the l o c a t i o n o f the seam and c o n s t r u c t i o n o f the t r e n c h both ex­
t r e m e l y time consuming and p h y s i c a l l y e x h a u s t i n g work. 

D u r i n g 1976 some 60 hand t r e n c h e s were c o n s t r u c t e d i n the a l p i n e area 
of Saxon South and y i e l d e d i n f o r m a t i o n t h a t has g r e a t l y i n c r e a s e d know­
ledge of the seams and c o n f i d e n c e i n the r e s e r v e s c a l c u l a t e d f o r t h a t 
a r e a . I t was a l s o n e c e s s a r y t o c o n s t r u c t t h r e e b u l l d o z e r t r e n c h e s i n 
the f o r e s t e d area of Saxon East a t c r i t i c a l d ata p o i n t s . One of these 
s i t e s was then used as an a d i t s i t e , w h i l e a second was c o n s t r u c t e d a l o n g 
the edge of the e x i s t i n g access road. 

Through e x p e r i e n c e , i t has been found t h a t the c o s t o f hand t r e n c h i n g i s 
v e r y low by comparison w i t h b u l l d o z e r t r e n c h i n g , and c o n s e q u e n t l y t h i s 
method of data c o l l e c t i o n i s i n t e n d e d t o be used wherever p o s s i b l e i n 
f u t u r e o p e r a t i o n s . S i m i l a r l y , i t i s a n t i c i p a t e d t h a t the c o s t o f r e c l a m ­
a t i o n of the hand t r e n c h e s w i l l be m i n i m a l . 

The use o f h e l i c o p t e r s t o move and s e r v i c e d r i l l s as a t e c h n i q u e f o r e n v i r o n ­
m e ntal p r o t e c t i o n has a l s o been e x t e n s i v e l y used on the Saxon p r o j e c t . I n 
1976 one-quarter of the program was conducted u s i n g t h i s e x p l o r a t i o n method. 
I n i t i a l l y t h i s t e c h n i q u e was employed i n the Saxon South area t o c l e a r l y 
demonstrate t h a t s u f f i c i e n t c o a l r e s e r v e s would be encountered t o j u s t i f y 
t h e c o n s t r u c t i o n of an access r o a d and the r e s u l t a n t e n v i r o n m e n t a l damage, 
as w e l l as t o j u s t i f y f u r t h e r e x p e n d i t u r e f o r r o a d - a c c e s s i b l e d r i l l i n g and 
the c o n s t r u c t i o n o f a d i t s . F u r t h e r h e l i c o p t e r - b o r n e d r i l l i n g was c a r r i e d out 
towards the end o f t h a t program i n an i s o l a t e d a r e a where a s i n g l e d r i l l h o l e 
was r e q u i r e d . At t h a t time i t was d e c i d e d t h a t the time d e l a y and l a n d d i s ­
turbance f o r r o a d c o n s t r u c t i o n c o u l d not be j u s t i f i e d t o e s t a b l i s h a s i n g l e 
d r i l l s i t e . I n a d d i t i o n , p r e v i o u s e x p e r i e n c e w i t h h e l i c o p t e r - b o r n e d r i l l s 
i n d i c a t e d t h a t the t o t a l c o s t o f t h a t h o l e would be s i m i l a r i f conducted by 
e i t h e r method. 
H e l i c o p t e r d r i l l i n g i s a v e r y expensive and p a r t i c u l a r l y dangerous t e c h n i q u e 
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f o r e x p l o r a t i o n . I t s use s h o u l d be employed w i t h d i s c r e t i o n s i n c e the 
o p e r a t i o n of any a i r c r a f t a t c l o s e p r o x i m i t y t o the ground, p a r t i c u l a r l y 
i n mountainous t e r r a i n , i s a s i t u a t i o n i n which s e r i o u s a c c i d e n t s can and 
do happen. Worker s a f e t y must be the foremost c o n s i d e r a t i o n when p l a n n i n g 
and c o n d u c t i n g an e x p l o r a t i o n program. I n some c i r c u m s t a n c e s , such as 
those o u t l i n e d above, the use o f t h i s e x p l o r a t i o n t e c h n i q u e can be j u s t i f i e d . 
I n the 1977 e x p l o r a t i o n program some h e l i c o p t e r d r i l l i n g i s planned. I n 
o t h e r c i r c u m s t a n c e s , however, i t i s not i n t e n d e d , nor i s i t j u s t i f i e d , t o 
c o m p l e t e l y r e p l a c e c o n v e n t i o n a l d r i l l i n g t e c h n i q u e s by t h i s e x p l o r a t i o n 
method. 

D u r i n g the program f o r 1976 s e v e r a l b r i d g e s were c o n s t r u c t e d over c r e e k 
c r o s s i n g s . I n a l l cases f o r d i n g c o u l d have been c a r r i e d out as o c c u r s i n 
many e x p l o r a t i o n programs. The b r i d g e s were c o n s t r u c t e d i n an attempt to 
a v o i d stream s i l t a t i o n and the p o s s i b i l i t y o f d e s t r u c t i o n of f i s h p o p u l a t i o n s . 
Subsequent b a s e l i n e s t u d i e s c a r r i e d out at the b r i d g e s and o t h e r l o c a t i o n s 
showed t h a t no f i s h were pr e s e n t i n the streams, a p p a r e n t l y due t o the 
presence o f w a t e r f a l l s downstream. However, the b r i d g e c o n s t r u c t i o n was 
s t i l l c o n s i d e r e d t o be w o r t h w h i l e so t h a t stream s i l t a t i o n c o u l d be m i n i -
i z e d and f i s h h a b i t a t s f a r t h e r downstream beyond the p r o j e c t area would be 
p r o t e c t e d from a c t i v i t i e s c a r r i e d out on the p r o p e r t y . 

B u l l d o z e r s and s i m i l a r earth-moving equipment generate the g r e a t e s t amount 
of s u r f a c e d i s t u r b a n c e on any e x p l o r a t i o n program. As a r e s u l t , a v e r y 
s t r o n g emphasis has been p l a c e d on o p e r a t o r e d u c a t i o n towards the requirement 
f o r c r e a t i n g minimum s u r f a c e d i s t u r b a n c e w h i l e m a i n t a i n i n g good c o n s t r u c t i o n 
t e c h n i q u e s . I n i t i a l l y the r equirements were demanded and a c h i e v e d by approach­
i n g the i n d i v i d u a l o p e r a t o r , and t h i s was emphasized by a p p l y i n g p r e s s u r e t o 
h i s employer, the c o n t r a c t o r . Once the e a r l y r e s u l t s c o u l d be seen by the 
o p e r a t o r s themselves, t h e i r own p r i d e i n a job w e l l done guaranteed t h a t the 
job would be c a r r i e d out i n the p r e s c r i b e d manner. The g e n e r a l p r i n c i p l e s 
emphasized were:-
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1. t o make o n l y the minimum amount of d i s t u r b a n c e n e c e s s a r y ; 
2. t o use e x i s t i n g areas o f d i s t u r b a n c e wherever p o s s i b l e ; 
3. t o c a r r y out c o n s t r u c t i o n a l o n g r o u t e s which i t i s a n t i c i p a t e d 

w i l l u l t i m a t e l y be used d u r i n g m i n i n g o p e r a t i o n s ; 
and, most s i g n i f i c a n t l y , 
4. t o do no e a r t h moving at a l l i n areas where i t i s p o s s i b l e t o 

s i m p l y w a l k the equipment over the l a n d s u r f a c e . 

The l a t t e r method has been used wherever p o s s i b l e i n the a l p i n e areas 
and r e s u l t s i n g r e a t l y reduced s u r f a c e d i s t u r b a n c e i n t h i s s e n s i t i v e 
environment. I t has been found p r a c t i c a l f o r b u l l d o z e r s t o s i m p l y tow 
d r i l l s a c r o s s s p a r s e l y v e g e t a t e d h i g h a l p i n e p l a i n s , w i t h e a r t h moving 
b e i n g unnecessary. 

RECLAMATION TECHNIQUES 
E x p l o r a t i o n r e c l a m a t i o n on the Saxon p r o p e r t y i s b e i n g c a r r i e d out i n 
accordance w i t h the c u r r e n t r e c l a m a t i o n g u i d e l i n e s . A r e l a t i v e l y s m a l l 
amount o f s u r f a c e d i s t u r b a n c e has been generated t o date and, w i t h the 
f i e l d program f o r 1976 b e i n g completed i n December of t h a t y e a r , i t was 
d e c i d e d t o d e f e r seeding u n t i l the s p r i n g t o a l l o w p l a n t growth t o become 
f i r m l y e s t a b l i s h e d b e f o r e the onset o f f a l l . A c o n s i d e r a b l e amount o f 
s u r f a c e p r e p a r a t i o n i s now b e i n g undertaken i n c o n j u n c t i o n w i t h the 1977 
program so t h a t seeding and f e r t i l i z i n g of d i s t u r b e d areas can be r a p i d l y 
c a r r i e d out d u r i n g the s p r i n g . 

A l l r o a d s , e i t h e r main access or d r i l l t r a i l s , a r e b e i n g p r o p e r l y s l a s h e d 
t o remove the p o s s i b i l i t y o f f i r e h a z a r d s , and e x t e n s i v e c u l v e r t i n g on the 
access roads has been c a r r i e d out t o a l l o w the c u r r e n t f l o w o f s u r f a c e water. 
F u r t h e r c u l v e r t i n g and e x t e n s i v e d i t c h i n g o f the access roads i s b e i n g under­
t a k e n , not o n l y f o r r e c l a m a t i o n purposes but a l s o t o p r o v i d e permanent access 
f o r o p e r a t i o n s i n the a r e a . On the Saxon South access r o a d , p a r t i a l l y con­
s t r u c t e d d u r i n g 1976, a C a t e r p i l l a r D4 w i t h back hoe i s b e i n g used t o d i g 
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s u b s t a n t i a l d i t c h e s t o c o n t r o l dra inage. When t h i s i s completed, the 
s u r f a c e s t r i p p i n g w i l l be b u r i e d i n the road bed a f t e r f i n a l c u l v e r t i n g 
i s complete and p r i o r t o g r a v e l s u r f a c i n g m a t e r i a l b e i n g p l a c e d on the 
road bed. Seeding of the r o a d s h o u l d e r s w i l l f o l l o w i n the s p r i n g . 

E r o s i o n bars w i l l be c o n s t r u c t e d on the abandoned d r i l l t r a i l s , and i t 
i s hoped t h a t t h i s aspect of the work w i l l be complete b e f o r e break-up 
t o e f f e c t i v e l y c o n t r o l s p r i n g r u n - o f f . 

P a r t i c u l a r c a r e has been taken t o d i s p o s e o f a d i t waste m a t e r i a l s . The 
weathered c o a l and r o c k i s h a u l e d by t r u c k t o a c a r e f u l l y s e l e c t e d c e n t r a l 
area f o r b u r i a l . I n Saxon South the o r i g i n a l recommended s i t e l a y i n a 
h o l l o w which was l a t e r found to be a s u b s t a n t i a l water course. A nearby 
a l t e r n a t e s i t e was s e l e c t e d at the c r e s t of a s m a l l but pronounced r i s e . 
The c r e s t of the r i s e was dug o u t , t h e a d i t waste dumped i n s i d e and the 
s u r f a c e m a t e r i a l r e p l a c e d and r e c o n t o u r e d t o prevent any p o s s i b i l i t y o f 
e r o s i o n o f the c o a l s p o i l . 

NEW TECHNIQUES 

At the present time Denison i s a t t e m p t i n g t o d e v i s e new t e c h n i q u e s t h a t 
may remove the n e c e s s i t y f o r b u l l d o z e r t r e n c h i n g below t r e e l i n e . The low 
c o s t of hand t r e n c h i n g and the v e r s a t i l i t y o f the t e c h n i q u e above t r e e l i n e 
would be d e s i r a b l e . In 1977 m o t o r i z e d hand augers w i l l be used to break up 
the s o i l and v e g e t a t i o n s along the l i n e o f t r e n c h p r i o r t o t r e n c h c o n s t r u c t i o n . 

The company has ordered a c l i m b i n g backhoe on a r e n t a l - p u r c h a s e b a s i s and 
w i l l be e x p e r i m e n t i n g w i t h i t s use on a l l p r o j e c t s d u r i n g t h i s summer i n 
an attempt t o d e v i s e b e t t e r t r e n c h i n g t e c h n i q u e s i n v o l v i n g minimal s u r f a c e 
d i s t u r b a n c e f o r t h i s phase of e x p l o r a t i o n . 

E f f o r t s are b e i n g made to reduce s u r f a c e d i s t u r b a n c e t o a minimum f o r t h i s 
phase of e x p l o r a t i o n because i t has been c l e a r l y e s t a b l i s h e d t h a t i t i s not 
o n l y an expensive procedure t o r e c l a i m d i s t u r b e d a r e a s , but i t i s a l s o 
expensive t o generate areas of s u r f a c e d i s t u r b a n c e i n the f i r s t p l a c e . 
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RECLAMATION AND DISTRICT INSPECTION 

A. D. Tid s b u r y 
D i s t r i c t I n s p e c t o r , M i n i s t r y of Mines and Petroleum Resources 

Area 10 

For p r e s e n t a t i o n t o a g a t h e r i n g such as t h i s , I found the s u b j e c t -
"Reclamation and D i s t r i c t I n s p e c t i o n " a d i f f i c u l t one f o r e s t a b l i s h m e n t 
o f a coherent theme. A c c o r d i n g l y , I have r e s o r t e d t o the time honored 
dodge o f i n c o r p o r a t i n g s l i d e s t o i l l u s t r a t e s p e c i f i c p o i n t s i n a 
c o n c i s e manner. 

I p r e s e n t l y a d m i n i s t e r i n s p e c t i o n Area 10, but have some i n p u t and con­
s i d e r a b l e e x p e r i e n c e w i t h Area 9, which c o n t a i n s most o f the c o a l measures 
r e f e r r e d t o as the Northe a s t Coal Block. T h i s f a c t , p l u s many ye a r s i n 
m i n i n g , m i n e r a l e x p l o r a t i o n , p etroleum and n a t u r a l gas e x p l o r a t i o n and 
p r o d u c t i o n , presumably account f o r my b e i n g here at t h i s time. I t sho u l d 
a l s o be p o i n t e d out t h a t o p i n i o n i s my own - my c o n f r e r e s have not been 
c o n s u l t e d on t h i s paper. 

As we a r e a l l w e l l aware, and f o r many r e a s o n s , the pas t decade has 
w i t n e s s e d a c o n s i d e r a b l e impetus i n thought and e f f o r t devoted t o eco­
l o g i c a l and envi r o n m e n t a l p l a n n i n g , e v a l u a t i o n and p r o t e c t i o n . Some 
seven y e a r s past the M i n i s t r y of Mines e l e c t e d t o c r e a t e a Rec l a m a t i o n 
S e c t i o n w i t h i n the E n g i n e e r i n g and I n s p e c t i o n D i v i s i o n . 

Most o f us p r e s e n t l y employed as D i s t r i c t I n s p e c t o r s have had the unique 
o p p o r t u n i t y t o observe and p a r t i c i p a t e i n the e v o l u t i o n o f the Reclamation 
S e c t i o n , Reclamation G u i d e l i n e s and c o v e r i n g R e g u l a t i o n s . We have observed 
the s t r u g g l e w i t h t e r m i n o l o g y , r e c o n c i l i a t i o n o f d i f f e r i n g standards and 
o b j e c t i v e s , r e t r o a c t i v i t y and r e s p o n s i b i l i t y f o r r e c l a m a t i o n , p a r t i c i p a t i o n 
and c o s t i n p l a n n i n g , p r a c t i c a l i t y o f p r o p o s a l s , bonding, enforcement, 
c o v e r i n g l e g i s l a t i o n , and many o t h e r a s p e c t s i n c l u d i n g Nature's l a c k of 
c o - o p e r a t i o n on fre q u e n t o c c a s i o n s . There has a l s o been ample o p p o r t u n i t y 

t o observe both h i s t o r i c and c u r r e n t o p e r a t i o n a l s i t e s w i t h r e s p e c t t o 
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e n v i r o n m e n t a l r e h a b i l i t a t i o n , both a s s i s t e d and o t h e r w i s e . 

Where then, does a D i s t r i c t I n s p e c t o r stand w i t h r e s p e c t t o r e c l a m a t i o n , 
r e h a b i l i t a t i o n and c u r r e n t environmental t h i n k i n g ? 

I t i s suggested t h a t he occupies a median p o s i t i o n , n e i t h e r d i r e c t l y i n ­
v o l v e d i n the e n v i r o n m e n t a l l y damaging p r o c e s s e s , nor p e r s o n a l l y p a r t i c i ­
p a t i n g i n the planned h e a l i n g endeavor. Not a r e c l a m a t i o n e x p e r t , but 
h a v i n g sure knowledge of why the d i s t u r b a n c e was i n i t i a t e d . I n many 
ways the n , an informed observer h a v i n g c e r t a i n powers f o r c o n t r o l and 
d i r e c t i o n of e f f o r t . There i s a l s o a more on-going and c l o s e r r e l a t i o n s h i p 
w i t h the Operator i n the f i e l d than o t h e r s have o c c a s i o n f o r . The I n ­
s p e c t o r i s f a m i l i a r w i t h the l i m i t a t i o n s imposed by l o c a l e and season, 
access and p o t e n t i a l , budget and f a c t u a l e x p e n d i t u r e . He must a l s o work 
w i t h i n r a t h e r f i x e d r u l e s and g u i d e l i n e s , m a i n t a i n i n g i n t e g r i t y and f a i r p l a y . 

Due t o understandable l i m i t a t i o n s i n s t a f f , and t o a v o i d c o s t l y harrassment 
of the Operator, the M i n i s t r y q u i t e l o g i c a l l y f e e l s t h a t the I n s p e c t o r , w h i l e 
perhaps not an e x p e r t , i s c e r t a i n l y c apable o f guidance and d i r e c t i o n i n f i e l d 
p r o g r e s s o f such t h i n g s as r e c l a m a t i o n i n c o n j u n c t i o n w i t h o t h e r d u t i e s . He 
works c l o s e l y w i t h the Reclamation S e c t i o n , and those s p e c i a l i s t s i n the 
S e c t i o n who cover w i d e r f i e l d s at l e s s f r e q u e n t i n t e r v a l s , or who a r e a v a i l ­
a b l e f o r c o n s u l t a t i o n or a d v i c e on s p e c i f i c i s s u e s as r e q u i r e d . To d a t e , 
t h i s p r a c t i c e has worked q u i t e w e l l , i n so f a r as I am aware, as i t p e r t a i n s 
t o I n s p e c t i o n and Reclamation. 

As a r e s u l t of such t r a v e l , o b s e r v a t i o n , and e x p e r i e n c e , t h e r e are a s p e c t s 
o f the i n d u s t r y - r e c l a m a t i o n r e l a t i o n s h i p on which an I n s p e c t o r might comment 
i n the i n t e r e s t s o f p r o g r e s s . P r i o r t o doing so however, I would l i k e t o 
n o n - p r e j u d i c i o u s l y r e f e r t o a f a c t u a l case of r e c o r d i n the N o r t h - e a s t 
Coal B l o c k , f o r which I was then Area I n s p e c t o r . 

***** (PHOTOS, GROUP 1) 
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I n the f a l l of 1969 I c a l l e d at an o p e r a t i o n of c o n s i d e r a b l e magnitude, 
encompassing s t r i p p i n g , a t e s t a d i t o f 100 f e e t p l u s , and a few thousand 
f e e t o f NQ c o r i n g , which had been a c t i v e on my p r e v i o u s v i s i t . A c t i v i t y 
had ceased, camp and equipment b e i n g moved out. 

On the next monthly t r i p , e n q u i r y d i s c l o s e d t h a t o p e r a t i o n s had been t r a n s ­
f e r r e d t o a nearby r i v e r v a l l e y where c o a l had been found. S i n c e n e i t h e r 
o p e r a t i o n was a u t h o r i z e d , t o my knowledge, I proceeded post h a s t e f o r 
i n f o r m a t i o n . 

You can imagine my r e a c t i o n upon f i n d i n g a l a r g e w i n t e r camp, a number o f 
access roads and e x p l o r a t i o n t r e n c h e s a p p r o x i m a t i n g 100 m i l e s i n l e n g t h , 
and every one on the camp w i t h happy s m i l e s , too busy t o stop and t a l k . 

A l l t h i s i n a r e s t r i c t e d a r e a , w i t h no l e g a l t i t l e and no n o t i c e of i n t e n t 
s ubmitted t o the D i s t r i c t I n s p e c t o r , and i n a 3 month i n t e r v a l . 

I am happy t o r e l a t e t h a t a l l i s now l e g a l i z e d , funded, p r o j e c t e d f o r p r o ­
d u c t i o n , and up t o date i n r e c l a m a t i o n - r e h a b i l i t a t i o n . 

With change i n the i n t e r v e n i n g y e a r s , i t i s d o u b t f u l t h a t such a s i t u a t i o n 
c o u l d occur a g a i n . L e g i s l a t i o n , r e g u l a t i o n s , and common i n t e r e s t would not 
permit such an u n d i s c l o s e d amount o f a c t i v i t y w i t h o u t a u t h o r i z a t i o n . 

***** (PHOTOS, GROUP 2) 

However, on s m a l l e r s c a l e , s i m i l a r u n c o n t r o l l e d and p o o r l y planned a c t i v i t y 
s t i l l s u r f a c e s from time t o time i n the m i n e r a l e x p l o r a t i o n f i e l d . Our 
f i r s t n o t i c e may be a comp l a i n t as t o unpaid b i l l s by a d i s g r u n t l e d employee 
or c o n t r a c t o r , a d v i c e from the F o r e s t S e r v i c e , or o t h e r means. Coupled w i t h 
i n d i v i d u a l e f f o r t on m i n e r a l c l a i m s and p l a c e r l e a s e s , the sum t o t a l o f such 
p o o r l y planned and o f t e n u n d e r - f i n a n c e d d i s t u r b a n c e i s s i g n i f i c a n t , c u r r e n t , 
and growing. 
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I n o r d e r t o r e s t r a i n such u n c o n t r o l l e d a c t i v i t y , u s u a l l y i n i t i a t e d i n 
" i g n o r a n c e " , and v e r y d i f f i c u l t t o d i f f e r e n t i a t e a t the onset from w e l l 
planned, w e l l f i n a n c e d , and more r e s p o n s i b l e e f f o r t , i t would appear t h a t 
a re-assessment of what i s i m p l i e d by " h i s t o r i c r i g h t s , f and what con­
s t i t u t e s a " p r i v i l e g e " i s r e q u i r e d . I t i s suggested t h a t r e c l a m a t i o n must 
be accepted as an o p e r a t i n g c o s t from the o u t s e t . I n d u s t r y must a l s o 
a s s i s t r e g u l a t o r y bodies i n a balanced and a c c e p t a b l e judgment on a s p e c t s 
of p r e - p r o d u c t i o n a c t i v i t i e s and development such as: 

(1) Has the p r o s p e c t o r t u r n e d up an o c c u r r e n c e , 
or does p o t e n t i a l e x i s t ? 

(2) Does the m i n e r a l have economic p o t e n t i a l , i n 
i t s l o c a l e , a t t h i s time? 

(3) What type o f e v a l u a t i o n best s u i t s the p r o s p e c t ? 

(4) How may e v a l u a t i o n be undertaken, w i t h l e a s t d i s t u r b a n c e , 
c o n s i s t e n t w i t h s i t e and economic f a c t o r s p r e v a i l i n g ? 

(5) Some means of l i m i t i n g f u r t h e r major d i s t u r b a n c e a t a 
g i v e n s i t e , s h o u l d a concensus of q u a l i f i e d o p i n i o n 
deem i t i m p r a c t i c a l at t h a t t i m e , i s d e s i r a b l e . 

(6) R e v i s i o n o f the M i n e r a l and P l a c e r A c t s w i t h r e s p e c t t o 
assessment work. P r e s e n t l y , u s e l e s s p h y s i c a l work i s 
o f t e n used as a means of r e t a i n i n g T i t l e . 

(7) E v a l u a t i o n and f a c t u a l r e c o r d i n g of s e a s o n a l work, both 
t o ensure j u s t i f i c a t i o n f o r c o n t i n u a n c e , and t o have 
f i n d i n g s a v a i l a b l e i n the event of f u t u r e u n - r e l a t e d 
e f f o r t on the p r o s p e c t . 

(8) Review of f u n d i n g and q u a l i f i c a t i o n r e p o r t i n g s t a n d a r d s , 
t o ensure adherence to the recommended work program, and 
t o permit f o l l o w - u p by the q u a l i f i e d r e p o r t author f o r 
q u a l i f i e d e v a l u a t i o n . 
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(9) I n c l u s i o n o f s e a s o n a l l y p r a c t i c a l r e c l a m a t i o n as a 
mandatory p o r t i o n of the program, and/or t o t a l 
r e c l a m a t i o n as a requirement t o c l a i m r e l e a s e or 
f o r f e i t u r e . 

I n r e a l i t y , none of these n i n e items i s new or o r i g i n a l . A l l , I am s u r e , 
have been d i s c u s s e d by most of us here on numerous o c c a s i o n s . I n any 
event, such change i s v i s u a l i z e d as a means of l i m i t i n g unnecessary en­
v i r o n m e n t a l d i s t u r b a n c e , and o f o b t a i n i n g more c o r r e c t r e c l a m a t i o n 
s t a t u s , r a t h e r than coming from behind and p l u g g i n g h o l e s as i n our 
p r e s e n t s i t u a t i o n . 

A very r e a l danger e x i s t s i n t h a t i n j u s t i c e and h a r d s h i p might be worked 
on i n d i v i d u a l s and s m a l l e r groups or o r g a n i z a t i o n s . T h i s would c e r t a i n l y 
have t o be guarded a g a i n s t i f changes developed. 

Other r i s k s and hazards are i n h e r e n t w i t h e a r l y mandatory r e c l a m a t i o n , or 
s e a s o n a l r e c l a m a t i o n . I n n o r t h e r n a r e a s , and areas a t e l e v a t i o n , the 
w o r k i n g season i s a l r e a d y so s h o r t as t o be extremely dependent upon 
weather. A c c o r d i n g l y , u n l e s s a d o p t i n g unusual procedure and i n o r d i n a t e 
expense, r e c l a m a t i o n on s e a s o n a l and/or continuous b a s i s might w e l l i n c u r 
more harm than good, o b t a i n i n g o n l y poor to mediocre p r e p a r a t i o n and germi­
n a t i o n f o r the d o l l a r expended. 

More advanced p r o s p e c t s , l a r g e r p r o s p e c t s , and p o t e n t i a l p i t o p e r a t i o n s 
p a r t i c u l a r l y , f a c e i n e q u i t i e s w i t h r i g i d r e c l a m a t i o n r e q u i r e m e n t s . Because 
of the sheer s i z e o f the o p e r a t i o n , and i t s p r o j e c t e d a c t i v e l i f e , s h o r t 
term r e m e d i a l e f f o r t i s o f t e n an expensive and wasted one. For example, at 
an open p i t mine i n my a r e a , attempts t o conserve s o i l and t i l l cover over 
bed r o c k are not p r a c t i c a l . The mine i s on s i d e - h i l l t e r r a i n , as are the 
dumps. The o n l y way t o r e t a i n the overburden i n s i t u when the dump i s a t 
p r a c t i c a l s i z e l i m i t , i s t o c o n v e r t i t t o a r o c k waste dump, thus l o a d i n g 
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the toe and s i d e s o f the overburden. P r a c t i c e r e q u i r e s r o c k s u r f a c e 
cover t o permit t r u c k access. 

***** (PHOTOS, GROUP 3) 

I n l o n g e r term view, t h i s i s not d e l e t e r i o u s t o the end r e s u l t . I t i s a 
m u l t i - s t a g e d , m u l t i p i t p r o j e c t . A c c o r d i n g l y overburden and t i l l from the 
f i n a l stages o f p i t development w i l l s u f f i c e t o adequately prepare f i n i s h e d 
dumps and p i t areas f o r r e - v e g e t a t i o n or p l a n t i n g . End r e s u l t w i l l be 
e x t e n s i v e f l a t and g e n t l y s l o p i n g areas s u i t a b l e f o r f o r a g e growth and 
amenable t o i r r i g a t i o n , as w e l l as s l o p i n g bowls which c o u l d c o n t a i n s m a l l 
l a k e s t i e d i n t o the p r e - e x i s t i n g d r a i n a g e system w i t h b e n e f i c i a l r e s u l t s 
as t o s t a b i l i t y and c o n t i n u i t y o f the system d u r i n g dry seasons. 

