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

T h e T e c h n i c a l a n d R e s e a r c h Commi t tee on Rec lamat ion o r i g i n a t e d a n d f i r s t became a c t i v e in 

t h e e a r l y 1970s in r e s p o n s e to a d e m o n s t r a t e d need f o r g r e a t e r g o v e r n m e n t - i n d u s t r y 

commun ica t i on in t he a r e a of 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 . M e m b e r s h i p ( see S e c 

t i on e n t i t l e d ' O r g a n i z a t i o n of S y m p o s i u m ' f o r names of m e m b e r s ) is d r a w n f r om the c o r p o r a t e 

s e c t o r ( s e v e r a l o f t he l a r g e r s u r f a c e mines a re r e p r e s e n t e d ) ; t he M i n i s t r y of E n e r g y , M ines 

a n d P e t r o l e u m R e s o u r c e s ; t he M i n i n g A s s o c i a t i o n of B r i t i s h C o l u m b i a ; t he U n i v e r s i t y of 

B r i t i s h C o l u m b i a ; t h e U n i v e r s i t y of V i c t o r i a ; a n d t he M i n i s t r y of E n v i r o n m e n t a n d P a r k s . 

T h e Commi t tee meets f o u r o r f i v e t imes a y e a r to d i s c u s s ma t t e r s of j o in t c o n c e r n a n d 

i n t e r e s t , e x c h a n g e e x p e r i e n c e , a n d p lan a c t i v i t i e s . 

S i n c e 1975, t he T e c h n i c a l a n d R e s e a r c h Commi t tee on Rec lama t ion has a n n u a l l y s p o n s o r e d 

t h e B r i t i s h C o l u m b i a M ine Rec lamat ion S y m p o s i u m a n d A w a r d s . T h i s e v e n t d r a w s c o n t r i b u 

t i o n s f r om al l d i s c i p l i n e s e n g a g e d in t h e mine rec lamat ion f i e l d and a t t e n d a n c e f rom a c r o s s 

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

T h e p r o c e e d i n g s of t he s y m p o s i u m r e p r e s e n t a r e c o r d of mine rec lama t ion a c h i e v e m e n t in 

B r i t i s h C o l u m b i a p l u s a s t a t e - o f - t h e - a r t a s s e s s m e n t of c u r r e n t p r a c t i c e . 

In 1985, t he commit tee s p o n s o r e d a p r e l i m i n a r y s t u d y of t he p r a c t i c e of r e s l o p i n g was te 

d u m p f a c e s , w i t h s u p p o r t f r om the C a n a d a - B r i t i s h C o l u m b i a M i n e r a l D e v e l o p m e n t A g r e e m e n t . 

In 1986, t h e Commi t tee s p o n s o r e d t h i s I n te rna t i ona l R o c k D r a i n S y m p o s i u m w h i c h d r a w s 

a t t e n d a n c e f rom the U n i t e d S t a t e s , F r a n c e and A u s t r a l i a , aga in w i t h s u p p o r t f rom the 

C a n a d a - B r i t i s h C o l u m b i a M i n e r a l Deve lopmen t A g r e e m e n t . 

M r . A . W . " T o n y " M i l l i g a n of Wes ta r M i n i n g L t d . , is t he 1986/87 C h a i r m a n . 
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T H E P R O B L E M B E I N G E X A M I N E D A T T H E S Y M P O S I U M 

A n u m b e r of s u r f a c e mines in m o u n t a i n o u s r e g i o n s of Wes te rn C a n a d a a r e b e i n g f o r c e d b y 

t o p o g r a p h i c c o n s t r a i n t s to d u m p l a r g e q u a n t i t i e s of was te r o c k in v a l l e y f i l l s . A s s t ream 

d i v e r s i o n s a r o u n d d u m p s a r e o f t en v e r y c o s t l y , f l o w - t h r o u g h r o c k d r a i n s can be economica l 

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

mine was te r o c k is a v a i l a b l e . H o w e v e r , l i t t l e p u b l i s h e d i n fo rma t i on e x i s t s on d e s i g n me thods 

a n d p e r f o r m a n c e of t h e s e r o c k d r a i n s . T h i s l ack of a v a i l a b l e i n fo rma t i on is l im i t i ng a n d 

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

T H E O B J E C T I V E O F T H E S Y M P O S I U M 

T h e o b j e c t i v e of t he s y m p o s i u m is to assemb le a n d r e v i e w e x p e r i e n c e in t h e d e s i g n , c o n 

s t r u c t i o n a n d o p e r a t i o n of r o c k d r a i n s . F rom t h i s it is h o p e d to d e v e l o p g u i d e l i n e s t h a t w i l l 

a l low mine d e v e l o p m e n t to be more cos t e f f e c t i v e a n d i d e n t i f y po ten t i a l e n v i r o n m e n t a l impac ts 

of r o c k d r a i n c o n s t r u c t i o n bo th d u r i n g o p e r a t i o n a n d f o l l o w i n g a b a n d o n m e n t . 

A s p e c t s to be c o n s i d e r e d in d e s i g n , c o n s t r u c t i o n a n d o p e r a t i o n of r o c k d r a i n s w i l l i n c l u d e 

t he f o l l o w i n g : 

a . s u i t a b l e me thods of d e t e r m i n i n g r o c k q u a l i t y a n d g r a d a t i o n f o r u s e in d r a i n s ; 

b . h y d r a u l i c d e s i g n of f l o w - t h r o u g h c a p a c i t y ; 

c . h y d r o l o g i c a n a l y s i s and t h e d a m p i n g e f f e c t of r o c k d r a i n s on f l ood p e a k s , a l so u p p e r 
b a s i n e f f e c t s ; 

d . s l ope s t a b i l i t y c o n s i d e r a t i o n s ; 

e . wa te r q u a l i t y a s s o c i a t e d w i t h r o c k d r a i n s ( s e d i m e n t , n u t r i e n t s a n d h e a v y metal a d d i t i o n s ) ; 

f . e f f ec t on wa te r q u a l i t y d o w n s t r e a m of the r o c k d r a i n s ; 

g . l ong te rm p e r f o r m a n c e of r o c k d r a i n s u n d e r v a r i o u s c l ima t i c a n d g e o l o g i c c o n d i t i o n s ; 

h . seasona l e f f e c t s to be c o n s i d e r e d in d e s i g n a n d c o n s t r u c t i o n ; 

i . i n s t r u m e n t a t i o n a n d m o n i t o r i n g ; 

j . n a t u r a l l y o c c u r r i n g r o c k d r a i n s . 
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310 Ward S t r e e t , N e l s o n , B . C . V 1 L 5S4 
T e l e p h o n e : (604) 354-6125 /30 

