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S U M M A R Y 

• E n v i r o n m e n t a l p r o t e c t i o n o n a m i n i n g p r o p e r t y is the respons ib i l i t y o f a n u m b e r o f g o v e r n m e n t 

agencies. 

• T h e M i n i s t r y o f E n e r g y , M ines a n d P e t r o l e u m Resources is respons ib le f o r the app rova l o f the m i n i n g 

sys tem and has a ro le in c o o r d i n a t i n g g o v e r n m e n t response t o ensure tha t a m i n i n g d e v e l o p m e n t is des igned 

w i t h the m i n i m u m poss ib le e n v i r o n m e n t a l i m p a c t . 

• C o o r d i n a t i o n o f approva ls o f n e w m i n e p roposa ls is the respons ib i l i t y o f the C o a l G u i d e l i n e s S teer ing 

C o m m i t t e e f o r coa l m i n i n g , the Me ta l M i n i n g S teer ing C o m m i t t e e f o r meta l m i n i n g , and the U r a n i u m 

M i n i n g S teer ing C o m m i t t e e f o r u r a n i u m m i n i n g . 

• T h e M i n i s t r y o f E n e r g y , M i n e s and P e t r o l e u m Resou rces has at least one m e m b e r o n each o f t he 

c o m m i t t e e s . 

• R e c l a m a t i o n is adm in i s t e red b y the M i n i s t r y o f E n e r g y , M i n e s and P e t r o l e u m Resou rces , Inspec t ion 

and Eng ineer ing D i v i s i o n , R e c l a m a t i o n S e c t i o n , unde r sec t i on 11 o f the Mines Regulation Act. 

• R e c l a m a t i o n leg is la t ion requ i res tha t a sur face w o r k p e r m i t be o b t a i n e d . 

• T o o b t a i n and ma in ta i n a sur face w o r k p e r m i t requ i res a repo r t , adver t i s ing , rev iew by the A d v i s o r y 

C o m m i t t e e o n R e c l a m a t i o n , b o n d i n g , issuance o f the p e r m i t w i t h specia l t e rms and c o n d i t i o n s , and 

c o n t i n u e d rec l ama t i on p e r f o r m a n c e . 

• De ta i l ed i ndus t r y -w ide r e c l a m a t i o n s tandards have no t been set, a l t hough general r e c l a m a t i o n gu ide­

l ines have been p repa red . 

• C o n t r o l o f the te rms and c o n d i t i o n s o f a sur face w o r k p e r m i t is exe rc i sed t h r o u g h a r e c l a m a t i o n 

repor t w h i c h is s u b m i t t e d annua l l y by each c o m p a n y and t h r o u g h i nspec t i on o f p roper t ies by M i n i s t r y 

staf f . 

• T h e T e c h n i c a l and Research C o m m i t t e e o n R e c l a m a t i o n , sponso red by the M i n i s t r y o f E n e r g y , M i n e s 

and P e t r o l e u m 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 sh C o l u m b i a , has been f o r m e d t o i n f l uence 

and c o o r d i n a t e the d i r e c t i o n o f m ine r ec l ama t i on research , t o f u r t he r c o m m u n i c a t i o n o f r e c l a m a t i o n 

k n o w l e d g e , a n d to select a rec ip ien t o f the Br i t i sh C o l u m b i a m i n e R e c l a m a t i o n A w a r d . 

• M e m b e r s o f the R e c l a m a t i o n S e c t i o n have a t tended a n u m b e r o f con fe rences to f a m i l i a r i z e t h e m ­

selves w i t h r e c l a m a t i o n w o r k e lsewhere . 

• T h e m ine R e c l a m a t i o n A w a r d , es tab l i shed t o recogn ize o u t s t a n d i n g ach ievemen t in m ine r e c l a m a t i o n 

in B r i t i sh C o l u m b i a , has been awarded t o the f o l l o w i n g c o m p a n i e s : Ka ise r Resou rces L t d . ( 1 9 7 6 ) , C o m i n c o 

L t d . ( 1 9 7 7 ) , and Ka iser Resou rces L t d . ( 1978 ) . 

• R e c e n t r e c l a m a t i o n w o r k u n d e r t a k e n in B r i t i sh C o l u m b i a is p resented f o r the f o l l o w i n g p rope r t i es : 

B u l l R i ve r m i n e . B l uebe l l m i n e , P i n c h i L a k e m i n e , P r i n c e t o n ta i l ings p o n d , and C r a i g m o n t m i n e . 
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I. I N T R O D U C T I O N 

T h e respons ib i l i t i es o f the M i n i s t r y o f E n e r g y , M i n e s and P e t r o l e u m Resou rces t o w a r d e n v i r o n m e n t a l 

impac t o f m ines are t w o - f o l d . F i r s t , the M i n i s t r y is represented o n several s teer ing c o m m i t t e e s w h i c h 

c o o r d i n a t e l i cens ing and app rova l o f m i n e d e v e l o p m e n t . S e c o n d , the M i n i s t r y is respons ib le f o r en ­

sur ing tha t land d i s t u r b e d t h r o u g h m i n i n g is r e c l a i m e d . 

In th is Phase V I p o r t i o n o f the M i n i s t r y ' s s u b m i s s i o n the regu la to ry a n d admin i s t ra t i ve f r a m e w o r k re­

la t ing to e n v i r o n m e n t a l i m p a c t o f m i n i n g is b r i e f l y d e s c r i b e d . T h e largest p o r t i o n o f th is s u b m i s s i o n 

deals w i t h r e c l a m a t i o n . 
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II. E N V I R O N M E N T A L P R O T E C T I O N 

E n v i r o n m e n t a l p r o t e c t i o n o n a m i n i n g p r o p e r t y is the respons ib i l i t y o f a n u m b e r o f g o v e r n m e n t 

agencies. T h e M i n i s t r y o f E n e r g y , M ines and P e t r o l e u m Resou rces is respons ib le f o r a p p r o v i n g the 

over-a l l m i n i n g sys tem w i t h respect t o the safety o f the o p e r a t i o n s , the m a x i m i z a t i o n o f m ine ra l 

resource recove ry , and the r e c l a m a t i o n o f the land sur face . 

T h e P o l l u t i o n C o n t r o l B r a n c h is respons ib le f o r regu la t ing e f f l uen ts , e m i s s i o n s , and garbage d i s p o s a l . 

T h e M i n i s t r y o f E n e r g y , M i n e s and P e t r o l e u m Resources and the P o l l u t i o n C o n t r o l B r a n c h are the 

ma jo r p e r m i t t i n g agencies o n a m i n i n g p r o p e r t y , a l t h o u g h o the r s tatutes m a y a p p l y . S ta tu tes tha t 

m a y a f fec t e n v i r o n m e n t a l mat ters are t h e : Health Act, Forest Act, Land Act, Water Act, Atomic 

Energy Control Act, and Fisheries Act. 

A s we l l as i nd i v i dua l s tatute r equ i r emen ts , assessment and rev iew p rocedu res have been es tab l i shed 

f o r c o m p a n i e s w h o are a p p l y i n g to d e v e l o p coa l and m ine ra l p roper t i es . These p rocedu res are ou t ­

l ined in Phase III o f the M i n i s t r y ' s s u b m i s s i o n . 

T h e m a i n ob jec t i ves o f these rev iew p rocedu res a re : 

(a) t o p rov ide a veh ic le f o r over-a l l p ro jec t app rova l by i d e n t i f y i n g the na ture and mag­

n i t ude o f e n v i r o n m e n t a l , s o c i a l , and e c o n o m i c impac ts assoc ia ted w i t h a p r o p o s e d 

d e v e l o p m e n t ; 

(b) t o p rov ide a p rocedu re f o r so lv ing p r o b l e m s no t fa l l i ng unde r ex i s t i ng regu la to ry r e ­

spons ib i l i t i es . 

T h e M i n i s t r y o f E n e r g y , M i n e s and P e t r o l e u m Resources is represented o n th ree s teer ing c o m m i t t e e s 

( coa l , meta l m ines , a n d u r a n i u m ) w h i c h are respons ib le f o r c o o r d i n a t i o n o f each rev iew process . 

T h e respons ib i l i t y f o r the c o o r d i n a t i o n o f mat te rs re la t ing to e n v i r o n m e n t a l p r o t e c t i o n f o r coa l 

m i n i n g l ies w i t h the C o a l G u i d e l i n e s S teer ing C o m m i t t e e . T h i s s teer ing c o m m i t t e e c o o r d i n a t e s the 

p rocedures o f the Guidelines for Coal Development (see M i n i s t r y ' s s u b m i s s i o n t o Phase III, par t 

2 .2 ) . 

T h e c o m m i t t e e is c o m p o s e d of the f o l l o w i n g m e m b e r s : 

J . O ' R i o r d a n , 

M i n i s t r y o f E n v i r o n m e n t , 

E n v i r o n m e n t a n d L a n d Use C o m m i t t e e Secre ta r ia t , 

C h a i r m a n 

J . D. M c D o n a l d , 

M i n i s t r y o f E n e r g y , M i n e s and P e t r o l e u m R e s o u r c e s , 

C o - c h a i r m a n 

W. M a l k i n s o n , 

M i n i s t r y o f E c o n o m i c D e v e l o p m e n t 
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E. C a n e r , 

M i n i s t r y o f E c o n o m i c D e v e l o p m e n t 

G . C . Ha rkness , 

M i n i s t r y o f M u n i c i p a l A f f a i r s 

J . C l a n c y , 

M i n i s t r y o f E n e r g y , M ines and P e t r o l e u m Resources 

T h e Me ta l M ines S teer ing C o m m i t t e e is respons ib le f o r c o o r d i n a t i n g a p p l i c a t i o n s f o r me ta l m i n e 

d e v e l o p m e n t . T h e Procedures for Obtaining Approval of Metal Mine Development (see M i n i s t r y ' s 

subm iss i on to Phase III, par t 2.3) ou t l i nes the m e t h o d s c u r r e n t l y used f o r an over-a l l app rova l a n d 

assessment o f p r o p o s e d m ine ra l d e v e l o p m e n t s . T h e steer ing c o m m i t t e e is c o m p o s e d o f the f o l l o w i n g 

m e m b e r s : 

A . J . R i c h a r d s o n , 

M i n i s t r y o f E n e r g y , M i n e s and P e t r o l e u m R e s o u r c e s , 

C h a i r m a n 

J . D . M c D o n a l d , 

M i n i s t r y o f E n e r g y , M i n e s and P e t r o l e u m Resou rces , 

C o - c h a i r m a n 

G . I. H e n d e r s o n , 

M i n i s t r y o f E n v i r o n m e n t , 

E n v i r o n m e n t and L a n d Use C o m m i t t e e Secre tar ia t 

B. M c R a e , 

M i n i s t r y o f E n o n o m i c D e v e l o p m e n t 

G . C . Ha rkness , 

M i n i s t r y o f M u n i c i p a l A f f a i r s 

A . N . B o y d e l l , 

M i n i s t r y o f E n v i r o n m e n t 

T h e U r a n i u m M i n i n g S teer ing C o m m i t t e e was f o r m e d to c o o r d i n a t e Fede ra l and P r o v i n c i a l app rova l s 

f o r u r a n i u m m i n i n g . T h e s teer ing c o m m i t t e e agreed t o use the stage app rova l process as o u t l i n e d in 

the Guidelines for Coal Development and t o c o o r d i n a t e th is w i t h the l i cens ing process as requ i red b y 

the A t o m i c Ene rgy C o n t r o l B o a r d unde r L i cens ing G u i d e 3 1 . T h e f o u r m e m b e r s o f the steer ing 

c o m m i t t e e a re : 

J . D. M c D o n a l d , 

M i n i s t r y o f E n e r g y , M i n e s and P e t r o l e u m R e s o u r c e s , 

C h a i r m a n 



J . O ' R i o r d a n , 

M i n i s t r y o f E n v i r o n m e n t , 

E n v i r o n m e n t a n d L a n d Use C o m m i t t e e Secre ta r ia t 

A . B . D o r y , 
A t o m i c Ene rgy C o n t r o l B o a r d 

A . M c l n t y r e , 

E n v i r o n m e n t C a n a d a 

T h i s c o m m i t t e e was f u n c t i o n a l o n l y f o r a shor t p e r i o d a n d is p resen t l y inac t ive w h i l e the m o r a t o r i u m 

o n u r a n i u m m i n i n g is in e f fec t . 
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A P P L I C A T I O N ( R E P O R T ) F O R P E R M I T S U B M I T T E D 

T O M I N I S T E R O F E N E R G Y , M I N E S A N D P E T R O L E U M R E S O U R C E S 

Y 
A D V E R T I S I N G 

Y 
R E V I E W B Y R E C L A M A T I O N S E C T I O N 

Y 
R E V I E W B Y A D V I S O R Y C O M M I T T E E 

O N R E C L A M A T I O N 

Y 
R E C O M M E N D A T I O N S O N A P P L I C A T I O N S U B M I T T E D 

T O T H E M I N I S T E R F O R A P P R O V A L 

Y 
A P P R O V E D A P P L I C A T I O N R E T U R N E D T O 

R E C L A M A T I O N S E C T I O N F O R P R O C E S S I N G 

Y 
O R D E R - I N - C O U N C I L 

Y 
R E C L A M A T I O N S E C T I O N A D V I S E S C O M P A N Y 

O F A P P R O V A L A N D R E Q U E S T S R E Q U I R E D B O N D I N G 

Y 
P E R M I T I S S U E D O N R E C E I P T O F B O N D I N G 

Y 
A N N U A L R E P O R T S A N D I N S P E C T I O N S R E Q U I R E D T O D E T E R M I N E 

P R O G R E S S O F R E C L A M A T I O N . B O N D I N G M A Y 

B E I N C R E A S E D O R D E C R E A S E D 

Figure 1. Procedure for obtaining a surface work permit. 