T a i l i n g s ponds t o o , may present non-conformable s i t u a t i o n s . These a r e 
v i t a l l y n e c e s s a r y , a c t i v e throughout the l i f e of the o p e r a t i o n and f a r 
from b e i n g s t a n d a r d . G e n e r a l l y , r e h a b i l i t a t i o n i s not p o s s i b l e d u r i n g 
p r o j e c t l i f e , though v a r i o u s r e m e d i a l measures such as s e a s o n a l dust c o n t r o l 
may be p r a c t i c a l . 

Thus, from the I n s p e c t o r ' s v i e w p o i n t , r e c l a m a t i o n , p r e s e r v a t i o n and r e h a b i l i ­
t a t i o n of ecology and environment by a l l means, but w i t h f l e x i b i l i t y , p l a n n i n g , 
and e s p e c i a l l y t i m i n g , t o bes t f i t i n d i v i d u a l s i t u a t i o n s and c i r c u m s t a n c e s . 

From the p l a n n i n g and t a i l o r i n g p o i n t o f view, some g e n e r a l c o n s i d e r a t i o n s 
which might be c o n s i d e r e d i n r e c l a m a t i o n recommended f o r p r e - p r o d u c t i o n work 
at assured mine s i t e s f o l l o w : 

(a) Access t o some d r i l l s i t e s and t e s t a d i t s perhaps 
need not r e q u i r e c r i t i c a l l o c a t i o n or r e c l a m a t i o n 
i f they w i l l be covered o r removed i n p i t p r e p a r a t ­
i o n i n a r e l a t i v e l y s h o r t p e r i o d of time i n any case. 

(b) C o n v e r s e l y , more p l a n n i n g and c r i t i c a l r e s e a r c h s h o u l d 
go i n t o dump s i t e s . There a r e n o t o r i o u s f o r l a c k of 
s t a b i l i t y , seldom w i t h s t a n d i n g c r i t i c a l h i n d s i g h t . 
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(c) T a i l i n g s ponds are s i m i l a r t o dumps. Perched pond 
s i t e s may have obvious weaknesses. S i m i l a r l y , ponds 
l o c a t e d i n d e p r e s s i o n s or bowls may not be amenable 
to f i n a l s t a b i l i t y and water c o n t r o l , though o t h e r w i s e 
d e s i r a b l e . 

(d) Funds expended on p l a n n i n g and r e s e a r c h i n the v e r y 
e a r l y days o f e x p l o r a t i o n and development, even i n ­
c l u d i n g e x t e n s i v e d e l a y , are w e l l spent, and worth many 
more at a l a t e r date. 

To sum up the n , as a D i s t r i c t I n s p e c t o r , I b e l i e v e we have made g r e a t 
p r o g r e s s i n the l a s t decade, t a k i n g changes i n mi n i n g t e c h n o l o g y i n 
s t r i d e . Continued p r o g r e s s i s c e r t a i n . With on-going c o - o p e r a t i o n 
between a l l who have i n p u t , t e n a b l e g u i d e l i n e s and p o l i c i e s w i l l e v o l v e . 
T h i s o b j e c t i v e w i l l r e q u i r e mutual a p p r e c i a t i o n w i t h thorough awareness 
of the problem, knowledge o f the scope o f p o t e n t i a l e n v i r o n m e n t a l damage 
and e f f o r t w i t h i n a c c e p t a b l e and p r a c t i c a l parameters. 
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WORKSHOP SUMMARIES 

EXPLORATION AND INSPECTION 

CONCERNING EXPLORATION COSTS 
- f i n a n c i a l committment must be e s t a b l i s h e d by the management of the 

mining company t o support r e c l a m a t i o n a c t i v i t i e s . 
- management must be aware of g u i d e l i n e s and r u l e s beforehand and 

have f u n d i n g t o handle i t t o a v o i d r e s t r i c t i v e l e g i s l a t i o n . 
- c o - o p e r a t i o n between mining companies and government, now, i s v e r y 

important t o prevent the development of a massive body o f r e d tape 
( r u l e s and r e g u l a t i o n s ) . 

- i n d u s t r y s h o u l d come t o g e t h e r c o - o p e r a t i v e l y t o share the c o s t s , 
the problems and the r e s u l t s of r e s e a r c h and e x p e r i e n c e . 

CONCERNING EXPLORATION GUIDELINES 
- g u i d e l i n e s change too o f t e n and have i n them c o n f l i c t s i . e . where 

i t i s n e c e s s a r y t o r e c l a i m an area a f t e r e x p l o r a t i o n which w i l l be 
mined i n the f u t u r e . 

- i t may be b e t t e r t o i n t e r p r e t g u i d e l i n e s on a s i t e s p e c i f i c b a s i s . 
- government agencies should g i v e more i n p u t t o s m a l l companies on 

r e c l a m a t i o n , e s p e c i a l l y i n f o l l o w i n g the g u i d e l i n e s . 
- i n s p e c t o r s should a c t as g u i d e s , a d v i s o r s and t e a c h e r s , p a r t i c u l a r l y 

t o s m a l l o p e r a t o r s . T h i s s h o u l d be combined w i t h common sense s i t e 
s p e c i f i c a d v i c e . 

- may be d i f f i c u l t i e s f o r i n s p e c t o r s t o convince s m a l l o p e r a t o r s t h a t 
g u i d e l i n e s s h o u l d be f o l l o w e d because other r e s o u r c e users (e.g. hydro) 
have no g u i d e l i n e s . 

CONCERNING COMMUNICATION 
- need co f a c i l i t a t e communication e s p e c i a l l y i n i n t e r - g o v e r n m e n t a l a g e n c i e s 
- t h e r e i s an inadequate s h a r i n g of i n f o r m a t i o n between mines and o t h e r 

agencies (e.g. a g r i c u l t u r e , f o r e s t r y , f i s h and w i l d l i f e , e t c . ) . 
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- need communication on a r e g i o n a l l e v e l . 
- the r e c l a m a t i o n process should be r e g i o n a l i z e d as d e c i s i o n s a r e made 

at too h i g h a l e v e l . 
- t h e r e a r e i n c o n s i s t e n c i e s between r e g i o n s and V i c t o r i a , p o s s i b l y due 

t o a l a c k o f communication. 

CONCERNING INSPECTION 
- more manpower needed a t i n s p e c t i o n l e v e l p o s s i b l y w i t h teams o f 

i n s p e c t o r s w i t h r e p r e s e n t a t i v e s from d i f f e r e n t d i s c i p l i n e s and a g e n c i e s . 
- i n s p e c t i o n i s g e n e r a l l y good but l a c k s e x p e r t i s e i n some a r e a s . 
- need a v a i l a b i l i t y of r e s o u r c e people from the mines r e c l a m a t i o n 

branch t o a s s i s t r e c l a m a t i o n programs i n the f i e l d . 
- unnecessary work c o u l d be a l l e v i a t e d by c l o s e r i n s p e c t i o n . 
- heavy work l o a d of mining i n s p e c t o r s c o u l d p o s s i b l y be supplemented 

by a s s i s t a n c e and a d v i c e from other a g e n c i e s such as F o r e s t r y S e r v i c e 
p e r s o n n e l . 

CONCERNING EXPLORATION PLANNING 
- companies should n o t i f y d i f f e r e n t government ag e n c i e s e a r l i e r about 

e x p l o r a t i o n work so that these a g e n c i e s can produce area s p e c i f i c 
g u i d e l i n e s . 

- i n d u s t r y s h o u l d p r e p l a n p r o t e c t i o n o f e x p l o r a t i o n a r e a s . 
- t h e r e a r e not enough b a s e l i n e s t u d i e s of areas t o be e x p l o r e d . 
- r e g i o n a l p l a n n i n g c o u l d be important i n e x p l o r a t i o n , e.g. prevent 

d u p l i c a t i o n o f access roads. 
- p r e p l a n n i n g of e x p l o r a t i o n a c c e s s i n c o n j u n c t i o n w i t h raining i n s p e c t o r s 

i s e s s e n t i a l . 
- i n t e g r a t i o n w i t h o t h e r r e s o u r c e users i n the p l a n n i n g i s d e s i r a b l e as 

w e l l . 
- need t o r e c o g n i z e the d i f f i c u l t y i n r e s t r i c t i n g access t o e x p l o r a t i o n 

roads, e s p e c i a l l y f o r r e c r e a t i o n a l purposes. 



105 

CONCERNING THE PUBLIC 
- p u b l i c i n f o r m a t i o n programs t o a d v i s e communities i n the area of plans 

f o r e x p l o r a t i o n would be e s s e n t i a l . 
- p u b l i c involvement has advantages as w e l l as di s a d v a n t a g e s . 

CONCERNING DOUBLE STANDARDS 
- double standards f o r mining e x p l o r a t i o n s h o u l d not e x i s t . 
- sh o u l d be s t a n d a r d i z a t i o n of r e g u l a t i o n s r e g a r d i n g r e c l a m a t i o n f o r 

a l l r e s o u r c e users i n bot h government and i n d u s t r y . 
- d i s p a r i t y between requirements f o r the mi n i n g i n d u s t r y versus the 

l o g g i n g i n d u s t r y on road c o n s t r u c t i o n and r e c l a m a t i o n requirements 
may have t o be r e s o l v e d f o r m u l t i p l e i n d u s t r y road useage t o become 
a r e a l i t y - - a l t h o u g h the economics of the road b u i l d i n g and r e c l a i m i n g 
would seem t o favour t h i s m u l t i p l e useage. 

CONCERNING EDUCATION 
- e d u c a t i o n of e x p l o r a t i o n crews t o min i m i z e need f o r ac c e s s roads i s 

co s t e f f e c t i v e . 
- need more e d u c a t i o n i n the i n d u s t r y through the l i c e n s i n g process 

by the M i n i s t r y of Mines. 
- B.C. and Yukon Chamber of Mines c o u l d sponsor and s t r e s s the re c l a m ­

a t i o n n e c e s s i t y i n a l l courses g i v e n t o p r o s p e c t o r s and other people 
e x p l o r i n g f o r m i n e r a l s . 
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RESEARCH ON TAILINGS IN BRITISH COLUMBIA 
U.B.C. EXPERIENCE 

ABSTRACT 

For the past s e v e r a l y e a r s the Department of S o i l S c i e n c e 
at the U n i v e r s i t y of B r i t i s h Columbia has been i n v o l v e d i n 
r e s e a r c h r e l a t e d t o v e g e t a t i o n of mine wastes. The g e n e r a l 
o b j e c t i v e of the r e s e a r c h program has been t o c h a r a c t e r i z e 
mine wastes, e s p e c i a l l y t a i l i n g s , by p h y s i c a l , c h e m i c a l , 
m i n e r a l o g i c a l and b i o l o g i c a l p r o p e r t i e s . I n t h i s manner, 
the r e s e a r c h has been o r i e n t e d towards u n d e r s t a n d i n g the 
i n h e r e n t p r o p e r t i e s of mine wastes so t h a t the m a t e r i a l s 
may be transformed t o a " s o i l " t h a t w i l l not o n l y m a i n t a i n 
v e g e t a t i o n but a l s o s u s t a i n i t , w i t h o u t the n e c e s s i t y o f 
continuous management. During 1976-77 the Department of 
S o i l S c i e n c e , under the a u s p i c e s o f the B r i t i s h Columbia 
Department of Mines and Petroleum Resources has i n t e n s i ­
f i e d i t s r e s e a r c h on t a i l i n g s . T h i s r e s e a r c h a c t i v i t y 
has been o r i e n t e d towards a b e t t e r u n d e r s t a n d i n g of the 
v a r i o u s types of t a i l i n g s , t h e i r e l e m e n t a l c o m p o s i t i o n , 
the elements they r e l e a s e upon w e a t h e r i n g , growth l i m i t i n g 
f a c t o r s and v e g e t a t i v e success. The u l t i m a t e aim i s t o 
develop g u i d e l i n e s f o r the e s t a b l i s h m e n t o f v e g e t a t i o n i n 
the v a r i o u s b i o p h y s i c a l r e g i o n s of the p r o v i n c e . I t was 
a l s o hoped t h a t the m i n i n g i n d u s t r y would become i n v o l v e d 
i n c o l l e c t i n g the d a t a , both e n v i r o n m e n t a l and l a b o r a t o r y , 
i n o rder f o r them t o develop t h e i r own e x p e r t i s e as w e l l 
as h e l p p l a n f u t u r e r e c l a m a t i o n programs. T h i s i n t e g r a t i o n 
o f government, u n i v e r s i t y and p r i v a t e s e c t o r has much t o 
o f f e r i n terms of e f f i c i e n c y of u t i l i z a t i o n of r e s o u r c e s , 
t r a i n i n g and o b t a i n i n g a b a s e - l i n e upon which B r i t i s h Columbia 
r e c l a m a t i o n programs can be p a t t e r n e d . 
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INTRODUCTION 
The e s t a b l i s h m e n t of a v e g e t a t i v e cover t h a t w i l l s u s t a i n i t s e l f i s one 
of the major concerns i n r e c l a m a t i o n of mine s p o i l . For many ye a r s 
v e g e t a t i o n e s t a b l i s h m e n t was c a r r i e d out by what may be termed agronomic 
t e c h n i q u e s , namely s e e d i n g , f e r t i l i z i n g and i r r i g a t i n g mine wastes. T h i s 
process has been o f some s u c c e s s , e s p e c i a l l y when a p p l i e d t o overburden 
and r o c k dumps and i n some i n s t a n c e s mine t a i l i n g s . However, too 
f r e q u e n t l y what appeared as a success i n e s t a b l i s h i n g a v e g e t a t i v e cover 
was a f a i l u r e a few ye a r s l a t e r , u n l e s s management - f e r t i l i z e r s , i r r i g a t ­
i o n and sometimes r e - s e e d i n g - was co n t i n u e d . I n the s h o r t r u n , t h i s 
type of r e c l a m a t i o n appeared sound. I n the lon g r u n , however, the i n d u s t r y 
and government began t o s e r i o u s l y q u e s t i o n such t h i n g s as: How long must 
management be a p p l i e d t o a mine waste area b e f o r e i t i s r e c l a i m e d ? I n what 
s t a t e of v e g e t a t i v e cover s h o u l d an area be l e f t b e f o r e i t can be s a i d t o 
be r e c l a i m e d ? What about the ot h e r v a l u e s o f a r e g i o n i n r e l a t i o n t o the 
r e c l a m a t i o n program? 

To answer some o f these q u e s t i o n s i t was b e l i e v e d t h a t some r e s e a r c h was 
necessary. L i k e o t h e r r e c l a m a t i o n p r o j e c t s , mine s p o i l , e s p e c i a l l y t a i l i n g s , 
o f f e r s a r e a l c h a l l e n g e . T a i l i n g s and, t o a l e s s e r e x t e n t r o c k dumps, are 
not at e q u i l i b r i u m w i t h t h e i r s u r r o u n d i n g s . T a i l i n g s m a t e r i a l s were formed 
g e o l o g i c a l l y at h i g h temperatures and p r e s s u r e s w i t h i n the e a r t h . T a i l i n g s 
m a t e r i a l s have been a f f e c t e d by man's a c t i v i t i e s of b l a s t i n g , g r i n d i n g , 
c h e m i c a l e x t r a c t i o n and d e p o s i t i o n i n t o a new environment o f low temperature 
and p r e s s u r e . The m i n e r a l s composing the t a i l i n g s a r e no l o n g e r s t a b l e and 
they b e g i n t o change, or weather, t o form new compounds t h a t are more i n 
e q u i l i b r i u m i n t h i s new environment. D u r i n g t h i s w e a t h e r i n g p r o c e s s , t a i l i n g s 
and o t h e r mine wastes, are changed c h e m i c a l l y , p h y s i c a l l y , m i n e r a l o g i c a l l y 
and b i o l o g i c a l l y . T h i s changing process i s u s u a l l y slow t o s t a r t , g a i n s 
momentum f o r s e v e r a l y e a r s and then begins t o slow down, j u s t l i k e n a t u r a l 
s o i l f orming p r o c e s s e s . 
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Our g o a l i n the Department of S o i l S c i e n c e at the U n i v e r s i t y of B r i t i s h 
Columbia has been t o study mine wastes i n a manner t h a t w i l l a l l o w an 
u n d e r s t a n d i n g of the s o i l forming p r o c e s s e s . I t i s o n l y through an 
u n d e r s t a n d i n g of the s o i l forming p r o c e s s e s t h a t one w i l l be a b l e t o 
p r e d i c t what the m a t e r i a l w i l l be l i k e i n the f u t u r e , what c h e m i c a l , 
p h y s i c a l , m i n e r a l o g i c a l and b i o l o g i c a l changes w i l l t ake p l a c e and what 
the e f f e c t s of these changes w i l l be on the m a t e r i a l . I f the e s t a b l i s h ­
ment of a s e l f - s u s t a i n i n g v e g e t a t i v e cover i s the o b j e c t of r e c l a m a t i o n , 
then i t i s obvious the k i n d of v e g e t a t i v e s p e c i e s used, the management 
p r a c t i c e s employed and the c h e m i c a l q u a l i t y o f the v e g e t a t i v e cover must 
be t i e d t o the s o i l m a t e r i a l t h a t i s forming. T i e d t o t h i s o v e r a l l 
o b j e c t i v e , the Department of S o i l S c i e n c e has a l s o been c o n d u c t i n g more 
immediately a p p l i c a b l e r e s e a r c h programs to b r i d g e the time gap b e f o r e 
s o i l forming processes i n mine s p o i l are b e t t e r understood. For example, 
e v a l u a t i o n of c h e m i c a l a n a l y s i s t o assess f e r t i l i z e r r e q u i r e m e n t s . Many 
methods developed by agronomists f o r a g r i c u l t u r a l c rops are not d i r e c t l y 
a p p l i c a b l e t o mine wastes, because the mine wastes are not r e a l l y s o i l . 
Other s t u d i e s have r e s o l v e d around assessments of l i m i t i n g n u t r i e n t s f o r 
v e g e t a t i v e e s t a b l i s h m e n t , namely growth chamber and greenhouse s t u d i e s 
and e v a l u a t i o n o f m o i s t u r e r e t e n t i o n and r e l e a s e from t a i l i n g s and r o c k 
dump m a t e r i a l s . 

For two y e a r s , the Department of S o i l S c i e n c e , co-operated w i t h the 
Government of Canada, Department of Energy, Mines and Resources, i n 
s t u d i e s of mine wastes i n B r i t i s h Columbia. The aim o f the program was 
to c h a r a c t e r i z e mine wastes i n Canada i n the c o n t e x t o f d e v e l o p i n g some 
g u i d e l i n e s f o r r e c l a m a t i o n by v e g e t a t i o n . Under t h i s program n i n e mines 
were v i s i t e d and c h a r a c t e r i z e d by p h y s i c a l , c h e m i c a l and m i n e r a l o g i c a l 
a n a l y s e s . The mines s t u d i e d were a l l grouped as s u l f i d e mines. The 
r e s u l t s of the Canadian program a r e i n d r a f t and s h o u l d be a v a i l a b l e t o 
us by the end o f March 1977 f o r review. The program o u t l i n e d above was 
a broad g e n e r a l over-view o f the s i t u a t i o n i n Canada. A l t h o u g h , h o p e f u l l y 



113 

of b e n e f i t , i t w i l l not meet a l l the needs of the m i n i n g i n d u s t r y i n a 
complex b i o p h y s i c a l p r o v i n c e as B r i t i s h Columbia. 

RESEARCH PROGRAM 1976-77 

The r e s e a r c h program i n i t i a t e d i n 1976-77 w i t h f u n d i n g from the B r i t i s h 
Columbia M i n i s t r y of Min e s , was an e x t e n s i o n and i n t e n s i f i c a t i o n of our 
p r e v i o u s two years o f work. I n c o n s u l t a t i o n w i t h the T e c h n i c a l and 
Research Committee, a program was begun t o loo k more s p e c i f i c a l l y a t mine 
t a i l i n g s i n B r i t i s h Columbia from a wide v a r i e t y of b i o p h y s i c a l e n v i r o n ­
ments. Ten mi n i n g s i t e s were chosen, namely Bethlehem, Lornex, S u l l i v a n , 
Endako, K a i s e r , Similkameen, H.B., Emerald, G i b r a l t a r and Brenda. I t was 
hoped t h a t the r e s p e c t i v e mines would co-operate i n the r e s e a r c h program. 
One of the g o a l s was t o h e l p the mining i n d u s t r y t o develop t h e i r own data 
base and e x p e r t i s e i n r e l a t i o n t o r e c l a m a t i o n . To be c a n d i d , c o - o p e r a t i o n 
ranged from bare acceptance t o e n t h u s i a s t i c support. One of the main 
problems f a c e d was t h a t most of the t a i l i n g s d i s p o s a l areas were s t i l l 
a c t i v e . I t was d i f f i c u l t t o con v i n c e some t h a t , a l t h o u g h the d i s p o s a l 
a rea was a c t i v e , sometime i n the f u t u r e a s i m i l a r s u r f a c e would have t o 
be r e c l a i m e d . Thus the sooner one o b t a i n e d d a t a on the t a i l i n g s m a t e r i a l 
the b e t t e r the un d e r s t a n d i n g would be when r e c l a m a t i o n was attempted. We 
were i n t e r e s t e d i n p r o v i d i n g some c o o r d i n a t i o n i n r e l a t i o n t o t a i l i n g s 
r e c l a m a t i o n and t o c a r r y out our o b j e c t i v e o f un d e r s t a n d i n g s o i l f o r m a t i o n 
as i t i s the r e s u l t a n t s o i l which w i l l have t o s u s t a i n the v e g e t a t i v e cover. 

METHODS 

The team from the U n i v e r s i t y v i s i t e d each mine s i t e and examined the 
t a i l i n g s d i s p o s a l system. T r a n s e c t s were e s t a b l i s h e d whenever p o s s i b l e 
and t a i l i n g s were examined f o r t h e i r v e r t i c a l and h o r i z o n t a l v a r i a t i o n . 
C o n t r a r y t o common b e l i e f , t a i l i n g s ponds are not u n i f o r m i n t h e i r p r o p e r t i e s . 
Samples of t a i l i n g s were c o l l e c t e d and r e t u r n e d t o the l a b o r a t o r y f o r 
an a l y s e s . V e g e t a t i o n s u r r o u n d i n g the t a i l i n g s ponds on t a i l i n g s m a t e r i a l s 
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were documented and i n some cases sampled f o r c h e m i c a l a n a l y s i s . I n 
the l a b o r a t o r y c h e m i c a l , p h y s i c a l , m i n e r a l o g i c a l and b i o l o g i c a l s t u d i e s 
were conducted. Each mine was asked t o conduct some r o u t i n e data c o l l e c t i o n 
on c l i m a t e , water q u a l i t y and t a i l i n g s c h a r a c t e r i s t i c s . I t i s hoped t h a t 
once t h i s data i s c o l l e c t e d g u i d e l i n e s f o r v e g e t a t i o n e s t a b l i s h m e n t may be 
developed t h a t would b e t t e r s u i t the p a r t i c u l a r b i o p h y s i c a l environment 
i n which the mine i s l o c a t e d . 

RESULTS AND DISCUSSION 

In the f i e l d , t a i l i n g s were c h a r a c t e r i z e d as t o t h e i r p a r t i c l e s i z e 
( t e x t u r e ) , l a y e r i n g and c o l o u r t o a depth of about one metre. Texture 
i s important as i t i s one of the most s i g n i f i c a n t parameters t h a t a f f e c t s 
e r o d a b i l i t y of the m a t e r i a l by both wind and water, as w e l l as c o n t r o l l i n g 
the a v a i l a b l e water s t o r a g e c a p a c i t y of the t a i l i n g s m a t e r i a l . L a y e r i n g 
i n a t a i l i n g s pond o f d i f f e r e n t p a r t i c l e s i z e c l a s s m a t e r i a l s i s i m p o r t ­
ant i n u n d e r s t a n d i n g water and a i r movement. The movement of water and a i r 
i n m a t e r i a l s i s c r i t i c a l t o v e g e t a t i v e growth. Every time t h e r e i s a 
l a y e r o f c o n t r a s t i n g p a r t i c l e s i z e , t h e r e i s a r e d u c t i o n i n the r a t e of 
water and a i r movement i n the m a t e r i a l . T h i s i n t u r n a f f e c t s the o x i d a t i o n -
r e d u c t i o n p o t e n t i a l of the media w i t h concomitant e f f e c t s on the s o l u b i l i t y 
of some of the elements and changes i n mineralogy. The aspect o f l a y e r i n g 
and the p o s i t i o n of the water t a b l e are both c r i t i c a l parameters t o 
measure i n order t o understand, and p o s s i b l y c o n t r o l , t h i s o x i d a t i v e 
w e a t h e r i n g . As s t a t e d e a r l i e r , mine t a i l i n g s o r i g i n a l l y were formed under 
h i g h temperature and p r e s s u r e and under r e d u c i n g c o n d i t i o n s . When exposed 
t o the e a r t h ' s atmosphere the m i n e r a l s change due t o the o x i d i z i n g c o n d i t i o n s 
and the lower temperatures and p r e s s u r e s . A n o t a b l e example of t h i s phenome­
non i s the o x i d a t i o n of mine s p o i l c o n t a i n i n g p y r i t e s t o s u l f a t e s w i t h 
changes i n pH v a l u e s o f 6 t o as low as 1.5. High water t a b l e s tend t o 
keep the media i n a reduced s t a t e and thus pH changes may not be so d r a s t i c . 
However, many elements are more s o l u b l e under r e d u c i n g c o n d i t i o n s and may, 
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t h e r e f o r e , go i n t o s o l u t i o n and be taken up by p l a n t s i n excess amounts, 
(e.g. Mo) or move from the t a i l i n g s pond i n t o the s u r r o u n d i n g water bodies 
w i t h p o t e n t i a l d e l e t e r i o u s e n v ironmental e f f e c t s . Colour o f the t a i l i n g s 
m a t e r i a l i s important as c o l o u r a f f e c t s heat a b s o r p t i o n which c o n t r o l s the 
r a t e s o f ch e m i c a l r e a c t i o n s . I n g e n e r a l , c o l o u r has not by i t s e l f been 
found, i n our s t u d i e s , t o be a l i m i t i n g f a c t o r w i t h the e x c e p t i o n of ve r y 
b l a c k c o l o u r s a s s o c i a t e d w i t h c o a l m i n i n g . Most t a i l i n g s m a t e r i a l s are 
sand s i z e d and thus prone t o wind and water e r o s i o n , t h i s i s because of 
the low s u r f a c e area sand s i z e d p a r t i c l e s possess. 

In the l a b o r a t o r y , t a i l i n g s samples were s u b j e c t e d t o c h e m i c a l , p h y s i c a l , 
m i n e r a l o g i c a l and b i o l o g i c a l a n a l y s e s . The c h e m i c a l a n a l y s e s i n c l u d e d pH, 
c a t i o n exchange c a p a c i t y , exchangeable c a t i o n s , t o t a l e l e m e n t a l a n a l y s i s 
and a v a i l a b l e n u t r i e n t s . These procedures were conducted t o assess the 
" f e r t i l i t y " of the t a i l i n g s m a t e r i a l s . For example most p l a n t n u t r i e n t s 
are i n the a v a i l a b l e form i n the pH range 5.5 t o 6.5. C a t i o n exchange 
c a p a c i t y i s a measure of the h o l d i n g a b i l i t y o f m a t e r i a l s f o r p o s i t i v e l y 
charged ch e m i c a l elements and exchangeable c a t i o n s g i v e s a measure of the 
p o s i t i v e l y charged elements t h a t are a c t u a l l y b e i n g r e t a i n e d by the 
m a t e r i a l . As an example i n our s t u d i e s i n 1976-77 pH ranged from 8 or 8.5 
to a low o f pH. C a t i o n exchange c a p a c i t y ranged from l e s s than one me/100 g 
to about 18 me/100 g. C a t i o n exchange c a p a c i t y tended t o i n c r e a s e as pH 
i n c r e a s e d . Exchangeable c a t i o n s are g e n e r a l l y low, w i t h c a l c i u m b e i n g dominant. 