R e g i s t r a t i o n 

T e r r y J o h n s o n , M i n i n g A s s o c i a t i o n of B . C . 
#860-1066 W. H a s t i n g s S t r e e t 
V a n c o u v e r , B . C . V 6 E 3X1 
T e l e p h o n e : (604) 681-4321 
T e l e x : 04-507784 

L i a i s o n - E n e r g y , M ines & R e s o u r c e s ( C a n a d a ) 

A l C l a r k e , M i n e r a l P o l i c y S e c t o r 
580 Boo th S t r e e t , O t t a w a , O N . K 1 A 0E4 
T e l e p h o n e : (613) 995-9466 

L i a i s o n - C o a l A s s o c i a t i o n - C a n a d a 

F . N i c k A g n e w 
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C a l g a r y , A B T 2 P 3M7 
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* J . D . ( J a k e ) M c D o n a l d 
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* J o h n D i c k , P l a n n i n g & A s s e s s m e n t B r a n c h 
P a r l i a m e n t B u i l d i n g s , V i c t o r i a , B . C . 
T e l e p h o n e : (604) 387-4441 

L i a i s o n - C I M C r o w s N e s t B r a n c h ( D i s t r i c t 6 ) 

B r e n t D r e n s m o r e , 
C r o w s N e s t R e s o u r c e s L t d . 
P . O . B o x 2003 , S p a r w o o d , B . C . VOB 2G0 
T e l e p h o n e : (604) 425-2555 

O t h e r M e m b e r s of t he T e c h n i c a l a n d 
R e s e a r c h Commi t tee not no ted a b o v e a r e : 

M r . R. H i l l i s 
U tah M i n e s L t d . 
I s land C o p p e r M ine 
P . O . B o x 370 , P o r t H a r d y , B . C . VON 2P0 
T e l e p h o n e : (604) 949-6326 

M r . J . R o b e r t s o n 
T e c k C o r p o r a t i o n 
1199 W. H a s t i n g s S t r e e t , 
V a n c o u v e r , B . C . V 6 E 2 K 5 
T e l e p h o n e : (604) 687-1117 

M r . J . L a n t 
C r o w s Nes t R e s o u r c e s L t d . 
P . O . B o x 2003 , S p a r w o o d , B . C . VOB 2G0 
T e l e p h o n e : (604) 425-2555 

D r . M . Be l l 
E n v i r o n m e n t a l S t u d i e s 
U n i v e r s i t y of V i c t o r i a 
P . O . B o x 1700, V i c t o r i a , B . C . V8W 2 Y 2 
T e l e p h o n e : (604) 721-7107 

D r . L . M . L a v k u l i c h 
F a c u l t y of A g r i c u l t u r a l S c i e n c e s 
U n i v e r s i t y of B r i t i s h C o l u m b i a 
248 , 2357 Main Mal l 
V a n c o u v e r , B . C . V 6 T 2 A 2 
T e l e p h o n e : (604) 228-3477 

M r . R. G a r d i n e r 
Cominco C o p p e r D i v i s i o n 
T r a i l , B . C . V 1 R 2N2 
T e l e p h o n e : (604) 364-4457 
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Dep t , 
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f o r r o c k U n d e r d r a i n " Ma te r i a l u s e d in 
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I N T R O D U C T I O N 

F o r d i n g Coa l L im i ted o p e r a t e s t h e F o r d i n g 
R i v e r O p e r a t i o n s Coa l M ine loca ted in s o u t h 
e a s t e r n B r i t i s h C o l u m b i a , C a n a d a . T h e m i n e -
s i t e , as s h o w n in F i g u r e 1, is w i t h i n t h e 
media l r a n g e of t h e s o u t h e r n C a n a d i a n R o c k y 
M o u n t a i n s , a p p r o x i m a t e l y 136 km n o r t h of 
t he U n i t e d S t a t e s - C a n a d i a n b o r d e r a n d 6 
to 12 km wes t of t he B r i t i s h C o l u m b i a -
A l b e r t a p r o v i n c i a l b o r d e r . 

T h e F o r d i n g R i v e r O p e r a t i o n s p r o d u c e s an 
a v e r a g e of 4 mi l l i on m e t r i c t o n n e s o f c l e a n e d 
coal p e r a n n u m , p r i m a r i l y f o r e x p o r t to 
J a p a n . B o t h t he rma l and m e t a l l u r g i c a l coal 
a r e p r o d u c e d at t he m i n e s i t e . M i n i n g o p e r a 
t i o n s commenced in 1972 a n d a re c a r r i e d ou t 
on a c o n t i n u o u s b a s i s . T h e o p e r a t i o n s emp loy 
bo th t r u c k / s h o v e l a n d d r a g l i n e m i n i n g t e c h 
n i q u e s in mu l t i p l e seam p i t s . T o t a l mater ia l 
moved a n n u a l l y is a p p r o x i m a t e l y 50 mi l l i on 
b a n k c u b i c me t res ( B C M ) of was te a n d raw 
c o a l . 

O n e o f t he major c o n s i d e r a t i o n s in mine p l a n 
n i n g at s u c h a l a r g e sca le as emp loyed at 
t h e m ines i te is t he loca t ion o f spo i l was te 
d u m p s . S t e e p m o u n t a i n o u s t e r r a i n a n d the 
o c c u r r e n c e of n u m e r o u s s t r eams p laces c o s t l y 
c o n s t r a i n t s on spo i l l o c a t i o n . M i n i m i z i n g hau l 
d i s t a n c e s , d e v e l o p m e n t c o s t s and rec lamat ion 
r e q u i r e m e n t s a r e c r i t i c a l componen ts of an 
e f f i c i e n t mine p l a n . 