III. R E C L A M A T I O N 

3.1 Leg i s l a t i on 

R e c l a m a t i o n o f land d i s t u rbed by m i n i n g is a d m i n i s t e r e d by the M i n i s t r y o f E n e r g y , M i n e s and 

P e t r o l e u m R e s o u r c e s , Inspec t ion and Eng inee r i ng D i v i s i o n , R e c l a m a t i o n S e c t i o n , u n d e r sec t i on 

11 o f the Mines Regulation Act (see M i n i s t r y ' s s u b m i s s i o n to Phase I). Leg i s la t i on covers 

m ine ra l e x p l o r a t i o n , p lacer m i n i n g , qua r r i es , gravel p i t s , a n d meta l m ines . 

A s a bas ic s ta tement o f p o l i c y the A c t begins [sec t ion 1 1 ( 1 ) ] : 

'It is the d u t y o f every o w n e r , agent , o r manager o f a m i n e t o ins t i tu te a n d ca r r y 

o u t a p r o g r a m m e f o r the p r o t e c t i o n a n d r e c l a m a t i o n o f the sur face o f the land a n d 

wa te rcou rses a f fec ted t h e r e b y , a n d , o n the d i s c o n t i n u a n c e o r a b a n d o n m e n t o f a 

m i n e , t o unde r t ake a n d c o m p l e t e the p r o g r a m m e to leave the land and wa te rcou rses 

in a c o n d i t i o n sa t i s fac to ry t o the M i n i s t e r . . . ' 

T h e A c t requ i res tha t a sur face w o r k p e r m i t be o b t a i n e d [sec t ion 1 1 ( 5 ) ] . T h e adm in i s t ra t i ve 

p r o c e d u r e f o r o b t a i n i n g a sur face w o r k p e r m i t is o u t l i n e d o n F igu re 1 a n d requ i res the f o l l o w ­

ing . 

Report: A repor t is t o be s u b m i t t e d [sect ions 11(2) and 11(3) ] t o the M in i s t e r o f E n e r g y , 

M ines and P e t r o l e u m Resources p r i o r t o the c o m m e n c e m e n t o f o p e r a t i o n s c o n t a i n i n g : 

(a) a m a p s h o w i n g the l o c a t i o n and e x t e n t o f the m i n e , and the l o c a t i o n o f lakes , 

s t reams, a n d i nhab i t ed p laces in the v i c i n i t y ; 

(b) pa r t i cu la rs o f the na ture o f the m i n i n g o p e r a t i o n i n c l u d i n g the a n t i c i p a t e d area t o 

be o c c u p i e d d u r i n g the l i f e t ime o f the m i n e ; 

(c) pa r t i cu la rs o n the nature and present uses o f the land to be u s e d ; 

(d) a p r o g r a m f o r land r e c l a m a t i o n a n d conse rva t i on w i t h pa r t i cu la r re fe rence t o : 

(i) t he l o c a t i o n o f the l a n d ; 

(ii) the e f fec t o f the p r o g r a m o n l i ves tock , w i l d l i f e , wa te rcou rses , f a r m s , a n d 

i nhab i t ed p laces in the v i c i n i t y o f the m i n e , and the appearance o f the m ine -

s i te ; 

( i i i) the po ten t i a l use o f the l a n d , hav ing regard f o r its best and fu l les t use, and its 

i m p o r t a n c e f o r ex i s t i ng and f u t u re t i m b e r , g raz ing , wa te r , r e c r e a t i o n , w i l d l i f e , 

and m i n i n g . 

Advertising: T h e c o m p a n y mus t adver t ise [sec t ion 11 (4)] tha t it has f i l ed an a p p l i c a t i o n f o r a 

sur face w o r k p e r m i t . T h i s no t i ce o f f i l i ng mus t be adver t i sed in the B r i t i sh C o l u m b i a G a z e t t e 

a n d a loca l newspaper . T h e repo r t , t he re fo re , is a p u b l i c d o c u m e n t . 

Review: T h e repor t is rev iewed [sect ions 11(5) a n d 11(6) ] b y the A d v i s o r y C o m m i t t e e o n 

R e c l a m a t i o n cons i s t i ng o f representat ives f r o m the M i n i s t r y o f E n e r g y , M i n e s a n d P e t r o l e u m 

Resources and o the r resource agenc ies , i n c l u d i n g the M i n i s t r y o f A g r i c u l t u r e , M i n i s t r y o f 

Fo res t s , M i n i s t r y o f L a n d s , Parks a n d H o u s i n g , and the M i n i s t r y o f E n v i r o n m e n t . 
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Bonding: A b o n d is requ i red [sect ion 11(7) ] n o t exceed ing $1 0 0 0 . 0 0 per acre o f d i s t u r b a n c e . 

These f u n d s are p laced in t rus t and a rece ip t and agreement f o r m is issued b y the bank . B o n d i n g 

is d e t e r m i n e d b y : 

(a) the a m o u n t o f land d i s t u r b e d ; 

(b) the degree o f d i f f i c u l t y in r e c l a m a t i o n ; 

(c) the t y p e o f land d i s t u r b e d ; 

(d) e n v i r o n m e n t a l c o n s i d e r a t i o n s ; 

(e) past p e r f o r m a n c e o f the c o m p a n y . 

Present levels o f b o n d i n g o n meta l m ine p roper t ies vary f r o m a m i n i m u m o f $ 3 0 0 0 . 0 0 to 

a m a x i m u m o f $ 4 0 0 0 0 0 . 0 0 . A s u m m a r y o f secur i t y b o n d i n g is p resented in A p p e n d i x 3 . 1 . 1 . 

Permit Issued: A sur face w o r k p e r m i t is issued w i t h such spec ia l t e rms and c o n d i t i o n s as the 

M in i s te r sees f i t t o p rescr ibe . 

Performance: T h e sur face mus t be c o n t i n u a l l y and progress ive ly r ec l a imed [sec t ion 11 (9)] o r 

an a d d i t i o n a l s u m o f m o n e y depos i t ed t o p rov ide the f u n d s necessary t o ca r ry o u t the a p p r o v e d 

p r o g r a m . 

R e c l a m a t i o n S tanda rds 

Because o f the e x t r e m e va r ia t i on in B r i t i sh C o l u m b i a m i n i n g areas, d e t a i l e d , i n d u s t r y - w i d e 

r e c l a m a t i o n s tandards have no t been set. T h e r e are m ines in level t o p o g r a p h y in the in te r io r 

p la teau and o n the s teep s lopes o f the R o c k y M o u n t a i n s . M i n i n g o c c u r s in the d r y be l t o f the 

in te r io r (40 m i l l ime t res o f ra in fa l l a year) and the ra in fo res t o f the coast ( 6 0 9 m i l l i m e t r e s o f 

ra in fa l l a yea r ) . M ines opera te f r o m sea level u p to e leva t ions o f 2 1 3 3 met res . F o r th is reason 

the M i n i s t r y of E n e r g y , M i n e s and P e t r o l e u m Resou rces has dea l t w i t h each mines i te o n a si te-

spec i f i c basis. 

G e n e r a l gu ide l ines have been p repared by the M i n i s t r y o f E n e r g y , M i n e s a n d P e t r o l e u m R e ­

sources . T h e gu ide l ines were deve loped to i n f o r m m i n e s , in ex i s tence p r i o r t o the e n a c t m e n t 

o f r e c l a m a t i o n leg i s la t i on , o f the i r respons ib i l i t i es . These general gu ide l ines p rov ide f o r the 

f o l l o w i n g : 

General: 

(a) the m i n i n g c o m p a n y shal l s u b m i t t o the C h i e f Inspector a p lan o f t o ta l r e c l a m a t i o n 

p r i o r t o s h u t d o w n ; 

(b) al l bu i l d i ngs , m a c h i n e r y , and m o b i l e e q u i p m e n t shal l be r e m o v e d . A l l scrap mate r ia l 

shal l be d i sposed o f in a m a n n e r m u t u a l l y accep tab le t o the M i n i s t r y o f E n e r g y , 

M i n e s and P e t r o l e u m Resources a n d the m i n e o p e r a t o r ; 

(c) c o n c r e t e f o u n d a t i o n s and slabs m a y be lef t i n tac t , and cove red b y o v e r b u r d e n a n d 

revegetated where p r a c t i c a l ; 

(d) a l l p rov i s ions o f e i ther the Mines Regulation Act o r Coal Mines Regulation Act sha l l 

be c o m p l i e d w i t h t o the sa t i s fac t i on o f the D i s t r i c t Inspector and R e s i d e n t E n g i ­

neer. 



Tailings Ponds : 

(a) a repor t shal l be s u b m i t t e d t o the C h i e f Inspector o f M i n e s o u t l i n i n g the p r o p o s e d 

pos t -ope ra t i ona l state o f the d a m , re la ted seepage c o n t r o l w o r k s , m ine wa te r de­

p o r t m e n t , and pos t -ope ra t i ona l m o n i t o r i n g ; 

(b) where necessary a pe rmanen t s p i l l w a y is requ i red o n o r ad jacent t o the ta i l ings d a m . 

It mus t be capab le o f c o n t r o l l i n g runo f f in the c a t c h m e n t area f o r the 200 -yea r 

f l o o d l eve l ; 

(c) where p rac t i ca l the ta i l ings p o n d shal l be revegetated to a c o n d i t i o n a p p r o v e d b y 

the R e c l a m a t i o n S e c t i o n o f the M i n i s t r y o f E n e r g y , M i n e s and P e t r o l e u m Re ­

sources . If vegeta t ion is t o be es tab l i shed , it shal l be d o n e t o a p o i n t whe re n o 

ma in tenance of the vegeta t ion is r e q u i r e d . A m i n i m u m o f th ree yea rs ' expe r i ence is 

necessary t o d e t e r m i n e the q u a l i t y o f vege ta t i on ; 

(d) land use o f the d i s tu rbed areas f o l l o w i n g m i n e a b a n d o n m e n t shal l be m u t u a l l y 

agreed u p o n by the M i n i s t r y and the m ine o p e r a t o r . T h e y shal l t ake i n to c o n s i d ­

e ra t ion the use o f the land p r io r t o m i n i n g , and the c a p a b i l i t y o f the d i s t u rbed so i l 

a n d / o r m ine waste in sus ta in ing the p re -m in ing land use. 

Waste Dumps — Metal : 

(a) where poss ib le , waste d u m p s s h o u l d be s l oped t o an angle where vegeta t ion can be 

m a i n t a i n e d . If o v e r b u r d e n is ava i lab le , f la t areas o f the d u m p s shal l be cove red to a 

d e p t h o f 3 t o 6 inches w i t h o v e r b u r d e n o r t o p s o i l ; 

(b) al l f l a t areas o n the d u m p s shal l be revegeta ted , and vegeta t ion shal l be es tab l i shed 

t o a p o i n t where n o ma in tenance is r e q u i r e d . A m i n i m u m o f th ree yea rs ' e x p e r i e n c e 

is necessary t o de te rm ine the q u a l i t y o f vege ta t i on ; 

(c) a p lan o f the dra inage area s u r r o u n d i n g the d u m p s shal l be s u b m i t t e d t o the C h i e f 

Inspector . Where poss ib le al l d ra inage s h o u l d be d i r e c t e d a w a y f r o m the d u m p s ; 

(d) u l t ima te land use o f the d i s t u rbed d u m p area shal l be spec i f i ed . 

Pit Area : 

(a) p i ts shal l be b a c k f i l l e d whenever poss i b l e ; 

(b) a p lan shal l be s u b m i t t e d to the C h i e f Inspector s h o w i n g h o w the p i t area shal l be 

left af ter c o m p l e t i o n o f m i n i n g ; 

(c) where the p i t area is go ing to be des ignated as a l ake , a repor t shal l be s u b m i t t e d t o 

the C h i e f Inspector o u t l i n i n g source o f wa te r , d ra inage area , m a x i m u m level o f 

wa te r , wa te r q u a l i t y , access t o l ake , and p lans f o r s t o c k i n g o f the l a k e ; 

(d) where the p i t f l o o r w i l l be f ree f r o m wa te r , o v e r b u r d e n shal l be used wherever 

poss ib le t o p rov i de su f f i c i en t cover t o es tab l ish vege ta t i on ; 

(e) p i t wa l l s shal l be left in a safe manne r t o the sa t i s fac t ion o f the D i s t r i c t Inspector 

o f M i n e s . 

3.3 A d m i n i s t r a t i o n 

S e c t i o n 11 o f the Mines Regulation Act is adm in i s t e red by the M i n i s t r y o f E n e r g y , M i n e s and 

P e t r o l e u m Resou rces , Inspec t ion D i v i s i o n , R e c l a m a t i o n S e c t i o n . T h e over-a l l s t ruc tu re o f the 
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Inspec t ion D i v i s i o n , its staf f , and the i r q u a l i f i c a t i o n s has been presented in Phase II o f the 

M i n i s t r y ' s s u b m i s s i o n . T h e R e c l a m a t i o n S e c t i o n is s ta f fed b y three r ec l ama t i on inspec to rs 

and three i nspec to r - techn ic ians as f o l l o w s : 

Inspectors Title 

J . D . M c D o n a l d S e n i o r R e c l a m a t i o n 

Inspector 

D. M . G a l b r a i t h R e c l a m a t i o n Inspector 

Location 

V i c t o r i a 

V i c t o r i a 

J . C . E r r i n g t o n R e c l a m a t i o n Inspector V i c t o r i a 

Duties 

H e a d , R e c l a m a t i o n Sec ­

t i o n . 

C i v i l Eng inee r , P rov ince -

w i d e i n s p e c t i o n . 

V e g e t a t i o n spec ia l i s t . 

P r o v i n c e - w i d e i n s p e c t i o n . 

Inspector-
Technicians Title Location Duties 

A . O ' B r y a n Reg iona l Inspector -

T e c h n i c i a n 

N e l s o n Inspect ions o f coa l a n d 

m ine ra l p roper t i es in 

N e l s o n , F e r n i e , O k a n a -

g a n , a n d K a m l o o p s areas. 

B . G o r d o n Reg iona l Inspector -

T e c h n i c i a n 

P r ince Geo rge Inspec t ion o f p lacer 

m i n e s , P r o v i n c e - w i d e 

E . J . Ha l l Reg iona l Inspector-

T e c h n i c i a n 

F o r t S t . J o h n Inspec t ion o f coa l ex ­

p l o r a t i o n , Peace R i v e r 

T h e S e n i o r R e c l a m a t i o n Inspector repor ts t o the D e p u t y C h i e f Inspec tor , C o a l and Spec ia l 

Serv ices. S tuden ts have been e m p l o y e d in the s u m m e r s o f 1 9 7 7 , 1 9 7 8 , and 1 9 7 9 t o a id in f i e l d 

p rograms. 