T o t a l e l e m e n t a l a n a l y s i s i s an e s s e n t i a l parameter t o determine as t h i s 
g i v e s an i d e a about the elements t h a t are pr e s e n t i n the t a i l i n g s m a t e r i a l s 
and thus aids i n making p r e d i c t i o n s , about ammendments and p o t e n t i a l t o x i c i ­
t i e s t h a t may e x i s t . These were r e l a t e d t o the we a t h e r i n g and f e r t i l i t y 
s t u d i e s t h a t were conducted. The measurement of a v a i l a b l e p l a n t n u t r i e n t s 
was c a r r i e d out t o assess the i n h e r e n t n u t r i e n t content o f the t a i l i n g s 
t h a t p l a n t s may be a b l e t o e x t r a c t . T h i s i n c l u d e d t o t a l n i t r o g e n ; a v a i l a b l e 
phosphorus, c a l c i u m , magnesium and potassium. I n g e n e r a l , n i t r o g e n i s 
l i m i t i n g i n t a i l i n g s m a t e r i a l s as i s phosphorus. The main r e a s o n i s the 



116 

g e n e r a l l a c k of o r g a n i c matter. Any method t h a t would i n c r e a s e the o r g a n i c 
matter content of t a i l i n g s would be b e n e f i c i a l as i t not o n l y improves a b s o r p t ­
i o n of n u t r i e n t s but a l s o i n c r e a s e s water r e t e n t i o n and decreases the sus­
c e p t i b i l i t y t o e r o s i o n . 

P h y s i c a l a n a l y s e s i n c l u d e d p a r t i c l e s i z e d i s t r i b u t i o n , b u l k d e n s i t y , 
p a r t i c l e d e n s i t y and a v a i l a b l e water s t o r a g e c a p a c i t y . These parameters 
a r e important i n order t o assess p o r o s i t y , e r o s i o n s u s c e p t i b i l i t y and water 
s u p p l y i n g power. O b v i o u s l y i f p l a n t s a r e t o be e s t a b l i s h e d i t i s e s s e n t i a l 
t o know the k i n d o f support medium t h a t i s p r e s e n t . I n g e n e r a l , the most 
severe f a c t o r s i n r e l a t i o n t o p l a n t growth were found t o be the c o a r s e 
t e x t u r e of the t a i l i n g s and t h e i r v e r y low water s t o r a g e c a p a c i t y . Only i n 
a few cases was b u l k d e n s i t y (low p o r o s i t y ) found t o be a problem. 

M i n e r a l o g i c a l a n a l y s e s was conducted by means of a X-ray d i f f r a c t o m e t e r . 
The k i n d s o f m i n e r a l s p r e s e n t , a l o n g w i t h t h e i r c h e m i c a l c o m p o s i t i o n a l l o w s 
p r e d i c t i o n o f what changes w i l l occur over t i m e , as w e l l a s , g i v e s i n d i c a t ­
i o n s of immediate problems. I n an attempt t o e s t i m a t e what changes would 
take p l a c e a r t i f i c i a l w e a t h e r i n g s t u d i e s were conducted. These i n c l u d e d 
shaking the t a i l i n g s w i t h v a r i o u s s o l u t i o n s and u s i n g the s o x h l e t apparatus. 
I t was s u r p r i s i n g t o l e a r n t h a t some t a i l i n g s m a t e r i a l s were not a f f e c t e d 
a d v e r s e l y by w e a t h e r i n g and w i l l p r o b a b l y not cause severe problems as they 
n a t u r a l l y weather. On the o t h e r hand, some t a i l i n g s m a t e r i a l s l i b e r a t e d 
h i g h amounts of heavy m e t a l s and changed t h e i r pH d r a m a t i c a l l y . T h i s , o f 
c o u r s e , i s important t o know when c o n s i d e r i n g l o n g term r e c l a m a t i o n programs. 
Once a g a i n the s t u d i e s have shown t h a t t a i l i n g s m a t e r i a l s a r e q u i t e d i f f e r e n t 
i n t h e i r p r o p e r t i e s . 

Another aspect o f our program has been greenhouse work. T h i s work has 
as i t s o b j e c t i v e the d e t e r m i n a t i o n o f c h e m i c a l growth l i m i t i n g f a c t o r s . 
As s t a t e d e a r l i e r , most t a i l i n g s are d e f i c i e n t i n n i t r o g e n and phosphorus, 
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i n some cases o t h e r n u t r i e n t s . I n a l l treatments employing the use o f 
o r g a n i c ammendments the success of p l a n t e s t a b l i s h m e n t was enhanced. Organic 
ammendments i n c l u d e d sawdust, manure and peat moss. We are c o n v i n c e d 
t h a t o r g a n i c m a t ter ammendments, at l e a s t i n i t i a l l y , are n e c e s s a r y f o r good 
success i n v e g e t a t i o n e s t a b l i s h m e n t . One problem fac e d i n our greenhouse 
o p e r a t i o n s i s the s h o r t time our s t u d i e s have been on-going. I t i s planned 
t o c o n t i n u e these s t u d i e s , growing more than one crop on the same t a i l i n g s 
m a t e r i a l i n an attempt t o o b t a i n i n f o r m a t i o n on l o n g term e f f e c t s of ammend­
ments. T h i s i s f e l t n e c e s s a r y t o c o n t i n u e b e f o r e t e s t p l o t s are e s t a b l i s h e d 
i n the f i e l d . 

I t i s a d mirable t o e s t a b l i s h a v e g e t a t i v e cover t h a t w i l l s u s t a i n i t s e l f . 
However, one must know something about the c h e m i c a l q u a l i t y o f the produced 
v e g e t a t i o n . To t h i s end, we have been l o o k i n g i n t o one n u t r i t i o n a l problem 
t h a t may a r i s e i f ruminants feed f o r a s u b s t a n t i a l p o r t i o n o f t h e i r d i e t on 
v e g e t a t i o n grown on t a i l i n g s . The c o n d i t i o n we have l o o k e d i n t o , i n a p r e ­
l i m i n a r y way, i s c a l l e d molybdenosis. T h i s c o n d i t i o n i s caused by h i g h moly­
bdenum i n p l a n t s or a low copper t o molybdenum r a t i o . A n a l y s e s have been 
conducted on v e g e t a t i o n growing on t a i l i n g s as w e l l as n a t u r a l v e g e t a t i o n 
i n the r e g i o n , i n an attempt t o a v o i d b i a s and over g e n e r a l i z a t i o n . I n 
some cases i t appears molybdenosis may be a problem. I t i s r a t h e r e a s i l y 
ammended i f i t i s known. More work i s planned i n t h i s area. 

The l a s t aspect of the 1976-77 r e s e a r c h program t o be mentioned i s the im­
p o r t ance of b i o l o g i c a l o x i d a t i o n p r o c e s s e s i n mine t a i l i n g s . There i s 
evidence i n the l i t e r a t u r e t h a t microorganisms may p l a y an i m p o r t a n t r o l e 
i n a f f e c t i n g the p r o p e r t i e s o f t a i l i n g s . A l s o , the k i n d s o f organisms 
change w i t h time as the t a i l i n g s m a t e r i a l ages. The p r e s e n t t h r u s t has been 
t o a s s e s s the e f f e c t s of b a c t e r i a on s u l f u r and i r o n o x i d a t i o n . These 
s t u d i e s have shown, f o r example, t h a t t a i l i n g s o f i n i t i a l l y low s u l f u r 
c o n tent have s u l f u r o x i d i z i n g b a c t e r i a p r e s e n t . The study i s too p r e l i m i n a r y 
t o attempt any f u r t h e r i n t e r p r e t a t i o n . 
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SUMMARY 

The above has attempted t o g i v e some i n s i g h t i n t o the r e s e a r c h program 
on-going i n the Department of S o i l Science a t the U n i v e r s i t y of B r i t i s h 
Columbia. E v e r y t h i n g t h a t has been done was not d i s c u s s e d i n t h i s 
address. Our p h i l o s o p h y has been t o co-operate i n a c t i v i t i e s i n r e c l a m ­
a t i o n w i t h government and i n d u s t r y . T h i s i s m a i n l y t o , t r a i n and educate 
personnel t o conduct r e c l a m a t i o n programs, t o d e v i s e t e c h n i q u e s t h a t 
a r e s u i t a b l e f o r mine wastes and t o understand the b a s i c processes t h a t 
take p l a c e i n these ' u n n a t u r a l ' m a t e r i a l s ; w i t h the aim t h a t e v e n t u a l 
r e a l i s t i c g u i d e l i n e s may be e s t a b l i s h e d . I b e l i e v e t h a t one of the 
most e f f i c i e n t methods by which our knowledge and the p r a c t i c e of r e ­
c l a m a t i o n can be enhanced i s by a c o - o p e r a t i v e approach. We, a t the 
U n i v e r s i t y , can o f f e r some e l a b o r a t e equipment f o r r e s e a r c h , some 
e v a l u a t i o n of which parameters t o study and why, some m o d i f i c a t i o n of 
methods of a n a l y t i c a l work t o b e t t e r s u i t mine wastes and, most i m p o r t ­
a n t l y , people who can work and a d v i s e on r e c l a m a t i o n procedures. T h i s 
'people product' i s not o n l y graduates but a l s o personnel t o share i d e a s 
and d i s c u s s problems. 

I n d u s t r y can p l a y a more important r o l e by c a r r y i n g on some of t h e i r own 
s t u d i e s , both environmental and a n a l y t i c a l , so t h a t a s o l i d base of i n f o r ­
m ation i s generated, one which w i l l serve i n good s t a n d i n g and be p r e d i c t i v e 
of c o n d i t i o n s i n the f u t u r e . A l s o , i n d u s t r y has a r e s p o n s i b i l i t y t o t r a i n 
i t s own in - h o u s e - p e r s o n n e l . Government, i n my o p i n i o n , should c o n t i n u e t o 
c o - o r d i n a t e , c o - o p e r a t e , and fund r e s e a r c h i n a l l a s p e c t s of r e c l a m a t i o n . 
I n a d d i t i o n , they should p l a y a dominant r o l e i n e n s u r i n g t h a t w e l l 
designed and pragmatic g u i d e l i n e s a r e e s t a b l i s h e d f o r r e c l a m a t i o n f o r the 
v a r i o u s b i o p h y s i c a l environments t h a t a r e encountered. 

I n my o p i n i o n , the "sock i t and see" approach t o r e c l a m a t i o n i s a t h i n g of 
the p a s t ! I t i s overdue not t o work t o g e t h e r , so t h a t s c i e n t i f i c a l l y and 
t e c h n i c a l l y sound r e c l a m a t i o n programs become r e a l . 
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A COMPREHENSIVE RECLAMATION RESEARCH PROGRAM 
ON COAL MINING DISTURBED LANDS 

ABSTRACT 

K a i s e r Resources L t d . has been c o n d u c t i n g an i n t e n s i v e r e c l a m a t i o n 
r e s e a r c h program s i n c e 1975. Although many o f i t s component 
p r o j e c t s are long-term, some experiments have a l r e a d y been completed. 
As a r e s u l t , methods are now a v a i l a b l e f o r p r e d i c t i n g the success 
of t h i r t e e n commonly-used r e v e g e t a t i o n s p e c i e s on K a i s e r ' s d i s t u r b e d 
areas. We a l s o know at what e l e v a t i o n s and aspec t s t o expect the 
g r e a t e s t success w i t h c u r r e n t r e c l a m a t i o n p r a c t i c e s . T h i s may be 
h e l p f u l i n p u t i n d e s i g n i n g dumps and r e - s l o p i n g e f f o r t s i n the 
f u t u r e . 

K a i s e r ' s r e c l a m a t i o n r e s e a r c h group a l s o conducts annual assessments 
of i t s former r e c l a m a t i o n e f f o r t s i n an attempt t o monit o r the 
development o f the new p l a n t communities. 

E x t e n s i v e n a t i v e and agronomic s p e c i e s t e s t p l o t s have been e s t a b ­
l i s h e d i n the s u b a l p i n e zone. These w i l l be augmented i n the 
upcoming season by new t r e a t m e n t s , i n c l u d i n g woody s p e c i e s c u t t i n g s , 
r o o t p l a n t i n g s and g r a s s - p l u g t r i a l s . 

A y e a r - l o n g study of the d i s t r i b u t i o n , c y c l i n g and r e t e n t i o n o f p l a n t 
n u t r i e n t s has been i n i t i a t e d . T h i s study s h o u l d y i e l d v a l u a b l e i n f o r ­
m a t ion c o n c e r n i n g f u t u r e f e r t i l i z a t i o n management as w e l l as the 
s t a b i l i t y of the r e c l a m a t i o n p l a n t communities. 
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INTRODUCTION 
Thus f a r l i t t l e i s known about the r e c l a m a t i o n o f d i s t u r b e d lands i n 
the mountains o f w e s t e r n Canada (Thirgood and Z i e m k i e w i c z , 1976). 
T h i s l a c k o f i n f o r m a t i o n i s e v i d e n t throughout w e s t e r n North America's 
mountainous r e g i o n s , p a r t i c u l a r l y i n a l p i n e areas (Brown and J o h n s t o n , 
1976). To remedy t h i s s i t u a t i o n and make r e c l a m a t i o n e f f o r t s more 
e f f e c t i v e , c o a l mining companies i n B r i t i s h Columbia are r e q u i r e d by 
law t o conduct r e c l a m a t i o n r e s e a r c h programs. 

K a i s e r Resources L t d . , one o f the p r o v i n c e ' s major c o a l mines, has an 
a c t i v e r e c l a m a t i o n r e s e a r c h program. S i n c e i t i s i n the v e r y e a r l i e s t 
s tages of p r o g r e s s the r e s e a r c h i s conducted w i t h immediate f i e l d 
a p p l i c a t i o n i n mind. Consequently i t ' s t r y i n g t o answer the most 
b a s i c q u e s t i o n s c o n c e r n i n g s p e c i e s s e l e c t i o n , f e r t i l i z a t i o n and r e ­
s l o p i n g . 

The dynamic n a t u r e o f K a i s e r ' s r e c l a m a t i o n r e s e a r c h program i s the 
r e s u l t o f a s t r o n g commitment on the company's p a r t t o produce h i g h -
q u a l i t y r e c l a m a t i o n work. I n f a c t , f i e l d - s c a l e r e c l a m a t i o n work has 
been p r a c t i c e d s i n c e 1969. T h e r e f o r e , K a i s e r ' s s t a f f has a more than 
academic acquaintance w i t h f i e l d r e c l a m a t i o n problems. T h i s k i n d o f 
e x p e r i e n c e has s e r v e d t o o r g a n i z e and d i r e c t my r e s e a r c h . Thus the 
problems h i g h l i g h t e d i n p r a c t i c e can be d e a l t w i t h u s i n g t e c h n i q u e s 
f a m i l i a r t o the agronomist and the p l a n t e c o l o g i s t . 

The f o l l o w i n g s t u d i e s a t K a i s e r ' s p r o p e r t y a r e p r e s e n t e d as examples 
of the k i n d o f r e s e a r c h t h a t can r e s u l t from i n d u s t r y and u n i v e r s i t y 
c o o p e r a t i o n . 

DISCUSSION 
I n 1975 and 1976 a program o f v e g e t a t i o n assessment by a e r i a l biomass 
c l i p p i n g has been c a r r i e d out on n i n e r e p r e s e n t a t i v e r e c l a i m e d areas on 



Table 1. Yearly production by species (kg/ha) on nine rec 

Species Year 

crested 1975 
wheatgrass 1976 
intermediate 1975 
wheatgrass 1976 
redtop 1975 

1976 
meadow 1975 
f o x t a i l 1976 
smooth 1975 
brome 1976 
orchardgrass 1975 

1976 
red 1975 
fescue 1976 
perennial 1975 
ryegrass 1976 
timothy 1975 

1976 
Canada 1975 
bluegrass 1976 
kentuclcy 1975 
bluegrass 1976 
a l f a l f a 1975 

1976 
sweetclover 1975 

1976 
red 1975 
clover 1976 
white 1975 
clover 1976 
total 1975 
tot a l 1976 

'A' Michel Baldy 
Lagoon Pile F a c e 

1 348 21 
11 208 18 

1 30 
1 24 
14 21 
50 

30 19 119 
300 146 122 

5 
2 

10 5 55 
57 8 55 

2 

48 41 30 
1 10 

19 146 4 
226 4 

110 2 
4 8 
48 1 258 
10 19 
72 341 

7 

123 574 322 
488 1102 524 

on areas on Kaiser Resources property 

Erick- McGil lower •C" 'D' Assembly 
son vray "C seam seavn pad 
133 106 36 16 26 
120 163 133 31 112 
137 95 9 3 14 
210 134 7 1 24 
4 3 9 2 13 
92 18 118 35 2 

56 
30 36 39 34 61 4 
32 48 165 16 206 30 

229 128 164 20 
372 374 659 588 

19 90 7 19 38 1 
14 193 44 71 284 198 

124 469 403 231 501 89 
6 4 24 87 470 118 

49 301 15 
15 202 14 18 4 334 
28 206 
89 71 

38 1 2 3 
603 1090 1189 738 343 6 
511 1202 1001 1456 1433 67 
41 4 5 16 7 2 
311 149 

1 504 209 113 
589 134 458 

6 226 100 120 
41 56 517 10 

1172 2300 2657 1498 1401 136 
1455 2160 2422 2358 4202 1406 
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K a i s e r p r o p e r t i e s . The areas range from 1,158 m t o 2,100 m e l e v a t i o n . 
T h e i r areas range from 27 t o 90 ha. 

2 
Sampling i s conducted by c l i p p i n g 1 m p l o t s along a permanent sampling 
g r i d on each s i t e . The c l i p p i n g i s done by s p e c i e s , the samples a i r -
d r i e d and weighed. The sampling i s done i n August of each yea r . 

Table 1 r e p r e s e n t s the p r o d u c t i v i t y o f f i f t e e n r e v e g e t a t i o n s p e c i e s on 
n i n e r e c l a m a t i o n areas. The s i t e s are ranked by e l e v a t i o n from 'A' 
Lagoon i n the v a l l e y bottom at 1,150 m t o the Assembly Pad at 2,100 m 
e l e v a t i o n . Perhaps the l a r g e s t areas t o be r e c l a i m e d i n the f u t u r e a r e 
above 2,000 m e l e v a t i o n , t h e r e f o r e the Assembly Pad i s o f p a r t i c u l a r 
i n t e r e s t f o r f u t u r e seed mix s e l e c t i o n s . The t a b l e i n d i c a t e s t h a t w h i l e 
many s p e c i e s are u n s u c c e s s f u l at the h i g h e l e v a t i o n s o t h e r s merely develop 
s l o w l y . For example, r e d fescue p r o d u c t i o n i n c r e a s e d by 200% from 1975 
t o 1976. Timothy, o r c h a r d g r a s s , smooth brome and a l f a l f a a l s o showed 
l a r g e i n c r e a s e s over the y e a r , w h i l e p e r e n n i a l r y e g r a s s showed l i t t l e 
change and dropped from f i r s t t o f o u r t h i n p r o d u c t i o n r a n k i n g . I n the 
m i d - e l e v a t i o n areas p e r e n n i a l r y e g r a s s g e n e r a l l y showed severe d e c l i n e s 
from 1975 l e v e l s . However, most o t h e r s p e c i e s remained steady or i n ­
creased. A l f a l f a , smooth brome and r e d f e s c u e appeared t o be the most 
c o n s i s t e n t performers over the range of c o n d i t i o n s r e p r e s e n t e d by the s i t e s . 

T o t a l s i t e p r o d u c t i o n l e v e l s were up i n 1976 over the p r e v i o u s year. The 
most s p e c t a c u l a r improvement was at the Assembly Pad where a e r i a l biomass 
i n c r e a s e d from 136 t o 1,400 kg ha The v e g e t a t i o n on 'A' Lagoon seems 
t o be improving w h i l e Baldy Face's development i s h i n d e r e d by steep s l o p e s 
and dry r a v e l l i n g . The o t h e r s i t e s appear t o be q u i t e h e a l t h y and a r e p r o ­
d u c i n g l a r g e amounts o f h i g h - q u a l i t y f o r a g e f o r the deer and e l k herds of 
the a r e a . On Lower 'C and 'D' Seams evidence of heavy g r a z i n g o f the 
n e w l y - e s t a b l i s h e d p l a n t communities was observed i n 1975 and 1976. There 
were a l s o many s i g n s o f deer bedding on Lower 'C" Seam. 
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F i g u r e 1 A e r i a l p r o d u c t i o n o f f o u r r e c l a m a t i o n s p e c i e s as 
f u n c t i o n s o f aspect and e l e v a t i o n . A e r i a l p r o ­
d u c t i o n i s r e p r e s e n t e d on the 'Z' a x i s as a 
s e r i e s o f c o n t o u r s . 
Contour i n t e r v a l legend: 

1000=100 kg h a - 1 

250=250 kg h a - 1 

350=350 kg h a - 1 

100=1000 kg h a " 1 

125=1250 kg h a " 1 
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T h i s type of v e g e t a t i o n assessment y i e l d s n o n - s u b j e c t i v e data t h a t 
over the years w i l l p r o v i d e an ext r e m e l y v a l u a b l e l i b r a r y of r e c l a m ­
a t i o n s p e c i e s 1 dynamics under d i f f e r e n t e n v i r o n m e n t a l c o n d i t i o n s . 

A l l of the areas presented i n Table 1 r e c e i v e d the same seed mix. 
While i t i s obvious t h a t the s p e c i e s a r e s e g r e g a t i n g from one s i t e t o 
the next, i t i s l e s s obvious what f a c t o r s a r e r e s p o n s i b l e f o r the 
s e g r e g a t i o n . I f we c o u l d l e a r n which environmental f a c t o r s caused the 
f a i l u r e of some s p e c i e s and the success of o t h e r s these f a c t o r s c o u l d 
be sampled p r i o r t o seeding and a seed mix c o n t a i n i n g o n l y s p e c i e s which 
a r e favoured by the s i t e f a c t o r s ordered. 

An experiment was conducted i n August, 1975 t o lo o k i n t o the p o s s i b i l i t y 
of p r e d i c t i n g s p e c i e s success on a g i v e n r e c l a m a t i o n s i t e (See: 
Ziemkiewicz and Northway, 1976). 

On the same s i t e s examined i n the annual v e g e t a t i o n assessment program, 
2 

1 m p l o t s were c l i p p e d f o r s p e c i e s a e r i a l biomass w h i l e a t each sampling 
s t a t i o n such parameters as e l e v a t i o n , aspect and s l o p e were measured 
a l o n g w i t h s o i l , p h y s i c a l and n u t r i e n t c o n d i t i o n s . S e v e r a l m u l t i v a r i a t e 
a n a l y s i s t echniques were conducted on the r e s u l t i n g data. These methods 
y i e l d e d both contour diagrams p r e d i c t i n g s p e c i e s s t a n d i n g crop as r e l a t e d 
t o e l e v a t i o n and aspect ( F i g u r e 1) and s t a t i s t i c a l models p r e d i c t i n g 
s p e c i e s success on the b a s i s of the most h i g h l y c o r r e l a t e d e n vironmental 
f a c t o r s . 
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The e l e v a t i o n / a s p e c t contour diagrams can be used t o h e l p d e s i g n dumps 
and o t h e r d i s t u r b a n c e s t o c o i n c i d e w i t h those e l e v a t i o n s and aspec t s 
most l i k e l y t o support l u s h r e v e g e t a t i o n p l a n t communities. For 
example, i f a l l o t h e r f a c t o r s were e q u a l , i t would be f o o l i s h t o d e s i g n 
a dump w i t h a long s o u t h - f a c i n g s l o p e at 1,300 m e l e v a t i o n , r a t h e r than 
a north-west f a c i n g s l o p e at the same e l e v a t i o n . 

S i n c e i t would be i m p r a c t i c a l t o order a d i f f e r e n t seed mix f o r each 
s p e c i f i c s i t e , some g e n e r a l i z i n g must be done. Perhaps the most s i g n i f i ­
cant parameter i n s p e c i e s success i s e l e v a t i o n ( F i g u r e s 1-4). I t seems 
t h a t the s p e c i e s s o r t out i n t o two a s s o c i a t i o n s ; one from 1,150 m t o 
1,650 m e l e v a t i o n and another above 1,650 m. The lower e l e v a t i o n seed 
mix then should be chosen from the f o l l o w i n g : c r e s t e d wheatgrass, i n t e r ­
mediate wheatgrass, smooth brome, Canada b l u e g r a s s and a l f a l f a . Those 
s p e c i e s showing the best performances at the upper l e v e l s are: a l f a l f a , 
smooth brome, o r c h a r d g r a s s , p e r e n n i a l r y e g r a s s , w h i t e c l o v e r , r e d c l o v e r , 
t i m o t h y , meadow f o x t a i l , r e d f e s c u e , Kentucky b l u e g r a s s and red t o p . 
These s e l e c t i o n s can be f u r t h e r r e f i n e d by use of the s t a t i s t i c a l models 
i n c o n j u n c t i o n w i t h the contour diagrams. 

I n 1972 and again i n 1973 s p e c i e s t e s t p l o t s were e s t a b l i s h e d on Harmer 
Knob at an e l e v a t i o n of 2,200 m. These p l o t s have been monitored a n n u a l l y 
as p a r t of the r e s e a r c h program. Although many s p e c i e s were i n i t i a l l y sown 
i n these s i t e s , many have by now been v i r t u a l l y e l i m i n a t e d by the har s h 
environment. Those which have proved most s u c c e s s f u l thus f a r have been: 
r e d f e s c u e , r e d t o p , smooth brome, meadow f o x t a i l , o r c h a r d g r a s s , t i m o t h y , 
Kentuch b l u e g r a s s and Canada b l u e g r a s s . Four n a t i v e s p e c i e s have invaded 
the p l o t a r e a s : s p i k e t r i s t e t u m , s l e n d e r wheatgrass, f i r e w e e d and rough 
h a i r g r a s s . 

There has been much d i s c u s s i o n among r e c l a m a t i o n workers c o n c e r n i n g the 
r e l a t i v e m e r i t s of n a t i v e and agronomic (or i n t r o d u c e d ) s p e c i e s . The 
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c o m p l e x i t y of the problem d e f i e s s i m p l e g e n e r a l i z t i o n s . Agronomic s p e c i e s 
have been used f o r decades i n range r e h a b i l i t a t i o n work i n the wes t e r n 
U.S. These s p e c i e s have f r e q u e n t l y produced s t a b l e p l a n t communities 
capable of s u p p o r t i n g l a r g e l i v e s t o c k herds. However, agronomic s p e c i e s 
have o f t e n proved u n s u c c e s s f u l i n s u b a l p i n e or a l p i n e areas (Berg, 1974). 

Exper i e n c e at K a i s e r ' s p r o p e r t y i n d i c a t e s t h a t some agronomic s p e c i e s 
perform w e l l a t l e a s t i n the s h o r t term, i n s u b a l p i n e c o n d i t i o n s . We 
a l s o know which n a t i v e s p e c i e s are capable of c o l o n i z i n g the raw, un­
t r e a t e d s p o i l s o f Harmer Knob. 

E n t r y i n t o n a t i v e seed p r o d u c t i o n would r e q u i r e c o n s i d e r a b l e c a p i t a l out­
l a y s e i t h e r i n l a r g e - s c a l e seed c o l l e c t i o n or i n a seed i n c r e a s e program. 
At best one c o u l d c o n t r a c t w i t h an e s t a b l i s h e d seed grower and expect t o 
pay f o u r t o f i v e times the p r i c e of agronomic seed. However, i f the v i g o r 
of the n a t i v e s p e c i e s i s such t h a t maintenance expenses such as r e p e a t e d 
f e r t i l i z i n g s , and r e s e e d i n g are unnecessary, then the i n i t i a l added expenses 
may be more than j u s t i f i e d . 

However, the a v a i l a b l e data on h i g h - l e v e l r e c l a m a t i o n a l l o w s us t o make 
o n l y hypotheses, not d e c i s i o n s t h a t i f i n c o r r e c t c o u l d c o s t hundreds o f 
thousands of d o l l a r s n e e d l e s s l y spent. So, t o t e s t the h y p o t h e s i s t h a t 
n a t i v e s p e c i e s are more v i g o r o u s than agronomics at h i g h e l e v a t i o n s on 
K a i s e r p r o p e r t y , we f i r s t had t o c o l l e c t and c l e a n s u f f i c i e n t seed f o r 
t e s t i n g purposes. This i n v o l v e d l o c a t i n g l a r g e p o p u l a t i o n s o f the 
d e s i r e d s p e c i e s , h a r v e s t i n g , t h r e s h i n g and s t o r i n g the seed. 