T y p i c a l spo i l f r om t he coal m i n i n g at t he 
F o r d i n g R i v e r O p e r a t i o n s c o n s i s t s of s a n d 
s t o n e s , m u d s t o n e s , sha les a n d m ino r amounts 
o f g l ac i a l t i l l a n d c o l l u v i u m o v e r b u r d e n . 
D i s p o s a l of t he was te mater ia l b y e n d -
d u m p i n g o v e r t he a d v a n c i n g face o f a spo i l 
d u m p r e s u l t s in s e g r e g a t i o n of t he was te 
mate r ia l as i t s l i d e s and ro l l s down t he f a c e . 
T h e f i n e , leas t d u r a b l e m u d s t o n e a n d sha le 

mate r ia l a c c u m u l a t e s n e a r t he c r e s t of t he 
spo i l f ace o r b r e a k s u p m o v i n g down t he 
f a c e , wh i l e t he l a r g e , most d u r a b l e s a n d 
s tone f r a g m e n t s come to r e s t a t t h e base of 
t h e s p o i l . T h i s r e s u l t s in t h e fo rma t i on o f a 
zone of c o a r s e r o c k in t h e b a s e r e g i o n of 
t h e spo i l w h i c h e n h a n c e s s t a b i l i t y a n d p r e 
c l u d e s t he d e v e l o p m e n t of p o r e p r e s s u r e s 
w i t h i n t h e d u m p . It is t h i s c h a r a c t e r i s t i c o f 
t h e F o r d i n g spo i l d u m p s a n d t h e spo i l p l a n 
n i n g r e q u i r e m e n t s t h a t l ed to t h e c o n c e p t o f 
t h e f l o w - t h r o u g h r o c k d r a i n . 

A l t e r n a t i v e s to t he r o c k d r a i n i n c l u d e c u l -
v e r t i n g t h r o u g h s p o i l s , d i v e r s i o n o f s t r eams 
a r o u n d spo i l a r e a s a n d long h a u l s to a r e a s 
t ha t do not h a v e s t e a m / s p o i l c o n f l i c t s . 

A l t h o u g h each c a s e has i t s own s p e c i f i c 
c o n s i d e r a t i o n s , g e n e r a l l y t h e r e is s i g n i f i c a n t 
economic a d v a n t a g e to use r o c k d r a i n s 
w h e r e p o s s i b l e . A t t he F o r d i n g R i v e r O p e r 
a t i o n s , t h e u s e of f l o w - t h r o u g h r o c k d r a i n s 
has led to g r e a t e r a v a i l a b i l i t y o f s h o r t e r 
hau l a r e a s f o r was te d i s p o s a l , a r e d u c t i o n 
of spo i l d e v e l o p m e n t c o s t s , a r e d u c t i o n of 
impac ts on s t r e a m s , a r e d u c t i o n of t he land 
a rea r e q u i r e d f o r s p o i l i n g a n d r e d u c e d land 
rec lamat ion c o s t s . 

R E G U L A T O R Y C O N S I D E R A T I O N S 

R e g u l a t o r y r e q u i r e m e n t s f o r r o c k d r a i n s on 
the F o r d i n g R i v e r O p e r a t i o n s v a r y g r e a t l y 
d e p e n d i n g u p o n t h e s p e c i f i c wa te r c o u r s e to 
be c r o s s e d . 

L e g i s l a t i v e r e q u i r e m e n t s may o r may not 
i n c l u d e a p p r o v a l u n d e r sec t i on 7 o r 8 of t he 
"Wate r A c t " a n d a l w a y s r e q u i r e a p p r o v a l 
u n d e r s e c t i o n 6 of t h e " M i n e s A c t " . 

T h e s i z e of t he s t r e a m , w h e t h e r i t is p e r 
manen t o r e p h e m e r a l , w h e t h e r a n y m o d i f i c a -



t i on of t he s t ream is r e q u i r e d p r i o r to s p o i l 
i n g and w h e t h e r t he s t ream is f i s h - b e a r i n g 
a r e al l c o n s i d e r a t i o n s of t he t y p e of p e r m i t 
t i n g r e q u i r e d . 

S i n c e 1982, o v e r t w e n t y f l o w - t h r o u g h r o c k 
d r a i n s h a v e been c o n s t r u c t e d in s p o i l s at t he 
F o r d i n g R i v e r O p e r a t i o n s . 

T h e f o l l o w i n g d i s c u s s i o n f o c u s e s on t he 
d e s i g n , c o n s t r u c t i o n a n d o p e r a t i o n of t h e 
S w i f t C r e e k r o c k d r a i n a n d summar i zes 
5 y e a r s of o p e r a t i n g e x p e r i e n c e . 

T H E S W I F T C R E E K 
R O C K D R A I N P R O J E C T 

T h e S w i f t C r e e k R o c k D r a i n P ro j ec t was 
i n i t i a t e d in 1980 w i th t he p r i m a r y p u r p o s e of 
t e s t i n g t he f low c a p a c i t y of t he zone of 
c o a r s e r o c k t h a t d e v e l o p s in t he base r e g i o n 
of f r e e - d u m p e d coal mine s p o i l s . T h e s i te at 
S w i f t C r e e k was c h o s e n as t h e r e was an i m 
media te r e q u i r e m e n t to p r o v i d e a means f o r 
c o n d u c t i n g t he s u r f a c e f low of t he c r e e k 
t h r o u g h a f i l l ramp r e q u i r e d to a c c e s s a new 
spo i l a r e a s o u t h of S w i f t C r e e k . T h e p r o j e c t 
was c o n s i d e r e d t ime ly as r o c k d r a i n s a r e 
e x p e c t e d to h a v e a s t r o n g po ten t i a l a p p l i c a 
t i on f o r f u t u r e d e v e l o p m e n t s t h r o u g h o u t t h e 
m i n e s i t e , a n d s e v e r a l y e a r s e x p e r i e n c e wi l l 
be n e c e s s a r y to p r o v e the l ong t e rm u s e f u l 
n e s s of t h e s e s t r u c t u r e s . 