Inspection and Monitoring 

E n f o r c e m e n t o f the te rms and c o n d i t i o n s o f a sur face w o r k p e r m i t is exe rc i sed t h r o u g h a re­

c l a m a t i o n repo r t , s u b m i t t e d a n n u a l l y b y each c o m p a n y , and t h r o u g h inspec t ions o f p rope r t i es 

by M i n i s t r y staf f . 

Annual Reclamation Report: T h e annua l repo r t o f r e c l a m a t i o n p rov ides a s u m m a r y o f w o r k 

d o n e in the past year and a p ro j ec t i on o f sur face d e v e l o p m e n t over the nex t f ive yea rs . It a lso 

ou t l i nes the past year ' s r e c l a m a t i o n p r o g r a m p r o v i d i n g de ta i l ed i n f o r m a t i o n o n site p r e p a r a t i o n , 

seed ing , p l a n t i n g , t e n d i n g , nat ive seed c o l l e c t i o n , and p r o p a g a t i o n . A s u m m a r y o f areas re­

c l a i m e d a n d r e c l a m a t i o n research u n d e r t a k e n is a lso r e q u i r e d . 



A l l sur face w o r k and rec l ama t i on is requ i red t o be d o c u m e n t e d o n an air p h o t o base. A p p e n d i x 

3.4.1 con ta i ns the suggested samp le f o r m a t f o r the annua l r e c l a m a t i o n repor t . 

Field Inspections and Monitoring: Inspect ions are made to ensure tha t al l the c o n d i t i o n s o f the 

p e r m i t have been met and to assess the resul ts o f the r ec l ama t i on p r o g r a m . A s y s t e m has been 

deve loped to evaluate the status o f revegetated areas. T h e sys tem invo l ves : 

(a) p e r m a n e n t sample p lo ts es tab l i shed over a revegetated a rea ; 

(b) reco rd ing o f site c o n d i t i o n s ; 

(c) reco rd ing o f each species present i n c l u d i n g an es t imate o f cover (per c e n t ) , seed 

heads (per cen t ) , he igh t ( cen t imet res ) , and v i g o u r ; 

(d) i n f o r m a t i o n is reco rded d i r ec t l y o n c o m p u t e r c o d i n g sheets ( A p p e n d i x 3 .4 .2) and a 

s u m m a r y o u t p u t is made f o r each site ( A p p e n d i x 3 .4 .3 ) . 

T h e es tab l i shmen t o f p e r m a n e n t p lo ts a l l ows f o r the re -eva lua t ion o f s i tes, t o d e t e r m i n e the rate 

o f change in the c o m p o s i t i o n and p e r f o r m a n c e o f vege ta t i on , a n d u l t i m a t e l y w i l l f o r m the basis 

f o r an app rova l o f r ec la imed areas and the release o f b o n d i n g . A t p resent , it is an t i c i pa ted tha t 

f o l l o w i n g the last r ec l ama t i on t r ea tmen t a m i n i m u m o f th ree years w i l l be necessary t o a l l o w a 

d e c i s i o n t o be made . 

T h e poss ib i l i t y tha t t o x i c substances w i l l a c c u m u l a t e in vegeta t ion is o f c o n c e r n at several 

m ines . T h e M i n i s t r y o f E n e r g y , M i n e s and P e t r o l e u m Resources has asked several c o m p a n i e s t o 

assess the heavy meta l c o n t e n t o f vegeta t ion g r o w i n g o n waste r ock and ta i l ings . T h e poss ib le 

up take o f m e r c u r y at C o m i n c o L td . ' s P i n c h i L a k e o p e r a t i o n has been we l l m o n i t o r e d by 

C o m i n c o ' s e n v i r o n m e n t a l staff and a repo r t o n the i r f i nd ings is d e p o s i t e d in the c o m m i s s i o n ' s 

l i b ra ry ( d o c u m e n t access ion n u m b e r 1 8 1 5 A ) . T h e M i n i s t r y o f E n e r g y , M i n e s and P e t r o l e u m 

Resources c o m m i s s i o n e d the D e p a r t m e n t o f So i l S c i e n c e , Un i ve r s i t y o f B r i t i sh C o l u m b i a , t o 

s t u d y the c o m p o s i t i o n o f ta i l ings mater ia ls t h r o u g h o u t B r i t i sh C o l u m b i a , i n c l u d i n g the a c c u ­

m u l a t i o n o f t o x i c mater ia ls in vege ta t i on . T h e i r resul ts have been reco rded in th ree repor ts (see 

part 3 . 5 , Research ) . 

In s u m m a r y , these s tud ies have s h o w n t ha t : 

(a) ta i l ings are he te rogeneous b o t h ve r t i ca l l y and h o r i z o n t a l l y in the i r phys i ca l a n d c h e m i c a l 

p rope r t i es ; 

(b) ta i l ings t end to have l ow-mo is tu re storage capac i t ies and are p rone t o w i n d and wa te r 

e r o s i o n ; 

(c) p H is genera l l y n o t a p r o b l e m w i t h the no tab le e x c e p t i o n o f the Su l l i van m i n e ; 

(d) an eva lua t i on o f the t race e l emen t c o n t e n t o f spo i l mate r ia l and s u p p o r t vegeta t ion d i d 

no t s h o w any un iversa l p r o b l e m w i t h t o x i c i t i e s ; 

(e) there is some i n d i c a t i o n tha t because o f l o w c o p p e r - m o l y b d e n u m ra t ios , vegeta t ion 

es tab l i shed o n s o m e o f the ta i l ings mater ia ls m a y be d e t r i m e n t a l t o r u m i n a n t s . H o w e v e r , 

th is p r o b l e m m a y be so lved by keep ing n i t rogen fe r t i l i ze r rates at a mode ra te leve l . T h i s 

decreases the c o n c e n t r a t i o n o f m o l y b d e n u m in p lan t t issue and resul ts in ra is ing the 

c o p p e r - m o l y b d e n u m ra t i o ; 
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(f) in genera l , c o n c e n t r a t i o n s o f n i t rogen a n d p h o s p h o r u s are t o o l o w to s u p p o r t p lan t 

g r o w t h o n ta i l ings mater ia ls . 

Research and Information Exchange 

R e c l a m a t i o n is a re la t ive ly n e w sc ience and the t e c h n o l o g y has changed rap id l y d u r i n g the 10 

years s ince m ine r ec l ama t i on leg is la t ion was f i rs t enac ted in B r i t i sh C o l u m b i a . 

T o keep abreast o f changes, the R e c l a m a t i o n S e c t i o n has been act ive in p r o m o t i n g in fo r ­

m a t i o n exchange t h r o u g h f o r m a t i o n o f the T e c h n i c a l and Research C o m m i t t e e o n R e c l a m a t i o n 

( A p p e n d i x 3 .5 .1 ) . T h i s c o m m i t t e e , made u p o f m e m b e r s f r o m g o v e r n m e n t , i n d u s t r y , and 

un ivers i t ies , is sponso red by the M i n i s t r y o f E n e r g y , M ines and P e t r o l e u m Resou rces 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 sh C o l u m b i a . T h e ob jec t i ves o f the c o m m i t t e e a re : 

(a) t o i n f l uence and c o o r d i n a t e m ine r ec l ama t i on research in Br i t i sh C o l u m b i a ; 

(b) t o f u r t he r c o m m u n i c a t i o n and d e v e l o p m e n t o f k n o w l e d g e a m o n g those c o n c e r n e d 

w i t h m i n e r e c l a m a t i o n ; 

(c) to a p p o i n t an awards s u b c o m m i t t e e to select a rec ip ien t o f the annua l B r i t i sh 

C o l u m b i a m ine R e c l a m a t i o n A w a r d . 

Research: Several c o m p a n i e s have set up the i r o w n research p rog rams in an a t t e m p t t o de f i ne 

and o v e r c o m e p r o b l e m s assoc ia ted w i t h the i r loca l site c o n d i t i o n s . B o t h C o m i n c o L t d . and 

Ka ise r Resources L t d . have d o n e exce l l en t research w o r k . 

T h e T e c h n i c a l and Research C o m m i t t e e o n R e c l a m a t i o n has been act ive in i n i t i a t i ng , suppo r t ­

ing , and c o n d u c t i n g r e c l a m a t i o n research . S tud ies tha t have been u n d e r t a k e n i n c l u d e : 

Ta i l i ngs Research S tud ies 

(i) Ta i l i ngs R e s e a r c h , Se lec ted M i n e s , B r i t i sh C o l u m b i a . D e p a r t m e n t o f S o i l 

S c i e n c e , Un i ve rs i t y o f B r i t i sh C o l u m b i a , 1 9 7 6 — 7 7 ( d o c u m e n t access ion 

n u m b e r 1 5 0 3 A ) . 

(ii) R e c l a m a t i o n o f A b a n d o n e d M i n e S p o i l s in B r i t i sh C o l u m b i a , 1 9 7 7 — 7 8 . 

D e p a r t m e n t o f So i l S c i e n c e , Un i ve rs i t y o f B r i t i sh C o l u m b i a and M i n i s t r y o f 

E n e r g y , M ines and P e t r o l e u m R e s o u r c e s , Inspec t ion and Eng inee r ing D i v i s i o n , 

Paper 1978—7 ( d o c u m e n t access ion n u m b e r 1 5 0 4 A ) . 

(i i i) Sch r ie re r , H . and L a v k u l i c h , L. M . , 1 9 7 9 , A Sta t i s t i ca l A n a l y s i s o f the C h e m ­

ical C o m p o s i t i o n o f B r i t i sh C o l u m b i a M i n e Ta i l i ngs . In Press ( d o c u m e n t 

access ion n u m b e r 1 5 0 2 A ) . 

C o a l R e c l a m a t i o n Research 

(i) H u b b a r d , W . F. , and B e l l , M . A . M . , 1 9 7 7 . R e c l a m a t i o n o f Lands D i s t u r b e d by 

M i n i n g in M o u n t a i n o u s and N o r t h e r n A r e a s : A S y n o p t i c B i b l i o g r a p h y and 

R e v i e w Re levan t to Br i t i sh C o l u m b i a and A d j a c e n t areas. P repared f o r B r i t i sh 

C o l u m b i a M i n i s t r y o f E n e r g y , M ines and P e t r o l e u m R e s o u r c e s , Inspec t ion 

and Eng inee r ing D i v i s i o n ( d o c u m e n t access ion n u m b e r 1 5 0 5 A ) . 



(ii) Revege ta t ion o f D i s tu rbances in the No r theas t C o a l B l o c k , C u r r e n t A c t i v i t i e s 

a n d Sta te-o f - the-ar t , 1 9 7 7 . M i n i s t r y o f E n e r g y , M i n e s and P e t r o l e u m Re ­

sources , Inspec t ion and Eng inee r ing D i v i s i o n , Paper 1 9 7 8 — 6 ( d o c u m e n t ac­

cess ion n u m b e r 1 5 0 6 A ) . 

( i i i) E r r i n g t o n , J . C , 1 9 7 8 . Revege ta t i on S tud ies in the Peace R i v e r C o a l B l o c k , 

1 9 7 8 ( d o c u m e n t access ion n u m b e r 1 8 1 6 A ) . 

C u r r e n t l y the c o m m i t t e e ' s p r io r i t i es lie in the d e v e l o p m e n t o f a r e c l a m a t i o n t e c h n i q u e s m a n u a l 

f o r use in the meta l m i n i n g i ndus t r y . T h e c o n c e p t a n d budge t requ i remen ts f o r the p repa ra t i on 

o f th is manua l are be ing d raugh ted and f u n d i n g is be ing sough t . 

Mine Reclamation Symposium: M i n e r ec l ama t i on s y m p o s i a have been he ld a n n u a l l y s ince 

1 9 7 7 . These s y m p o s i a have been a t tended b y a w i d e c ross-sec t ion o f pa r t i c i pan ts f r o m govern ­

m e n t , i ndus t r y , un i ve rs i t y , and consu l t an t s . Sess ions have been he ld o n : 

(a) e n v i r o n m e n t a l p r o t e c t i o n a n d r e c l a m a t i o n o f e x p l o r a t i o n d i s t u rbances ; 

(b) r e c l a m a t i o n research ; 

(c) ac t iv i t ies and p o l i c y o f the M i n i s t r y o f E n e r g y , M i n e s and P e t r o l e u m R e s o u r c e s ; 

(d) r e c l a m a t i o n p l ann ing as a par t o f m i n e p l a n n i n g ; 

(e) si te p r e p a r a t i o n ; 

(f) resource p r o b l e m s and the i r s o l u t i o n s ; 

(g) r ec l ama t i on o f meta l m i n e wastes. 

Papers presented at these s y m p o s i a are l is ted in A p p e n d i c e s 3 .5 .2 t o 3 .5 .4 . 

T h e p roceed ings o f these s y m p o s i a have al l been p u b l i s h e d , have had w i d e c i r c u l a t i o n in B r i t i sh 

C o l u m b i a , a n d are the ma jo r veh ic les o f i n f o r m a t i o n exchange . T h e p roceed ings o f these s y m ­

pos ia have been depos i t ed in the c o m m i s s i o n ' s l i b ra ry ( d o c u m e n t access ion n u m b e r s 1 5 0 7 A , 

1 5 0 8 A , and 1 5 0 9 A ) . 

In a d d i t i o n t o p resen ta t ions by speakers , each s y m p o s i u m has had one o r m o r e ' w o r k s h o p ' 

sessions where pa r t i c i pan ts o f var ied b a c k g r o u n d s are assembled in smal l r ound - tab le d i scuss ion 

g roups . T h i s f o r m a t has a l l o w e d pa r t i c i pan ts a f o r u m t o exchange o p i n i o n s o n a var ie ty o f 

t o p i c s re la ted t o r e c l a m a t i o n . 