Consequently another s e t of t e s t p l o t s was e s t a b l i s h e d a t the Harmer I I 
dump area ( e l e v a t i o n 2,050 m) i n September, 1976. These p l o t s w i l l compare 
the performance o f 17 agronomic s p e c i e s and v a r i e t i e s w i t h 10 n a t i v e s p e c i e s . 
Both n a t i v e and agronomic treatments i n c l u d e g r a s s e s and legumes. Each 
s p e c i e s i s d u p l i c a t e d w i t h i n p l o t s and the p l o t s are d u p l i c a t e d over both 
south-west and west f a c i n g s l o p e s . T h i s was done t o see i f the s o u t h e r l y 
s l o p e s are i n f a c t a ha r s h e r environment, and i f the d i f f e r e n t environment 

a f f e c t s s p e c i e s performance. 
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These p l o t s w i l l be expanded next season by the a d d i t i o n o f a s p r i n g 
p l a n t i n g and w i t h v a r i o u s v e g e t a t i v e and p l u g p l a n t i n g t r i a l s . 

I t i s important t o remember t h a t w h i l e many of the agronomic s p e c i e s 
seem t o peform w e l l now, f o u r years a f t e r s e e d i n g , the same may not be 
t r u e i n t e n or twenty y e a r s . 

This f i n a l l y b r i n g s us t o the q u e s t i o n o f s t a b i l i t y . For a p l a n t commun­
i t y t o be s t a b l e i t must be a b l e t o reproduce i t s e l f i n d e f i n i t e l y or a l l o w 
f o r b e n e f i c i a l community c o m p o s i t i o n a l changes. A t any r a t e , biomass p r o ­
d u c t i o n r a t e s should remain at re a s o n a b l e l e v e l s . For t h i s t o occur the 
p l a n t community must be a b l e t o c a p t u r e and r e c y c l e enough energy and 
n u t r i e n t s t o m a i n t a i n p r o d u c t i o n w i t h o u t a r t i f i c i a l i n p u t s . 

C u r r e n t l y , K a i s e r ' s r e c l a m a t i o n areas r e c e i v e annual f e r t i l i z a t i o n t r e a t ­
ments. T h i s i s a c o s t l y procedure, however, s i n c e t h e r e i s no hard 
evidence as t o the consequences of d i s c o n t i n u a n c e ; the program i s main­
t a i n e d as a p r e c a u t i o n . 

I f f e r t i l i z a t i o n was stopped on a t e s t area and a e r i a l growth compared on 
both f e r t i l i z e d and u n f e r t i l i z e d p l o t s i t might take y e a r s t o n o t i c e a 
d i f f e r e n c e and t h i s approach would t e l l us l i t t l e about the f a t e of p l a n t 
n u t r i e n t s i n each community. I n a p l a n t community, n u t r i e n t s are s t o r e d 
i n the r o o t s , l i t t e r and s o i l as w e l l as i n the shoot. I n f a c t , f o r some 
n u t r i e n t s , the shoots c o n t a i n o n l y a s m a l l p r o p o r t i o n o f the system's 
t o t a l . A l s o , n u t r i e n t s can be t i e d up i n u n a v a i l a b l e form i n the l i t t e r 
and s o i l , so exchange r a t e s are a l s o c r i t i c a l . 

I n o rder t o f i n d out where these n u t r i e n t s r e s i d e i n the r e c l a i m e d a r e a s , 
a p r o j e c t was i n i t i a t e d i n August, 1976 t h a t , over a y e a r , w i l l examine 
the amounts and r a t e s o f t r a n s f e r f o r the major n u t r i e n t s . T h i s study 
was r e p l i c a t e d over both montane (1,650 m e l e v a t i o n ) and s u b a l p i n e (2,100 
e l e v a t i o n ) s i t e s r e p r e s e n t i n g K r a j i n a ' s i n t e r i o r Douglas f i r and s u b a l p i n e 
f i r , Engleman spruce zones r e s p e c t i v e l y . T h i s p r o j e c t , which w i l l l o o k a t 
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the e f f e c t s o f f e r t i l i z a t i o n vs. n o n - f e r t i l i z a t i o n on shoot, r o o t , l i t t e r 
and s o i l n u t r i e n t l e v e l s , i n v o l v e s an i n t e n s i v e sampling and c h e m i c a l 
a n a l y s i s program and w i l l be completed i n October, 1977. 

P r o j e c t s t o b e g i n i n 1977 w i l l be a study suggested by Robert Gardner, 
l o o k i n g at r e l a t i v e r a t e s of n i t r o g e n and phosphorus f e r t i l i z a t i o n and 
amended t o examine the r e l a t i v e v a l u e of one heavy a p p l i c a t i o n v s . s m a l l 
annual a d d i t i o n s o f f e r t i l i z e r . The r e s e a r c h group s h o u l d be a b l e t o 
i n i t i a t e an experiment u s i n g m u n i c i p a l sewage sludge as a s l o w - r e l e a s e 
f e r t i l i z e r and s o i l - b u i l d i n g m a t e r i a l . A l s o , w e ' l l t r y t o i n i t i a t e a 
s l o p e angle/mulch hydroseeding study i n which s l o p e a ngles of 22° through 
36° w i l l r e c e i v e v a r i o u s mulch and no mulch treatments a p p l i e d v i a hydro-
seeder. This w i l l g i v e us some i d e a o f the e f f e c t i v e n e s s of mulch at 
h i g h e l e v a t i o n s and a l l o w some statement on what s l o p e angles can support 
the r e v e g e t a t i o n p l a n t communities. 

CONCLUSIONS 

Reclamation workers i n B r i t i s h Columbia are o f t e n i n the uncomfortable 
p o s i t i o n o f t r y i n g t o de c i d e 1) i f an area i s r e c l a i m a b l e ; 2) i f n o t , 
what must be done t o make i t so; and 3) i n terms of c o s t / b e n e f i t what i s 
the most e f f i c i e n t method o f r e c l a m a t i o n . The q u e s t i o n s are c o m p l i c a t e d 
by the v a r i e t y o f s i t e s t h a t must be d e a l t w i t h . The i n d i v i d u a l charged 
w i t h making these d e c i s i o n s o f t e n has no o r g a n i z a t i o n o r body o f l i t e r a t u r e 
t o t u r n t o t h a t can h e l p i n answering the q u e s t i o n s p e r t a i n i n g t o h i s 
p a r t i c u l a r s i t e . 

R e clamation r e s e a r c h e r s i n B r i t i s h Columbia a r e j u s t b e g i n n i n g the 
proce s s o f assembling such l i t e r a t u r e . Perhaps more i m p o r t a n t l y , a 
s e r i e s of te c h n i q u e s i s b e i n g developed which can p r o v i d e the k i n d o f 
data t h a t w i l l enable the r e c l a m a t i o n i s t t o make h i s d e c i s i o n s w i t h g r e a t e r 
c o n f i d e n c e and, h o p e f u l l y , a v o i d c o s t l y t r i a l and e r r o r . 
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M i n d f u l of the b e n e f i t s , K a i s e r Resources L t d . has been c o n d u c t i n g an 
i n t e n s i v e r e c l a m a t i o n r e s e a r c h program s i n c e 1975. Although many of i t s 
component p r o j e c t s are long term, some experiments have a l r e a d y been 
completed. As a r e s u l t , methods are now a v a i l a b l e f o r p r e d i c t i n g the 
success of t h i r t e e n commonly-used r e v e g e t a t i o n s p e c i e s on K a i s e r ' s d i s ­
t u rbed areas. We a l s o know at what e l e v a t i o n s and a s p e c t s t o expect 
the g r e a t e s t success w i t h c u r r e n t r e c l a m a t i o n p r a c t i c e s . T h i s may be a 
h e l p f u l i n p u t i n d e s i g n i n g dumps and r e s l o p i n g e f f o r t s i n the f u t u r e . 

K a i s e r ' s r e c l a m a t i o n r e s e a r c h group a l s o conducts annual assessments 
of i t s former r e c l a m a t i o n e f f o r t s i n an attempt t o m o n i t o r the develop­
ment of the new p l a n t communities. 

E x t e n s i v e n a t i v e and agronomic s p e c i e s t e s t p l o t s have been e s t a b l i s h e d 
i n the s u b a l p i n e zone. These w i l l be augmented i n the upcoming season 
by new t r e a t m e n t s , i n c l u d i n g woody s p e c i e s c u t t i n g s , r o o t p l a n t i n g s and 
g r a s s - p l u g t r i a l s . 

A y e a r - l o n g study o f the d i s t r i b u t i o n , c y c l i n g and r e t e n t i o n o f p l a n t 
n u t r i e n t s has been i n i t i a t e d . T h i s study s h o u l d y i e l d v a l u a b l e i n f o r ­
mation c o n c e r n i n g f u t u r e f e r t i l i z a t i o n management as w e l l as the s t a b i l i 
of the r e c l a m a t i o n p l a n t communities. 
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THE RECLAMATION PROGRAMME 

AT THE 
FACULTY OF FORESTRY 

UNIVERSITY OF BRITISH COLUMBIA 
by 

J.V. Thirgood 

This paper p r e s e n t s a b r i e f overview of r e c l a m a t i o n a c t i v i t i e s i n the 
F a c u l t y of F o r e s t r y . I t p r o v i d e s an example of what can be done by a 
s m a l l group w i t h a c o n t i n u i n g programme and l i m i t e d f i n a n c i n g . 

P a u l Ziemkiewicz has a l r e a d y r e p o r t e d on one study t h a t p r o v i d e s an 
example o f the k i n d of t h i n g t h a t can be done at the U n i v e r s i t y w i t h 
the c o - o p e r a t i o n o f i n d u s t r y . I now want t o d i s c u s s our programme i n 
broader terms, a l s o t o g i v e some i n d i c a t i o n of the v i e w p o i n t . 

Our Reclamation Programme i n F o r e s t r y s t a r t e d i n 1968. I t was the f i r s t 
such programme i n Western Canada and, p r o b a b l y , i n Western North America. 
S i n c e t h a t time we have produced almost 40 p u b l i c a t i o n s i n the form of 
Ph.D., Master's and Bachelor t h e s e s , j o u r n a l a r t i c l e s and conference 
papers and have p r o v i d e d a means of i n t e r n a t i o n a l communication and 
exchange of i n f o r m a t i o n through a w i d e l y d i s t r i b u t e d n e w s l e t t e r . I n 
c o - o p e r a t i o n w i t h the U n i v e r s i t y Centre f o r C o n t i n u i n g E d u c a t i o n t h r e e 
s h o r t courses have been h e l d . Most i m p o r t a n t , we have p r o v i d e d e d u c a t i o n a l 
o p p o r t u n i t i e s - t r a i n i n g - f o r a number of men who are now working p r o f e s ­
s i o n a l l y i n the f i e l d . 

Our F a c u l t y i n t e r e s t i n l a n d r e c l a m a t i o n was s t i m u l a t e d i n i t i a l l y by a 
r e q u e s t from the then g e n e r a l manager of K a i s e r Coal L t d . f o r a d v i c e as 
t o how the company might t a c k l e i t s r e c l a m a t i o n problems. 

In subsequent years our i n t e r e s t s have become c o n s i d e r a b l y broader than 

Mine Reclamation Symposium '77, Vernon, B.C., March 15-18, 1977. 
B . C . M i n i s t r y of Mines and Petroleum Resources. 
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the s u r f a c e mining s i t u a t i o n i n the East Kootenays but I would l i k e t o 
pay t r i b u t e t o the c o n t i n u i n g support t h a t K a i s e r Resources has g i v e n 
s i n c e t h a t time. The K a i s e r Resource F e l l o w s h i p i n Land Reclamation and 
a s e n i o r c l a s s p r i z e i n c o n s e r v a t i o n , a l s o p r o v i d e d by K a i s e r , have p r o ­
v i d e d the e s s e n t i a l seed money f o r c o n t i n u i t y of student support upon 
which we can b u i l d , w i t h o u t , I would s t r e s s , any l i m i t a t i o n s or r e s t r i c t ­
i o n s whatsoever on the areas o f study. No l e s s important has been the 
c o n t i n u i n g i n f o r m a l c o - o p e r a t i o n t h a t i s demonstrated by the paper you 
have j u s t heard, the o p p o r t u n i t i e s f o r summer employment t h a t have p r o ­
v i d e d v a l u a b l e e x p e r i e n c e f o r our s t u d e n t s , and, not l e a s t , the con­
t i n u i n g c o n t a c t s w i t h K a i s e r ' s r e c l a m a t i o n s t a f f . 

But i t would be wrong t o suggest t h a t K a i s e r Resources alone has p r o v i d e d 
f a c i l i t i e s f o r student r e s e a r c h . Other companies have p r o v i d e d support 
and f a c i l i t i e s and I cannot r e c a l l one r e q u e s t t h a t has been r e f u s e d . 
Theses have r e s u l t e d out o f work on the copper d e p o s i t s i n the H i g h l a n d 
V a l l e y , v e g e t a t i o n a l r e c o v e r y i n the Columbia V a l l e y a t T r a i l , and a t 
K i t s a u l t where c o - o p e r a t i o n w i t h Climax Molybdenum and i t s p r e d e c e s s o r , 
B.C. Molybdenum, has p e r m i t t e d us over the pas t 8 ye a r s t o make c o n t i n u ­
i n g o b s e r v a t i o n s under n o r t h c o a s t c o n d i t i o n s , r a n g i n g from a Ph.D. 
study o f the r e c o v e r y o f v e g e t a t i o n at the Anyox s m e l t e r and a l o n g 
Observatory I n l e t , t o the e s t a b l i s h m e n t o f l o n g term s p e c i e s and s i t e 
a m e l i o r a t i o n t r i a l s on the K i t s a u l t mine dumps and, i n c i d e n t a l l y , t o 
p r o v i d e a v a l u a b l e e d u c a t i o n a l e x p e r i e n c e f o r s e v e r a l r e c l a m a t i o n 
s t u d e n t s . There a r e s e v e r a l people i n t h i s room who have accompanied 
me on our annual p i l g r i m a g e up A l i c e Arm. 

I was but newly r e t u r n e d t o the P r o v i n c e i n 1969 and j u s t i n t o our 
programme when the p u b l i c c o n t r o v e r s y on s u r f a c e m i n i n g erupted and I 
found m y s e l f q u i t e u n w i t t i n g l y i n the eye of the h u r r i c a n e f o r merely 
s t a t i n g t h a t mine waste was not the h o p e l e s s l y s t e r i l e o r even t o x i c 



137 

m a t e r i a l t h a t was the common view a t t h a t t i m e , t h a t r e c l a m a t i o n o f mined 
l a n d had been s u c c e s s f u l l y undertaken i n o t h e r p a r t s of the w o r l d and t h a t 
I b e l i e v e d t h a t K a i s e r meant i t when i t s a i d t h a t i t i n t e n d e d t o undertake 
a s i g n i f i c a n t r e c l a m a t i o n programme. 

For a time I thought I was going t o be c a r r i e d out o f the P r o v i n c e on a 
r a i l , but 8 years l a t e r I f e e l v i n d i c a t e d . As the papers p r e s e n t e d at 
t h i s meeting a t t e s t , t h e r e i s a s e r i o u s r e c l a m a t i o n programme underway i n 
the Crows Nest Pass which shows encouraging successes. Throughout the 
P r o v i n c e we can see t h a t i t has been found p o s s i b l e t o grow v e g e t a t i o n 
on almost every s p o i l type. I n c r e a s i n g l y i t has become apparent t h a t 
t e c h n i c a l s o l u t i o n s are a v a i l a b l e or can be developed through a p p l i c a t i o n 
o f w e l l e s t a b l i s h e d methods. The major r e c l a m a t i o n d i f f i c u l t i e s a r e not 
p r i m a r i l y of a b i o l o g i c a l n a t u r e — w i t h the n o t a b l e e x c e p t i o n o f the 
treatment of t a i l i n g s . Most of the d i f f i c u l t b i o l o g i c a l s i t u a t i o n s a r e a 
matter of e n g i n e e r i n g t e c h n i q u e ; t h e need i s t h a t the wastes be so arranged 
as t o per m i t them t o s u s t a i n v e g e t a t i o n . 

T h i s , o f c o u r s e , i s not t o say we have s o l v e d our r e c l a m a t i o n problems or 
even, as a P r o v i n c e , have met our r e s p o n s i b i l i t i e s . Our problems a r e not 
c o n f i n e d t o s c i e n c e and technology. Having s a i d t h a t , I must go on t o say 
t h a t from my vantage p o i n t i t appears t h a t we have made v e r y s i g n i f i c a n t 
advances i n these re g a r d s i n the l a s t y ear o r e i g h t e e n months. 

N e v e r t h e l e s s , I was g l a d t o hear Marc B e l l ' s comments on the need f o r 
r e s e a r c h i n t o the i n s t i t u t i o n a l problems, f o r , from the o u t s e t , i n f o r e s t r y , 
we have r e c o g n i z e d t h a t although the s i t e / p l a n t r e l a t i o n s h i p s a r e important 
and these have f e a t u r e d l a r g e l y i n our programme, our areas o f concern ex­
tend beyond these. Much o f our e a r l i e s t e f f o r t s were d i r e c t e d towards 
i d e n t i f y i n g the e s s e n t i a l i n s t i t u t i o n a l and o r g a n i z a t i o n a l requirements 
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f o r e f f e c t i v e r e c l a m a t i o n and i n e s t a b l i s h i n g the i n t e r - r e l a t i o n s h i p 
between the e x t r a c t i o n and r e c l a m a t i o n phases of mi n i n g . Indeed, one 
o f the e a r l i e s t s t u d i e s completed was a master's t h e s i s by J.L.F. Hogg 
on " N a t u r a l Resources P o l i c y , Law and A d m i n i s t r a t i o n w i t h r e s p e c t t o 
M i n e r a l E x p l o r a t i o n i n B r i t i s h Columbia". The need t o i n t e g r a t e r e ­
c l a m a t i o n and e x t r a c t i o n through p l a n n i n g and the m o d i f i c a t i o n of 
mining t e c h n i q u e s , r a t h e r than t o l o o k on r e c l a m a t i o n as something t o 
be done when the r e a l b u s i n e s s of mining i s completed, i s commonplace 
today, even i f perhaps i t i s s t i l l more o f t e n honoured i n t h e o r y than 
i n p r a c t i c e , but a few years ago t h i s was a r a d i c a l s u g g e s t i o n . 

N e v e r t h e l e s s , I b e l i e v e the i n s t i t u t i o n a l and p l a n n i n g a s p e c t s a r e s t i l l 
today the areas of g r e a t e s t c o n s t r a i n t on e f f e c t i v e i m p lementation of 
p r o v i n c i a l r e c l a m a t i o n p o l i c y . 

There i s a l s o the q u e s t i o n of o f f - s i t e or downstream e f f e c t s . Often we 
tend t o be p r e o c c u p i e d w i t h the mine s i t e . I r e c a l l t h a t i t was s e v e r a l 
years b e f o r e t h e r e was any awareness of the s i g n i f i c a n t adverse e f f e c t s 
of p o o r l y planned and i l l - c o n s i d e r e d e x p l o r a t i o n a c t i v i t i e s . The o v e r a l l 
r e g i o n a l impact of mining must be of major concern. 

Another e a r l y concern was the l a c k of p r o v i s i o n f o r i n f o r m a t i o n exchange, 
a r i s i n g out of the p r o f e s s i o n a l and g e o g r a p h i c a l i s o l a t i o n o f the r e l a t i v e ­
l y s m a l l number of people a c t i v e i n r e c l a m a t i o n p r a c t i c e and r e s e a r c h . 
There was a c l e a r need t o p r o v i d e f o r i n f o r m a t i o n exchange and i n t e r ­
communication. Furthermore, we soon found t h a t t h i s was not a problem 
c o n f i n e d t o B r i t i s h Columbia or even Canada, but was world-wide. To 
a s s i s t i n f o r m a t i o n f l o w we s t a r t e d the Reclamation Research N e w s l e t t e r 
and B i b l i o g r a p h y under the a u s p i c e s of the I n t e r n a t i o n a l Union of F o r e s t 
Research O r g a n i z a t i o n s . I n s i x years the m a i l i n g l i s t f o r t h i s n e w s l e t t e r 
i n c r e a s e d from 18 t o some 400 workers i n 30 c o u n t r i e s , u n t i l i n 1975, 
our coming t o g e t h e r w i t h the O n t a r i o Cover Crop Committee based a t the 
U n i v e r s i t y o f Guelph r e s u l t e d i n the founding of the Canadian Land Reclam­
a t i o n A s s o c i a t i o n t o p r o v i d e an i n t e r d i s c i p l i n a r y meeting-ground f o r a l l 
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concerned w i t h l a n d r e c l a m a t i o n . T h i s i s a p i o n e e r i n g e f f o r t and i s 
the f i r s t such s o c i e t y i n the w o r l d . One o f i t s major purposes i s the 
p u b l i c a t i o n o f the Reclamation Review, an i n t e r n a t i o n a l i n t e r d i s c i p l i n a r y 
j o u r n a l , t o continue and extend the r o l e o f the U.B.C. Rec l a m a t i o n News­
l e t t e r . U n f o r t u n a t e l y , because of i n f l a t i o n , major d i f f i c u l t i e s a re b e i n g 
encountered by the E d i t o r i a l Board w i t h the p u b l i s h i n g arrangements. I n ­
c i d e n t a l l y , the annual meeting o f the Canadian Land Reclamation A s s o c i a t i o n 
t h i s year i s b e i n g h e l d i n Edmonton. 

To summarize, i n F o r e s t r y , we have tended t o l o o k a t Reclamation from the 
vi e w p o i n t of the b i o l o g i c a l l y - o r i e n t e d l a n d or n a t u r a l r e s o u r c e manager. 
We have seen m i n i n g , not as a f i n a l l a n d use, but as a temporary or i n t e r ­
mediate use, and our concern has been w i t h the b r i n g i n g back o f the s i t e 
t o p r o d u c t i v e uses compatable w i t h r e g i o n a l p a t t e r n s . 

F o r e s t e r s may perhaps be c h a r a c t e r i z e d by t h e i r primary concern w i t h the 
management and m a n i p u l a t i o n of v e g e t a t i o n and land-based r e s o u r c e s . 
Roger Berdusco's paper w e l l shows the c o n t r i b u t i o n t h a t F o r e s t r y can make 
to Reclamation. We are concerned w i t h p r a c t i c a l a p p l i c a t i o n and the 
maintenance of p r o d u c t i v i t y ; w i t h husbandry r a t h e r than cosmetic r e c l a m a t ­
i o n - the green l i e . We are c o n d i t i o n e d t o approach the matter from the 
s t a n d p o i n t o f c l a s s i c a l l a n d management p l a n n i n g , the elements o f which 
have been d e f i n e d i n a f o r e s t r y c o n t e x t as f o l l o w s : 

1. A s p e c i f i e d management p e r i o d . 
2. I n i t i a l c o l l e c t i o n o f f a c t s and a d e s c r i p t i o n o f the 

area t o be managed. 
3. A n a l y s i s o f the f a c t s and an assessment o f management o p t i o n s . 
4. D e s i g n a t i o n of management o p t i o n s . 
5. Design o f a programme t o ac c o m p l i s h the o b j e c t i v e s . 
6. Record o f r e s u l t s , c o l l e c t i o n o f f a c t s by i n v e n t o r y and 

r e s e a r c h t o be used i n f o r m u l a t i n g the p l a n f o r the 
next management p e r i o d . (Osmaston 1968). 
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Consequently we have been p r e d i s p o s e d t o support the approach advocated 
by Tony M i l l i g a n y e s t e r d a y , t h a t o f advance through the conduct o f f i e l d 
s c a l e r e c l a m a t i o n a l l i e d w i t h on-going r e s e a r c h t o r e s o l v e problems as 
they become apparent. Perhaps t h i s i s a pragmatic approach and one t h a t , 
i n p u r e s t terms, i s not p a r t i c u l a r l y e l e g a n t , but i t has been proven 
e f f e c t i v e throughout the h i s t o r y o f the e v o l u t i o n o f l a n d management, 
p r o v i d e d always t h a t the p r a c t i c e i s i n t e l l i g e n t l y c o n c e i v e d and a p p l i e d 
and t h a t due a t t e n t i o n i s g i v e n t o the a l l important maintenance of 
r e c o r d s o f work done and r e s u l t s o b t a i n e d . T h i s i s not t o say, of c o u r s e , 
t h a t more b a s i c approaches are not h i g h l y i m p o r t a n t . The c u r r e n t work on 
t a i l i n g s by Bob G a r d i n e r and Les L a v k u l i c h p r o v i d e s an example o f the k i n d 
o f s i t u a t i o n where t h i s i s v i t a l i f advances are t o be made. P a u l 
Ziemkiewicz i s c u r r e n t l y u n d e r t a k i n g a study o f n u t r i e n t c y c l i n g i n h i g h 
e l e v a t i o n r e c l a m a t i o n ecosystems t h a t w i l l p r o v i d e important i n f o r m a t i o n 
r e g a r d i n g the s t a b i l i t y of the v e g e t a t i o n we a r e e s t a b l i s h i n g . 

R e f l e c t i n g the approaches of our p r o f e s s i o n we a r e i n t e r e s t e d i n r e s o u r c e 
p o l i c y ; the r e s o l u t i o n o f r e s o u r c e and landuse c o n f l i c t s ; r e g i o n a l o r 
area p l a n n i n g and impacts; the development of c l e a r management o b j e c t i v e s ; 
l o n g term and o p e r a t i o n a l p l a n n i n g t o a c h i e v e these o b j e c t i v e s i n a 
r a t i o n a l manner; economic e v a l u a t i o n ; s i t e c a t e g o r i z a t i o n ; the development 
of working t e c h n i q u e s ; problems o f s p e c i e s s e l e c t i o n and e v a l u a t i o n ; the 
t r i a l o f i n t r o d u c e d and n a t i v e s p e c i e s ; the e s t a b l i s h m e n t o f v e g e t a t i o n , 
i t s maintenance and f i n a l use; n a t u r a l s u c c e s s i o n ; q u e s t i o n s o f watershed 
management and s i l t c o n t r o l ; p r o v i s i o n o f w i l d l i f e h a b i t a t ; the a m e l i o r ­
a t i o n o f v i s u a l impact - i n a word, a l l the landuse problems t h a t r e s u l t 
from the p h y s i c a l impact o f m i n i n g . 

To the s o l u t i o n o f these problems we can b r i n g t o bear the knowledge, 
methodologies and e x p e r i e n c e t h a t has been gained i n f o r e s t r y over the 
p a s t two hundred y e a r s i n the treatment o f steep u n s t a b l e s o i l s i n 
rugged landscapes. Although i n B r i t i s h Columbia most f o r e s t r y a c t i v i t i e s 
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have been d i r e c t e d t o timber p r o d u c t i o n i t i s important t o remember 
t h a t t h e r e i s a long t r a d i t i o n of p r o t e c t i o n or r e h a b i l i t a t i v e f o r e s t r y 
w i t h emphasis on the s t a b i l i z a t i o n and r e s t o r a t i o n of degraded s i t e s , 
o f t e n i n severe environment under mountainous c o n d i t i o n s . T h i s e x p e r t ­
i s e i n s o i l and water c o n s e r v a t i o n and environmental r e h a b i l i t a t i o n , 
when coupled w i t h the broadened concepts of w i l d l a n d r e s o u r c e manage­
ment of the l a t t e r p a r t of t h i s c e n t u r y , are d i r e c t l y a p p l i c a b l e t o 
mined l a n d r e c l a m a t i o n . 

A f i n a l , but g e n e r a l , v a l u e of u n i v e r s i t y involvement i s t h a t , t o a 
g r e a t e r extent t h a n government or i n d u s t r y , we can, and s h o u l d , take an 
independent stance. 

I have only r e p o r t e d i n very g e n e r a l terms on our programme but I 
b e l i e v e t h a t the successes achieved have i n d i c a t e d what can be done by 
a s m a l l group, and the p o t e n t i a l t h a t e x i s t s f o r c l o s e c o - o p e r a t i o n 
between government, i n d u s t r y and u n i v e r s i t y and the mutual b e n e f i t s t h a t 
can r e s u l t t o a l l p a r t i e s . There are o n l y a few people i n v o l v e d i n 
t h i s important t a s k of mined l a n d r e c l a m a t i o n and i t behooves us a l l t o 
develop mechanisms to maximize our j o i n t c o n t r i b u t i o n s . 