D e s i g n C r i t e r i a 

A t t he i n i t i a t i o n of t h i s p r o j e c t , i t was not 
p o s s i b l e to a c c u r a t e l y p r e d i c t t he a b i l i t y o f 
t he zone of c o a r s e r o c k at t h e base of f r e e 
d u m p e d s p o i l s to c h a n n e l w a t e r f l o w . T h i s 
f a c t n e c e s s i t a t e d t h a t an a d d i t i o n a l r o c k zone 
of p r e d i c t a b l e c a p a c i t y be p l a c e d n e a r t h e 
base of t he spo i l to e n s u r e t h a t t he d e s i g n 
p e a k f low of S w i f t C r e e k c o u l d be c h a n n e l l e d 
t h r o u g h t h e spo i l ( F i g u r e 2 ) . T h i s z o n e , 
c o n s t r u c t e d f r om se lec t r o c k , is s i t u a t e d 
p a r a l l e l t o , a n d a min imum of 2 me te rs h i g h e r 
in e l e v a t i o n , t h a n t h e e x i s t i n g c r e e k c h a n n e l , 
so t h a t i t w i l l o n l y be u s e d i f t h e n a t u r a l l y 
p r o d u c e d r o c k zone is u n a b l e to h a n d l e t h e 
w a t e r f l ow in S w i f t C r e e k . 

T h e 200 a n d 1000 y e a r f l ood d i s c h a r g e s in 
S w i f t C r e e k w e r e es t ima ted to be 5 . 8 cumecs 
a n d 7.1 c u m e c s , r e s p e c t i v e l y , b a s e d on a 
s t u d y c o n c e r n i n g t h e p r e d i c t i o n of f l ood 
f l ows in t h e F o r d i n g R i v e r ( K e r r , Wood , 
L e i d a l A s s o c i a t e s , 1980 ) . T h e d i s c h a r g e 
c a p a c i t y of t he c o n s t r u c t e d r o c k d r a i n was 

es t ima ted to be 0 .07 cumecs p e r s q u a r e 
met re of c r o s s - s e c t i o n a l a r e a . It was d e 
s i g n e d to p r o v i d e a 75 m 2 c r o s s - s e c t i o n t h a t 
w o u l d c o n d u c t a p p r o x i m a t e l y 5 c u m e c s . T h e 
zone of c o a r s e r o c k at t h e b a s e of t he s p o i l , 
d e v e l o p e d as a r e s u l t o f e n d - d u m p i n g , was 
es t ima ted to h a v e a d i s c h a r g e c a p a c i t y of 
0 .08 cumecs p e r s q u a r e me t re of c r o s s -
sec t i ona l a r e a . It was c o n s e r v a t i v e l y 
e x p e c t e d to p r o v i d e a 50 m 2 c r o s s - s e c t i o n 
t h a t s h o u l d be ab le to c o n d u c t a p p r o x i m a t e l y 
4 c u m e c s . T h e comb ined c a p a c i t y of t h e s e 
two r o c k z o n e s was t h e r e f o r e d e s i g n e d to 
be a p p r o x i m a t e l y 9 c u m e c s . 

C o n s t r u c t i o n De ta i l s 

C o n s t r u c t i o n a c t i v i t i e s f o r t h e S w i f t C r e e k 
R o c k D r a i n P ro j ec t b e g a n in S e p t e m b e r , 
1980 a n d w e r e f u l l y comp le ted b y M a r c h , 
1982. T h e comp le ted d r a i n s t r u c t u r e was 
b u i l t to t he d e s i g n s p e c i f i c a t i o n s r e c o m 
mended b y G o l d e r A s s o c i a t e s , t h e g e o t e c h 
n i ca l c o n s u l t a n t i n v o l v e d w i t h t h i s p r o j e c t . 

P r i o r to t he p lacement of spo i l o v e r S w i f t 
C r e e k , s i x p i ezome te rs we re i n s t a l l e d a l ong 
t h e sec t i on of t h e S w i f t C r e e k C h a n n e l 
w h i c h w o u l d be c o v e r e d w i t h t h e spo i l 
m a t e r i a l . T h e p i ezome te r s e n a b l e t h e mea
s u r e m e n t of t he e l e v a t i o n of t he f r e e - w a t e r 
s u r f a c e w i t h i n t h e base of t h e c r o s s - o v e r 
f i l l . A t each p iezome te r l o c a t i o n , s u r v e y s 
w e r e made to e s t a b l i s h t h e p r o f i l e of t h e 
g r o u n d s u r f a c e in a d i r e c t i o n t r a n s v e r s e to 
t h e a x i s of t he s t ream c h a n n e l . 

M o n i t o r i n g P r o g r a m 

T h e m o n i t o r i n g p r o g r a m imp lemented f o r t he 
S w i f t C r e e k R o c k D r a i n P r o j e c t has t he 
o b j e c t i v e of m e a s u r i n g t h e f l ow c a p a c i t y 
t h r o u g h the n a t u r a l l y p r o d u c e d c o a r s e r o c k 
zone a n d q u a n t i f y i n g t he e f f e c t s of t h e r o c k 
d r a i n on t h e spo i l f i l l s t a b i l i t y a n d t he 
w a t e r q u a l i t y of S w i f t C r e e k . T h e s p e c i f i c 
d a t a c o l l e c t e d i n c l u d e s w a t e r f l ow s w i t h c o r 
r e s p o n d i n g p i e z o m e t r i c w a t e r e l e v a t i o n s a n d 
s u r v e y of t h e e l e v a t i o n s of p i n s loca ted at 
t he top of t h e c r o s s o v e r spo i l ramp to 
m e a s u r e spo i l c r e s t m o v e m e n t s . Water 
samp les a r e c o l l e c t e d immed ia te ly u p s t r e a m 
a n d immed ia te ly d o w n s t r e a m of t h e r o c k 
d r a i n a n d a n a l y z e d f o r p H , t u r b i d i t y , s u s 
p e n d e d a n d d i s s o l v e d s o l i d s , c o n d u c t i v i t y , 
h a r d n e s s , a l k a l i n i t y , n i t r o g e n c o m p o u n d s , 
s u l f a t e s a n d d i s s o l v e d a n d to ta l m e t a l s . 
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Summary f o r F i v e Y e a r s of R e s u l t s 

The p e r f o r m a n c e of t h e S w i f t C r e e k R o c k 
drain has been s a t i s f a c t o r y f o r f i v e y e a r s of 
operation. T h e f r e e d u m p e d r o c k d r a i n was 
adequate f o r a l l f l ows e x p e r i e n c e d a n d t h e 
constructed d r a i n was no t r e q u i r e d to c o n 
duct the w a t e r f l ow of S w i f t C r e e k . 