Participation in Conferences: M e m b e r s o f the R e c l a m a t i o n S e c t i o n have pa r t i c i pa ted in a 

var ie ty o f con fe rences to f am i l i a r i ze themselves w i t h r e c l a m a t i o n w o r k p e r f o r m e d ou ts ide 

Br i t i sh C o l u m b i a . A n o u t l i n e o f con fe rences tha t have been a t t ended by M i n i s t r y staf f has been 

presented in Phase III, par t 4 . 2 o f the M i n i s t r y ' s s u b m i s s i o n . 

Mine Reclamation Award 

A m i n e R e c l a m a t i o n A w a r d was es tab l i shed to recogn ize o u t s t a n d i n g ach ievemen t in m i n e 

r e c l a m a t i o n in B r i t i sh C o l u m b i a . T w o c i t a t i ons are a lso p resen ted . T h e t e rms o f re fe rence f o r 

these awards are o u t l i n e d in A p p e n d i x 3 . 6 . 1 . T h e w inne rs o f these awards , p resented unde r the 

ausp ices o f the Br i t i sh C o l u m b i a M i n i s t r y o f E n e r g y , M ines and P e t r o l e u m 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 sh C o l u m b i a , are se lec ted b y an awards s u b c o m m i t t e e f r o m the 
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T e c h n i c a l and Research C o m m i t t e e o n R e c l a m a t i o n a n d p resen ta t ions have been m a d e at the 

annua l r ec l ama t i on s y m p o s i a ( A p p e n d i c e s 3 .6 .2 t o 3 .6 .4 ) . 

T h e R e c l a m a t i o n A w a r d was presented to the f o l l o w i n g c o m p a n i e s : 

1 9 7 6 Ka iser Resources L t d . 

1977 C o m i n c o L t d . 

1 9 7 8 Ka iser Resources L t d . 

C i t a t i o n s have been awarded to the f o l l o w i n g : 

1 9 7 6 P lac id O i l C o m p a n y , B u l l R i ve r m i n e 

1 9 7 7 E l c o M i n i n g L i m i t e d 

Ka ise r Resources L t d . 

1 9 7 8 C r a i g m o n t M i n e s L i m i t e d 

F o r d i n g C o a l L i m i t e d 

Reclamation Programs Undertaken on British Columbia Metal Mines 

Severa l e x a m p l e s are presented b e l o w to i l lus t ra te some o f the cu r ren t r e c l a m a t i o n w o r k be ing 

u n d e r t a k e n in B r i t i sh C o l u m b i a . T h e var ie ty o f e x a m p l e s g iven w i l l s h o w the t e c h n i q u e s used 

t h r o u g h o u t the P r o v i n c e . 

Bull River Mine, Placid Oil Company: T h e B u l l R i ve r m ine is s i tua ted 2 3 . 3 k i l o m e t r e s due 

west o f F e r n i e , B r i t i sh C o l u m b i a , no r t h o f B u l l R i ve r . 

It p r o d u c e d c o p p e r , s i lver , and go ld by open -p i t m e t h o d s f r o m 1 9 7 0 to 1 9 7 4 . Waste t y p e s in ­

c l u d e d ta i l i ngs , r o c k , and g lac ia l t i l l o v e r b u r d e n . T h e m ines i t e , l oca ted o n a sou thwes t aspec t , 

was e n v i r o n m e n t a l l y sensi t ive because o f w i n t e r i n g b i gho rn sheep, m u l e dee r , and e lk . 

D u r i n g m i n i n g , the c o m p a n y was able t o m i n i m i z e d i s t u rbance b y leav ing ' i s lands ' o f na tu ra l 

vegeta t ion w i t h i n the m i n i n g area and by progress ive ly r ec l a im ing d i s tu rbances . O n c o m p l e t i o n 

o f m i n i n g o p e r a t i o n s , the c o m p a n y res loped al l the i r d u m p s , b a c k f i l l e d one smal l p i t , a n d 

a l l o w e d a lake t o f o r m in the o the r p i t . T h e en t i re m ines i t e , a to ta l o f 4 0 hec tares , was seeded 

and f e r t i l i z e d . 

Bluebell Mine, Cominco Ltd. : T h e B luebe l l m ine is l oca ted w i t h i n the V i l l a g e o f R i o n d e l o n 

the east shore o f K o o t e n a y L a k e , a b o u t 5 0 k i l o m e t r e s east o f N e l s o n , B r i t i sh C o l u m b i a . L e a d 

and z i n c were m i n e d i n t e r m i t t e n t l y f r o m the t u r n o f the c e n t u r y un t i l 1 9 7 1 , largely b y under ­

g r o u n d m e t h o d s . 

T o t a l d i s tu rbance was o n l y 5 hectares cons is t i ng o f the indus t r ia l s i te , a smal l waste r ock 

d u m p , ta i l ings d isposa l a rea , o p e n p i t , a n d m i l l s i te. 

F r o m 1 9 7 2 t o 1 9 7 6 e q u i p m e n t was r e m o v e d f r o m the p r o p e r t y and bu i l d i ngs were leve l led t o 

c o n c r e t e f o u n d a t i o n s . M i n e por ta ls were sealed a n d the o p e n p i t a n d indus t r ia l si te were f e n c e d . 



T h e site was revegetated d u r i n g 1 9 7 7 a n d 1 9 7 8 a n d m a i n t e n a n c e fe r t i l i ze r was a p p l i e d d u r i n g 

1 9 7 9 . De ta i l s o f the m e t h o d s used at B l u e b e l l are p resented in A p p e n d i x 3 . 7 . 1 . 

T h e M i n i s t r y o f E n e r g y , M i n e s and P e t r o l e u m Resou rces is n o w sat is f ied w i t h the level o f 

r e c l a m a t i o n p e r f o r m e d at B l u e b e l l a n d p rocedu res are u n d e r w a y f o r re tu rn o f t he b o n d i n g . 

Pinch/' Lake Mine, Cominco Ltd.: T h e P i n c h i L a k e m i n e is l oca ted o n the n o r t h shore o f P i n c h i 

L a k e , a b o u t 5 0 k i l o m e t r e s n o r t h w e s t o f F o r t S t . J a m e s a n d 1 6 0 k i l o m e t r e s n o r t h w e s t o f P r i nce 

G e o r g e . T h e m i n e was f i rs t ope ra ted b y C o m i n c o be tween 1 9 4 0 a n d 1 9 4 4 , a n d p r o d u c e d 

5 3 , 0 0 0 f lasks o f m e r c u r y f r o m 7 0 0 , 0 0 0 t o n s o f o re (1 f lask = 7 6 p o u n d s ) . T h e m i n e was re­

bu i l t in 1 9 6 8 a n d p r o d u c e d c lose t o 2 .5 m i l l i o n t ons o f o re a n d 1 7 6 , 0 0 0 m e r c u r y f lasks be fo re 

s h u t d o w n in 1 9 7 5 . C i n n a b a r ore was m i n d b y open -p i t a n d u n d e r g r o u n d m e t h o d s f r o m the 

P i n c h i l imes tone o u t c r o p a n d t rea ted in a c o n c e n t r a t o r a n d roas ter . 

T h e to ta l land d i s t u rbance at the P i n c h i o p e r a t i o n is 81 hec ta res , cons i s t i ng o f a b o u t 14 hec­

tares o f o p e n p i ts a n d waste r o c k d u m p s , a 24-hec ta re ta i l ings d i sposa l a rea , a n d 4 3 hectares 

o f o t he r d i s tu rbances such as roads , the indus t r ia l s i te , l agoons , po r ta l s , e t c . T w e n t y - f i v e per 

cen t o f t he d i s t u rbance cons is ts o f ta i l i ngs , 2 5 per cen t o f waste r o c k , a n d a b o u t 5 0 per cen t o f 

g lac ia l t i l l mater ia ls . 

R e c l a m a t i o n at P i n c h i has been on -go ing f o r a n u m b e r o f years a n d de ta i l s o f th i s p r o g r a m are 

p resen ted in A p p e n d i x 3 . 7 . 1 . In 1 9 7 1 , r o a d c u t s , a b o r r o w p i t , a n d po r ta l en t rances t o t a l l i n g 6 

hectares were h y d r o s e e d e d . 

In 1 9 7 3 , the 2-hectare West Z o n e p i t waste d u m p was revegetated us ing a pu l l - t ype fe r t i l i ze r 

a p p l i c a t o r a n d p i c k u p t r u c k . M a i n t e n a n c e fe r t i l i ze r a p p l i c a t i o n s were sur face b roadcas t us ing 

hand -ope ra ted c y c l o n e seeders in M a y 1 9 7 4 a n d 1 9 7 5 . 

In M a y 1 9 7 8 , 31 hectares cons i s t i ng o f the ta i l ings d i sposa l a rea , o p e n p i t s , waste r o c k d u m p s , 

a n d areas n o t l i k e l y t o be d i s t u r b e d d u r i n g remova l o f sur face s t ruc tu res were seeded a n d 

f e r t i l i z e d us ing a h e l i c o p t e r . 

D u r i n g m i n e s h u t d o w n h a z a r d o u s c h e m i c a l s were r e m o v e d f r o m the p r o p e r t y , m i n e por ta l s 

were b l o c k e d , t he West Z o n e p i t was f e n c e d , t he ta i l ings d y k e was ra i sed , a n d a s p i l l w a y was 

c o n s t r u c t e d t o c o n t r o l d ra inage o v e r f l o w f r o m the ta i l ings p o n d . A w a t c h m a n - c a r e t a k e r cu r ­

r en t l y resides at the s i te . 

M e r c u r y c o n t e n t in vege ta t ion has been m o n i t o r e d f o r several years . T h e m e r c u r y c o n t e n t o f 

grasses a n d legumes g r o w n o n waste r o c k a n d ta i l ings was s l igh t l y e leva ted c o m p a r e d t o va lues 

repo r ted f o r the same species g r o w n o n n o r m a l so i l s . T h e values were l o w e r , h o w e v e r , t h a n f o r 

vegeta t ion g r o w i n g in the v i c i n i t y o f m e r c u r y m i n e r a l i z a t i o n in B r i t i sh C o l u m b i a . 

T h e f i na l r e c l a m a t i o n o f d i s tu rbances at P i n c h i L a k e is awa i t i ng a d e c i s i o n f r o m C o m i n c o re­

gard ing the m ine ' s f u t u r e . 

Princeton Tailings Pond: T h e r e c l a m a t i o n p r o g r a m at P r i n c e t o n is p resented t o the c o m m i s s i o n 

t o e x h i b i t one m e t h o d tha t has been used in so lv ing waste d i sposa l p r o b l e m s i nvo l v i ng b o t h 

sewage e f f l uen t a n d m i n e ta i l ings . 
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During 1978, the Ministry of Energy, Mines and Petroleum Resources obtained funding under 

the Accelerated Mineral Development Program to revegetate mining areas that were not covered 

by present reclamation legislation. Under this program, several areas were treated, including the 

old Granby tailings at Princeton, British Columbia. 

The Princeton tailings project has involved irrigating a 16-hectare area of tailings materials with 

sewage effluent. This project simultaneously provides for: 

(a) dust abatement from the tailings ponds; 

(b) sewage disposal from the Princeton sewage ponds; 

(c) growth of an agricultural crop. 

The operation of the irrigation system has been contracted out to a local rancher who will pay 

the Village of Princeton a fixed cost per standing ton of alfalfa. Details of the project are pre­

sented in Appendix 3.7.2. 

Craigmont Mine, Craigmont Mines Limited: Craigmont mine is located 12.8 kilometres north­

west of Merritt, British Columbia, at an elevation of 1 140 to 1 260 metres. The mine is on an 

arid, south-facing slope. Craigmont has disturbed a total of 423 hectares, most of it during 

open-pit operations between 1961 and 1967, before the enactment of mine reclamation legis­

lation. Because the open pit and waste dumps were disturbed before legislation, the Ministry of 

Energy, Mines and Petroleum Resources has no power to require revegetation of these areas. 

Nevertheless, Craigmont has commenced a program to revegetate all waste dump surfaces 

and the tailings pond as part of their final shutdown plans. This program is outlined in Ap ­

pendix 3.7.3. 
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A P P E N D I X 3.1.1 T O T A L S E C U R I T Y B O N D I N G H E L D 

as of July 12 ,1979 

A l l p r o d u c i n g c o a l a n d me ta l m ines 3 6 2 3 0 0 0 . 0 0 

C o a l e x p l o r a t i o n 481 5 0 0 . 0 0 

Quar r ies 8 4 2 0 0 . 0 0 

M i n e r a l e x p l o r a t i o n 2 0 5 5 0 0 . 0 0 

P lacer m i n i n g 3 9 5 5 0 . 0 0 

S U B T O T A L 4 4 3 3 7 5 0 . 0 0 

S a n d and gravel pe rm i t s 2 9 2 4 1 0 . 0 0 

T O T A L 4 7 2 6 1 6 0 . 0 0 



A P P E N D I X 3.4.1 

FORMAT FOR 
ANNUAL 

RECLAMATION REPORT 

Cover Page 

Company name 
Appl i c a t i o n for a reclamation permit and 
Proposed Programme for Year . 
Operation and Surface Work Permit No. • 
Date 

Table of Contents 

1.0 Introduction 
Objectives, future land use and short h i s t o r y of 
the Reclamation Program 

2.0 Mining Programme 

2.1 Surface development to date 
2.2 Surface development i n current year 
2.3 Surface development projected over next f i v e years 

areas should be shown on an airphoto overlay 
1:10,000 and summarized i n the attached table 

- areas should be discussed with respect to: 
a. materials and depths to be deposited on the 

surface as a plant growth medium (discuss 
what has been done to i d e n t i f y the types of 
materials a v a i l a b l e , t h e i r physical and 
chemical c h a r a c t e r i s t i c s and how these a f f e c t 
mine reclamation programs) 

b. plant species to be established 
c. the long-term land use objectives 

3.0 Reclamation Programme 

3.1 Reclamation f a c i l i t i e s and s t a f f 
3.2 Past year !s program 

3.2.1 S i t e preparation 
Ripping, resloping, t e r r a c i n g , harrowing, stock­
p i l i n g and a p p l i c a t i o n of surface materials, mulches, 
binders 

3.2.2 Seeding 
Species, mixtures, f e r t i l i z e r , rates, methods 

3.2.3 Planting 
Species, sources, age of seedlings 
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3.2.4 Tending 
I r r i g a t i o n and f e r t i l i z e r 

3.2.5 Seed c o l l e c t i o n of trees, shrubs & grasses 
Table showing species, area c o l l e c t e d from, and 
amount 

3.2.6 Propagation, nursery, tending 
Discuss nursery, species propagated and program 

3.2.7 Summary of areas reclaimed: 
Indicate on an airphoto and tabulate on the 
attached sheet the following: 
area recontoured, area seeded/planted, area 
f e r t i l i z e d , area where vegetation has been 
established for one or more years 

3.2.8 Reclamation Research 
Report on any research programs c a r r i e d out during 
the past year. Companies who have c a r r i e d out 
detailed research programs may wish to submit a 
separate research report. 