1. Osmaston F.C. The Management of F o r e s t s 
George A l l e n & Unwin. 1977 

March 29/77 
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NATIVE SPECIES I N RECLAMATION OF DISTURBED LANDS 
ABSTRACT 

When r e c l a m a t i o n seeks t o r e i n t e g r a t e d i s t u r b e d l a n d s i n t o t h e 
n a t u r a l l a n d s c a p e , use o f n a t i v e s p e c i e s c o u l d have d e c i d e d e c o l o g ­
i c a l , economic and a e s t h e t i c a d v a n t a g e s . As p r o d u c t s o f m i l l i o n s 
o f y e a r s o f a d a p t i o n t o v a r i e d e n v i r o n m e n t s , n a t i v e s p e c i e s g e n e r a l l y 
r e q u i r e no m a i n t e n a n c e , a r e s e l f p e r p e t u a t i n g , and a r e v i s u a l l y 
i n t e g r a t e d w i t h s u r r o u n d i n g l a n d s c a p e s . I n t h e p r a c t i c a l s e n s e , 
n a t i v e seed i s p r e s e n t l y u n a v a i l a b l e c o m m e r c i a l l y . T h e r e f o r e , 
r e s e a r c h i s n e c e s s a r y on t h e c o l l e c t i o n o f n a t i v e seed and c u t t i n g s , 
t h e s t o r a g e and t r e a t m e n t o f seed f o r dormancy b r e a k i n g and g e r m i n a t ­
i o n , t h e t i m e o f s e e d i n g and methods o f p r o p a g a t i o n f o r maximum 
s e e d l i n g e s t a b l i s h m e n t , t h e growth on d i f f e r e n t m a t e r i a l s and 
s i t e s , t h e s e l e c t i o n o f p r o p e r s p e c i e s c o m b i n a t i o n s ( i n c l u d i n g 
a g r o n o m i c s ) , and on t h e p r a c t i c a l and c o s t a s p e c t s o f c o m m e r c i a l 
p r o d u c t i o n . By o b s e r v a t i o n i n n a t u r e , and by l a b e x p e r i m e n t s , 
n a t i v e s p e c i e s s h o u l d be e v a l u a t e d f o r t h e i r r o l e i n s u c c e s s i o n , 
e r o s i o n c o n t r o l c a p a b i l i t y , c o n t r i b u t i o n t o s o i l humus, p a l a t -
a b i l i t y f o r w i l d l i f e and v i s u a l i n t e g r a t i n g c a p a b i l i t i e s . 

I n i t i a l l y , r e s e a r c h p r i o r i t y s h o u l d be g i v e n t o s p e c i e s s u i t a b l e f o r 
d i f f i c u l t s i t e s where agronomic s p e c i e s a r e r e l a t i v e l y u n s u c c e s s f u l 
o r c o s t l y t o m a i n t a i n ( e . g . h i g h e l e v a t i o n s , s t e e p s l o p e s , d r y a r e a s ) . 

The immediate g o a l o f t h i s r e s e a r c h w o u l d be t h e p r o d u c t i o n o f a 
c a t a l o g u e o f n a t i v e s p e c i e s s u i t a b l e f o r r e c l a m a t i o n o f d i s t u r b e d 
l a n d s i n B r i t i s h Columbia. T h i s c a t a l o g u e w o u l d c o n t a i n a l l a v a i l ­
a b l e i n f o r m a t i o n on a r e a s , s i t e s , c o n d i t i o n s , e t c . f o r w h i c h s p e c i e s 
w o u l d be s u i t a b l e as w e l l as i n f o r m a t i o n on s p e c i e s g e r m i n a t i o n , 
p r o p a g a t i o n , and e a r l y m a i n t e n a n c e r e q u i r e m e n t s . 

E s t a b l i s h m e n t o f an inde p e n d e n t R e c l a m a t i o n R e s e a r c h I n s t i t u t e i s 
propose d t o f u n d and c o o r d i n a t e t h i s r e s e a r c h i n c o n n e c t i o n w i t h 
o t h e r a s p e c t s o f r e c l a m a t i o n i n t h e p r o v i n c e . 
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NATIVE SPECIES IN RECLAMATION OF DISTURBED LANDS 

I n t h i s paper we s e t f o r t h arguments f a v o r i n g the use o f n a t i v e 
s p e c i e s i n r e c l a m a t i o n o f mined lands i n B r i t i s h Columbia, mention 
problems t h i s might e n t a i l , r e s e a r c h which s h o u l d be done, and where, 
how i t might be s t be c o o r d i n a t e d and suggest how t h i s i n f o r m a t i o n 
might most r e a d i l y be made a v a i l a b l e t o r e c l a i m e r s . 

Before going f u r t h e r , some d i s t i n c t i o n s h o u l d be made between 
n a t i v e and agronomic s p e c i e s . An agronomic s p e c i e s i s a p l a n t 
s e l e c t e d and bred f o r s p e c i f i c a g r i c u l t u r a l purposes such as 
f o r a g e , hay, or cover c r o p s . These s p e c i e s are g e n e t i c a l l y u n i f o r m 
and r e q u i r e i n t e n s i v e management f o r v i g o r o u s growth and r e p r o d u c t i o n . 
N a t i v e s p e c i e s occur n a t u r a l l y w i t h i n a r e g i o n and have adapted 
through m i l l e n i a t o l o c a l c l i m a t e s and h a b i t a t s . They a r e g e n e t i c a l l y 
d i v e r s e s e l f - p e r p e t u a t i n g s p e c i e s r e q u i r i n g no maintenance t o grow 
v i g o u r o u s l y i n t h e i r n a t i v e h a b i t a t s . 

To d a t e , most r e c l a m a t i o n has r e l i e d on agronomic s p e c i e s because 
seed i s r e a d i l y a v a i l a b l e i n b u l k from commercial producers a t low 
c o s t . Where the r e c l a m a t i o n o b j e c t i v e i s t o r e t u r n the l a n d t o 
a g r i c u l t u r a l p r o d u c t i o n , agronomic s p e c i e s are the l o g i c a l c h o i c e . 
However, when f e r t i l i z a t i o n and/or i r r i g a t i o n are c u t o f f , " i n s t a n t 
green"agronomics o f t e n do v e r y p o o r l y . Two such s i t e s a r e the 
Similkameen M i n i n g o p e r a t i o n a t P r i n c e t o n and P l a c i d O i l ' s B u l l 
R i v e r Copper s i t e . 

When the r e c l a m a t i o n o b j e c t i v e i s t o r e - i n t e g r a t e the s i t e i n t o t he 
n a t u r a l landscape, a d u r a b l e , s e l f - m a i n t a i n i n g p l a n t cover o f n a t i v e 
s p e c i e s has obvious b e n e f i t s . Nature has been r e c l a i m i n g d r a s t i c a l l y 
d e v a s t a t e d areas w i t h n a t i v e s p e c i e s s i n c e time began. L e a r n i n g how 
she does t h i s might save a few d o l l a r s . 

U n l i k e Europe (e.g. S c h i e c h t l , 1973) and ap a r t from the t r a d i t i o n a l 
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e f f o r t s of f o r e s t r y and h o r t i c u l t u r e , r e l a t i v e l y l i t t l e thought has 
been g i v e n t o u s i n g n a t i v e s p e c i e s f o r r e c l a i m i n g d i s t u r b e d l a n d s . 
I n A l b e r t a and B r i t i s h Columbia seed of a number of n a t i v e grasses 
and f o r b s has been c o l l e c t e d and g e r m i n a t i o n and f i e l d t e s t s made 
by mining companies or t h e i r c o n s u l t a n t s . These t e s t s are b a s i c a l l y 
i n an e a r l y stage of development, so r e l a t i v e l y l i t t l e i n f o r m a t i o n 
has been accumulated. For example, K a i s e r Resources, a l e a d e r i n the 
r e c l a m a t i o n of c o a l mined lands i n B r i t i s h Columbia, s e t up t e s t p l o t s 
of n a t i v e grasses and f o r b s o n l y l a s t summer and s t a r t e d g e r m i n a t i o n 
t e s t s t h i s w i n t e r , although they have done work w i t h n a t i v e shrubs 
f o r a number of y e a r s . T h e i r r e s e a r c h i n n a t i v e shrubs has i n c l u d e d 
p r o p o g a t i o n by seeds and c u t t i n g s and f i e l d t r i a l s of c e r t a i n s p e c i e s . 
N a t i v e shrubs have been used on a l i m i t e d s c a l e f o r r e c l a m a t i o n 
attempts and e r o s i o n c o n t r o l by B r i t i s h Columbia's F i s h and W i l d l i f e 
Branch, Parks Branch, and Department of Highways. H o r t i c u l t u r a l i s t s 
use some n a t i v e shrubs f o r l a n d s c a p i n g , but r i d i c u l o u s as i t sounds, 
the a v a i l a b l e commercial s t o c k of B.C. n a t i v e s a p p a r e n t l y comes o n l y 
from European growers. 

Some r e c l a m a t i o n t r i a l s w i t h n a t i v e g r a s s e s and f o r b s have been done 
i n the a r c t i c r e g i o n s of the Northwest T e r r i t o r i e s , and i n the Rocky 
Mountains o f Colorado, Idaho, and Montana (Nishimura, 1974; Farmer et 
a l , 1976; H a r r i n g t o n , 1946). A r c t a g r o s t i s l a t i f o l i a ( P o l a r Grass) 
was used i n t r i a l s i n the Northwest T e r r i t o r i e s and although a f t e r 
two years i t s performance was i n f e r i o r t o the agronomics used, a f t e r 
seven y e a r s i t was many times more s u c c e s s f u l (Hernandez, 1973). 
Many n a t i v e s p e c i e s have been t r i e d or suggested i n western North 
America (see Appendix) and a p r e l i m i n a r y l i t e r a t u r e r e v i e w shows t h a t 
a f a i r amount of i n f o r m a t i o n i s a v a i l a b l e on t e s t t r i a l s and g e r m i n a t i o n 
o f n a t i v e shrubs and herbs. 

One of the reasons f o r the r e l a t i v e l a c k o f both r e s e a r c h and r e c l a m a t ­
i o n t r i a l s w i t h n a t i v e s p e c i e s i s the l a c k of r e a d i l y a v a i l a b l e seed 
or n u r s e r y s t o c k . A l s o , i n many s i t u a t i o n s , agronomic s p e c i e s e i t h e r 
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do w e l l , or are p r e f e r r e d , depending on u l t i m a t e l a n d use g o a l s . 
Agronomic seed i s r e a d i l y a v a i l a b l e a t low c o s t , so i n such s i t u a t i o n s 
t h e r e i s l i t t l e i n c e n t i v e t o c o n s i d e r use of n a t i v e s p e c i e s . On 
the o t h e r hand, agronomic s p e c i e s g e n e r a l l y do not do w e l l i n ha r s h 
environments such as the a l p i n e t u n d r a . I n most l o w l a n d s i t u a t i o n s 
where i n t e n s i v e management such as f e r t i l i z a t i o n and/or i r r i g a t i o n 
i s e l i m i n a t e d , agronomics e v e n t u a l l y d i e out. N a t i v e s p e c i e s can 
p l a y an important r o l e i n these s i t u a t i o n s and have a number o f eco­
l o g i c a l , economic and a e s t h e t i c advantages. 

I n harsh environments such as the a l p i n e t u n d r a n a t i v e s p e c i e s have 
e v o l v e d and adapted t o the normal a l p i n e c o n d i t i o n s as w e l l as t o the 
extremes. Thousands o f y e a r s o f e v o l u t i o n have r e s u l t e d i n d i v e r s e 
g e n e t i c p o p u l a t i o n s o f each s p e c i e s t h a t a r e a b l e t o s u r v i v e h a r s h e r 
than normal a l p i n e c o n d i t i o n s because o f a d a p t a t i o n s t o c o l d and f r o s t 
d u r i n g the growing season. N a t i v e s p e c i e s i n o t h e r environments have 
s i m i l a r l y e v o l v e d and adapted t o both normal and extreme c o n d i t i o n s o f 
t h e i r p a r t i c u l a r h a b i t a t s . 

C o n v e r s e l y , agronomic s p e c i e s ( o r i g i n a l l y s e l e c t e d from a n a t i v e s p e c i e s 
s t o c k somewhere) a r e propagated f o r s p e c i f i c a g r i c u l t u r a l purposes. 
D i f f e r e n t v a r i e t i e s o f these agronomics a r e a v a i l a b l e , but these a r e 
s t i l l b a s i c a l l y s e l e c t e d f o r a g r i c u l t u r a l use, and c o n t i n u e d maintenance 
i s n ecessary t o keep a good cover f o r any extended p e r i o d o f time. I n 
a l p i n e or o t h e r n o n - a g r i c u l t u r a l extreme areas they w i l l g e n e r a l l y not 
go t o seed, o r w i l l r a p i d l y d i e i f f e r t i l i z a t i o n i s stopped. For these 
reasons agronomic s p e c i e s u s u a l l y do not have the c a p a c i t y f o r v i g o r o u s 
growth i n a l l t h e v a r i e d environments i n which they a r e used. 

C e r t a i n n a t i v e s p e c i e s are known as p i o n e e r s , because they w i l l invade 
areas a f t e r n a t u r a l d i s t u r b a n c e such as f i r e , f l o o d i n g , o r mass w a s t i n g . 
P i o n e e r s p e c i e s are adapted t o the e n v i r o n m e n t a l c o n d i t i o n s i n the area 
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thereby enhancing t h e i r chance o f s u c c e s s f u l e s t a b l i s h m e n t . They 
a l s o i n i t i a t e humus ac c u m u l a t i o n and n u t r i e n t c y c l i n g i n the e a r l y 
stages of s u c c e s s i o n making the s i t e s u i t a b l e f o r o t h e r s p e c i e s . 
E v e n t u a l l y most pioneers are out-competed by o t h e r n a t i v e s b e t t e r 
adapted t o the "improved" c o n d i t i o n s . S t a b l e s e l f p e r p e t u a t i n g 
p l a n t communities r e q u i r i n g no maintenance develop i n the l o n g r u n . 
Use o f these p i o n e e r s p e c i e s , p o s s i b l y w i t h some f e r t i l i z a t i o n , i r ­
r i g a t i o n or o t h e r s i t e p r e p a r a t i o n and i n combin a t i o n w i t h agronomics 
i n r e c l a i m i n g s i t e s c o u l d r e s u l t i n reduced management c o s t because 
n a t u r a l p l a n t s u c c e s s i o n t o s e l f - m a i n t a i n i n g communities w i l l be 
a c c e l e r a t e d . F u r t h e r , a d i v e r s e n a t i v e p l a n t cover such as t h i s 
w i l l encourage l o n g term s t a b i l i t y o f the v e g e t a t i o n . 

I n o r d e r t o m i n i m i z e the management c o s t , s e l e c t i o n o f a p p r o p r i a t e 
l o c a l r a c e s , or ecoty p e s , o f n a t i v e s p e c i e s has proven v a l u e . 
F o r e s t e r s have known and a p p l i e d t h i s f o r y e a r s when s e l e c t i n g 
d i f f e r e n t provenances of t r e e s t o get the b e s t wood p r o d u c t i o n . The 
use o f these ecotypes t h a t are g e n e t i c a l l y s u i t e d t o c e r t a i n areas 
w i l l l i k e l y r e s u l t i n i n c r e a s e d r e v e g e t a t i o n success. 

I n a d d i t i o n t o t h e i r e c o l o g i c a l and economic advantages, n a t i v e s p e c i e s 
g e n e r a l l y i n t e g r a t e b e t t e r v i s u a l l y i n t o the surrou n d i n g s than e i t h e r 
agronomic o r i n t r o d u c e d s p e c i e s . T h e i r growth form, c o l o r , and 
t e x t u r e seem t o b l e n d i n t o the n a t u r a l landscape and as a r e s u l t they 
a r e a e s t h e t i c a l l y more p l e a s i n g . 

The disadvantages o f u s i n g n a t i v e s p e c i e s a t pr e s e n t a r e l a r g e l y p r a c t i ­
c a l ones: u n a v a i l a b i l i t y and/or h i g h c o s t o f s t o c k or seed; l i t t l e 
knowledge of what s p e c i e s t o use, when, and under what c o n d i t i o n s ; the 
immediate requirement o f p l a n t m a t e r i a l s f o r r e c l a i m i n g s p e c i f i c s i t e s 
now; and l a c k o f c e r t i f i c a t i o n o f s t o c k q u a l i t y , t o mention a few. 
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B e a r i n g these p o i n t s i n mind a great d e a l o f o b s e r v a t i o n a l and 
e x p e r i m e n t a l r e s e a r c h and f i e l d t e s t i n g on n a t i v e s p e c i e s s h o u l d 
be s e t i n motion as soon as p o s s i b l e . Some areas where such 

s t u d i e s a r e needed f o l l o w . 

F o r example, d e t e r m i n i n g l o c a l r a c e s a p p r o p r i a t e f o r r e c l a m a t i o n 
r e q u i r e s i n v e n t o r y o f the v e g e t a t i o n f o r each g e n e r a l area (e.g. 
a l p i n e o f Northeast Coal B l o c k ) and e v a l u a t i o n o f l i k e l y r e c l a m a t ­
i o n s p e c i e s on the b a s i s o f , among ot h e r t h i n g s , t h e i r p l a c e i n 
s u c c e s s i o n , r o l e i n n u t r i e n t c y c l i n g , n i t r o g e n f i x i n g c a p a b i l i t y , 
c o n t r i b u t i o n t o the b u i l d u p o f humus, a m e l i o r a t i o n o f the s i t e 
c o n d i t i o n s t o encourage the b u i l d u p of the m i c r o f l o r a and fauna 
p a l a t a b i l i t y f o r w i l d l i f e , ease o f p r o p a g a t i o n , and the range o f 
h a b i t a t s t o which they a r e adapted. This i n f o r m a t i o n can p l a y an 
important r o l e i n d e t e r m i n i n g the s u i t a b i l i t y o f d i f f e r e n t s p e c i e s -
and l o c a l r a c e s o f these s p e c i e s ( i . e . ecotypes) - f o r d i f f e r e n t 
types of mine waste. 

C o l l e c t i o n s o f seed, c u t t i n g s , t r a n s p l a n t s , e t c . s h o u l d be made 
f o r each p r o m i s i n g s p e c i e s , and seed s t o r a g e and dormancy b r e a k i n g 
requirements s h o u l d be determined. Methods o f p r o p a g a t i o n s h o u l d 
be e v a l u a t e d , a l o n g w i t h the bes t t i m i n g and methods f o r s e e d i n g o f 
each ecotype t o ensure a h i g h s e e d l i n g e s t a b l i s h m e n t i n a p a r t i c u l a r 
environment. I n harsh environments, the time o f seeding i s c r i t i c a l 
t o ensure a f a v o r a b l e m i c r o c l i m a t e f o r both g e r m i n a t i o n and s e e d l i n g 
e s t a b l i s h m e n t . 

I n n a t u r e , groups o f s p e c i e s o f t e n i n t e r a c t i n m u t u a l l y advantageous 
ways. T h e r e f o r e , d i f f e r e n t combinations o f n a t i v e and/or agronomic 
s p e c i e s s h o u l d be e v a l u a t e d . A l s o , s t a g g e r i n g the time o f seeding o f 
d i f f e r e n t groups o f s p e c i e s may be ver y i m p o r t a n t . The p o s s i b l e 
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advantages of sowing agronomics immediately f o r e r o s i o n c o n t r o l and 
f o r the a d d i t i o n o f o r g a n i c m a tter t o the s o i l , f o l l o w e d by the 
seeding of n a t i v e s p e c i e s s h o u l d be e x p l o r e d . Such o r g a n i c / n a t i v e 
mixes sh o u l d be f u r t h e r r e s e a r c h e d because o f the h i g h shoot t o r o o t 
p r o d u c t i o n i n the agronomics as compared t o the i n i t i a l h i g h r o o t t o 
shoot p r o d u c t i o n i n the n a t i v e s p e c i e s ( Z i e m k i e w i c z , P.; pers.com.1977). 

I n some h a r s h a l p i n e environments v i a b l e seed crops occur i n o n l y the 
best summers, t h e r e f o r e most s p e c i e s are w e l l adapted t o v e g e t a t i v e 
(non-seed) methods o f r e p r o d u c t i o n . I n such cases where seed c o l l e c t i o n 
i s a problem, tec h n i q u e s such as u s i n g plugs o f n a t u r a l v e g e t a t i o n may 
be v a l u a b l e i n i n n o c u l a t i n g s t e r i l e s o i l s w i t h microorganisms, as w e l l 
as a c c e l e r a t i n g i n v a s i o n of the n a t i v e f l o r a . C o o r d i n a t i n g t h i s 
t e c h n i q u e w i t h seeding of agronomic s p e c i e s f o r e r o s i o n c o n t r o l and 
o r g a n i c m a tter a d d i t i o n s s h o u l d a l s o be examined. 

I n e v a l u a t i n g n a t i v e s p e c i e s , r e c l a m a t i o n o b j e c t i v e s as w e l l as s i t e 
c o n d i t i o n s w i l l undoubtedly determine which s p e c i e s are a p p r o p r i a t e . 
A r e c l a m a t i o n o b j e c t i v e o f improved w i l d l i f e h a b i t a t would l i k e l y 
r e q u i r e a d i f f e r e n t combination o f s p e c i e s than a g o a l o f pulpwood 
f o r e s t . M i c r o s i t e v a r i a t i o n s c o u l d a l s o i n f l u e n c e success and s h o u l d 
be taken i n t o c o n s i d e r a t i o n . I n extreme c a s e s , such as where t o x i c 
m a t e r i a l s are t o be r e v e g e t a t e d , and c o n v e n t i o n a l s i t e a m e l i o r a t i n g 
methods a r e u n s u c c e s s f u l , then n a t i v e s p e c i e s showing m i l d t o l e r a n c e 
of these c o n d i t i o n s might be s e l e c t e d and e x p e r i m e n t a l l y b r e d f o r 
i n c r e a s e d t o l e r a n c e t o r e v e g e t a t e these s i t e s . 

These a r e a few o f the areas where r e s e a r c h i n n a t i v e s p e c i e s c o u l d 
l e a d t o improved r e c l a m a t i o n and reduced c o s t s i n B r i t i s h Columbia. 
C l e a r l y the c o l l e c t i o n of such i n f o r m a t i o n through r e s e a r c h and 
t e s t i n g would ta k e some time f o r a l l the P r o v i n c e . Some i n f o r m a t i o n 
e x i s t s a l r e a d y i n the l i t e r a t u r e but needs t o be r e t r i e v e d and 
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i n t e r p r e t e d f o r r e c l a m a t i o n purposes. T h i s would p r o v i d e t he b a s i s 
f o r more c l e a r l y d e f i n i n g r e s e a r c h p r i o r i t i e s and e s t a b l i s h i n g r e s e a r c h 
programming. However, because o f the urgency o f g e t t i n g r e s e a r c h 
underway now we f e e l t h a t r e s e a r c h p r i o r i t y s h o u l d be g i v e n t o 
d i f f i c u l t s i t e s where agronomic s p e c i e s are r e l a t i v e l y u n s u c c e s s f u l 
or c o s t l y t o m a i n t a i n such as steep s l o p e s , dry a r e a s , and a l p i n e 
t u n d r a . 

A major g o a l o f t h i s r e s e a r c h would be the p r o d u c t i o n of an annotated 
c a t a l o g u e o f n a t i v e s p e c i e s s u i t a b l e f o r r e c l a m a t i o n o f d i s t u r b e d 
lands i n B r i t i s h Columbia. T h i s manual c o u l d be s t a r t e d now w i t h 
e x i s t i n g i n f o r m a t i o n and e v e n t u a l l y would c o n t a i n a l l a v a i l a b l e i n f o r ­
m ation on.each s p e c i e s p e r t i n e n t t o r e c l a m a t i o n as w e l l as b e s t 
methods f o r e n s u r i n g r e c l a m a t i o n success ( r e g i o n a l and s i t e s u i t a b i l i t y ; 
where-when-how t o c o l l e c t , s t o r e , propagate; r o l e i n s u c c e s s i o n ; o t h e r 
s p e c i e s f e a t u r e s . ) Research t o a c h i e v e t h i s g o a l s h o u l d be i n i t i a t e d 
now. 

Who sho u l d do the r e s e a r c h ? T r a d i t i o n a l l y t h i s i s the u n i v e r s i t i e s ' 
domain because o f i t s c l o s e r e l a t i o n t o p r o f e s s i o n a l t r a i n i n g and 
e d u c a t i o n , s t a f f w i t h r e s e a r c h i n t e r e s t s , graduate s t u d e n t s , r e s e a r c h 
f a c i l i t i e s , independent ( u s u a l l y i n s u f f i c i e n t ) f u n d i n g , and detachment 
from v e s t e d i n t e r e s t s . However, u n i v e r s i t y r e s e a r c h i s c r i t i c i z e d be­
cause r e s u l t s are o f t e n slow i n coming, d i f f i c u l t t o comprehend, and 
of l i t t l e p r a c t i c a l v a l u e t o l a n d managers. But t h i s i s changing as 
more u n i v e r s i t y r e s e a r c h i s geared t o f i n d i n g p r a c t i c a l answers. 
Should government or i n d u s t r y f o o t the b i l l ? And who s h o u l d determine 
r e s e a r c h p r i o r i t i e s ? Because o f t h e i r immediate concern w i t h a c t u a l 
r e c l a m a t i o n problems sh o u l d companies do the r e s e a r c h or c o n t r a c t i t 
out t o c o n s u l t a n t s ? Or, s h o u l d i t be a c o l l a b o r a t i v e e f f o r t of 
u n i v e r s i t i e s , p r i v a t e c o n s u l t a n t s , government and i n d u s t r y w i t h some 
c e n t r a l group c o n t r o l l i n g the d i r e c t i o n o f the r e s e a r c h ? 
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We f e e l a j o i n t e f f o r t would be most f r u i t f u l , w i t h r e s e a r c h p r i o r i t i e s 
and f u n d i n g b e i n g a d m i n i s t e r e d under an independent B r i t i s h Columbia 
Reclamation I n s t i t u t e which would be concerned w i t h lands d i s t u r b e d by 
any means - m i n i n g , e l e c t r i c power g e n e r a t i o n , c o n s t r u c t i o n , f o r e s t r y , 
highways, e t c . - and whose membership would come from p u b l i c and 
p r i v a t e l a n d use a g e n c i e s . 

With such c o o r d i n a t i o n , w i t h the growing emphasis on not o n l y r e v e g e t a t ­
i o n but a l s o l o n g term maintenance o f green c o v e r , and w i t h the eco­
l o g i c a l , economic and a e s t h e t i c b e n e f i t s which n a t i v e s p e c i e s c l e a r l y 
have to o f f e r , the p a y o f f t o r e c l a i m e r s from s u p p o r t i n g more r e s e a r c h 
i n n a t i v e s p e c i e s f o r r e c l a m a t i o n i n B r i t i s h Columbia s h o u l d be 
obvious. 
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APPENDIX 

Th i s l i s t summarizes a p r e l i m i n a r y i n v e s t i g a t i o n o f the l i t e r a t u r e 
by W.F. Hubbard (see Hubbard & B e l l , 1977). 