Stream F low Data 

The max imum m e a s u r e d wa te r f low t h r o u g h 
the Swift C r e e k R o c k D r a i n d u r i n g t he 
5 years it has o p e r a t e d is 1.7 m 3 / s e c w h i c h 
occurred in 1982. T a b l e 1 summar i zes t he 
maximum m e a s u r e d s t r eam f l ows f o r t he y e a r s 
1982-1986, i n c l u s i v e . 

Piezometer Da ta 

Piezometer d a t a f o r t he S w i f t C r e e k R o c k 
Drain is a v a i l a b l e f o r 4 ou t o f t h e 5 y e a r s of 
operation. T h e p i ezome te rs m a l f u n c t i o n e d in 
1986 and no da ta was c o l l e c t e d . In o r d e r to 
ensure continued m o n i t o r i n g o f w a t e r l eve l s 
within t he d u m p , two r o t a r y d r i l l e d ho les 
were i n s t a l l e d at t he s i d e s of t he h a u l r o a d 
located on t h e top of t he c r o s s o v e r h i l l . 
These ho les a r e c e n t e r e d o v e r t he o r i g i n a l 
Swift C r e e k c h a n n e l a n d wi l l be u s e d as 
wells to m e a s u r e w a t e r l eve l s w i t h i n t he 
crossover f i l l . 

The a v a i l a b l e p i ezome te r da ta i n d i c a t e s t h a t 
the through - f l ow c a p a c i t y of t he n a t u r a l l y 
producted c o a r s e r o c k l a y e r at t he base of 
the Swift C r e e k C r o s s o v e r Ramp has r e m a i n 
ed essentially c o n s t a n t f o r 4 y e a r s a n d is 
not diminishing w i t h t ime . T a b l e 2 summar i zes 
the range o f a v e r a g e d i s c h a r g e c a p a c i t i e s 
recorded f o r t h e y e a r s 1982 to 1985, i n c l u 
sive. 

The range of d i s c h a r g e c a p a c i t i e s o c c u r s 
because o f d i f f e r e n c e s in t he h e i g h t of spo i l 
above each of t h e s i x p i e z o m e t e r s . T h e 
highest d i s c h a r g e c a p a c i t y o c c u r s n e a r t he 
downstream toe of t he c r o s s o v e r f i l l . T h e 
lowest d i s c h a r g e c a p a c i t y o c c u r s n e a r t he 
centre o f t he c r o s s o v e r f i l l b e n e a t h t he h a u l -
road. T h i s v a r i a b i l i t y in d i s c h a r g e c a p a c i t y 
clearly i n d i c a t e s t h a t l oad ing f rom the spo i l 
mass above t he c o a r s e r o c k l a y e r is an 
Important f a c t o r in d e t e r m i n i n g t he d i s c h a r g e 
capacity o f a r o c k d r a i n s t r u c t u r e . 

T A B L E 1 

M A X I M U M M E A S U R E D S T R E A M F L O W S F O R 
S W I F T C R E E K F O R T H E F I R S T F I V E Y E A R S 

O F O P E R A T I O N 

M A X I M U M M E A S U R E D 
Y E A R F L O W ( m 3 / s e c ) 

1982 1.7 
1983 0.801 
1984 0 .647 
1985 0 .516 
1986 0 .478 

T A B L E 2 

Spo i l S t a b i l i t y 

T h e m e a s u r e d d i s c h a r g e c a p a c i t i e s of the 
S w i f t C r e e k R o c k D r a i n p e r m i t t he p r e d i c 
t i on of w a t e r l e ve l s w i t h i n t he c r o s s - o v e r 
f i l l f o r s t ream f l ows g r e a t e r t h a n the f l ows 
t h a t h a v e o c c u r r e d d u r i n g the p e r i o d w h e r e 
o b s e r v a t i o n s h a v e been made . T h e wa te r 
leve l w i t h i n the c r o s s - o v e r ramp c o r r e s p o n d 
i n g to t he 1000 y e a r f l ood d i s c h a r g e of 
7.1 m 3 / s e c was es t ima ted a n d t he s t a b i l i t y 
of t h e ramp a s s e s s e d . T h e r e s u l t s of t he 
a s s e s s m e n t i n d i c a t e d t h a t t he 1000 y e a r 
f l ood wi l l not impa i r t he s t a b i l i t y of the 
spo i l p r o v i d e d t ha t a 3 m h i g h f i l l e t of 
c o a r s e r o c k be p l a c e d at t he loca t ion w h e r e 
wa te r f l ows e x i t t he toe of t he c r o s s - o v e r 
r a m p . T h i s f i l l e t was c o n s t r u c t e d in 1983. 

M o n i t o r i n g of t he c r o s s - o v e r f i l l has been 
c a r r i e d ou t to m e a s u r e a n y se t t l emen t t ha t 
is o c c u r r i n g at t he c r e s t o f t he s p o i l . S i x 
s u r v e y p i n s we re i n s t a l l e d to r e c o r d v e r t i c a l 

T H E R A N G E O F A V E R A G E D I S C H A R G E 
C A P A C I T I E S ( m 3 / s e c p e r s q u a r e met re 

of C r o s s S e c t i o n a l A r e a ) F O R T H E S W I F T 
C R E E K R O C K D R A I N F O R T H E Y E A R S 

1982 to 1985 

R A N G E O F A V E R A G E 
D I S C H A R G E C A P A C I T Y 
( m 3 / s e c p e r m 3 o f c r o s s 

Y E A R sec t i ona l a r e a ) 

1982 0 .038 - 0 22 
1983 0 .053 - 0 12 
1984 0.031 - 0 12 
1985 0 .058 - 0. 091 



d i s p l a c e m e n t s and t h r e e of t h e s e h a v e p r o 
v i d e d a c o n t i n u o u s r e c o r d . T h e a v e r a g e 
v e r t i c a l d r o p of t h e s e p i n s in t he p e r i o d of 
D e c e m b e r 1982 to N o v e m b e r 1985 is 1.93 
met res w i t h an a v e r a g e of 1.69 m o c c u r r i n g 
p r i o r to A p r i l , 1984. T h i s se t t l ement ra te is 
a v e r a g e to be low a v e r a g e c o m p a r e d to t he 
se t t l ement of o t h e r s t ab le s p o i l s at t he 
F o r d i n g R i v e r O p e r a t i o n s . 