Reclamation programme for the following year 
Indicate the nature of proposed reclamation program 
for the following year. 
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SUMMARY OF AREAS DISTURBED AND RECLAIMED TO DECEMBER 31, 1979 

DISTURBANCE 

MINING RECLAMATION 

DISTURBANCE 
AREA 

DISTURBED 
(ha) 

AREA 
RECONTOURED 

(ha) 

AREA 
SEEDED/PLANTED 

(ha) 

AREA 
FERTILIZED 

(ha) 

(ha) 
Area where vegetation 
has been established 
for one or more years. 

DISTURBANCE 

1979 TOTAL* 1979 TOTAL 1979 TOTAL 1979 TOTAL TOTAL 

ROADS 

ADMINISTRATION 

PLANT SITE 

PIT AREA 

WASTE DUMPS 

TAILINGS PONDS 

STOCKPILES 

OTHER 

TOTAL 

* Total up to December 31, 1979 



A P P E N D I X 3.4.2 

C O D I N G S H E E T S U S E D IN A S S E S S M E N T O F R E V E G E T A T E D A R E A S 

B Y R E C L A M A T I O N INSPECTION P E R S O N N E L 







C O 

c 

MINE CODE 
c 

1 1 

CODES: 
N • NEW DATA 
C = CHANGE 
D - DELETE DATA 

M I N E S R E C L A M A T I O N 



A P P E N D I X 3.4.3 

E X A M P L E O F C O M P U T E R O U T P U T F O R 

A S S E S S M E N T O F R E V E G E T A T E D A R E A S 

N E W M O N T M I N E S L T D . , W A S T E D U M P 3 ' A I R S T R I P ' 



N I N t b R E C L A M A T I O N - I N S P E C T I O N S T A T I S T I C S W A S T L DUMP j " A l k i l k l P " U A l t ur K o r , o 2 (-Ufa 1 * 7 * 

M I N E N E W M O N T M I N E S L T D * S I T E 0 7 

P L O T DO I 0 0 i 0 0 3 0 0 4 0 0 5 OOfc 0 0 7 O O b O b * u so 

D A T E D A Y / 
M O / 

Y R 

2 7 / 
" 0 7 / 

7 8 

2 7 / 
0 7 / 

7 8 

2 7 / 
0 7 / 

7 8 

2 7 / 
0 7 / 

7 8 

2 7 / _ 
0 7 / 

7 8 

2 7 / 
0 7 / 

7 8 

2 7 / 
0 7 / 

I'd, 

2 7 / 
0 7 / 

7 8 

* 7 / 
0 f / 

7 8 

£ 7 / 
0 7 / 

7 8 

P i _ D T S I Z E O l d 0 1 8 0 1 ( 3 0 1 8 0 1 8 0 1 b 0 1 6 0 l b O l b 0 1 8 

S L O P E 3 7 0 0 0 1 CO 0 2 0 5 o c OC t 0 

A S P f c C T 3 * 0 0 0 0 1 7 0 o o p _ 2 _ 1 0 i _ i o _ O O P . 0 8 0 Q 0 0 . Q0_Q 

E L E V A T I O N 1 1 0 0 1 1 O 0 U O O 1 1 0 0 1 1 0 0 1 1 0 0 11 O f . 1 1 0 0 1 1 0 0 1 1 o o 

L f c N G T H U P S L O P t 0 2 5 ooo 0 0 0 0 0 0 ooo 0 0 0 0 0 0 O O O 0 0 0 o o o 

L E N G T H D O t B N S L O P f c 0 2 5 ooo OOO ooo ooo 0 0 0 o o o OOO o o o o o o 

M O I S T U R E R E G I M E 5 6 8 8 6 8 _ *i . St. 8 _ -
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U n d e r the ausp ices o f the B r i t i sh C o l u m b i a M i n i s t r y o f E n e r g y , M i n e s and P e t r o l e u m Resou rces 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 sh C o l u m b i a , a R e c l a m a t i o n A w a r d has been es tab l i shed t o recogn ize ou t ­

s tand ing ach ievemen t in m i n e r ec l ama t i on in B r i t i sh C o l u m b i a . In a d d i t i o n t o th i s a w a r d , t w o c i t a t i ons are 

g iven t o recogn ize mer i t in m i n i n g r e c l a m a t i o n . T h e gu ide l ines f o r these awards are as f o l l o w s : 

1. N o m i n a t i o n s w i l l be so l i c i t ed f r o m M i n i s t r y o f E n e r g y , M i n e s and P e t r o l e u m R e s o u r c e s ' 

Inspectors. In a d d i t i o n , n o m i n a t i o n s m a y be m a d e b y c o m p a n i e s w i t h respect t o the i r 

o w n w o r k , o r w o r k d o n e by i nd i v idua ls o r o rgan i za t i ons f a m i l i a r w i t h the goals o f 

r e c l a m a t i o n . 

N o m i n a t i o n s s h o u l d be s u b m i t t e d in w r i t i n g t o : 

C h a i r m a n , A w a r d s S u b c o m m i t t e e 

c / o T e c h n i c a l and Research C o m m i t t e e 

M i n i s t r y o f E n e r g y , M i n e s and P e t r o l e u m Resou rces 

M ine ra l s Resou rces B r a n c h 

5 2 5 S u p e r i o r S t ree t 

V i c t o r i a , B . C . 

V 8 V 1 T 7 

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

reasons p r o p o s e d w h y the p ro jec t o r p r o g r a m mer i t s r e c o g n i t i o n . 

2 . T h e r e c l a m a t i o n p ro jec t m a y be ma jo r or m i n o r in e x t e n t and m a y be the resu l t o f o n e 

person 's ac t iv i t ies . 

3 . T h e T e c h n i c a l and Research C o m m i t t e e w i l l d e c i d e the w i n n e r o f the R e c l a m a t i o n A w a r d 

and the t w o C i t a t i o n s . 

4 . T h e R e c l a m a t i o n A w a r d and C i t a t i o n s w i l l be awa rded each yea t at the annua l M i n e 

R e c l a m a t i o n S y m p o s i u m . 

5 . T h e R e c l a m a t i o n A w a r d c a n n o t be w o n b y a m i n i n g c o m p a n y t w o years in success ion — 

C i t a t i o n s m a y be w o n in t w o successive years . 

6. D e a d l i n e f o r rece ip t o f n o m i n a t i o n s f o r the awards is J a n u a r y 31 o f the year the a w a r d 

w i l l be g iven . 
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A P P E N D I X 3.6.2 

R e p o r t o f the A w a r d s S u b c o m m i t t e e 

T e c h n i c a l and Research C o m m i t t e e 

Br i t i sh C o l u m b i a M i n i s t r y o f E n e r g y , M i n e s a n d P e t r o l e u m Resources 

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 sh C o l u m b i a 

R E C L A M A T I O N A W A R D S F O R 

1 9 7 6 

M I N E R E C L A M A T I O N A W A R D 

T h e f i rs t A n n u a l R e c l a m a t i o n A w a r d is p resented t o K a i s e r Resou rces L t d . 

Ka ise r ' s R e c l a m a t i o n Spec ia l i s t s have d e m o n s t r a t e d tha t w i t h e f fec t i ve a p p l i c a t i o n o f c u r r e n t t e c h n o l o g y , 

a lp ine te r ra in d i s t u r b e d b y e x p l o r a t i o n a n d sur face m i n i n g f o r c o a l c a n be s tab i l i zed and rehab i l i t a ted f o r 

w i l d l i f e hab i ta t , an i m p o r t a n t resource in the S p a r w o o d area. G o v e r n m e n t and i ndus t r y c o n t i n u a l l y use 

Ka i se r ' s r e c l a m a t i o n expe r i ence t o educa te b o t h the m i n i n g i ndus t r y and the p u b l i c tha t sur face m i n i n g 

f o r c o a l can p r o c e e d w i t h m i n i m a l e n v i r o n m e n t a l i m p a c t . T h i s is a c r i t i ca l issue f o r the 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 at th is p o i n t in t i m e in l ight o f p r o p o s e d c o a l d e v e l o p m e n t in the nor th-east and south-east 

reg ions. 

Ka i se r a lso leads the m i n i n g i ndus t r y in d e v e l o p m e n t o f fac i l i t i es and t e c h n i q u e s f o r p r o p a g a t i o n o f nat ive 

w o o d y p lan ts f o r ope ra t i ona l scale r e c l a m a t i o n . Ka i se r is c o n t r i b u t i n g t o w a r d d e v e l o p m e n t o f i m p r o v e d 

r e c l a m a t i o n t e c h n o l o g y t h r o u g h f i nanc i a l c o n t r i b u t i o n s f o r g raduate s tuden t research and a c o n t i n u i n g in -

house research p rog ram o n t o p i c s o f s lope s tab i l i t y , p lan t species se lec t i on f o r h igh e leva t i on r e c l a m a t i o n , 

a n d p lan t nu t r i en t c y c l i n g . 

C I T A T I O N A W A R D 

In the o p i n i o n o f the c o m m i t t e e , i t was fe l t tha t the B u l l R i v e r M i n e o f P l a c i d O i l C o m p a n y s h o u l d receive 

a c i t a t i o n f o r the r e c l a m a t i o n w o r k d o n e . 

T h e B u l l R i v e r m i n e was a sma l l o p e n p i t c o p p e r m i n e , l oca ted in the Eas t K o o t e n a y a p p r o x i m a t e l y 3 0 

mi les east o f C r a n b r o o k . O n c o m p l e t i o n o f m i n i n g o p e r a t i o n s the c o m p a n y has res loped a l l t he i r d u m p s , 

back - f i l l ed o n e sma l l p i t a n d a l l o w e d a lake t o f o r m in t he o t h e r p i t . A l l areas have been seeded and fer­

t i l i z e d . T h e c o m p a n y co -ope ra ted f u l l y w i t h the M i n i s t r y o f M i n e s and w o r k e d w i t h the F i s h and W i l d l i f e 

B r a n c h in the ma t te r o f res tor ing w i l d l i f e hab i ta t . 
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A P P E N D I X 3.6.3 

R e p o r t o f the A w a r d s S u b c o m m i t t e e 

T e c h n i c a l and Resea rch C o m m i t t e e 

B r i t i sh C o l u m b i a 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 Resou rces 

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 sh C o l u m b i a 

R E C L A M A T I O N A W A R D S F O R 

1 9 7 7 

T h e A w a r d s S u b c o m m i t t e e received a to ta l o f 12 n o m i n a t i o n s f o r the R e c l a m a t i o n A w a r d and f o r 

C i t a t i o n s . These n o m i n a t i o n s came f r o m the m i n i n g i n d u s t r y , 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 ' 

Inspectors , re la ted indus t r ia l representat ives, un ive rs i t y p e r s o n n e l , and the general p u b l i c . T h e A w a r d s 

S u b c o m m i t t e e eva lua ted the n o m i n a t i o n s and d e c i d e d there w o u l d be t w o c i t a t i ons , one h o n o u r a b l e 

m e n t i o n and the award f o r 1 9 7 7 . 

R e c l a m a t i o n award f o r 1977 

T h e 1 9 7 7 R e c l a m a t i o n A w a r d is p resented t o the R e c l a m a t i o n Research D e p a r t m e n t o f C o m i n c o L i m i t e d 

at T r a i l , B r i t i sh C o l u m b i a . T h e R e c l a m a t i o n Research D e p a r t m e n t , f o r m e d in 1 9 7 0 , has m a d e an ou t ­

s tand ing c o n t r i b u t i o n t o m i n e r e c l a m a t i o n research in B r i t i sh C o l u m b i a . T h i s g r o u p has c o n d u c t e d research 

t owa rds the d e v e l o p m e n t o f r e c l a m a t i o n t echn iques f o r C o m i n c o and its subs id ia ry c o m p a n i e s . C o m i n c o 

has been p r o m i n e n t in i n f o r m a t i o n exchange a n d has m a d e its research i n f o r m a t i o n ava i lab le t o t he B r i t i s h 

C o l u m b i a m i n i n g i ndus t r y . 

T h e i r research p rog ram has been t h o r o u g h and w e l l d o c u m e n t e d and is a b l e n d o f f i e l d t r ia ls , l a b o r a t o r y 

e x p e r i m e n t a t i o n and c h e m i c a l ana lyses . C o m i n c o ' s m ines research has been c o n d u c t e d t o w a r d s a de ta i l ed 

assessment o f waste mater ia ls as a p lan t g r o w t h m e d i u m , i d e n t i f i c a t i o n o f g r o w t h l i m i t i n g fac to rs , se lec t i on 

and tes t ing o f p lan t species, and an assessment o f cu l t u ra l t echn iques . C o m i n c o R e c l a m a t i o n Spec ia l i s t s 

have i den t i f i ed and are m o n i t o r i n g a c c u m u l a t i o n o f p o t e n t i a l l y t o x i c meta ls b y vege ta t ion and are s t u d y i n g 

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

C o m i n c o L t d . s h o u l d be recogn ized f o r the i r c o n t i n u i t y o f e f f o r t , overa l l a p p r o a c h , and resul ts o b t a i n e d . 

5 3 



T w o C i t a t i o n s f o r 1977 

1. E l c o M i n i n g L i m i t e d 

E l c o M i n i n g r e c l a m a t i o n specia l is ts have d o n e an e f fec t i ve and sa t i s fac to ry j o b o f r ec la im ing and rehab i l i ­

ta t ing d i s t u rbed te r ra in . 