NATIVE SPECIES IN MONTANE RECLAMATION 

1. N a t i v e s p e c i e s t h a t been used f o r 
Shrubs and Trees: 

Amelanchier a l n i f o l i a  
B e t u l a nana  
B. p a p y r i f e r a  
Cornus s t o l o n i f e r a  
J u n i p e r u s communis  
J . h o r i z o n t a l i s  
P i c e a e n g e l m a n i i  
P. g l a u c a  
Pinus c o n t o r t a  
Populus t r e m u l o i d e s  
Pseudotsuga m e n z i e s i i  
Rosa Woodsii  
Rubus idaeus  
Sambucus racemosa  
Shepherdia canadensis  
Symphoricarpos albus 

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

Saskatoon 
Dwarf B i r c h 
Paper B i r c h 
Red O s i e r Dogwood 
Mountain J u n i p e r 
Creeping J u n i p e r 
Engelmann Spruce 
White Spruce 
Lodgepole P i n e 
Trembling Aspen 
Douglas F i r 
Woods's Rose 
Red Raspberry 
Red E l d e r b e r r y 
B u f f a l o b e r r y 
Snowberry 

Forbs: 
A c h i l l e a m i l l e f o l i u m  
Agastache u r t i c i f o l i a  
A r t e m e s i a n o r v e g i c a  
A s t e r a l p i n u s  
B a lsamorhiza s a g i t t a t a  
E p i l o b i u m a n g u s t i f o l i u m  
Heracleum lanatum  
Lupinus a l p e s t r i s 
Osmorhiza o c c i d e n t a l i s 

Yarrow 
Horsemint 
Mountain Sagebrush 
B o r e a l A s t e r 
A r r o w l e a f Balsamroot 
Fireweed 
Cow P a r s n i p 
A l p i n e Lupine 
Western S w e e t - c i c e l y 
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Penstemon n i t i d u s  
P. whippleanus  
P h a c e l i a h e t e r o p h y l l a  
P. s e r i c e a  
V i c i a americana 
V. c r a c c a 

S h i n i n g Penstemon 
Whipple's Penstemon 
V a r i l e a f P h a c e l i a 
S i l k y P h a c e l i a 
Common Vetch 
B i r d Vetch 

Grasses and Sedges: 

Agropyron dasytachyum  
A. s m i t h i i 
A. spicatum  
A g r o s t i s s c abra  
A r c t a g r o s t i s l a t i f o l i a  
Bromus c a r i n a t u s 
B. c i l i a t u s  
B. tectorum 
C a l a m a g r o s t i s canadensis  
Carex b i g e l o w i i  
Danthonia p a r r y i  
Deschampsia c e s p i t o s a  
Eriophorum vaginaturn  
F e s t u c a o v i n a  
K o e l e r i a c r i s t a t a  
Phleum alpinum  
Poa a l p i n a  
T r i s e t u m spicatum 

T h i c k - s p i k e d Wheatgrass 
Bluestem Wheatgrass 
Bluebunch Wheatgrass 
Winter Bentgrass 
P o l a r Grass 
C a l i f o r n i a Brome 
F r i n g e d Brome 
Cheatgrass 
Canada Reedgrass 
Sedge 
P a r r y ' s Oatgrass 
T u f t e d H a i r g r a s s 
Cotton Grass 

Sheep Fescue 
P r a i r i e Junegrass 
A l p i n e Timothy 
A l p i n e B l u e g r a s s 
S p i k e d t r i s e t u m 
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N a t i v e s p e c i e s t h a t have been proposed 

Shrubs and Treesr 
A b i e s l a s i o c a r p a  
Acer glabrum v a r . d o u g l a s i i  
A l n u s s i n u a t a  
A. t e n u i f o l i a  
A r c t o s t a p h y l o s u v a - u r s i  
B e t u l a o c c i d e n t a l i s  
Ceanothus sanguineus 
C. v e l u t i n u s  
Crataegus oxyacantha  
Pinus a l b i c a u l i s 
P. banksiana 
P. f l e x i l i s 
Populus b a l s a m i f e r a 
P. t r i c h o c a r p a 
P o t e n t i l l a f r u t i c o s a 
Rhododendron a l b i f l o r u m 
S a l i x a l a x e n s i s 
S. a r c t i c a 
S. p o l a r i s 
S. r e t i c u l a t a 
S p i r a e a l u c i d a 

Forbs proposed: 
A r t e m e s i a caudata  
A. f r i g i d a  
C o r y d a l i s aurea  
Dryas drummondii 
D. o c t o p e t a l a  
E p i l o b i u m l a t i f o l i u m 
E. w a t s o n i i 

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

S u b a l p i n e F i r 
Douglas 1 Maple 
S i t k a A l d e r 
Mountain A l d e r 
Bearberry 
R i v e r B i r c h 
Redstern Snowbrush 
S t i c k y - l a u r e l 
Hawthorn 
White Bark P i n e 
J a c k Pine 
Limber P i n e 
Balsam P o p l a r 
B l a c k Cottonwood 
Shrubby C i n q u e f o i l 
White Rhododendron 
A l a s k a W i l l o w 
A r c t i c W i l l o w 
W i l l o w 
W i l l o w 
S p i r a e a 

Artemesia 
P a s t u r e Sagebrush 
Golden C o r y d a l i s 
Y e l l o w Mountain-avens 
White Dryad 
Red Willow-herb 
Watson's Willow-herb 
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Equisetum arvense  
Hedysarum alpinum  
Polygonum b i s t o r t o i d e s  
P. v i v i p a r u m  
S a x i f r a g a t r i c u s p i d a t a  
Sedum stenopetalum  
V e r o n i c a c u s i c k i i 

G r a s s e s : 
Agropyron s c r i b n e r i  
C a l a m a g r o s t i s montanensis  
C. rubescens  
Carex spp. 
F e s t u c a b r a c h y p h y l l a 
F« i d a h o e n s i s 
H e l i c t o t r i c h o n h o o k e r i 
F e s t u c a s c a b r e l l a 
Hordeum jubatum 
Poa c u s i c k i i 
P. f e n d l e r i a n a 
P. l a n a t a 
P. s a n d b e r g i i 

F i e l d H o r s e t a i l 
A l p i n e Sweetvetch 
American B i s t o r t 
A l p i n e B i s t o r t 
P r i c k l y S a z i f r a g e 
Wormleaf Stonecrop 
C u s i c k ' s Speedwell 

Spreading Wheatgrass 
P l a i n s Reedgrass 
P i n e g r a s s 
Sedges 
A l p i n e Fescue 
Idaho Fescue 
Spike-Oat 
B u f f a l o Bunchgrass 
F o x t a i l B a r l e y 
C u s i c k ' s B l u e g r a s s 
Mutton Grass 
Woolly B l u e g r a s s 
Sandberg's B l u e g r a s s 

This l i s t i s by no means complete. 
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WORKSHOP SUMMARIES 

RESEARCH 

CONCERNING INFORMATION EXCHANGE 
- communication and exchange system needed f o r i n f o r m a t i o n . 

- i n f o r m a t i o n s h o u l d be put i n a data bank or c l e a r i n g house and be 
dis s e m i n a t e d more e f f e c t i v e l y i n an i n t e l l i g i b l e form t o a l l echelons 
( i . e . c a t o p e r a t o r t o mine manager). 

- b e t t e r i n f o r m a t i o n s h a r i n g f a c i l i t i e s needed, p o s s i b l y combined w i t h 
above agency. 

- u n i v e r s i t y theses s h o u l d be p u b l i s h e d i n an i n t e l l i g i b l e form. 

- r e s u l t s from r e s e a r c h s h o u l d be co n v e r t e d t o a p r a c t i c a l form u s a b l e 
f o r i n d u s t r y . 

- much i n f o r m a t i o n (technology) a l r e a d y a v a i l a b l e . How do you get t h i s out? 

- develop a r e c l a m a t i o n manual f o r f i e l d use. 

- c o u l d be s t a r t e d through annual r e p o r t s of Mines M i n i s t r y , showing 
successes and f a i l u r e s . 

- suggest a c e n t r a l l i b r a r y c o n t r o l l e d by the S e c r e t a r i a t or Mines Branch 
be s e t up. 

- handbook produced showing s u c c e s s f u l r e s u l t s ; up-dated every t h r e e y e a r s . 

- annual a b s t r a c t s o f a d d i t i o n s t o c e n t r a l l i b r a r y . 

- t he n e c e s s i t y of s h a r i n g and c o - o p e r a t i n g i n (mine) r e c l a m a t i o n i s 
not o n l y on a p r o v i n c i a l l e v e l but a l s o on a n a t i o n a l and w o r l d s c a l e . 

CONCERNING A RESEARCH ADVISORY GROUP 

- need an a d v i s o r y group f o r r e s e a r c h . 

- sh o u l d combine p r o v i n c i a l and f e d e r a l government agencies as w e l l as 
u n i v e r s i t i e s , i n d u s t r y and r e s e a r c h c e n t e r s . 



160 

- purpose o f the group would be t o e s t a b l i s h p r i o r i t i e s and o b j e c t i v e s 
i n the f i e l d of r e s e a r c h . 

- the group s h o u l d have r e g i o n a l a d v i s o r s . 

- the group c o u l d a c t as an i n t e r m e d i a r y t o f i l t e r i n f o r m a t i o n and t o 
h i r e c o n s u l t a n t s t o l o o k at s p e c i f i c problems i n v a r i o u s a r e a s . 

- some a d v e r s i t y t o s e t t i n g up another " b u r e a u c r a t i c agency" but i t 
was r e c o g n i z e d t h a t s m a l l e r companies, not f i n a n c i a l l y c a p a b l e o f 
c a r r y i n g out t h e i r own r e s e a r c h , need some group t o draw upon. 

CONCERNING RESEARCH CONFIDENTIALITY 

- problem w i t h c o n f i d e n t i a l i t y of r e s e a r c h as those who pay f o r i t have 
a r i g h t t o i t . 

- an i n c e n t i v e t o share company r e s e a r c h r e s u l t s s h o u l d be developed. 

CONCERNING EDUCATION 

- need e d u c a t i o n o f company f i e l d p e r s o n n e l o f what i s known, e.g. 
a c o l l e g e course. 

CONCERNING DIVISION OF RESEARCH 

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

- s h o r t term s i t e s p e c i f i c r e s e a r c h s h o u l d be done by i n d u s t r y . 

- lo n g term r e g i o n a l r e s e a r c h s h o u l d be done by u n i v e r s i t i e s and 
r e s e a r c h c e n t e r s i n c o n j u n c t i o n w i t h i n d u s t r y . 

- the r e g i o n a l o r g e n e r a l r e s e a r c h s h o u l d be c a r r i e d out by those 
people b e s t q u a l i f i e d t o do s p e c i f i c work, which may not always 
be a u n i v e r s i t y . 

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

- common r e s e a r c h , f o r a s p e c i f i c a r e a , s h o u l d be looke d a t j o i n t l y 
by companies and r e s e a r c h e r s , so t h a t expense i s reduced. 
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CONCERNING RESEARCH FUNDING 

- t h e r e were d i f f e r e n c e s as t o how g e n e r a l problems s h o u l d be funded: 
a) f u n d i n g by government and i n d u s t r y f o r g e n e r a l problems, 

p o s s i b l y a r e s e a r c h charge or r o y a l t y ; p r o p o r t i o n a l t a x a t i o n 
of companies t o develop fund t o pay f o r r e s e a r c h done on 
r e c l a m a t i o n . 

b) government should fund long term g e n e r a l r e s e a r c h through 
normal revenue channels and not r a i s e a separ a t e l e v y t a x 
as i n A l b e r t a . 

- s h o r t term s i t e s p e c i f i c r e s e a r c h s h o u l d be funded through i n d u s t r y ' s 
normal r e c l a m a t i o n f u n d i n g i . e . b u i l t i n t o p r o d u c t i o n budget. 

- companies c o u l d form c o n s o r t i a t o r e s o l v e common problems through 
r e s e a r c h and spread c o s t s . 

- m i n i n g companies p r e f e r t o i n v e s t money i n d e v e l o p i n g t h e i r own 
per s o n n e l ' s e x p e r t i s e . 

- time l a g i n r e s e a r c h i s a key problem as c o s t s f o r r e s e a r c h are 
heavy and r e t u r n s sometimes slow i n coming. 

CONCERNING NEW RESEARCH AREAS 

- need i d e n t i f i c a t i o n of o t h e r types of r e s e a r c h t h a t may be ne c e s s a r y 
t o e v a l u a t e r e c l a m a t i o n impacts eg. f i s h e r i e s or w i l d l i f e . 

- need more socio-economic problems r e s e a r c h . What does l o c a l 
community want? 

- need more r e s e a r c h i n t o n a t i v e s p e c i e s seed bank p r o d u c t i o n . 

- need development o f a p p l i e d f i e l d t e c h n i q u e s . 
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FIRST ANNUAL RECLAMATION 
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Terms of Reference 

MINE RECLAMATION AWARDS 

Under the a u s p i c e s o f the B r i t i s h Columbia M i n i s t r y of Mines and 
Petroleum Resources, and the M i n i n g A s s o c i a t i o n o f B r i t i s h Columbia, 
a Reclamation Award has been e s t a b l i s h e d t o r e c o g n i z e o u t s t a n d i n g 
achievement i n mine r e c l a m a t i o n i n B r i t i s h Columbia. The g u i d e l i n e s 
f o r these awards are as f o l l o w s : 

1. Nomination w i l l be s o l i c i t e d from M i n i s t r y of Mines 
I n s p e c t o r s . I n a d d i t i o n nominations may be made by 
companies w i t h r e s p e c t t o t h e i r own work, or work done 
by i n d i v i d u a l s or o r g a n i z a t i o n s f a m i l i a r w i t h the g o a l s 
of r e c l a m a t i o n . 
Nominations s h o u l d be submitted i n w r i t i n g t o : 

Chairman, Awards Subcommittee 
c/o T e c h n i c a l and Research Committee 
M i n i s t r y of Mines and Petroleum Resources 
M i n e r a l Resources Branch 
1835 F o r t S t r e e t 
V i c t o r i a , B.C. V8R 1J6. 

I n the n o m i n a t ion, documentation o f the r e c l a m a t i o n 
achievement must be o u t l i n e d and reasons proposed why 
the p r o j e c t or program m e r i t s r e c o g n i t i o n . 

2. The r e c l a m a t i o n p r o j e c t may be major or minor i n e x t e n t 
and may be the r e s u l t o f one person's a c t i v i t i e s . 

3. The t e c h n i c a l and Research Committee w i l l d e c i d e the 
winner o f the Reclamation Award and the two c i t a t i o n s . 

4. The Reclamation Award and C i t a t i o n s w i l l be awarded 
each year at the annual Mine Reclamation Symposium. 

5. The Reclamation Award cannot be won by a m i n i n g company 
two years i n s u c c e s s i o n - C i t a t i o n s may. 

6. D e a d l i n e f o r r e c e i p t o f nominations f o r the awards 
i s January 31 o f the y e a r the award w i l l be g i v e n . 
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MINE RECLAMATION AWARD 

The f i r s t Annual Reclamation Award i s presented t o K a i s e r Resources L t d . 

K a i s e r ' s Reclamation s p e c i a l i s t s have demonstrated t h a t w i t h e f f e c t i v e 
a p p l i c a t i o n of c u r r e n t t e c h n o l o g y , a l p i n e t e r r a i n d i s t u r b e d by e x p l o r ­
a t i o n and s u r f a c e m i n i ng f o r c o a l can be s t a b i l i z e d and r e h a b i l i t a t e d 
f o r w i l d l i f e h a b i t a t , an important r e s o u r c e i n the Sparwood a r e a . 
Government and i n d u s t r y c o n t i n u a l l y use K a i s e r ' s r e c l a m a t i o n e x p e r i e n c e 
t o educate both the mining i n d u s t r y and the p u b l i c t h a t s u r f a c e mining 
f o r c o a l can proceed w i t h minimal environmental impact. T h i s i s a 
c r i t i c a l i s s u e f o r the P r o v i n c e of B r i t i s h Columbia a t t h i s p o i n t i n 
time i n l i g h t of proposed c o a l development i n the n o r t h - e a s t and sou t h ­
east r e g i o n s . 

K a i s e r a l s o leads the mining i n d u s t r y i n development of f a c i l i t i e s and 
techni q u e s f o r p r o p a g a t i o n of n a t i v e woody p l a n t s f o r o p e r a t i o n a l s c a l e 
r e c l a m a t i o n . K a i s e r i s c o n t r i b u t i n g toward development of improved 
r e c l a m a t i o n t e c h n o l o g y through f i n a n c i a l c o n t r i b u t i o n s f o r graduate 
student r e s e a r c h and a c o n t i n u i n g in-house r e s e a r c h program on t o p i c s 
of s l o p e s t a b i l i t y , p l a n t s p e c i e s s e l e c t i o n f o r h i g h e l e v a t i o n r e c l a m a t ­
i o n , and p l a n t n u t r i e n t c y c l i n g . 

CITATION AWARD 

I n the o p i n i o n of the committee, i t was f e l t t h a t the B u l l R i v e r Mine 
of P l a c i d O i l Company should r e c e i v e a c i t a t i o n f o r the r e c l a m a t i o n 
work done. 

The B u l l R i v e r Mine was a s m a l l open p i t copper mine, l o c a t e d i n the 
Eas t Kootenay a p p r o x i m a t e l y 30 m i l e s east of Cranbrook. On c o m p l e t i o n 
of mining o p e r a t i o n s the company has r e s l o p e d a l l t h e i r dumps, back­
f i l l e d one s m a l l p i t and a l l o w e d a l a k e t o form i n the ot h e r p i t . A l l 
areas have been seeded and f e r t i l i z e d . The company co-operated f u l l y 
w i t h the M i n i s t r y of Mines and worked w i t h the F i s h and W i l d l i f e Branch 
i n the matter of r e s t o r i n g w i l d l i f e h a b i t a t . 
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F i r s t A n n u a l Mine R e c l a m a t i o n Award 
p r e s e n t e d 

t o 

K a i s e r Resources L t d . 

Tony M i l l i g a n ( l e f t ) r e c l a m a t i o n o f f i c e r and Roger 
B e r d u s c o ( r i g h t ) a s s i s t a n t r e c l a m a t i o n o f f i c e r 
r e c e i v i n g the award from t h e Hon. James Chabot 
( c e n t r e ) M i n i s t e r o f Mines and P e t r o l e u m R e s o u r c e s 
on b e h a l f of K a i s e r R e s o u r c e s L t d . 
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IMPACT ON RESOURCES AND USES 

Chairman - J o n O' R i o r d a n , ELUC S e c r e t a r i a t 

F r i d a y , March 18, 1977 

M o r n i n g S e s s i o n 
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RECLAMATION FOR UNGULATES IN SOUTHEASTERN BRITISH COLUMBIA 

M.G. S t a n l a k e 
D. S. Eastman 
E. A. S t a n l a k e 

M i n i s t r y o f R e c r e a t i o n 
and C o n s e r v a t i o n 

March 18, 1977 
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RECLAMATION FOR UNGULATES 

- t a l k p resented by M i c h a e l G.Stanlake 
a t the Mine Reclamation Symposium 
i n Vernon, B.C., March 16-18, 1977. 

We have heard a l o t about l a n d use p l a n n i n g i n r e c l a m a t i o n -
t h a t r e c l a m a t i o n s h o u l d s t a r t b e f o r e c o n s t r u c t i o n . However, t h e r e 
i s another v e r y important q u e s t i o n t h a t must be answered even b e f o r e 
we s t a r t r e c l a m a t i o n p l a n n i n g : why sho u l d we bother r e c l a i m i n g t h i s 
l a n d a t a l l ? 

I d e a l l y , we want t o r e t u r n the l a n d as q u i c k l y as p o s s i b l e t o a 
p r o d u c t i v e s t a t e . I f the l a n d o r i g i n a l l y had no p r o d u c t i v i t y , 
t h e r e i s no need t o r e c l a i m i t . T h e r e f o r e , we have t o f i n d out 
what the c a p a b i l i t y of the l a n d i s b e f o r e we decide WHY we a r e goi n g 
t o r e c l a i m i t . Then we dec i d e HOW t o r e c l a i m i t . I t i s not always 
p o s s i b l e t o make the l a n d l o o k the same but we sho u l d s t r i v e t o make 
i t produce a c c o r d i n g t o i t s b e s t c a p a b i l i t y . 

One important c a p a b i l i t y of l a n d i s the p r o d u c t i o n o f w i l d l i f e . S i n c e 
some mines occur on v a l u a b l e w i l d l i f e h a b i t a t , the W i l d l i f e Research 
S e c t i o n o f the B.C. F i s h and W i l d l i f e Branch began a study i n 1974 i n 
s o u t h e a s t e r n B.C. on w i l d l i f e - m i n i n g i n t e r a c t i o n s w i t h r e s p e c t t o r e ­
c l a m a t i o n . I n t h i s t a l k , we g i v e some g e n e r a l r e s u l t s and make some 
recommendations f o r r e c l a m a t i o n based on our ex p e r i e n c e . 

I n the area we worked on, the l a n d had s e v e r a l p r o d u c t i v i t i e s , two o f 
which were w i l d l i f e and a e s t h e t i c s , i . e . v i s u a l a p p e a l . Once the l a n d 
s u r f a c e i s d i s t u r b e d , the a e s t h e t i c v a l u e i s l o s t . Most people do not 
c o n s i d e r a r e c l a i m e d p i t a e s t h e t i c a l l y p l e a s i n g . T h e r e f o r e , i n our 
study a r e a s , the p r o d u c t i v i t y we wanted r e t u r n e d was the a b i l i t y o f 
the l a n d t o produce w i l d l i f e . The recommendations t h a t we make a r e 
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based on the i d e a o f r e t u r n i n g the l a n d t o a p r o d u c t i v e s t a t e f o r 
w i l d l i f e as q u i c k l y as p o s s i b l e . 

I w i l l now d e s c r i b e b r i e f l y the r e s u l t s o f our study and then g i v e 
our recommendations and why we made them. The study was done i n 
two p a r t s : 

1. the use o f r e c l a i m e d l a n d by w i l d u n g u l a t e s ; and, 

2. the e f f e c t o f c o a l e x p l o r a t i o n a c t i v i t i e s on sub­
a l p i n e w i n t e r ranges. 

I n the r e c l a m a t i o n study, we found t h a t u n g u l a t e s use the r e c l a i m e d 
areas and t h a t t h i s use i s i n c r e a s i n g . However, use i s s t i l l lower 
than f o r some of the more important s u r r o u n d i n g n a t u r a l p l a n t com­
m u n i t i e s . F u l l d e t a i l s of t h i s study are i n the f i n a l r e p o r t 
( S t a n l a k e , S t a n l a k e and Eastman, i n p r e s s ) . 

I n the e x p l o r a t i o n study, we found t h a t the main e f f e c t on u n g u l a t e s 
was the l o s s o f range. The roads themselves posed no s e r i o u s h a z a r d 
to animal movements i n the areas we s t u d i e d . However, we d i d not 
study the e f f e c t s of the i n c r e a s e d access on h a r v e s t o f w i l d u n g u l a t e s 
t h i s t o p i c bears c a r e f u l study. A f i n a l r e p o r t f o r the e x p l o r a t i o n 
road study i s now a v a i l a b l e ( S t a n l a k e , S t a n l a k e and Eastman 1976). 

With t h i s i n f o r m a t i o n and b e a r i n g i n mind what I s a i d e a r l i e r , I w i l l 
go through our recommendations, s t a r t i n g w i t h the ones f o r r e c l a i m e d 
s t r i p mine. 

1. D u r i n g the m i n i n g o f an a r e a , l e a v e " i s l a n d s " 
o f n a t u r a l v e g e t a t i o n wherever p o s s i b l e . 
These " i s l a n d s " s h o u l d be planned f o r i n the 
i n i t i a l stages o f the mining o p e r a t i o n . 

The reason we make t h i s recommendation i s q u i t e s i m p l e , the i s l a n d s 
p r o v i d e not o n l y a seed source f o r p l a n t s , but a l s o cover f o r w i l d 
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u n g u l a t e s . I t has been shown t h a t w i l d ungulates need " i s l a n d s " o f 
t h i s type t o u t i l i z e f u l l y open areas such as a r e c l a i m e d s t r i p mine. 

The next three recommendations go t o g e t h e r . I w i l l go through them 
f i r s t and then g i v e the r a t i o n a l e behind them. 

2. Conduct more f i e l d t r i a l s on the s u i t a b i l i t y 
of n a t i v e f o r b s and grasses f o r the r e c l a i m e d 
a r e a s . I n choosing n a t i v e f o r b s and g r a s s e s , 
emphasize t h e i r p a l a t a b i l i t y and n u t r i t i v e 
v a l u e t o w i l d u n g u l a t e s . 

3. To enhance the r e c l a i m e d area f o r w i l d ungu­
l a t e s , p l a n t more t r e e s and shrubs, p r e f e r a b l y 
browse s p e c i e s such as saskatoon and w i l l o w . 
For t h i s , n u r s e r i e s are r e q u i r e d as w e l l as 
s i t e requirements f o r each s p e c i e s , e.g. s o i l , 
e l e v a t i o n , a s p e c t , s l o p e , p r e c i p i t a t i o n , and 
amount of s u n l i g h t . 

4. To i n c r e a s e s l o p e s t a b i l i t y and a l s o t o i n c r e a s e 
w i l d l i f e use a t the b e g i n n i n g of the r e c l a m a t i o n 
p r o c e s s , t r a n s p l a n t clumps of n a t u r a l g r a s s e s , 
f o r b s and shrubs onto the d i s t u r b e d a r e a s . 

We would l i k e t o see n a t u r a l v e g e t a t i o n back on these a r e a s , s i n c e 
w i l d ungulates are most adapted t o t h i s type of v e g e t a t i o n . We 
emphasize p a l a t a b i l i t y of t h i s v e g e t a t i o n s i n c e i t i s u s u a l l y no 
good having an area covered w i t h v e g e t a t i o n t h a t w i l d l i f e cannot 
use. I t i s c o n c e i v a b l e t h a t an area c o u l d have 1007o c o v e r , but i f 
the v e g e t a t i o n i s not p a l a t a b l e then the area i s not r e c l a i m e d f o r 
ungulates a t a l l - i t i s o n l y green. 

5. To reduce the number and v a r i e t y of s p e c i e s 
p l a n t e d , a c o r r e l a t i o n between s p e c i e s and 
area should be done t o determine the most 
s u i t a b l e s p e c i e s ( p r e f e r a b l y n a t i v e ) f o r a 
p a r t i c u l a r a r e a . 

T h i s recommendation i s p r e t t y w e l l s e l f - e x p l a n a t o r y . 
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6. Define the i n f l u e n c e of v a r i o u s a p p l i c a t i o n 
r a t e s of d i f f e r e n t f e r t i l i z e r s on annual 
growth, seed p r o d u c t i o n , n u t r i e n t content and 
u t i l i z a t i o n of r e c l a m a t i o n p l a n t s p e c i e s . 
T h i s i n f o r m a t i o n c o u l d then determine the most 
e f f e c t i v e way t o h a sten the r e c l a m a t i o n process 
through f e r t i l i z a t i o n . 

( S l i d e s were shown t o i l l u s t r a t e the d i f f e r e n c e between an area 
f e r t i l i z e d o n l y when seeded - P l a c i d O i l Mine - and an area f e r t i l i z e d 
a n n u a l l y - M c G i l l i v r a y P i t . ) Proper seeding f o l l o w e d by inadequate 
maintenance f e r t i l i z a t i o n w i l l waste time and money. 

The next s e t of recommendations are from the e x p l o r a t i o n study. I 
w i l l t r y t o g i v e you an idea of the k i n d of t h i n k i n g t h a t went on 
when we were l o o k i n g at these areas and then show you how the recommend­
a t i o n s came t o be. O r i g i n a l l y we thought t h a t e x p l o r a t i o n roads were 
a hazard t o w i l d l i f e movement i n t h a t they would b l o c k m i g r a t i o n r o u t e s 
a c r o s s ranges and a l s o t h a t they would cause l o s s of range through 
d e s t r u c t i o n . We s e t about l o o k i n g a t the problem of the roads b e i n g 
a hazard and r e a l l y t o our s u r p r i s e , we found t h a t , i n our o p i n i o n , on 
the roads we i n v e s t i g a t e d , t h e r e was no hazard. 

We were then l e f t w i t h range d e s t r u c t i o n as the main problem c r e a t e d 
by e x p l o r a t i o n roads. T h e r e f o r e , our recommendations f o r r e c l a m a t i o n 
of e x p l o r a t i o n roads are geared towards a l l e v i a t i n g the d e s t r u c t i o n 
and r e t u r n i n g what you can t o p r o d u c t i o n as q u i c k l y as p o s s i b l e . 

l . a . Roads should be c o n s t r u c t e d i n such a way as 
t o p r o t e c t the s t a b i l i t y of the s i d e c a s t . 
On c l i m b i n g roads t h a t a r e pushed through 
u n s t a b l e m a t e r i a l s o r , where t h e r e i s a l a r g e 
u n s t a b l e s i d e c a s t , the road should be i n s l o p e d , 
a d e q u a t e l y d i t c h e d and the water removed where 
s a f e t o do so. I n other c a ses, roads should 
be o f f - s l o p e d where, i n the o p i n i o n of the 
r e c l a m a t i o n s e c t i o n i n v o l v e d , the s i d e c a s t 
m a t e r i a l i s s t a b l e enough to handle any 
ground water t h a t may seep i n t o i t . 
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1. b The s i d e c a s t and c u t bank sho u l d be seeded 
as soon as p o s s i b l e a f t e r c o n s t r u c t i o n . I n 
t h i s way, v e g e t a t i o n can s t a r t immediately. 
From t h i s time on, under no c i r c u m s t a n c e s 
sho u l d any new m a t e r i a l be pushed over the 
s i d e c a s t . I n r e o p e n i n g the roads i n the 
s p r i n g , any slump s h o u l d be excavated and 
h a u l e d away. I f the r o a d s u r f a c e needs 
g r a d i n g , the m a t e r i a l s h o u l d be graded from 
both s i d e s towards the c e n t r e . 