Water Q u a l i t y 

A wa te r q u a l i t y m o n i t o r i n g p r o g r a m has been 
c a r r i e d ou t at t he S w i f t C r e e k R o c k D r a i n 
s i n c e 1982 w i t h t he o b j e c t i v e of q u a n t i f y i n g 
the e f f ec t s of the r o c k d r a i n on t he wa te r 
q u a l i t y of S w i f t C r e e k . T h e m o n i t o r i n g p r o 
g r a m c o n s i s t s of s a m p l i n g a b o v e a n d be low 
the r o c k d r a i n to d e t e r m i n e the net e f f ec t of 
t he d r a i n on v a r i o u s wa te r q u a l i t y p a r a 
m e t e r s . 

T h e S w i f t C r e e k R o c k D r a i n p r o d u c e d an 
i n i t i a l e l e v a t i o n of most wa te r q u a l i t y p a r a 
me te rs d u r i n g t he e a r l y p a r t of t he f i r s t 
r u n o f f p e r i o d in 1982. T h i s was an e x p e c t e d 
o c c u r r e n c e as the f i r s t w a t e r f l ows f l u s h e d -
o u t t h e r o c k d r a i n . 

N i t r o g e n C o m p o u n d s 

T h e r e a r e t h r e e n i t r o g e n c o m p o u n d s m o n i 
t o r e d at S w i f t C r e e k - ammonia ( N H 3 ) , 
n i t r i t e ( N 0 2 ) a n d n i t r a t e ( N 0 3 ) . T h e s o u r c e 
of t h e s e n i t r o g e n c o m p o u n d s is t he r e s i d u a l 
e x p l o s i v e in t he b l a s t e d was te r o c k u s e d in 
t he c o n s t r u c t i o n of t h e r o c k d r a i n . E x p l o 
s i v e s u s e d at t he m ines i t e c o n t a i n up to 33% 
n i t r o g e n . 

Ammon ia l eve l s h a v e rema ined n e a r d e t e c t i o n 
l imi ts f o r b o t h a b o v e a n d be low r o c k d r a i n 
s a m p l i n g l oca t i ons a n d a r e not a f f e c t e d b y 
t he r o c k d r a i n . 

E x c e p t f o r t he i n i t i a l f l u s h i n g - o u t of t he r o c k 
d r a i n , n i t r o g e n in t he f o rm o f n i t r i t e , has 
r ema ined be low M i n i s t r y of E n v i r o n m e n t ' s 
r e c e i v i n g wa te r o b j e c t i v e a p p l i c a b l e to t he 
F o r d i n g R i v e r . 

Peak c o n c e n t r a t i o n s of n i t r a t e n i t r o g e n a lso 
o c c u r r e d in t he f i r s t y e a r d u e to t he 
f l u s h i n g - o u t of t h e r o c k d r a i n . In s u b s e 
q u e n t y e a r s , p e a k c o n c e n t r a t i o n s h a v e 
d e c r e a s e d s u b s t a n t i a l l y w i t h m ino r f l u c t u a 
t i o n s d u e to h y d r o l o g i c a l c o n d i t i o n s . 

C a l c u l a t e d n i t r o g e n l o a d i n g s i n d i c a t e t h a t 
t h e q u a n t i t y of n i t r a t e n i t r o g e n r e l e a s e d o r 
d i s c h a r g e d f r om the r o c k d r a i n in 1985 is 
s im i l a r to t he y e a r s 1983 and 1984 b u t s u b 
s t a n t i a l l y lower t h a n 1982. T h e r o c k d r a i n ' s 
c o n t r i b u t i o n of n i t r o g e n n i t r a t e to t he F o r d 
i n g R i v e r is r e l a t i v e l y s m a l l , l ess t h a n 5% of 
t he to ta l f r om t h e m i n e s i t e . 

O t h e r P a r a m e t e r s 

S u l p h a t e , p H , c o n d u c t i v i t i t y , a l k a l i n i t y , 
h a r d n e s s , d i s s o l v e d s o l i d s a n d meta ls we re 
mon i t o red in t he i n i t i a l y e a r s to i n d i c a t e 
g e n e r a l t r e n d s . E x c e p t f o r an i n i t i a l e l e v a 
t i on of s u l p h a t e s , c o n d u c t i v i t y , a l k a l i n i t y , 
h a r d n e s s and d i s s o l v e d s o l i d s d u e to t h e 
f l u s h i n g - o u t of t he r o c k d r a i n , t h e e f f ec t of 
t he r o c k d r a i n on t h e s e p a r a m e t e r s is n e g l i 
g i b l e . 

S e d i m e n t 

T h e r e a r e two t y p e s of sed imen t t h a t a r e 
t r a n s p o r t e d b y S w i f t C r e e k : 

1. b e d - m a t e r i a l l o a d , w h i c h i n c l u d e s al l 
s i z e s of sed imen t f o u n d in a p p r e c i a b l e 
q u a n t i t i e s in t h e b e d m a t e r i a l ; 

2 . s u s p e n d e d l o a d , c o n s i s t i n g mos t l y of 
f i n e s , w h i c h a re not f o u n d in a p p r e c i a b l e 
q u a n t i t i e s in t he bed m a t e r i a l . 

B e d - m a t e r i a l Load 

T h e q u a n t i t y a n d t y p e of bed load t r a n s p o r t 
ed b y S w i f t C r e e k may be of c o n c e r n to t he 
p e r f o r m a n c e of t he r o c k d r a i n s t r u c t u r e . A 
b u i l d u p of b e d l o a d i n s i d e a n d u p s t r e a m of 
t he r o c k d r a i n ou t l e t may r e d u c e t he v o i d 
s p a c e and a f f ec t t h e d i s c h a r g e c a p a c i t y o f 
t he d r a i n in t h e long t e r m f r a m e . 

In o r d e r to s t u d y t he e f f ec t s of b e d l o a d , 
m o n i t o r i n g s t a t i o n s w e r e se t u p in 1983 to 
m e a s u r e t he b e d l o a d q u a n t i t i e s c o n t r i b u t e d 
b y t he two main f o r k s of S w i f t C r e e k . In 
a d d i t i o n , m o n i t o r i n g of b e d l o a d d e p o s i t e d in 
t he p o n d a rea f o r m e d u p s t r e a m of t he r o c k 
d r a i n in le t has been c a r r i e d ou t s i n c e 1982. 