T r e n c h i n g was ca r r ied o u t b y back -hoe t he reby reduc ing the a m o u n t o f land area d i s t u r b e d in con t ras t t o 

t r ench ing b y b u l l d o z e r . A l l d i s tu rbances i n c l u d i n g d r i l l s i tes, c a m p si tes, and roads were c o n s t r u c t e d and 

revegetated in c o m p l i a n c e w i t h the gu ide l ines and f i e l d i n s p e c t i o n i ns t ruc t i ons o f the R e c l a m a t i o n B r a n c h 

o f the M i n i s t r y o f M ines and P e t r o l e u m Resources . 

P rocedu res f o r so i l s t ab i l i za t i on and e ros ion c o n t r o l we re e x c e l l e n t and revegeta t ion o f d i s t u r b e d sites was 

ca r r i ed o u t d u r i n g the same season t ha t d i s t u rbance t o o k p lace . T h e c o m p a n y c o o p e r a t e d f u l l y w i t h the 

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 Resources and w o r k e d we l l w i t h o t h e r m in i s t r i es in res tor ing w i l d l i f e 

hab i ta t . 

2 . Ka ise r Resou rces L t d . 

Ka ise r Resou rces L i m i t e d at S p a r w o o d B r i t i sh C o l u m b i a , w i n n e r o f last yea rs ' R e c l a m a t i o n A w a r d , has c o n ­

t i n u e d t o exce l l in r ec l ama t i on p rocedures and p rac t i ces and in the a p p l i c a t i o n o f t e c h n o l o g y a n d research 

to coa l m i n e r e c l a m a t i o n . T h e leadersh ip d e m o n s t r a t e d b y t he i r r e c l a m a t i o n spec ia l is ts in a d o p t i n g n e w 

r e c l a m a t i o n t echn iques and the eva lua t i on o f vegeta t ion spec ies, i n c l u d i n g nat ive spec ies , deserves spec ia l 

m e n t i o n . In a d d i t i o n , Ka ise r Resou rces L t d . have shared the i r successes a n d fa i lu res w i t h e v e r y o n e c o n ­

ce rned w i t h r e c l a m a t i o n . 

H o n o u r a b l e M e n t i o n 

H o n o u r a b l e M e n t i o n goes t o C a n e x P lacer L t d . O v e r t he years C a n e x P lacer has d e m o n s t r a t e d t he i r genu ine 

c o n c e r n f o r r e c l a m a t i o n in the S a l m o area o f B r i t i sh C o l u m b i a . 
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A P P E N D I X 3.6.4 

R e p o r t o f the A w a r d s S u b c o m m i t t e e 

T e c h n i c a l and Research C o m m i t t e e 

B r i t i sh C o l u m b i a M i n i s t r y o f E n e r g y , M i n e s and P e t r o l e u m Resou rces 

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 

R E C L A M A T I O N A W A R D S F O R 

1 9 7 8 

T h i s year the se lec t i on c o m m i t t e e had a pa r t i cu l a r l y d i f f i c u l t task in d e t e r m i n i n g the rec ip ien ts o f the 

awards because o f the n u m b e r o f exce l l en t n o m i n a t i o n s . T h i s is su re ly a sign tha t the i n d u s t r y is ser ious 

a b o u t its r ec l ama t i on p rog rams . 

B e f o r e p resent ing the C i t a t i o n s and the R e c l a m a t i o n A w a r d , h o n o u r a b l e m e n t i o n fo r ach ievemen ts in re­

c l a m a t i o n was awarded t o : 

1. B l uebe l l M i n e — f o r rec la im ing the m i n e site and m a i n t a i n i n g the R i o n d e l c o m m u n i t y . 

2 . P a c i f i c P e t r o l e u m — f o r an exce l l en t r e c l a m a t i o n p rog ram in the N o r t h e a s t C o a l B l o c k . 

3 . C o l e m a n Co l l i e r i es — f o r r ec l ama t i on o f e x p l o r a t i o n d i s tu rbances in the S o u t h e a s t C o a l B l o c k . 

1 9 7 8 R E C L A M A T I O N A W A R D 

T h i s year the R e c l a m a t i o n A w a r d was presented to Ka i se r Resou rces L t d . , S p a r w o o d , B . C . , 

Ka ise r Resou rces has c o n t i n u e d its overa l l c o m m i t m e n t t o r e c l a m a t i o n . N o t o n l y have t h e y rec la imed large 

areas, bu t t hey have a lso increased the i r nursery b y t w e n t y acres f o r the i r t ree and sh rub p rog rams , c o n ­

t i n u e d the i r nu t r i en t - cyc l i ng s tud ies , es tab l i shed a so i l ana l y t i ca l f a c i l i t y , and are c o n d u c t i n g w i l d l i f e 

s tud ies. 

Ka ise r c o n t i n u e s t o p r o d u c e results and lead the i ndus t r y in the d e v e l o p m e n t o f fac i l i t i es and t e c h n i q u e s 

f o r the p ropaga t i on o f nat ive w o o d y p lan ts f o r o p e r a t i o n a l scale r e c l a m a t i o n . 

C I T A T I O N S 

T h e F i r s t C i t a t i o n was presented t o C r a i g m o n t M i n e s L t d . at M e r r i t t , B . C . C r a i g m o n t is c u r r e n t l y phas ing 

o u t the i r ope ra t i ons and the c o m p a n y has f i l ed the i r f i na l r e c l a m a t i o n p l a n . T h e m i n e area w i l l be res tored 

to a state o f use and appearance tha t w i l l be c o m p a t i b l e w i t h the s u r r o u n d i n g e n v i r o n m e n t . 

T h e S e c o n d C i t a t i o n was presented t o F o r d i n g C o a l L i m i t e d at E l k f o r d , B . C . T h e present m a n a g e m e n t and 

staf f are ded i ca ted t o r ec l ama t i on exce l l ence . T h e y have a p p l i e d t o d a y ' s t e c h n o l o g y f o r r ehab i l i t a t i on o f 

d i s t u rbed areas fo r f i sh and w i l d l i f e hab i ta t . T h e y are c o n d u c t i n g research o n s lope s tab i l i t y o f spo i l p i les , 

and are e x p e r i m e n t i n g w i t h seed m i x t u r e s , fe r t i l i ze rs and use o f g lac ia l t i l l and o the r mater ia ls f o r u l t i m a t e 

r e c l a m a t i o n app l i ca t i ons . T h e i r new l a b o r a t o r y , and the i r n e w twen ty -ac re nursery and g reenhouse s h o u l d 

m a k e F o r d i n g a leader in e n v i r o n m e n t a l p r o t e c t i o n and r e c l a m a t i o n . 
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A P P E N D I X 3.7.1 

OPERATIONAL RECLAMATION EXPERIENCE AT COMINCOfS 

BLUEBELL AND PINCHI LAKE MINES 
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by: 
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OPERATIONAL RECLAMATION EXPERIENCE AT COMINCOfS BLUEBELL AND 
PINCHI LAKE MINES 

INTRODUCTION 

Operational reclamation experience at Cominco fs lead-zinc and Pinchi Lake 
mercury properties w i l l be described. The h i s t o r y of mining, e c o l o g i c a l 
s e t t i n g , land use c a p a b i l i t y , and the nature and extent of land disturbance 
w i l l be b r i e f l y summarized. The objectives, approach, and method of imple­
menting the reclamation plan including short-term r e s u l t s and costs w i l l be 
discussed i n more d e t a i l . 

BLUEBELL MINE 

Location and History 

B l u e b e l l i s located within the v i l l a g e of Riondel on the east shore of 
Kootenay Lake, about 50 kilometres east of Nelson. The property has 
had a c o l o u r f u l mining h i s t o r y . Over a century ago Indians were 
reported to have smelted crude musket b u l l e t s using ore from the 
B l u e b e l l outcrop (1). At the turn of the century about 8300 tons of 
ore were mined and treated i n the nearby P i l o t Bay m i l l and smelter. 
Before 1927 when Cominco acquired the property, about 560,000 tons of 
ore were mined and shipped to the T r a i l Smelter by barge and railway 
(2). During 1952-71 Bluebell produced about 4.8 m i l l i o n tons of ore 
grading about 5 percent lead and 6 percent zinc (3). Ore was mined by 
underground methods from sulphide replacements i n limestone located 
under Kootenay Lake. 

E c o l o g i c a l Setting and Land Use C a p a b i l i t y 

B l u e b e l l i s situated on Galena Bay at 560 metres elevation. The 
moderating c l i m a t i c influence of Kootenay Lake provides more than 150 
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f r o s t - f r e e days per year and about 2 centimetres of p r e c i p i t a t i o n per 
month during the growing season. Total annual p r e c i p i t a t i o n i s 90 cen­
timetres (4). The mine i s located within the I n t e r i o r Western Hemlock 
Zone on a southern exposure (5). The s o i l s have developed on colluvium 
from the bedrock outcrop and shallow g l a c i a l t i l l . Forests are domi­
nated by Douglas f i r , white pine, cedar, l a r c h , b i r c h , and cottonwood. 

Riondel land has a best physical c a p a b i l i t y for outdoor recreation and 
a g r i c u l t u r e according to the Canada Land Inventory (6). Deer winter on 
the south-facing slopes in the area. 

Nature and Extent of Land Disturbance 

Total land disturbance at Bluebell was 13 acres. About 11 acres were 
occupied by the i n d u s t r i a l s i t e and a small waste rock dump. The 
remainder consisted of a small t a i l i n g s s p i l l , an open p i t , and a m i l l 
s i t e remaining from e a r l i e r mining a c t i v i t y . T a i l i n g s containing 
limestone, quartzite, s c h i s t , and smaller amounts of sulphides were 
deposited in Galena Bay. 

During 1972-76, equipment was removed from the property, and buildings 
were l e v e l l e d to concrete foundations. Mine portals were sealed and 
the open p i t and i n d u s t r i a l s i t e were fenced. 

Reclamation Plan 

Objectives. The objectives of revegetation were to s t a b i l i z e disturbed 
land surfaces against erosion, discourage refuse disposal, enhance 
lakeshore recreation p o t e n t i a l , and improve the appearance of the s i t e . 

Approach. Plant species and f e r t i l i z e r programs were selected for the 
reclamation plan based on the resu l t s of a modest f i e l d study program 
c a r r i e d out during 1976-77. Chemical and physical properties of waste 
rock and disturbed s o i l s were characterized using conventional s o i l 



t e s t s . The main plant growth l i m i t i n g factors were deficiency of orga­
nic matter, lack of the e s s e n t i a l plant nutrients nitrogen and 
phosphorus, compaction, and moisture de f i c i e n c y . Species s e l e c t i o n 
t r i a l s showed that grasses such as Timothy, Canada Bluegrass, Orchard-
grass, and Redtop established themselves s a t i s f a c t o r i l y with f a l l 
seeding. Spring seeding was necessary for the establishment of legumes 
such as A l f a l f a , Birdsfoot T r e f o i l , and A l s i k e Clover. Short-term f e r ­
t i l i z e r experiments showed that incorporation of the equivalent of 56 
kilograms per hectare N, 112 kilograms per hectare P 2 ° 5 > a n d 

kilograms per hectare K^O before seeding, resulted i n s a t i s f a c t o r y 
establishment of a grass-legume mixture. 

Implementation. Operational reclamation was i n i t i a t e d i n November 1977 
based on a reclamation plan submitted to the Min i s t r y of Mines and 
Petroleum Resources. 

S i t e preparation was carried out using a D8 C a t e r p i l l a r with rippers 
and a 3 cubic yard C a t e r p i l l a r 950 Payloader. Waste dumps were 
resloped to 10° slope angle and graded to blend with the lakeshore 
t e r r a i n . Cemented t a i l i n g s and, where possible, concrete foundations 
were buried with a 45 centimetre depth of overburden. Metal objects, 
timber, and garbage were either removed from the s i t e , burned or 
buried. The Payloader removed larger rocks exposed i n ripping dump 
surfaces and l e f t a tidy surface appearance. S i t e preparation was 
ca r r i e d out i n 7 days (21 man-days). 

A f t e r resloping, ammonium phosphate f e r t i l i z e r was broadcast on waste 
surfaces at 407 kilogrammes per hectare using an "Erocon" a i r a p p l i c a ­
tor. F e r t i l i z e r was incorporated to a 15-30 centimetre depth by back-
blading with the Cat's brush blade, or by dragging back the teeth of 
the payloader bucket. Compact surfaces were s c a r i f i e d i n two d i r e c ­
tions before applying the seed mixture. Creeping Red Fescue (40 
percent), Canada Bluegrass (27 percent), Timothy (26 percent), and 
Redtop (7 percent) were surface broadcast at 34 kilograms per hectare 
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using Erocon applicator and cyclone spreaders. Seed was incorporated 
by payloader bucket leaving contour furrows for trapping moisture on 
the dump surface. Seed and f e r t i l i z e r were applied i n one day (27 
man-hours). 

In A p r i l 1978, Rambler A l f a f a (50%) and Birdsfoot T r e f o i l (50%) were 
surface broadcast on a l l areas at 22 kilograms per hectare using 
cyclone spreaders. Later i n June and September 1978, s p l i t maintenance 
f e r t i l i z e r applications were broadcast at 224 kilograms per hectare i n 
the form of a complete f e r t i l i z e r (13-16-10). During the i n i t i a l 
growing season the grass-legume mixture established and grew s a t i s f a c ­
t o r i l y on areas having s u f f i c i e n t fines and was dominated by Creeping 
Red Fescue and Timothy. 

About 1800 trees and shrubs were planted i n A p r i l 1977-78 to screen the 
open p i t and concrete foundations. Bare root 2+0 Douglas F i r , 
Ponderosa and Lodgepole Pine, and Paper Birch seedlings were supplied by 
the B.C. Forest Service i n Nelson. Arnot B r i s t l y Locust, a spiny a c i d -
tolerant nitrogen f i x i n g shrub, and Black Cottonwood were planted to 
r e s t r i c t access to the open p i t . A l o c a l resident donated 28 four-year 
old Eastern Maple trees. Trees were planted by hand, using picks. 