B e a r i n g the above recommendations i n mind and a l s o remembering t h a t 
we found these roads were not a h a z a r d t o w i l d l i f e movement, we 
make the f o l l o w i n g recommendation: 

2. E x p l o r a t i o n roads need not be r e s l o p e d . 

I n many c a s e s , r e f i l l i n g r o a d c u t s w i t h s i d e c a s t m a t e r i a l i s i n -
f e a s i b l e because t h i s s i d e c a s t i s f a r out o f r e a c h of any c o n v e n t i o n a l 
machinery. Any o p e r a t i o n o f t h i s k i n d would o n l y p a r t i a l l y r e f i l l 
the cut and s t i l l l e a v e a s m a l l e r s i d e c a s t and cutbank. More 
i m p o r t a n t l y , any r e s l o p i n g a c t i v i t y would d e s t r o y e x i s t i n g v e g e t a t i o n 
t h a t has e s t a b l i s h e d , be i t n a t i v e or i n t r o d u c e d . 

When roads are r e s l o p e d , you a r e g e t t i n g back t o e x a c t l y the same 
s i t u a t i o n as when the r o a d was f i r s t c o n s t r u c t e d - t h e r e w i l l be new 
u n s t a b l e m a t e r i a l w i t h no v e g e t a t i o n on i t . No area i s g a i n e d f o r 
w i l d l i f e and you are a l s o g o i n g t o l o s e the y e a r s of p r o d u c t i v i t y t h a t 
c o u l d have been gained i f you had s t a r t e d work as soon as the roads 
were developed. 

An example o f the e x t e n t o f the n a t u r a l r e v e g e t a t i o n t h a t can take 
p l a c e on these areas and t h a t would be d e s t r o y e d i f the roads were r e ­
s l o p e d were i l l u s t r a t e d by two s l i d e s , one showing an e i g h t y e a r o l d 
r o a d and the o t h e r showing a r o a d t h r e e y e a r s o l d . To b r i n g machinery 
i n t o these areas and d e s t r o y t h i s v e g e t a t i o n j u s t t o attempt t o r e t u r n 
the l a n d t o i t s o r i g i n a l shape would be a crime. 
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We o f f e r a few more recommendations t h a t c o u l d m inimize damage t o 
w i n t e r ranges. 

3. The road s h o u l d be kept open and the drainage 
m a i n t a i n e d u n t i l the v e g e t a t i o n of the s i d e c a s t 
i s complete. I n t h i s way, any slumps a f t e r 
the road i s c l o s e d t h a t may d i v e r t r u n o f f i n t o 
the s i d e c a s t w i l l not be h a r m f u l . When the road 
i s c l o s e d , the s u r f a c e s h o u l d be seeded and 
access t o the road c a r e f u l l y r e g u l a t e d . 

4. A l l a d i t r e f u s e should be end-hauled and under 
no c ircumstances pushed down the h i l l . 
I t i s v e r y d i f f i c u l t t o r e v e g e t a t e c o a l on 
s o u t h w e s t - f a c i n g s l o p e s . 

5. On roads where the cutbank i s v e r y steep or 
overhanging f o r some d i s t a n c e , s m a l l runouts 
sho u l d be c u t down the cutbank a t major animal 
t r a i l s t o m i n i m i z e any i n t e r f e r e n c e t o a n i m a l 
movements. 

One f i n a l recommendation concerns the r o l e of the r e c l a m a t i o n s e c t i o n 
i n a mining company's o r g a n i z a t i o n . I t has an i n d i r e c t e f f e c t on r e ­
c l a m a t i o n f o r w i l d l i f e . 

6. The r e c l a m a t i o n s e c t i o n of any company should 
have c o n t r o l over the placement ( t h i s means the 
avoidance of s p e c i f i c danger ar e a s where p o s s i b l e 
s i n c e the g e n e r a l placement of the roads w i l l be 
d i c t a t e d by the needs of the g e o l o g i s t ) and 
c o n s t r u c t i o n of a l l e x p l o r a t i o n roads. 

Only someone who i s on s i t e a t a l l times w i l l have the n e c e s s a r y 
i n t i m a t e knowledge of an area t o d ecide on the best p o s s i b l e approach 
to any problem. As these people w i l l be r e s p o n s i b l e f o r the e v e n t u a l 
r e c l a m a t i o n , i t i s o n l y reasonable t h a t t h e y sh o u l d make the u l t i m a t e 
d e c i s i o n and i n t e r p r e t a t i o n of any recommendations f o r e x p l o r a t i o n 
road c o n s t r u c t i o n and r e c l a m a t i o n . 
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ECOLOGICAL RESERVES IN BRITISH COLUMBIA 

HISTORY 

I n the mid 1960's s c i e n t i s t s i n a l l p a r t s of Canada s t a r t e d p r o j e c t s 
t o examine the e c o l o g i c a l f a c t o r s o f b i o l o g y as an outgrowth of the 
I n t e r n a t i o n a l B i o l o g i c a l Programme, a worldwide endeavour i n v o l v i n g 
dozens of n a t i o n s . Among the many p r o j e c t s i n i t i a t e d by the I.B.P. 
was a programme f o r the c o n s e r v a t i o n of c a r e f u l l y s e l e c t e d t e r r e s t r i a l 
ecosystems. I n 1968 the Government of B r i t i s h Columbia agreed t o form 
a B.C. E c o l o g i c a l Reserves Committee t o a d v i s e on the s e l e c t i o n o f 
p o t e n t i a l r e s e r v e s i t e s . A year l a t e r , the government f o r m a l l y em­
barked on s e t t i n g a s i d e e c o l o g i c a l r e s e r v e s under the Land A c t . Then 
i n 1971 the L e g i s l a t u r e gave a p p r o v a l t o the E c o l o g i c a l Reserves A c t . 
B r i t i s h Columbia became the f i r s t p r o v i n c e i n Canada t o f o r m a l i z e 
and g i v e permanent s t a t u s t o e c o l o g i c a l r e s e r v e s . Quebec, the second 
t o do so, e s t a b l i s h e d i t s A c t i n 1974. 

B r i t i s h Columbia now has 77 r e s e r v e s v a r y i n g from 1.5 t o 82,000 a c r e s , 
a v e r a g i n g 2,644 acr e s and t o t a l l i n g almost 200,000 a c r e s . 

KINDS OF ECOLOGICAL RESERVES 

B a s i c a l l y the purpose o f the A c t i s t o r e s e r v e Crown l a n d f o r e c o l o g i ­
c a l purposes, i n c l u d i n g : 

(a) areas s u i t a b l e f o r s c i e n t i f i c r e s e a r c h and e d u c a t i o n a l 
purposes a s s o c i a t e d w i t h s t u d i e s i n p r o d u c t i v i t y and 
o t h e r a s p e c t s o f the n a t u r a l environment. 

(b) areas which a r e r e p r e s e n t a t i v e o f n a t u r a l ecosystems. 
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(c) areas t h a t serve as examples of ecosystems t h a t have 
been m o d i f i e d by man, such as a f t e r m i n i n g , and o f f e r 
an o p p o r t u n i t y t o study the r e c o v e r y of the n a t u r a l 
ecosystem from such m o d i f i c a t i o n . 

(d) areas i n which r a r e or endangered n a t i v e p l a n t s or 
animals may be p r e s e r v e d i n t h e i r n a t u r a l h a b i t a t . 

(e) areas t h a t c o n t a i n unique and r a r e examples o f b o t a n i c a l , 
z o o l o g i c a l or g e o l o g i c a l phenomena. 

Areas having p o t e n t i a l f o r one or more of these purposes a r e 
proposed by members of the E c o l o g i c a l Reserves Committee, N a t u r a l i s t 
Clubs and the concerned p u b l i c . The p r o p o s a l s are screened through 
the Committee and r e l e v a n t Government Departments t o r e s o l v e any 
r e s o u r c e c o n f l i c t s . Areas proposed f o r t h e i r s c e n i c or r e c r e a t i o n a l 
v a l u e s are t r a n s f e r r e d t o the Parks Branch. 

Areas agreed upon by the Lieutenant-Governor i n C o u n c i l are sub­
s e q u e n t l y p u b l i s h e d i n the B r i t i s h Columbia G a z e t t e . P r o t e c t i o n from 
any a c t i v i t y which would d i s t u r b the n a t u r a l balance i s p r o v i d e d f o r 
under the E c o l o g i c a l Reserves A c t . 

While the Act s t i p u l a t e s t h a t o n l y Crown l a n d may be made i n t o an 
e c o l o g i c a l r e s e r v e , funds are a v a i l a b l e f o r the Crown t o purchase 
p r i v a t e p r o p e r t y thereby a l l o w i n g p r i v a t e lands t o become a r e s e r v e . 

PURPOSE OF ECOLOGICAL RESERVES 

1. Permanent outdoor r e s e a r c h l a b o r a t o r i e s , a v a i l a b l e t o s c i e n t i s t s 
once a permit i s granted. E c o l o g i c a l r e s e r v e s must be permanent 
t o a l l o w the c o n t i n u i t y of r e s e a r c h over decades or even 
c e n t u r i e s which i s needed t o u n r a v e l some of the b a s i c e c o l o g i c a l 
p r o c e s s e s . I n t e n s i v e s h o r t termed r e s e a r c h i s no a l t e r n a t i v e . 
We cannot p r e d i c t the s o r t o f q u e s t i o n s t h a t w i l l be asked of our 
e c o l o g i c a l r e s e r v e s i n 10 or 100 y e a r s . 
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2. Ge n e t i c banks - a na t u r e museum f u n c t i o n . As man c o n t i n u e s t o 
modify the s u r f a c e of the e a r t h , s p e c i e s o f p l a n t s and animals 
may become e x t i n c t b e f o r e they a r e even known t o s c i e n c e (mites 
and s a i l nematodes f o r example). D i s t i n c t i v e genepools are an 
i r r e p l a c e a b l e r e s o u r c e . Samples of both r a r e s p e c i e s and l o c a l l y 
adapted common forms must be pre s e r v e d . 

3. Benchmark a r e a s , a g a i n s t which man's m o d i f i c a t i o n o f most o f the 
p r o v i n c e can be measured. Without such n a t u r a l " c o n t r o l " areas 
i t would be much more d i f f i c u l t t o determine man's impact on the 
environment and how t o l e s s e n i t . 

4. Outdoor c l a s s r o o m f o r groups of st u d e n t s under permit t o l e a r n 
n a t u r a l p r o c e s s e s . 

ECOLOGICAL RESERVES AND PARKS 

Parks are e s t a b l i s h e d so people can enjoy r e c r e a t i o n i n a n a t u r a l s e t t i n g . 

E c o l o g i c a l r e s e r v e s are e s t a b l i s h e d f o r s c i e n t i f i c and outdoor c l a s s ­
room purposes. Casual non-consumptive, non-motorized uses such as 
h i k i n g , photography, a w i l d e r n e s s e x p e r i e n c e , b i r d w a t c h i n g , e t c . , 
i s a l l o w e d on a l l r e s e r v e s w i t h o u t a per m i t a t p r e s e n t . Some p a r t i c u l a r ­
l y d e l i c a t e r e s e r v e s might be c l o s e d t o the p u b l i c i n f u t u r e . 

From the p o i n t of view of the s c i e n t i s t t h e r e are two main reasons why 
e c o l o g i c a l r e s e r v e s are v a l u e d over p a r k s : t h e i r permanence and s c i e n t i ­
f i c use a r e more c l e a r l y e s t a b l i s h e d , and b e i n g a p a r t o f an i n t e r n a t i o n a l 
program they w i l l a t t r a c t r e s e a r c h e r s from a f a r . 

While parks and e c o l o g i c a l r e s e r v e s serve d i f f e r e n t purposes, t o g e t h e r 
they p r o v i d e a f u l l range of o p p o r t u n i t i e s f o r man t o e x p e r i e n c e and 
l e a r n from the n a t u r a l w o r l d . 
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BENEFITS FROM ECOLOGICAL RESERVES 

Everybody b e n e f i t s d i r e c t l y or i n d i r e c t l y . U n d i s t u r b e d n a t u r a l areas 
w i l l y i e l d a w e a l t h o f knowledge through t h e i r f u n c t i o n as outdoor 
l a b o r a t o r i e s and classrooms. Among those who w i l l b e n e f i t from the 
e x i s t e n c e o f e c o l o g i c a l r e s e r v e s are n a t u r a l h i s t o r y s o c i e t i e s , s t u d e n t s 
and e d u c a t o r s , f o r e s t e r s , l i m n o l o g i s t s , z o o l o g i s t s , b o t a n i s t s , s o i l 
s c i e n t i s t s , b i o c h e m i s t s , g e o l o g i s t s , m i c r o c l i m a t o l o g i s t s and many o t h e r 
r e s o u r c e e x p e r t s . 

F u t u r e g e n e r a t i o n s w i l l b e n e f i t from the p r e s e r v a t i o n and p r o t e c t i o n 
o f e c o l o g i c a l r e s e r v e s . While t h e i r v a l u e cannot be measured i n 
economic terms, t h e i r w e a l t h t o f u t u r e c i t i z e n s w i l l l i e i n t h e i r out­
s t a n d i n g n a t u r a l q u a l i t i e s and r a r i t y . As time passes and human 
a l t e r a t i o n o f the environment c o n t i n u e s , the ve r y r e a l s c i e n t i f i c v a l u e 
of u n a l t e r e d s i t e s i s c e r t a i n t o i n c r e a s e . 
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WATER QUALITY AND MINE PROCESS EFFLUENT  

Paper Presented t o the Mine Reclamation Symposium, 1977  

Vernon, B.C., March 18, 1977 

The speakers b e f o r e me have covered the problems a s s o c i a t e d w i t h 
r e c l a m a t i o n and have o u t l i n e d many of the techniques t h a t have been 
used and are b e i n g used t o s o l v e them. One of the p r i n c i p l e reasons 
f o r spending m i l l i o n s of r e c l a m a t i o n d o l l a r s i s t o p r o t e c t the l a k e s , 
r i v e r s and streams t h a t are so o f t e n l o c a t e d p r a c t i c a l l y on the door­
step of the mine. 

There are many r e g u l a t o r y requirements t h a t have t o be s a t i s f i e d and 
ye t each i s the r e s u l t of p u b l i c p r e s s u r e e x e r t e d upon our l e g i s l a t o r s 
and t h e i r response t o t h i s p r e s s u r e . These a l l have the e f f e c t o f 
i n c r e a s i n g the c o s t of b r i n g i n g a p r o p e r t y i n t o p r o d u c t i o n but many 
of them are necessary i f we a r e t o p r e s e r v e our environment. 

Now w h i l e the l a r g e m i n i n g complex as opposed t o the s m a l l mine i s 
u s u a l l y on a more s o l i d f i n a n c i a l f o u n d a t i o n and i s b e t t e r a b l e t o 
cope w i t h such c o s t s as r e c l a m a t i o n and p o l l u t i o n c o n t r o l , i t a l s o 
b r i n g s w i t h i t a much l a r g e r p o t e n t i a l f o r damage t o the environment. 

P r e v i o u s speakers have d e a l t w i t h the acreage i n v o l v e d i n r e c l a m a t i o n 
o f waste dumps and t a i l i n g ponds. I have been asked t o speak on 
water q u a l i t y and mine process e f f l u e n t . 

From the p o i n t o f view o f p r o t e c t i n g the r e c e i v i n g environment, mine 
proc e s s water must i n c l u d e t a i l i n g w a t er, t a i l i n g pond seepage, mine 
dra i n a g e and r u n o f f from the m i n e - m i l l a r e a . 
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I n B r i t i s h Columbia, we are f o r t u n a t e t h a t , n o t w i t h s t a n d i n g the f a c t 
t h a t our t e r r a i n i s rugged, most of the mines have i n s t a l l e d t a i l i n g s 
impoundments w i t h a r e c y c l e o f supernatent back t o the p r o c e s s . However 
t h i s does not c o m p l e t e l y e l i m i n a t e concern. These p l a n t s a r e pumping 
up t o 20 m i l l i o n g a l l o n s of water per day i n t o the t a i l i n g pond. This 
water may be c a r r y i n g up t o 40,000 tons o f s o l i d s or 30 tons per 
minute. The water s u r f a c e behind the dam i s a hundred a c r e s or more. 
A break i n the t a i l i n g l i n e or a breach o f the dam can be s e r i o u s 
not o n l y from a s i l t a t i o n p o i n t o f view but a l s o from the combined 
t o x i c e f f e c t o f d i s s o l v e d m e t a l i o n s on the b i o t a i n downstream water. 

I have reviewed the sampling r e s u l t s o f some 30 odd mines l i s t e d i n 
our computer f i l e s and w i t h few e x c e p t i o n s most of these mines are 
meeting P o l l u t i o n C o n t r o l Branch L e v e l A o b j e c t i v e s or b e t t e r ( t h a t i s 
on an average v a l u e ) i n the t a i l i n g d i s c h a r g e when the p r i n c i p l e d i s ­
s o l v e d metals are c o n s i d e r e d . There are some r e s u l t s t h a t exceed P.C.B. 
requ i r e m e n t s ; however, t h e r e has not been s u f f i c i e n t d ata accumulated 
t o determine, d u r i n g t h i s a n a l y s i s , whether or not they are e r r a t i c 
v a l u e s or are numbers t h a t r e p r e s e n t non-compliance w i t h p e r m i t con­
d i t i o n s . 

Test r e s u l t s from one p r o p e r t y , where we have been a b l e t o accumulate 
enough data t o do a r e a s o n a b l e a n a l y s i s , i s summarized i n Table 1. 
While the i l l u s t r a t i o n may not be an i d e a l t e x t b o o k c a s e , i t does i n d i ­
c a t e the wide v a r i a t i o n t h a t occurs when the maximum, minimum, 50 p e r ­
c e n t i l e and 90 p e r c e n t i l e a r e compared (90 p e r c e n t i l e means t h a t 90 
p e r c e n t o f the t e s t r e s u l t s are e q u a l t o or l e s s than the number l i s t e d ) 
The d e t e r m i n a t i o n o f , say, the 90% p e r c e n t i l e or the 95 p e r c e n t i l e can 
be a u s e f u l t o o l e s p e c i a l l y a t those p r o p e r t i e s when permit l i m i t s 
a re b e i n g crowded. 



COPPER MOLYBDENUM MINE IN BRITISH COLUMBIA 

CONCENTRATION OF CONTAMINANTS I N TAILING 

i MAX MIN 50 PERCENTILE 90 PERCENTILE 

PH 11.4 8.7 10.1-10.7 10.5-10.9 

CYANIDE mg/1 .54 .003 .062 .263 

CADMIUM mg/1 .006 L.0005 .0025 .0035 

COPPER rag/1 .148 .001 .0013 .0305 

IRON mg/1 .134 .001 .0309 .0724 

LEAD mg/1 .035 .001 .0096 .0182 

MOLY mg/1 .300 
j 

.002 .168 .2163 

ZINC mg/1 .036 .001 .004 .003 ; 

MERCURY ug/1 .29 j 
i ,. , ... ._ . . .. J 

.1 
i 

.07 .143 

TABLE 1 
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One o f the toughest problems t h a t f a c e s the e n v i r o n m e n t a l l y c o n s c i o u s 
o p e r a t o r i s t o be b l e s s e d w i t h a massive s u l p h i d e ore body. This 
p r e s e n t s problems i n both the sh o r t term and the lon g term. Almost 
i n v a r i a b l y d r a i n a g e from the mine becomes a c i d c a r r y i n g a l o a d o f 
d i s s o l v e d m e t a l s and i n a very few years the t a i l i n g pond becomes 
a c i d i c a l s o . Table 2_ i n d i c a t e d the degree t o which m e t a l i o n s can 
b u i l d up i n massive s u l p h i d e t a i l i n g s s upernatant. I t s h o u l d be 
noted t h a t the v a l u e s shown here are not h i g h when compared t o s i m i l a r 
t a i l i n g s ponds i n ot h e r p a r t s of Canada or the w o r l d . 

So f a r , we have look e d o n l y a t the s h o r t term. A c i d d r a i n a g e from 
s u l p h i d e t a i l i n g s can c o n t i n u e f o r l i t e r a l l y hundreds o f y e a r s u n l e s s 
the a c i d consuming c a p a c i t y exceeds the a c i d p r o ducing c a p a c i t y o f 
the whole t a i l i n g mass. I f t h i s b a l a n c e i s not present when the 
t a i l i n g s are d e p o s i t e d , t h e r e a r e few o p t i o n s l e f t . R eclamation o f 
the s u r f a c e t o prevent the e n t r y o f water and oxygen i s one a l t e r ­
n a t i v e . Another i s t o t r e a t the seepage u n t i l a c i d g e n e r a t i o n i s 
completed. 

One problem t h a t f a c e s the env i r o n m e n t a l r e g u l a t o r y agency i s the 
s m a l l o p e r a t o r . The s m a l l mine has i n the p a s t , kept many people 
employed and out o f the soup l i n e . At the same t i m e , he has c r e a t e d 
h i s share o f p o l l u t i o n as we understand i t today. I n some c a s e s , the 
de s t r o y e d areas have h e a l e d ; however, w i t h the i n c r e a s e d encroachment 
of remote areas by our ever-growing p o p u l a t i o n , and the m o b i l i t y o f 
our p e o p l e , even temporary d e s t r u c t i o n of the environment can not be 
approved. On the one hand, the agency has no d e s i r e t o exclu d e the 
s m a l l mine from going i n t o p r o d u c t i o n . On the o t h e r hand, we must 
i n s i s t t h a t the environment i s not damaged. 



DISCHARGES FROM A LEAD - ZINC 

MINE MILL COMPLEX IN B. C. 

ACID MINE 
| DRAINAGE * 
1 
i 

ACTIVE TAILING 
POND 

SUPERNATENT 

OLD TAILING 
POND 

SUPERNATENT 

LEVEL A 
OBJECTIVES 

PH 3.0 7.3 5.48 6.5-8.5 

SULPHATE mg/1 1400. 1943. 3911. 50. 

CYANIDE mg/1 - 1.0 0.05 0.10 

CADMIUM mg/1 0.14 0.02 0.97 0.0005 

COPPER mg/1 0.25 0.07 .78 0.05 I 

IRON mg/1 415. 45.15 1102.5 0.30 

LEAD mg/1 4.3 .2 3.49 0.50 

MANGANESE mg/1 31.60 14.76 28.9 0.05 ! 
; 

ZINC mg/1 120. 1.2 36.9 0.50 

TOTAL MERCURY ug/1 .07 
. 

.135 .356 1.0 

* TYPICAL VALUES 

TABLE 2 
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Table 3 shows the type o f m o n i t o r i n g t h a t we a r e g e t t i n g from a 
t y p i c a l 50 t p d o p e r a t i o n . T h i s may be a good p l a n t from the 
p r o d u c t i o n s t a n d p o i n t ; however c o n t i n u e d o p e r a t i o n at the l e v e l s 
i n d i c a t e d w i l l soon have a d e l e t e r i o u s e f f e c t upon a q u a t i c l i f e . 

The P o l l u t i o n C o n t r o l Branch w i t h the h e l p o f i t s computer system 
i s a t t e m p t i n g t o f o l l o w trends i n t h e q u a l i t y of the t a i l i n g pond 
water systems which might develop i n t o problems i n the f u t u r e . By 
way o f i l l u s t r a t i o n , d i s s o l v e d molybdenum i n the t a i l i n g pond super-
natent a t a l a r g e copper molybdenum mine (Table 4)has p r o g r e s s i v e l y 
r i s e n i n the l a s t few y e a r s . I t i s i n t e r e s t i n g t o note how t h i s 
i n c r e a s e has a l s o been r e f l e c t e d i n the m o n i t o r i n g w e l l downstream 
of the t a i l i n g dam and i n the c r e e k downstream of the w e l l . M o n i t o r ­
i n g of the second c r e e k upstream o f the t a i l i n g dam s e r v e s as a 
c o n t r o l p o i n t . The l e v e l o f the molybdenum i n t h i s c r e e k has not 
r i s e n . 

Should a t r e n d such as i s i l l u s t r a t e d here c o n t i n u e , whether we a r e 
t r a c i n g moly, copper, l e a d o r some o t h e r i o n , from a m i l l d i s c h a r g i n g 
30 t o 40 thousand tons o f t a i l i n g s per day f o r 20 t o 25 y e a r s , the 
problem becomes enormous. 

One of the concerns at t h i s p l a n t i s t h a t the l e v e l s o f d i s s o l v e d 
molybdenum w i l l c o n t i n u e t o r i s e i n the downstream c r e e k , even i f a 
l a r g e p o r t i o n o f the seepage water i s r e t u r n e d back t o the impoundment, 
s i n c e i t i s p r a c t i c a l l y i m p o s s i b l e t o c o l l e c t and r e t u r n a l l o f i t . 



SMALL LEAD ZINC MINE 
IN BRITISH COLUMBIA 

CONCENTRATION OF CONTAMINANTS I N TAILINGS SUPERNATENT 

PH 

CYANIDE 

COPPER 

LEAD 

ZINC 

mg/1 

mg/1 

mg/1 

mg/1 

M L N 

8.9 

.02 

.13 

.003 

.005 

MEAN 

5.7 

6.2 

.024 

.027 

TABLE 3 



OPEN PIT COPPER - MOLYBDENUM MINE-MILL 
VARIATIONS IN THE AVERAGE LEVELS  
OF DISSOLVED MOLYBDENUM (IN mg/1) 

YEAR 
TAILINGS POND 
SUPERNATANT 

r 
MONITORING WELL 
DOWNSTREAM 
OF DAM 

' CREEK 
DOWNSTREAM 

• 

CREEK 
(UPSTREAM 
CONTROL POINT) 

1971/72 
(PRE-PRODUCTION) _ _ _ _ N.D. 0.09 

1972/73 0.05 0.03 N.D. N.D. 

1973/74 0.03 N.D. N.D. N.D. 

1974/75 0.08 N.D. 0.08 N.D. 

1975/76 0.25 0.32 0.11 N.D. 

1976/77 1.09 

i 
0.39 0.12 0.02 

N.D. = NON DETECTABLE 

TABLE 4 
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Table 5 shows the i n c r e a s e i n the l e v e l s o f d i s s o l v e d s u l p h a t e i n 
the same m o n i t o r i n g w e l l d i s c u s s e d i n the p r e v i o u s t a b l e . As shown 
on the graph, the l e v e l s of d i s s o l v e d s u l p h a t e has i n c r e a s e d i n the 
l a s t few y e a r s . The numbers shown here a r e not cause f o r a l a r m 
but i f the t r e n d c o n t i n u e s , another v e r y s e r i o u s problem may a r i s e . 

One p o s s i b l e e x p l a n a t i o n f o r p a r t o f the i n c r e a s e c o u l d be due t o 
the f a c t t h a t sodium h y d r o s u l p h i t e i s used as a m i l l i n g r e a g e n t . 
However, we are f i n d i n g t h a t the s u l p h a t e l e v e l s a r e r i s i n g i n a 
number o f o t h e r mines where the same reagent i s not used. 

A few y e a r s ago, many of us were o f the o p i n i o n t h a t a t a w e l l - r u n 
m i l l , r e a g e n t s w i t h few e x c e p t i o n , r e p o r t e d w i t h the c o n c e n t r a t e s 
and thereby became someone e l s e ' s problem. I n a d d i t i o n , those t h a t 
were d i s c h a r g e d i n t o the pond r a p i d l y degraded. W i t h i n the l a s t 
few y e a r s , we have found t h a t some o f these r e a g e n t s , or t h e i r 
d aughters, a r e q u i t e p e r s i s t e n t and a r e d e t e c t a b l e i n seepage water 
f o r a t l e a s t two y e a r s a f t e r t h e i r use has been d i s c o n t i n u e d . 
There i s no sound data at t h i s time t o i n d i c a t e t h a t they pose any 
t h r e a t ; however, more r e s e a r c h i s r e q u i r e d i n m o n i t o r i n g f o r reagents 
t o determine t h e i r e f f e c t on the r e c e i v i n g environment. 