T h e r e s u l t s f r om bed load m o n i t o r i n g a r e 
p r e l i m i n a r y b u t one i m p o r t a n t c o n c l u s i o n is 
a p p a r e n t . T h e s o u t h f o r k of S w i f t C r e e k 
c o n t r i b u t e s 5% o r less of t he to ta l b e d l o a d 
mate r ia l in S w i f t C r e e k a n d t he main f o r k 
c o n t r i b u t e d t he r e s t , 95% o r g r e a t e r . T h e 
s i g n i f i c a n c e of t h i s f a c t is t h a t t he s o u t h 
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f o r k is an u n d i s t u r b e d d r a i n a g e wh i l e t he 
main f o r k has been d i s t u r b e d b y bo th l o g 
g i n g a n d m i n i n g a c t i v i t i e s . T h e r e f o r e t he 
b u i l d u p of b e d l o a d u p s t r e a m of t h e r o c k 
d r a i n is a r e s u l t o f t he d i s t u r b a n c e s in t he 
main f o r k of S w i f t C r e e k . R e g e n e r a t i o n of 
t he f o r e s t on t h e l o g g e d a rea and rec lamat ion 
of t h e mine d i s t u r b a n c e s s h o u l d r e s u l t in a 
s i g n i f i c a n t d e c r e a s e in b e d l o a d q u a n t i t i e s as 
t he w a t e r s h e d a p p r o a c h e s a more n a t u r a l 
s ta te a n d t h u s e n s u r e t he long t e rm v i a b i l i t y 
of t he S w i f t C r e e k R o c k D r a i n . F u t u r e m o n i 
t o r i n g a n d a n a l y s i s of bed load t r a n s p o r t in 
S w i f t C r e e k is e x p e c t e d to c o n f i r m t h i s 
h y p o t h e s i s . 

S u s p e n d e d Load 

T h e s a m p l i n g r e s u l t s t o - d a t e s u g g e s t t h a t 
t he r o c k d r a i n s t r u c t u r e does no t h a v e an 
e f f ec t on s u s p e n d e d s o l i d s c o n c e n t r a t i o n s . In 
a d d i t i o n , an i n v e s t i g a t i o n of t he w a t e r v e l o 
c i t i e s t h r o u g h t he v o i d s p a c e s w i t h i n t he 
d r a i n i n d i c a t e s t h a t t he d e p o s i t i o n of s u s 
p e n d e d load s h o u l d no t o c c u r . 

S U M M A R Y 

F l o w - t h r o u g h r o c k d r a i n s a r e an i m p o r t a n t 
and c o s t e f f e c t i v e componen t of spo i l p l a n 
n i n g at t h e F o r d i n g R i v e r O p e r a t i o n s . F i v e 
y e a r s of e x p e r i e n c e w i th t h e S w i f t C r e e k 
R o c k d r a i n h a v e c l e a r l y d e m o n s t r a t e d t h a t 
r o c k d r a i n s p r o v i d e an e f f e c t i v e means to 
c o n d u c t w a t e r f l ows t h r o u g h spo i l d u m p s . 
T h e impac t of r o c k d r a i n s on w a t e r q u a l i t y 
is g e n e r a l l y s h o r t - l i v e d a n d w i t h i n m a n a g e 
ab le l i m i t s . 
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I N T R O D U C T I O N 

T h e S w i f t C r e e k r o c k d r a i n r e p r e s e n t s t he 
f i r s t r o c k d r a i n d e v e l o p e d at a m i n i n g p ro j ec t 
in B r i t i s h C o l u m b i a . T h i s r o c k d r a i n , w h i c h 
was d e v e l o p e d d u r i n g t he w i n t e r o f 1981-82 
c o n d u c t s t he s u r f a c e f l ows in S w i f t C r e e k 
b e n e a t h t he base of a 55 m h i g h r o c k f i l l 
c a u s e w a y t h a t was r e q u i r e d to p r o v i d e a c c e s s 
to a new d u m p i n g a r e a loca ted on t he s o u t h -
s i d e of t he d r a i n a g e . 

T h e ma te r i a l s c o m p r i s i n g t h e S w i f t C r e e k 
r o c k d r a i n c o n s i s t of l a r g e r o c k f r a g m e n t s 
t h a t s e p a r a t e d on t he face of t h e a d v a n c i n g 
c a u s e w a y f i l l , r o l l ed to t he t o e , a n d came to 
r e s t w i t h i n t h e d e p r e s s i o n of t he S w i f t C r e e k 
d r a i n a g e c h a n n e l . B e c a u s e no p r e c e d e n t da ta 
we re a v a i l a b l e r e g a r d i n g t he t h r o u g h - f l o w 
c a p a c i t y of c o a r s e g r a v i t y - s e p a r a t e d r o c k 
f r a g m e n t s , an a u x i l l i a r y p l a c e d r o c k d r a i n , 
w i t h i ts base at a leve l a p p r o x i m a t e l y 2 m 
a b o v e t h e i n v e r t o f t h e n a t u r a l c r e e k c h a n n e l 
was c o n s t r u c t e d p a r a l l e l to t he d r a i n a g e 
c o u r s e . T h e mate r ia l u s e d to c o n s t r u c t t he 
p l a c e d r o c k d r a i n c o n s i s t e d of c o a r s e a n g u l a r 
f r a g m e n t s o f was te r o c k g a r n e r e d f rom t he 
toe r e g i o n s of n e a r b y was te r o c k d u m p s . 

T h e da ta c o l l e c t e d at t he S w i f t C r e e k r o c k 
d r a i n o v e r t h e p a s t f i v e y e a r s h a v e s h o w n 
t h a t t he p l a c e d r o c k d r a i n has rema ined c o m 
p l e t e l y d r y , a n d t h a t t he S w i f t C r e e k f l ows 
h a v e rema ined w i t h i n t h e lower r o c k d r a i n 
c o m p r i s i n g g r a v i t y - s e p a r a t e d r o c k f r a g m e n t s . 
T h i s p a p e r summar i zes t h e o b s e r v e d p e r f o r 
mance of t he lower r o c k d r a i n i . e . t h e d r a i n 
c o m p r i s i n g g r a v i t y - s e p a r a t e d f r a g m e n t s , o v e r 
t he p a s t f i v e y e a r s . 