Costs Reclamation costs since 1972 have t o t a l l e d 35,000 d o l l a r s 
including 8,000 d o l l a r s spent on research and administration and 27,000 
d o l l a r s spent on planning and implementing operational reclamation 
(Table 1). 

Reclamation planned for 1979 w i l l include a p p l i c a t i o n of maintenance 
f e r t i l i z e r and add i t i o n a l tree planting. Tot a l costs are projected at 
45,000 d o l l a r s or 3,500 d o l l a r s per acre. 

Although future plans for the property are currently undecided, revege­
t a t i o n has made the Bluebell compatible with neighbouring r e s i d e n t i a l 
areas and has discouraged refuse disposal on the s i t e . 
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TABLE 1 

Property 

BlueBell 

Pinchi Lake 

OPERATIONAL RECLAMATION COSTS AT COMINCO LTD. 
BLUEBELL AND PINCHI LAKE OPERATIONS DURING 1978 

Task $ $/acre % 

S i t e Preparation 
( i n c l u d i n g supervision) 

15,000 1154 56 

Vegetation Establishment and Main­
tenance 
(materials, labour*, t r a v e l expenses 

9,000 692 33 

Administration 
(reclamation plan, reporting r e s u l t s ) 

3,000 230 11 

T o t a l 27,000 2,076 100 

Materials 
( i n c l u d i n g transportation) 

12,600 166 41 

Administration 
(Planning, reporting, and analysis) 

8,600 113 28 

Labour* 4,200 55 13 

Helicopter 2,900 38 9 

Travel Expenses 2,700 36 9 

Tot a l 31,000 408 100 

Note: *Cominco labour rates include overhead, vacation/sick leave, and 
administration levy costs. 

B l u e b e l l costs were incurred i n 1977 and 1978. 
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PINCHI LAKE OPERATIONS 

Location and History 

Pinchi Lake Operations i s located on the north shore of P i n c h i Lake, 
about 50 kilometres northwest of Fort St. James and 160 kilometres 
northwest of Prince George. The mine was f i r s t operated by Cominco 
during 1940-44 and produced 53,000 f l a s k s of mercury from 700,000 tons 
of ore (1 flask=76 pounds). The mine was r e - b u i l t i n 1968 and produced 
close to 21/2 m i l l i o n tons of ore and 176,000 mercury flasks before 
shutdown i n 1975 (7). Cinnabar ore was mined by open p i t and 
underground methods from the P i n c h i limestone outcrop and treated i n a 
concentrator and roaster. 

E c o l o g i c a l Setting and Land Use C a p a b i l i t y 

The mine i s situated within the Sub-Boreal Spruce Zone at an elevation 
of 716-814 metres (5). The climate i s characterized by cold winters 
and a short growing season. Annual p r e c i p i t a t i o n averages 46 cen­
timetres with 2.5-5 centimetres per month during the growing season 
(4). Forests on the Pinchi outcrop are dominated by Lodgepole Pine, 
Trembling Aspen, and scattered White Spruce, Black Spruce, Douglas F i r , 
Cottonwood, Birch, and Alder trees. S o i l parent materials vary from 
fine-textured g l a c i o - l a c u s t r i n e s i l t s near the lakeshore to shallow 
coarse-textured g l a c i a l t i l l and colluvium at higher elevations (8). 

The Pinchi Lake area i s reported to have moderately high outdoor 
recreation c a p a b i l i t y near the lakeshore and i s an important winter 
range for moose (9). Forest c a p a b i l i t y on the P i n c h i outcrop i s low. 

Nature and Extent of Land Disturbance 

The t o t a l land disturbance at P i n c h i Operations i s 200 acres consisting 
of about 34 acres of open p i t s and waste rock dumps, a 60 acre t a i l i n g s 
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disposal area, and 106 acres of other disturbances such as roads, the 
i n d u s t r i a l s i t e , lagoons, por t a l s , etc. Twenty-five percent of the 
disturbance consists of t a i l i n g s , 25% of waste rock, and about 50% of 
disturbed s o i l s . 

During mine shutdown, hazardous chemicals were removed from the pro­
perty, mine portals were blocked, the West Zone P i t was fenced, the 
t a i l i n g s dyke was raised, and a spillway was constructed to control 
drainage overflow from the t a i l i n g s pond. A watchman-caretaker 
currently resides at the s i t e . 

Reclamation Plan 

Objectives. The objectives of revegetation were to improve plant 
growth conditions on disturbed mined-land to encourage succession of 
s e l f - s u s t a i n i n g native and naturalized plant communities. An i n i t i a l 
vegetative cover of suitably adapted grasses and legumes were 
established using commercial f e r t i l i z e r . This was intended to r a p i d l y 
s t a b i l i z e waste surfaces against erosion and improve the appearance of 
the s i t e . 

Approach. The revegetation approach was based on a laboratory growth 
room and f i e l d research studies conducted since 1970, i n accordance 
with the surface work permit. Pertinent r e s u l t s w i l l be b r i e f l y sum­
marized. 

Disturbed s o i l s and parent materials were revegetated n a t u r a l l y within 
2-5 years following disturbance. Natural regeneration was unsatisfac­
tory on waste rock and t a i l i n g s . A p p l i c a t i o n of the plant nutrients 
nitrogen and phosphorus as commercial f e r t i l i z e r was e s s e n t i a l for 
establishment and growth of both native and commercial plant species on 
waste rock and t a i l i n g s . 

Rambler A l f a l f a , A l s i k e Clover, Canada Bluegrass, Creeping Red Fescue, 
Timothy, Hard Fescue, and Crested Wheatgrass were established and grew 
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s a t i s f a c t o r i l y on waste rock and t a i l i n g s , and produced seed during 
seven growing seasons of evaluation. Grasses and legumes were 
established by broadcast a p p l i c a t i o n of seed and f e r t i l i z e r with no 
s i t e preparation. Legumes and legume-grass mixtures have provided 
s a t i s f a c t o r y vegetative cover, biomass, and seed production for four 
growing seasons, since the discontinuation of maintenance f e r t i l i z e r 
a p p l i c a t i o n s . 

During the f i r s t few growing seasons, invasion of dense legume-grass 
cover by native plants was limited by competition. Eventually as cover 
decreased, invasion of native plants accelerated. 

The mercury content of grasses and legumes grown on waste rock and 
t a i l i n g s was s l i g h t l y elevated compared to values reported for the same 
species grown on normal s o i l s ; but was lower than values for vegetation 
growing i n the v i c i n i t y of mercury mineralization i n B.C. (10, 11). 

Implementation. Reclamation at P i n c h i has been on-going for a number 
of years. In 1971, roadcuts, a borrow p i t , and portal entrances 
t o t a l l i n g 15 acres were hydroseeded. Mulch, ammonium nitrate-phosphate 
f e r t i l i z e r (24-24-0), and a seed mixture were broadcast at 1120, 233 
and 84 kilograms per hectare r e s p e c t i v e l y . 

In 1973, the 4-acre West Zone P i t waste dump was revegetated using a 
pull-type f e r t i l i z e r applicator and pick-up truck. Before seeding 
ammonium phosphate, ammonium n i t r a t e and muriate of potash f e r t i l i z e r 
were surface broadcast to supply 56 kilograms per hectare N, 112 
kilograms per hectare ^2®$' a n c * kilograms per hectare l ^ 0 , T ^ e 

seed mixture was surface broadcast at 112 kilograms per hectare. 
Maintenance f e r t i l i z e r applications of 466 and 233 kilograms per 
tare applied as 24-24-0 were surface broadcast using hand-operated 
cyclone spreaders i n May 1974 and 1975. 

In May 1978, 76 acres consisting of the t a i l i n g s disposal area, open 
p i t s , waste rock dumps, and areas not l i k e l y to be disturbed during 
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removal of surface structures were revegetated using a Jet Ranger h e l i ­
copter. Saturated t a i l i n g s conditions i n spring l i m i t e d access of con­
ventional seeding equipment. 

Materials were broadcast on waste surfaces without s i t e preparation. A 
complete f e r t i l i z e r (13-16-10) was broadcast on waste rock and t a i l i n g s 
at 431 and 862 kilograms per hectare r e s p e c t i v e l y . A Rambler A l f a l f a 
(30%), A l s i k e Clover (20%), Creeping Red Fescue (25%), Redtop (10%), 
and Canada Bluegrass (15%) mixture was broadcast at 56 kilograms per 
hectare. 

F e r t i l i z e r and seed were applied as follows: 

a) at the staging area a 4-man crew loaded 700 pounds of f e r t i l i z e r 
or 300 pounds of seed i n 30 seconds into two 45-gallon barrels 
attached to each side of the h e l i c o p t e r . 

b) a f i f t h person li n e d up the f l i g h t path of the helicopter to 
c o n t r o l material a p p l i c a t i o n . 

c) a p p l i c a t i o n rates were controlled by the helicopter engineer by 
s l i d i n g a metal plate to vary the size of opening on the bottom of 
each b a r r e l , and by varying a l t i t u d e and speed. At 200 feet a l t i ­
tude and 25 miles per hour, materials covered a 25-foot wide 
s t r i p . 

d) the t o t a l time required to load, f l y to the s i t e , apply materials, 
and return to the staging area varied from 4 1/2 to 5 minutes. 

e) the staging area was generally about one half mile from the point 
of material a p p l i c a t i o n . 

Twenty-five tons of f e r t i l i z e r and 2.2 tons of seed were applied by 
h e l i c o p t e r i n 7 hours; 1.6 hours were required to f l y the h e l i c o p t e r to 
and from Prince George. 
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Seed and f e r t i l i z e r applications were uneven i n some areas. To improve 
coverage on these areas, cyclone spreaders were used. This w i l l be 
remedied i n the future by using two people to a l i g n the heli c o p t e r and 
by using proper cyclone applicators mounted on the h e l i c o p t e r s . 

By l a t e October 1978, waste rock and t a i l i n g s were covered with r e l a t i ­
vely uniform seedling populations. Seedlings did not e s t a b l i s h s a t i s ­
f a c t o r i l y on waste rock l e f t at the natural angle of repose, or where 
seed and f e r t i l i z e r applications were uneven. F e r t i l i z e r accelerated the 
regeneration of native conifer and deciduous seedlings on waste rock. 
On t a i l i n g s , the invasion of native N u t t a l l ' s A l k a l i g r a s s was promoted 
by f e r t i l i z e r . Establishment of Creeping Red Fescue and Redtop was 
s a t i s f a c t o r y on portions of the t a i l i n g s pond; but legume establishment 
was poor and confined to cracks. R e l a t i v e l y poor establishment of 
legumes on t a i l i n g s was at t r i b u t e d to a d r i e r than normal summer. 

Costs. Reclamation costs since 1970 have t o t a l l e d 108,000 d o l l a r s , 
including 69,000 d o l l a r s spent on research and administration and 
39,000 d o l l a r s spent on operational reclamation. Reclamation costs 
during 1978 t o t a l l e d 31,000 d o l l a r s or 408 d o l l a r s per acre (see Table 
1). 

The 1979 reclamation program w i l l include helicopter a p p l i c a t i o n of 
maintenance f e r t i l i z e r to areas seeded i n 1978 and tree planting i n 
selected locations. 

Dismantling and removal of t a i l i n g s and surface structures w i l l begin 
i n 1979. Reclamation of the remaining land disturbance-will be carried 
out when s i t e clean-up i s completed. 



REFERENCES 

1. Cominco Ltd., The Cominco Story. 

2. Canadian Mining Journal, 1954, The Bluebell Mine, Chapter 10, pp 31-37, 
Part two, The Story of The Consoli­
dated Mining and Smelting Company of 
Canada Ltd. 

3. Cominco Ltd., C e t r a l Mines, personal communication -

4. B.C. Dept. of A g r i c u l t u r e , 1971, Climate of B r i t i s h Columbia, C l i m a t i c 
Normals 1941-70, Data compiled by 
Atmospheric Environment Service. 

5. Krajina, V.J. 1969, Ecology of Western North America, Volume 2, No. 1 
Dept. of Botany, U n i v e r s i t y of B r i t i s h 
Columbia. 

6. Canada Land Inventory, 1975, Land C a p a b i l i t y Analysis for West Kootenay 
Area. 

7. Engineering and Mining Journal, 1973, Pinchi Lake: Canada !s only mercury 
mine, pp 134-135. 

8. C o t i c , I. 1974, S o i l s of the Nechako-Francois Lake Area, S o i l s Branch, 
B.C. Dept. of A g r i c u l t u r e . 

9. Canada Land Inventory, 1970, Land C a p a b i l i t y Analysis: Bulkley Area, 
Dept. of Regional Economic Expansion, 
Queen's P r i n t e r . 

10. Warren, H.V.; Delevalt, R.E. and Barasko, J . 1966, Some Observations on 
the Geochemistry of Mercury as Applied 
to Prospecting, Econ. Geol., V o l . 61, 
No. 6. 

11. U.S. Geological Survey, 1970, Mercury i n the Environment, Professional 
Paper 713, U.S. Government P r i n t i n g 
O f f i c e . 

6 7 



A P P E N D I X 3.7.2 

IRRIGATION WITH SEWAGE EFFLUENT ON THE 
OLD GRANBY TAILINGS AT PRINCETON, B.C. 

Paper presented j o i n t l y 
by: 

J.D. McDonald and D.P. Lane 
M i n i s t r y of Energy, Mines and Petroleum Resources 



IRRIGATION WITH SEWAGE EFFLUENT ON 
THE OLD GRANBY TAILINGS AT PRINCETON, B.C. 

INTRODUCTION AND BACKGROUND 

During 1978, the Ministry of Energy, Mines and Petroleum Resources obtained 
funding under the Accelerated Mineral Development Program to revegetate 
mining areas that were not covered by present reclamation l e g i s l a t i o n . 
Under this program, several areas were treated. This talk discusses the 
program conducted on the old Granby T a i l i n g s at Princeton, B.C. 