I would now l i k e t o t u r n t o the problems a s s o c i a t e d w i t h what i s 
commonly r e f e r r e d t o as suspended s o l i d s . 
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OPEN PIT COPPER-MOLYBDENUM MINE-MILL  
VARIATIONS IN THE AVERAGE LEVELS OF  

DISSOLVED SULPHATE (IN mg/1) 

MONITORING WELL DOWNSTREAM OF THE TAILINGS DAM 

100 -. 
i 
i 

90 - i 

\j -I • I 1 T ~ 1 

1972/73 1973/74 1974/75 1975/76 1976/77 
(PORTION) 

TABLE 5 
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We are a t a stage i n our m i n i n g h i s t o r y when t h e r e i s an i n c r e a s i n g 
demand f o r c o a l , A number of l a r g e p r o p e r t i e s are scheduled t o go 
i n t o p r o d u c t i o n and these a r e c o n c e n t r a t e d a l o n g a l i m i t e d number 
of watersheds. The b e s t example of t h i s i s the E l k R i v e r and i t s 
t r i b u t a r i e s where t h e r e a r e t h r e e o p e r a t i n g companies and p o s s i b l y 
t h r e e more p r o p e r t i e s scheduled f o r p r o d u c t i o n i n the near f u t u r e . 

G e n e r a l l y , the r o c k s a s s o c i a t e d w i t h c o a l p r o d u c t i o n a r e much more 
f r i a b l e than those i n h a r d r o c k mines so t h a t we a r e not o n l y d e a l i n g 
w i t h the t a i l i n g impoundment but r a t h e r the whole d i s t u r b e d a r e a . 
N a t u r a l comminution w i l l c o n t i n u e under our B r i t i s h Columbia s e a s o n a l 
changes at a much h i g h e r r a t e than i s n o r m a l l y encountered at a base 
m e t a l p r o p e r t y . S a t u r a t i o n by heavy r a i n f a l l and subsequent s l o p e 
i n s t a b i l i t y r e s u l t i n g i n mud s l i d e s has o c c u r r e d on a number of 
o c c a s i o n s r e c e n t l y and almost i n v a r i a b l y some of the f i n e m a t e r i a l 
has e n t e r e d a water course which s h o u l d be capable o f s u p p o r t i n g a 
f i s h p o p u l a t i o n . Accumulated dust and f i n e d e b r i s from the mine 
o p e r a t i o n , mine r o a d s , p l a n t s i t e , t a i l i n g area and p l a n t s p i l l s 
appear i n r u n o f f and f r e s h e t every year. 

P r e v i o u s speakers have d e a l t w i t h r e c l a m a t i o n methods. I t must be 
emphasized t h a t r e c l a m a t i o n i s an extremely important aspect f o r 
the p r o t e c t i o n of downstream waters at a l l m i n i n g o p e r a t i o n s and 
p a r t i c u l a r l y around s o f t r o c k mines. 

I n the f o l l o w i n g paragraphs, I w i l l attempt t o d e a l w i t h some of the 
e f f e c t s of water p o l l u t i o n caused by abnormal q u a n t i t i e s o f sediment 
e n t e r i n g a water course. There i s a wide v a r i a t i o n i n the f i n d i n g s 
r e p o r t e d , but the end r e s u l t w i l l be the same whether the contami­
nated d i s c h a r g e o r i g i n a t e s at the end of a p i p e or i s r u n o f f from 
a waste dump or a mine road. 
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To s i m p l i f y the p r e p a r a t i o n of t h i s s e c t i o n , I have e x t e n s i v e l y 
used a paper prepared by 0. E. Langer who was w i t h the F e d e r a l 
F i s h e r i e s and Marine S e r v i c e s b e f o r e j o i n i n g the s t a f f of the 
Environmental P r o t e c t i o n S e r v i c e P a c i f i c Region. Dr. L a n g e r r s 
paper i s e n t i t l e d " E f f e c t s of Sedime n t a t i o n on Salmonid Stream 
L i f e . " 

I n the i n t r o d u c t i o n , Dr. Langer s t a t e s "Sediments have always 
been p r e s e n t i n B r i t i s h Columbia streams and s i n c e the l a s t I c e 
Age have p l a y e d an important r o l e i n the development of streams 
and stream l i f e . Large amounts o f sediments are p r e s e n t l y 
c a r r i e d by n a t u r a l processes i n t o many o f our streams. T h i s 
process i s , of c o u r s e , v e r y a c t i v e i n watersheds t h a t a r e 
g e o l o g i c a l l y young, whereas, the more s t a b i l i z e d watersheds 
have streams t h a t are extremely sediment f r e e d u r i n g a l l o r at 
l e a s t a p o r t i o n o f the y e a r . " 

While m a t e r i a l o f any s i z e and shape may be t r a n s p o r t e d or 
pushed i n t o a water c o u r s e , stream sediment i s g e n e r a l l y con­
s i d e r e d t o be m a t e r i a l l e s s than 4 mm i n diameter. I t i s made 
up of c l a y - minus 2 mi c r o n s , s i l t - 4 t o 62 m i c r o n s , sand 
- 0 . 1 mm t o 1 mm and f i n e pebbles - 2 mm t o 4 mm. 

The f i r s t l e v e l o f the a q u a t i c food c h a i n a r e the green p l a n t s , 
o f t e n r e f e r r e d t o as p e r i p h y t o n , and the macrophytes which a r e 
a t t a c h e d t o the stream bottom. They r e q u i r e s u n l i g h t f o r 
growth and any i n c r e a s e i n t u r b i d i t y i n the stream w i l l reduce 
the t o t a l amount of p h o t o s y n t h e t i c a c t i v i t y . I f the t u r b i d i t y 
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p e r s i s t s , the e n t i r e p l a n t community may be s i g n i f i c a n t l y 
reduced. One study group i n d i c a t e d t h a t a q u a t i c p l a n t s cannot 
be expected t o s u r v i v e i f exposed to l e s s than f i v e percent of 
the l i g h t i n c i d e n t on the water s u r f a c e over p e r i o d s exceeding 
seven c o n s e c u t i v e days. Whether t h i s means a t a l l times or 
at c r i t i c a l stages d u r i n g s p e c i f i c growth c y c l e s , I am not 
c e r t a i n but i n any event f i v e percent r e p r e s e n t s a p p r o x i m a t e l y 
h a l f the l i g h t t h a t w i l l reach the bottom through s i x f e e t o f 
c l e a r water. 

The l a r g e r sediments, which may appear as suspended s o l i d s o r moving 
bedload i n the stream, and p a r t i c u l a r l y the more a n g u l a r sediments 
o r i g i n a t i n g a t a mining o p e r a t i o n , w i l l c r e a t e streambed s c o u r i n g . 
When the stream's h y d r a u l i c energy cannot m a i n t a i n the sediment 
l o a d , d e p o s i t i o n w i l l r e s u l t and smothering of b e n t h i c l i f e w i l l 
o ccur. Secondly, a mobile s u b s t r a t e t r a v e l l i n g along the stream 
bottom does not p r o v i d e s i t e s upon which p l a n t s can f i x themselves 
and t h e r e f o r e p r e v ents growth. 

Second l e v e l or b e n t h i c and p l a n k t o n i c i n v e r t e b r a t e s which graze 
on the a l g a e or feed by f i l t e r i n g o r g a n i c d e t r i t i s are a l s o 
a f f e c t e d by the presence of s i l t i n the stream. They l o s e t h e i r 
n a t u r a l f o o d , i . e . a l g a e , t h e i r h i d i n g s i t e s are removed or 
b l a n k e t e d and t h e i r f e e d i n g organs are clogged or abraded t o the 
p o i n t where they s t a r v e . 

F i s h are a l s o a f f e c t e d by sediments i n the stream. B u r y i n g of 
or g a n i c m a t e r i a l by sediments s e t t l i n g on the stream bottom d e p r i v e s 
f i s h such as minnows and suckers of t h e i r food source. When the 
t u r b i d i t y becomes e x c e s s i v e , i t appears t h a t f i s h are unable t o 
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s i g h t t h e i r prey and t h e r e f o r e a r e unable to eat. I n the case 
of young f r y t h a t n o r m a l l y t r a v e l at n i g h t and h i d e by day, 
d e s t r u c t i o n of h i d i n g areas among the g r a v e l and bo u l d e r s f o r c e s 
them i n t o open water where they are s u s c e p t i b l e t o p r e d a t i o n . 
F i l l i n g of the l a r g e r p o o l s r u i n s the r e s i d e n t and r e a r i n g areas 
of l a r g e r salmoids. 

The b i o l o g i s t s t e l l us t h a t the a d u l t salmonids d e p o s i t t h e i r eggs 
i n c l e a n g r a v e l r i f f l e a r eas. P e r c o l a t i n g water i s r e q u i r e d f o r 
oxygen and the removal of m e t a b o l i c waste. Any r e d u c t i o n i n the 
p e r m e a b i l i t y or blockage of the i n t e r s t i t i a l spaces due t o s i l t ­
a t i o n has a pronounced e f f e c t on s u r v i v a l . For i n s t a n c e , (and 
I quote from Dr. Langer's paper here) f i v e percent c o m p o s i t i o n of 
s i l t and sand i n the g r a v e l had a minimal e f f e c t , whereas a 10% 
co m p o s i t i o n of these f i n e s i n g r a v e l reduced s u r v i v a l of eggs up 
to 50 percent. S i n c e many normal streams can have a p p r o x i m a t e l y 
15 percent sands and s i l t s i n t h e i r spawning g r a v e l s , any i n c r e a s e 
i n these f i n e s can have d i s a s t r o u s e f f e c t s on egg s u r v i v a l s , 
(end of quote). 

G r a v e l beds form e f f i c i e n t f i l t e r s . The f l o w v e l o c i t y w i t h i n the 
g r a v e l bed i s lower than t h a t of the r i v e r , and when t h i s i s 
combined w i t h the s m a l l f a l l d i s t a n c e s i n v o l v e d , even the ve r y 
f i n e p a r t i c l e s can be entrapped. F i n e s i l t or c l a y , at 5 microns 
i n diameter and w i t h a f a l l v e l o c i t y of 0.00223 cm/sec at 20°C, 
t h e o r e t i c a l l y w i l l not s e t t l e i n the mainstream but w i l l be 
d e p o s i t e d i n the g r a v e l bed. Add t o t h i s any abnormal stream 
bedload m i g r a t i n g over the g r a v e l s and c l o g g i n g r a p i d l y takes 
p l a c e . 
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Many people have c a r r i e d out r e s e a r c h on s i l t a t i o n of spawning 
beds. I n 1970 Langer p l a n t e d chum salmon eggs i n a s e c t i o n of the 
Coquitlam R i v e r upstream and downstream of a known sediment 
r e l e a s e and i n a c l e a n t r i b u t a r y nearby. Regular measurements of 
suspended sediments and s u b g r a v e l oxygen l e v e l s were made. As can 
be seen i n Table 6_, a s m a l l i n c r e a s e i n suspended s o l i d s reduced 
the s u b g r a v e l oxygen content and the s u r v i v a l r a t e . 

The e f f e c t s of a h i g h c o n c e n t r a t i o n o f suspended s o l i d s (20,000 mg/1) 
i s r e p o r t e d t o have caused s e r i o u s f i s h m o r t a l i t y even through the 
exposure was o n l y f o r a s h o r t term. For example, a Rocky Mountain 
w h i t e f i s h k i l l o c c u r r e d i n the Shuswap R i v e r when the s l u i c e gate 
was opened below a B. C. Hydro dam. Suspended s o l i d s l e v e l s i n 
the r i v e r reached 30,000 mg/1. 

I n another paper, i t was r e p o r t e d t h a t g i l l damage and m o r t a l i t y 
o c c u r r e d i n rainbow t r o u t a f t e r a ten-day exposure t o c o n c e n t r a t i o n s 
of suspended s o l i d s r a n g i n g from 270-810 mg/1. At the P o l l u t i o n 
C o n t r o l Branch, we have noted from 96 hours b i o a s s a y r e s u l t s , c a r r i e d 
out i n response t o permit m o n i t o r i n g r e q u i r e m e n t s , t h a t t h e r e i s an 
adverse a f f e c t on t e s t f i s h when h i g h c o n c e n t r a t i o n s o f suspended 
s o l i d s are p r e s e n t i n the t e s t s o l u t i o n ; however, no h a r d numbers 
have been e s t a b l i s h e d t o date. 

Table 7 shows the p r o g r e s s i o n of i n c r e a s e due t o suspended s o l i d s i n 
a water course r u n n i n g near a c o a l mine complex. T h i s p l a n t d i s ­
charges i t s t a i l i n g i n t o an impoundment from which t h e r e i s no over­
f l o w . The suspended s o l i d s appearing i n the water are o r i g i n a t i n g 
from around the m i n i n g areas and the p l a n t s i t e . Average f l o w i n 
the r i v e r near the p r o p e r t y i s a p p r o x i m a t e l y 100 CFS a t t h i s time 
of year. 



SALMON EGG SURVIVAL 

AVERAGE SUSPENDED SOLIDS IN THE COQUITLAM RIVER 

(FROM LANGER'S PAPER 1976) 

' 1 
AVERAGE SUSPENDED 

; SOLIDS (mg/1) 
i < 

AVERAGE DISSOLVED 
OXYGEN (mg/1) 

r , j 
AVERAGE 

SURVIVAL (%) ; 

CLEAR TRIBUTARY 
STREAM 

i 
i 
i 
i 10 
i 
j 

8.5 
j 

93.8 | 
i 

COQUITLAM RIVER 
ABOVE SEDIMENT RELEASE 

i 
i 
1 97 
i 

7.8 

! 
! 
I 
i 
i 

23.9 | 
j 

COQUITLAM RIVER 
BELOW SEDIMENT RELEASE 

i 

111 
I 

-1 , , 

4.9 

j 
i 

10.7 ; 

TABLE 6 



RIVER AND EFFLUENT 

SAMPLING RESULTS 

NEAR COAL MINE IN B.C. 
MAY 1976 * 

LOAD 
1 ! 

SUSPENDED 
TONS j FLOW SOLIDS TURBITY 

PER DAY ! CFS ! mg/1 JTU 

RIVER (0 MILE) i 4 
1.1 

1ST SETTLING POND 1.1 16 ; 22 18 

2ND SETTLING POND 2.5 1 22 42 42 

CREEK DIVERSION 40-60 50-75 | 298 88 

RIVER (3/4 MILES) -- i 
i 

j 44 17 

3RD SETTLING POND 0.1 ! 2 14 
I 

PIT WATER ** \ 1-115 i 2.6-5.2 i 40-8207 37-4610 

RIVER (2 MILES) ! 
I 

; 108 27 

RIVER (7 MILES) -- i ; 4 1.8 

RIVER (20 MILES) — ! 104 

L — . ~ — 

26 

* ALL SAMPLE POINTS NOT SHOWN 
** NOT SAMPLED ON THE SAME DAY 

TABLE 7 
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V a r i o u s approaches are used by r e g u l a t o r y agencies i n s e t t i n g 
g u i d e l i n e s and standards f o r the p r o t e c t i o n o f r e c e i v i n g w a t e r s . 
The B r i t i s h Columbia P o l l u t i o n C o n t r o l Branch l i m i t s the concen­
t r a t i o n of suspended s o l i d s i n a d i s c h a r g e t o 50 mg/1 w h i l e 
Environment Canada r e q u i r e s 25 mg/1. The S t a t e of Oregon a l l o w s 
r e l e a s e s t o match background l e v e l s up t o 30 Jackson T u r b i d i t y 
U n i t s but the r e l e a s e cannot e l e v a t e background l e v e l s by more 
than 10%. The U.S. Environmental P r o t e c t i o n agency recommends 
t h a t s e t t l e a b l e and suspended s o l i d s should not reduce the 
depth of the compensation p o i n t f o r p h o t o s y n t h e t L C a c t i v i t y by 
more than 10% p e r c e n t from the seasonable e s t a b l i s h e d norm f o r 
a q u a t i c l i f e . As more i s l e a r n e d from ongoing r e s e a r c h , these 
c r i t e r i a or o b j e c t i v e s , w i t h o u t doubt, w i l l be m o d i f i e d . 

I t i s the p o l i c y of the P o l l u t i o n C o n t r o l Branch t h a t mine 
t a i l i n g s w i l l be impounded. D e v i a t i o n from t h i s p o l i c y i s 
a l l o w e d o n l y a f t e r d e t a i l e d study has been c a r r i e d out s p e c i ­
f i c a l l y o u t l i n i n g the p o s s i b l e e f f e c t on the r e c e i v i n g e n v i r o n ­
ment. However, the impoundment of mine t a i l i n g s and c o n t r o l 
of seepage i s not s u f f i c i e n t by i t s e l f . The problems a s s o c i a t e d 
w i t h e r o s i o n and r u n o f f c o n t r o l must be addressed. E r o s i o n w i l l 
t a ke p l a c e where t h e r e i s an exposed s u r f a c e of u n c o n s o l i d a t e d 
m a t e r i a l and the d e b r i s r e l e a s e d w i l l f i n d i t s way i n t o the 
n e a r e s t water course. 

T h i s paper has attempted t o i l l u s t r a t e some of the f i n d i n g s and concerns 
o f the P o l l u t i o n C o n t r o l Branch as they r e l a t e t o the d i s c h a r g e o f 
waterborne contaminants from the m i n i n g i n d u s t r y i n B r i t i s h Columbia. 
The Branch sees r e c l a m a t i o n as a v e r y important p a r t o f p o l l u t i o n 
c o n t r o l but a l l r e c l a m a t i o n must not be d e f e r r e d u n t i l the f i n a l 
stages o f an o p e r a t i o n . I t s h o u l d b e g i n on d i s t u r b e d areas around 
the c o n s t r u c t i o n camp and c o n t i n u e on every unused p i e c e o f d i s ­
t u r b e d s u r f a c e u n t i l the whole area i s s t a b i l i z e d . 
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WORKSHOP SUMMARIES 
IMPACTS ON RESOURCES AND USES 

CONCERNING DECISION MAKING 
- need more r e g i o n a l d e c i s i o n making. 

- d i f f e r e n c e s as t o what the d e c i s i o n making body sh o u l d be 
a) an a d v i s o r y board w i t h r e p r e s e n t a t i v e s from a l l a g e ncies 
b) an independent source 

- p u b l i c involvement i s important i n order t o assess r e g i o n a l 
r e s o u r c e o b j e c t i v e s . 

- impact assessment s h o u l d be used t o determine c o s t - b e n e f i t and 
a p p r o p r i a t e l a n d use, i . e . may even l e a d t o not mi n i n g a t a l l 
but doing something e l s e . 

- sometimes however c o s t - b e n e f i t s t u d i e s are m i s l e a d i n g . 

- more time needed i n d e f i n i n g u l t i m a t e l a n d use and t h e r e f o r e 
r e c l a m a t i o n o b j e c t i v e s . 

- need more concern on the s o c i a l aspect o f r e s o u r c e use such as 
managing the p u b l i c ' s access t o areas opened up by mi n i n g . 

- what type o f v a l u e s do you put on r e s o u r c e s ? 

CONCERNING MINE DEVELOPMENT SIDE EFFECTS 
- s i d e e f f e c t s o f mine developments p r o b a b l y have g r e a t e s t impact. 
- t h e r e i s a need f o r c a r e f u l p r e p l a n n i n g of a l l the a n c i l l a r y 

developments t o mi n i m i z e e f f e c t s on w i l d l i f e , f i s h e r y and r e ­
c r e a t i o n a l r e s o u r c e s . 

- suggest t h a t perhaps i n d u s t r y has a c e r t a i n r e s p o n s i b i l i t y i n 
p r e s s u r i n g f o r t i g h t e r c o n t r o l s on areas where they might be 
f a m i l i a r w i t h p o t e n t i a l impacts. 

- r e c r e a t i o n a l use o f areas i n a c t i v e mining i s a problem. 
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- there i s a l s o a minor problem of nuisance a n i m a l s . 

- q u i c k e r response needed from F i s h and W i l d l i f e t o a p p l y more 
i n t e n s i v e management s t r a t e g i e s i n regards t o r e g u l a t i n g h u n t i n g 
and f i s h i n g i n mining a r e a s . 

- e n v i r o n m e n t a l i s t s may be a b l e t o p l a y key r o l e s f o r companies by 
improving l i a i s o n between company and government and by p r o v i d i n g 
d i r e c t i o n towards u l t i m a t e l a n d uses. 

CONCERNING RESOURCE INVENTORY 

- need a d e t a i l e d r e s o u r c e i n v e n t o r y i n areas t o be developed. 

- should be s i t e s p e c i f i c w i t h emphasis on d e t a i l e d i n t e r p r e t a t i o n . 

CONCERNING RECLAMATION STANDARDS 

- need g r e a t e r u n i f o r m i t y i n r e c l a m a t i o n standards not o n l y between 
companies but a l s o between d i f f e r e n t r e s o u r c e a g e n c i e s . 

- minimum r e c l a m a t i o n standards should be e s t a b l i s h e d f o r each r e g i o n . 

CONCERNING ENVIRONMENTAL CONSIDERATIONS 

- more environmental i n f o r m a t i o n s h o u l d be used i n p l a n n i n g p r o c e s s . 

- t h i s s hould be u s e f u l f o r p l a n n i n g a u x i l i a r y mine f a c i l i t i e s . 

- need p r o d u c t i v i t y data. 
- b a s e l i n e data on a g e n e r a l l e v e l s hould be mandatory and t h i s c o u l d 

be used by mining o p e r a t i o n s t o do more s i t e s p e c i f i c s t u d i e s w i t h 
more emphasis upon the major l a n d use v a l u e s expected of t h a t 
p a r t i c u l a r environment. 

- the a b s o r p t i v e c a p a c i t y or c a p a b i l i t y of an environment should be 
p a i d more a t t e n t i o n r a t h e r than j u s t c o n t i n u a l m o n i t o r i n g , f o r 
t h i s i n f o r m a t i o n may be v a l u a b l e i n the case of c o n t a m i n a t i o n or 
a c c i d e n t s . 
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- need more r e s e a r c h on a q u a t i c problems, on r e c l a m a t i o n c o s t s and 
on r e c r e a t i o n problems. 

- the need f o r m o n i t o r i n g environmental parameters i s w e l l e s t a b l i s h e d -
however don't need i n f l e x i b l e b l a n k e t standards. S i t e s p e c i f i c d e c i s i o n s 
should be made and g u i d e l i n e s should be f l e x i b l e t o a l l o w t h i s . 

- I t i s the r e s p o n s i b i l i t y of a l l a g e n c i e s t o develop an environmental 
awareness w i t h i n t h e i r employees as w e l l as the p u b l i c . 

CONCERNING,RESPONSE TO PROBLEMS 

- s m a l l s p e c i f i c problems a r e not a d e q u a t e l y d e a l t w i t h by government. 

- i n d u s t r y s h o u l d p r e s s u r e government f o r f a s t e r response t o t h e i r 
l o c a l i z e d problems. 

CONCERNING IMPACTS 

- t h e r e i s an overemphasis on s h o r t term v i s u a l impacts. 

- the major problem i s w i l d l i f e . 

- poor t i m i n g of d i s t u r b a n c e s can have much more s e r i o u s impacts on 
w i l d l i f e and f i s h e r i e s . For example, h e l i c o p t e r surveys can be harm­
f u l to w i l d l i f e a t c r i t i c a l w i n t e r p e r i o d s . Release of sediments 
d u r i n g times of spawning can be v e r y h a r m f u l . 

CONCERNING DOUBLE STANDARDS 

- A v o i d double standards on r e c l a m a t i o n f o r d i f f e r e n t r e s o u r c e u s e r s . 

- why do not par k s , f o r e s t r y , highways, e t c . have t o s a t i s f y s i m i l a r 
procedures as mines when e s t a b l i s h e d ? 
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RECOMMENDATIONS ON THE FORMAT AND CONTENT _0_F THE SYMPOSIUM  

CONCERNING THE SYMPOSIUM FORMAT 

I n g e n e r a l most p a r t i c i p a n t s l i k e d the format o f the conf e r e n c e 
which was a m i x t u r e of f o r m a l p r e s e n t a t i o n s f o l l o w e d by round 
t a b l e workshops. 

CONCERNING THE FORMAL PRESENTATIONS 

Many of t h e p a r t i c i p a n t s f e l t t h a t t h e p r e s e n t a t i o n s were too l o n g . 
Some f e l t t h a t t h e r e were too many speakers i n a row and t h a t more 
time was needed f o r the workshops. I t was a l s o suggested t h a t the 
a u d i o - v i s u a l e f f e c t s needed b e t t e r o r g a n i z a t i o n . 

CONCERNING THE WORKSHOPS 

I n g e n e r a l , most p a r t i c i p a n t s l i k e d t h e workshop format but f e l t 
t h a t i t would be more p r o d u c t i v e w i t h fewer o r more s p e c i f i c 
a s s i g n e d t o p i c s f o r d i s c u s s i o n . 

I n the group d i s c u s s i o n s , i t was suggested t h a t t h e r e was a need 
f o r c o n c r e t e g u i d e l i n e s on procedure, e s p e c i a l l y e a r l i e r on. I t 
would a l s o be h e l p f u l t o get a b e t t e r c r o s s - s e c t i o n from t he 
d i f f e r e n t a g e n c i e s i n each of the workshop groups. The p r e s e n t a t i o n 
o f group r e s u l t s a l s o needed improvement as the summaries tended 
t o get r e p e t i t i v e and l o n g . 

Because the e n t i r e t a b l e had t o agree on a statement b e f o r e i t was 
pr e s e n t e d t o the meeting, m i n o r i t y o p i n i o n s were thought t o be s t i f l e d . 
A few p a r t i c i p a n t s f e l t t h a t these o p i n i o n s s h o u l d be a b l e t o be p r e ­
sented through the w r i t t e n d i s c u s s i o n summaries. 

A f u r t h e r s u g g e s t i o n was t h a t the c h a i r p e r s o n s h o u l d be f r e e t o 
p r o v i d e f u r t h e r i n p u t d u r i n g the d i s c u s s i o n p e r i o d , e i t h e r t o respond 
t o i n d i v i d u a l q u e s t i o n s or t o the summaries i n g e n e r a l . 
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I t was suggested t h a t workshop groups be g i v e n a r e c l a m a t i o n 
problem t o work on, perhaps w i t h one t h i r d o f the groups g i v e n 
the same t o p i c . For each problem a d e s c r i p t i o n o f the s i t e and 
i t s c o n s t r a i n t s would be g i v e n . The group would then t r y and 
deci d e on an o v e r a l l s o l u t i o n or p l a n f o r the r e c l a m a t i o n of t h a t 
s i t e . 

CONCERNING THE SCHEDULE OF THE SYMPOSIUM 

Bi a n n u a l s c h e d u l i n g was the most p o p u l a r recommendation. T h i s 
would a l l o w time f o r f u r t h e r developments as w e l l as s e r i o u s con­
s i d e r a t i o n o f some of the p r o p o s i t i o n s from the p r e v i o u s symposium. 
I t was proposed t h a t t h i s type o f meeting s h o u l d be c a r r i e d out a t 
the r e g i o n a l l e v e l so t h a t the company men can get t o t a l k w i t h the 
government men from t h e i r a r e a , i . e . , t he ones w i t h which they have 
t o d e a l . 

CONCERNING THE ATTENDANCE AT THE MEETING 

I t was suggested t h a t t h e r e were a number o f ot h e r agencies or 
groups which s h o u l d have been b e t t e r r e p r e s e n t e d at the meetings. 
These i n c l u d e d B.C. Hydro, Highways, s m a l l o p e r a t o r s , p u b l i c 
i n t e r e s t groups, landscape a r c h i t e c t s , F o r e s t r y , r e c r e a t i o n s p e c i a l ­
i s t s , f i s h e r y managers and envi r o n m e n t a l o r g a n i z a t i o n s . More 
emphasis was thought t o be needed on the t e c h n i c a l , economic and 
c o n s e r v a t i o n a s p e c t s o f r e c l a m a t i o n . There sh o u l d a l s o be 
documentation o f case h i s t o r i e s t o g i v e a b e t t e r p i c t u r e of the 
s t a t e o f the a r t o f r e c l a m a t i o n . 

CONCERNING FUTURE TOPICS 

The f o l l o w i n g t o p i c s were suggested f o r i n c l u s i o n i n f u t u r e 
symposia: 

b i o p h y s i c a l c l a s s i f i c a t i o n and how i t can h e l p i n r e c l a m a t i o n 
p l a n n i n g . 
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s o c i a l impact of mining 
a comprehensive c o n s i d e r a t i o n of impact of mining on o t h e r 
r e s o u r c e s , e.g. t i m b e r , domestic range, r e c r e a t i o n , 
s p e c i f i c r e c l a m a t i o n programs on s p e c i f i c s i t e s - say what 
hasn't worked and ask f o r s u g g e s t i o n s 
" e d u c a t i o n of the p u b l i c " - mines and t h e i r r o l e i n r e c l a m a t i o n , 
the technology of r e c l a m a t i o n - how t o r e c l a i m (methods and 
p r a c t i s e s . ) 
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