The t a i l i n g s at Princeton were produced by the Allenby concentrator, which 
processed the ore mined at Copper Mountain. The mine was active intermit­
t e n t l y from 1919 to 1957. The ore mined at Copper Mountain consisted of 
b a s a l t i c and andesitic breccia, which had been intensely altered by b i o t i -
zation, f o l i a t i o n and f r a c t u r i n g . Copper was removed from the ore as a 
concentrate by crushing and f l o t a t i o n methods. Total production from 
Copper Mountain was 39,774,902 tons of ore, which produced approximately 
1,043,247 tons of concentrate that averaged 33% copper. Approximately 
33,731,655 tons of t a i l i n g s were produced, the majority of which were depo­
s i t e d i n the t a i l i n g s ponds adjacent to Princeton. 

The main t a i l i n g s pond covers approximately 300 acres and was purchased by 
the V i l l a g e of Princeton when mining operations terminated at Copper 
Mountain. Dust from the pond i s often a source of i r r i t a t i o n to the r e s i ­
dents of Princeton during the summer months. This dust nuisance has 
resulted i n many attempts at revegetation during the past twenty years. 
Treatments over small portions of the pond have included disposal of wood-
waste on the surface, surface dressing of a portion of the pond with gra­
v e l , planting of trees and seeding of grass. Although most of these 
treatments met with some success, the funding necessary for an o v e r a l l 
reduction of dust has never been a v a i l a b l e . 

In 1960, the V i l l a g e of Princeton constructed a sewage disposal system 
which terminates i n sewage lagoons located immediately adjacent to the 
Princeton t a i l i n g s pond. With the opening of new primary i n d u s t r i a l plants 
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i n the area since 1960, the population has grown, with consequent increases 
i n input to the V i l l a g e ' s sewage system. The larger volume of e f f l u e n t has 
decreased the e f f i c i e n c y of the lagoon system and eventually i t may reach 
l e v e l s in the future which w i l l not meet p o l l u t i o n control requirements. 

Given the foregoing conditions, the V i l l a g e of Princeton Council r e a l i z e d 
that proper use of the t a i l i n g s pond might permit simultaneous abatement of 
the dust nuisance and provide low cost disposal of sewage lagoon e f f l u e n t . 

In 1976, the V i l l a g e of Princeton commissioned Shultz International L t d . to 
prepare a study on the f e a s i b i l i t y of a sewage spray i r r i g a t i o n program on 
the t a i l i n g s ponds. The report e n t i t l e d "Revegetation of the Princeton 
T a i l i n g s Pond Using Sewage Lagoon E f f l u e n t for Spray I r r i g a t i o n , 1976 P i l o t 
Project", proved that: 

1. Commercial species of legumes, cereals and grasses can be 
established as ground cover for control of dust and surface ero­
sion, i 

2. The sewage lagoon effluent i s a good source of i r r i g a t i o n water, 
but the q u a l i t y and quantity of e f f l u e n t are unknown for heavy 
demands. 

With this information, the Ministry began i t s program to reclaim the 
t a i l i n g s pond by engaging the professional services of R.A. Nelson, 
P. Eng., to design a pumping and i r r i g a t i o n system. 

The sewage pumping records for Princeton indicated that the average a v a i l a ­
b i l i t y of e f f l u e n t was about 12,928,000 U.S. gallons per month (or about 
300 U.S. gallons per minute). S o i l samples of the t a i l i n g s pond were taken 
across the f i e l d i n a diagonal transect to determine the maximum water 
a p p l i c a t i o n rate for i r r i g a t i o n . The samples were sent to the Kelowna S o i l 
Testing Laboratory for analysis. 

The r e s u l t s of the s o i l tests showed that there was considerable v a r i a t i o n 
i n surface textures and variable contents of s i l t s and clays i n subsoil 
layers with very fine categories of sands. Tests also indicated a general 
absence of organic matter. 
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PROJECT DESIGN 

! 

On the basis of s o i l sample results and sewage e f f l u e n t a v a i l a b i l i t y , 40 j 
acres of the 70-acre lower t a i l i n g s bench w i l l be supplied with water by 
the i r r i g a t i o n system. Of these 40 acres, 33 acres are the main portion of 
the f i e l d , 2.5 acres the sloping embankment bordering the sewage lagoons, 
and 4.4 acres the elbow on the northeast end of the t a i l i n g s pond. (Figure 

1). 

S i t e Preparation 

The surface of the t a i l i n g s pond was l e v e l l e d with a 966 front-end 
loader and a grader equipped with front-mounted rippers. 

A f t e r recontouring, a Ministry of Highways 1 survey crew surveyed the 
t a i l i n g s pond to define the mainline layout and mark the 60-foot set 
i n t e r v a l s of the i r r i g a t i o n l a t e r a l s . 

Fencing was constructed, where necessary, around the t a i l i n g s pond area 
and sewage lagoons, to prevent access by c a t t l e , a l l t e r r a i n vehicles 
and snow mobiles. The non-irrigated portion of the t a i l i n g s pond was 
included i n the fenced area to enable future expansion of the i r r i g a ­
t i o n system. 

Seeding Program 

In September, the l e v e l l e d portion of the f i e l d was seeded with F a l l 
Rye. The Rye was used as i t exhibits hardiness to low f a l l tem­
peratures and can be expected to grow u n t i l the f i r s t snowfall. The 
ground cover established by the Rye w i l l help to slow down the movement 
of the t a i l i n g s by wind and provide some organic matter which can be 
incorporated into the s o i l for the A l f a l f a crop i n the following 
spring. 

Before seeding the Rye,the f i e l d was f e r t i l i z e d with 300 pounds per 
acre of 13-16-10 and harrowed to a depth of one foot. The f e r t i l i z e r 
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FIGURE 1 

LAYOUT OF IRRIGATION SYSTEM 

PRINCETON RECLAMATION PROJECT 
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was spread with a 10-foot f e r t i l i z e r spreader and the f i e l d harrowed 
with a 10-foot vibra-shank c u l t i v a t o r . A 10-foot seed d r i l l was used to 
seed the F a l l Rye at a rate of 50 pounds per acre. 

In the spring of 1979, the l e v e l area of the t a i l i n g s pond w i l l be 
seeded with Vernal A l f a l f a at a rate of 30 pounds per acre. An addi­
t i o n a l f e r t i l i z e r a p p l i c a t i o n w i l l be made with 300 pounds per acre of 
13-16-10 and 300 pounds per acre of 11-48-0. 

In l a t e September, the sloping embankment bordering the sewage lagoons 
wa^ f e r t i l i z e d with 300 pounds per acre of 13-16-10 and seeded with 30 
pounds per acre of the following seed mix: 

Species % of mix by weight 
Creeping Red Fescue 20 
Crested Wheatgrass 50 
Drylander A l f a l f a 15 
Sa i n f o i n 7 
Sweet Clover 8 
Both the seed and the f e r t i l i z e r were spread, using a broadcasting unit 
mounted on the back of a t r a c t o r . 

IRRIGATION SYSTEM 

The main portion of the f i e l d w i l l be i r r i g a t e d with two 980-foot wheel-
move l a t e r a l s p r i n k l e r systems, each with 24 5/32 inch x 3/32 inch 
s p r i n k l e r s on a 40 foot x 60 foot spacing (Figure 1). The elbow on the 
northeast end of the t a i l i n g s pond w i l l be i r r i g a t e d with a 640 foot hand-
move l a t e r a l with 17 3/16 inch x 1/8 inch sp r i n k l e r s mounted on 18-inch 
r i s e r s on a 40 foot x 60 foot spacing. The hand-move l a t e r a l i s variable 
i n length, due to the triangular shape of the elbow. 

I r r i g a t i o n on the sloping embankment bordering the sewage lagoons w i l l be 
applied through a fixed system of twenty-four 75 foot x 3/4 inch diameter 
p l a s t i c pipes, each with two Rainbird #20 x 7.64 inch sp r i n k l e r s mounted on 
stands with a s p r i n k l e r spacing of 40 foot x 60 foot. Water i s supplied by 
one-inch gate valves that are attached to the hydrants supplying the wheel-
move l a t e r a l s . 
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F I G U R E 2 

COST BREAKDOWN OF B.C. M.E.M.P.R. RECLAMATION PROJECT ON THE 

PRINCETON TAILINGS POND. 



The sewage ef f l u e n t i s pumped by a 25 horsepower v e r t i c a l turbine with a 
pumping capacity of 300 U.S. gallons per minute. The water mainline i s 
made from 20-foot sections of 6 inch diameter lightweight s t e e l pipe 
coupled with v i c t a u l i c f i t t i n g s . Hydrants are spaced every 120 feet along 
the mainline supplying the wheel-move l a t e r a l s and every 80 feet along the 
mainline supplying the hand-move l a t e r a l (Figure 1). The hydrants for the 
wheel-move l a t e r a l s serve two successive settings through a 30-foot length 
of aluminum pipe and a 6-foot length of high pressure f l e x hose. The 
hand-move l a t e r a l has a centre connection to the hydrants which serve a 
single s e t t i n g . 

The pumping system has been designed for d a i l y non-supervised pumping. 
There i s a low pressure cut-out switch to prevent bank erosion by mainline 
pipe breaks, a high pressure cut-out switch to protect the motor from 
overloads a r i s i n g from human error, and a l i q u i d l e v e l regulator to prevent 
water from dropping to a l e v e l , i n the lagopn, which could lower the 
e f f l u e n t retention time to less than 30 days. 

PROJECT COSTS 

The t o t a l expenditure for the Princeton Reclamation Project was 52,000 
d o l l a r s , creating a t o t a l of 1340 man-hours of employment. The cost per 
acre for the project was 1,300 d o l l a r s . 

The largest portion of the cost i s represented by i r r i g a t i o n which was 52% 
of the t o t a l (Figure 2). The rest of the cost was divided as follows: 
supervisory and professional services - 24%, seeding and f e r t i l i z i n g - 13%, 
fencing - 6%, and s i t e preparation - 5%. The labour portion of each cate­
gory represents a much smaller f r a c t i o n of the cost than materials 
(Table 1). 

OPERATIONAL ECONOMICS 

The Ministry of Energy, Mines and Petroleum Resources w i l l be signing 
ownership of the i r r i g a t i o n system over to the V i l l a g e of Princeton, who 
have decided to lease the f i e l d to a l o c a l rancher. The rancher w i l l be 
responsible for the care and harvesting of the crop. The V i l l a g e w i l l pay 
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TABLE 1 

BREAKDOWN OF TOTAL COSTS BY MATERIALS AND LABOUR 

Description 

I r r i g a t i o n 

Equipment 

Labour 

Supervisory and Professional Services 

Expenses 

Labour 

Seeding and F e r t i l i z i n g 

Seed and F e r t i l i z e r 

Labour 

Cost ($) 

24294.03 

2309.20 

5708.50 

6700.00 

5531.71 

1000.00 

Cost ($) 

26,603.23 

12,408.50 

6,531.71 

Fencing 

Materials 

Labour 

S i t e Preparation 

Equipment 

Labour 

1392.10 

1600.00 

2168.08 

635.92 

2,992.10 

2,804.00 

Total Cost 51,339.54 
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power and maintenance and recover these costs by charging the rancher a fee 
on a per-ton-of-hay-produced basis. 

The power cost per year for the i r r i g a t i o n system has been estimated at 800 
d o l l a r s . The maintenance cost may run as high as 1,100 d o l l a r s per year. 
To t a l yearly production of hay should be about 110 tons when the f i e l d 
becomes established. Using these fi g u r e s , the V i l l a g e of Princeton would 
charge 20 d o l l a r s per ton of hay. 

Future expansion of the i r r i g a t i o n system on the t a i l i n g s pond may be 
possible as the s o i l conditions i n the i r r i g a t e d area improve. 
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CURRENT REVEGETATION TECHNIQUES AT CRAIGMONT MINE 1 
) 

INTRODUCTION AND HISTORICAL BACKGROUND 

Reclamation at Craigmont commenced i n 1969. Dormant p i t waste dumps and 
completed sections of the t a i l i n g s toe dam were seeded and f e r t i l i z e d by 
a e r i a l spraying; the method considered most economical and expedient at 
that time. A s p r i n k l e r i r r i g a t i o n system was i n s t a l l e d on the t a i l i n g s toe 
dam to maintain optimum moisture conditions during the dry period to sustain 
plant growth. The continuing reclamation program from 1969 to 1977, as 
outlined i n Appendix I, b a s i c a l l y consisted of maintenance of seeded areas 
as well as new seedings and f e r t i l i z a t i o n as areas became a v a i l a b l e , 
including a test plot of hydroseeding on the dump slopes to determine i f 
plant growth could be enhanced i n t h i s d i f f i c u l t area. The success of the 
reclamation program up to this time i s best .described as marginal, due to 
(1) the h i t and miss nature of a e r i a l spraying; (2) the compaction of the 
waste dump berms where either the seed was blown away or root development 
was impossible; and (3) overgrazing by c a t t l e of the new plant l i f e and 
subsequent loss of seed production. Very reasonable r e s u l t s were obtained 
on the t a i l i n g s toe dam under i r r i g a t e d conditions. 

In 1978, a complete review of our program was undertaken and modifications 
made to hopefully improve and accelerate the r e s u l t s which would be con­
ducive to returning the disturbed land to an economic use. The outcome was 
an i n t e n s i f i e d program to provide answers for our f i n a l reclamation program 
p r i o r to our pending closure. 

RECLAMATION IN 1978 

The 1978 reclamation program consisted of: 

1. the use of land-borne equipment to provide a more consistent plant 
cover. 
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2. S c a r i f i c a t i o n of the compacted surface to enhance seed germination 
and plant growth. 

3. Fence construction around the p i t waste dumps to keep the c a t t l e 
from grazing the area. 

4. The s e t t i n g up of f i v e large test plots on the t a i l i n g s impound­
ment area to test possible economic use and methods of 
e s t a b l i s h i n g a s e l f - s u s t a i n i n g plant growth. 

Comparisons and resu l t s of the 1978 reclamation program with respect to 
past practices w i l l indicate that our re-evaluation and revised procedures 
have been well founded by the i n i t i a l r e s u l t s obtained. However, a t o t a l 
assessment w i l l require 2 to 3 years of follow up. 

Technical d e t a i l s regarding the t a i l i n g s impoundment test plots i s attached 
as Appendix I I , as well as various seeding a p p l i c a t i o n costs r e l a t i v e to 
work done at Craigmont which i s attached as Appendix I I I . 
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