I N S T R U M E N T A T I O N 

B e f o r e t he r o c k f i l l c a u s e w a y was a d v a n c e d 
a c r o s s t h e S w i f t C r e e k d r a i n a g e c h a n n e l , s i x 
p i e z o m e t e r s w e r e i n s t a l l e d at t h e bot tom of 
t h a t segmen t o f t he d r a i n a g e c o u r s e to be 

c o v e r e d b y t he c a u s e w a y f i l l . T h e p i e z o 
mete rs c o n s i s t of w e l l p o i n t s c r e e n s comple te 
w i t h f l e x i b l e p l a s t i c t u b e s t h a t e x t e n d to a 
p r e s s u r e m e a s u r i n g s ta t i on loca ted a s h o r t 
d i s t a n c e d o w n s t r e a m of t h e d o w n s t r e a m toe 
of t he c a u s e w a y f i l l . T h e p iezome te r t u b e s 
we re t h r e a d e d t h r o u g h a s tee l p i p e , w h i c h 
was b u r i e d at a d e p t h o f a p p r o x i m a t e l y 2 m 
be low s u r f a c e to p r o v i d e p r o t e c t i o n a g a i n s t 
po ten t i a l damage as a r e s u l t of impact b y 
the l a r g e r o c k s t h a t g a i n s i g n i f i c a n t k i n e t i c 
a n d ro ta t i ona l e n e r g y in t he c o u r s e of t r a n 
s i t down t he f a c e of t he a d v a n c i n g c a u s e w a y 
f i l l . 

A t each of t he p iezomete r l o c a t i o n s , d e t a i l e d 
s u r v e y s we re made to e s t a b l i s h t he c o n f i 
g u r a t i o n of t h e c h a n n e l c r o s s - s e c t i o n . 
T h e s e s u r v e y da ta w e r e u s e d to c a l c u l a t e 
c r o s s - s e c t o n a l a r e a s , a n d to e s t a b l i s h t h e 
r e l a t i o n s h i p be tween a r e a a n d e l e v a t i o n , 
e m p l o y i n g t he t y p e of p lo t s h o w n on 
F i g u r e 1. 

T h e p i e s o m e t r i c e l e v a t i o n s at p i ezome te r 
l oca t i ons a r e d e t e r m i n e d f r om measu remen ts 
made at a c l o s e d - e n d monomete r . P r o v i d e d 
t h e wa te r l eve l s at t he monometer a r e read 
c o r r e c t to p l u s o r m inus 1 mm, t he e l e v a 
t i o n s of t h e f r e e w a t e r s u r f a c e w i t h i n t he 
r o c k d r a i n at i n d i v i d u a l p i ezome te r l oca t ions 
can be d e t e r m i n e d to p l u s o r m inus 20 mm. 
T h u s , t he p iezome te r d a t a , t o g e t h e r w i t h 
t h e r e l a t i o n s h i p be tween e l e v a t i o n a n d a r e a 
p r o v i d e a means b y w h i c h t he g r o s s a r e a of 
t h e we t ted c r o s s - s e c t i o n can be d e t e r m i n e d 
at t h e loca t ion of an i n d i v i d u a l p i e z o m e t e r . 

E a c h t ime t h a t a se t o f p i ezome te r da ta is 
o b t a i n e d , m e a s u r e m e n t s a r e a lso made of t he 
ra te of f low t h r o u g h t h e r o c k d r a i n . T h e 
da ta a r e p l o t t ed in t h e fo rm of ra te o f d i s 
c h a r g e v e r s u s t h e a rea of t he we t ted c r o s s -
s e c t i o n at each of t he p i e z o m e t e r s . A 
t y p i c a l p lo t is s h o w n on F i g u r e 2 . A l t h o u g h 
t h e p l o t t ed p o i n t s show a d e g r e e of s c a t t e r , 
t he r e l a t i o n s h i p be tween ra te o f d i s c h a r g e 



and we t ted a r e a can be r e p r e s e n t e d b y a 
s t r a i g h t l i n e , t h e s l ope of w h i c h is a m e a 
s u r e of t he ra te of f l ow p e r u n i t o f g r o s s 
we t ted c r o s s - s e c t i o n w i t h i n t h e d r a i n . T h i s 
s t r a i g h t l ine r e l a t i o n s h i p is in c o n f o r m a n c e 
w i th t h a t w h i c h s h o u l d be e x p e c t e d f o r 
t u r b u l e n t f l ow t h r o u g h c o a r s e , b r o k e n r o c k , 
w h e r e t he h y d r a u l i c g r a d i e n t is c o n t r o l l e d b y 
t h e s l ope of t h e n a t u r a l d r a i n a g e c o u r s e . 

I N T E R P R E T A T I O N O F 
P E R F O R M A N C E T O D A T E 

T h e l o n g - t e r m p e r f o r m a n c e of t h e r o c k d r a i n , 
and t he po ten t i a l f o r r e d u c t i o n in t h r o u g h -
f l ow c a p a c i t y as a r e s u l t of d e p o s i t i o n o f 
sed imen t w i t h i n t h e r o c k d r a i n has been t he 
c h i e f c o n c e r n e x p r e s s e d b y members of 
r e g u l a t o r y a g e n c i e s r e s p o n s i b l e f o r a s s e s s 
ment of p e r m i t a p p l i c a t i o n s . 

C o m p a r i s o n of r a t es of f low a n d t he c o r r e 
s p o n d i n g p i e z o m e t r i c l eve l s w i t h i n t he d r a i n 
at i n d i v i d u a l p i ezome te r l oca t i ons is one 
method of a s s e s s i n g p e r f o r m a n c e o v e r t ime , 
and a s s e s s i n g w h e t h e r r e d u c t i o n in t h r o u g h -
f low c a p a c i t y is o c c u r r i n g . F i g u r e 3 is a p lo t 
o f t he m e a s u r e d ra te of f low t h r o u g h t he 
d r a i n v s t h e e l e v a t i o n of t he f r e e w a t e r s u r 
face at t h e loca t ion of p iezomete r N o . 2 f o r 
t h e y e a r s 1982 a n d 1985. 

T h e da ta p o i n t s a r e s c a t t e r e d w i t h i n a h o r i 
zon ta l b a n d , w h i c h has a w i d t h r e p r e s e n t i n g 
a r a n g e of a p p r o x i m a t e l y 0 . 5 m in e l e v a t i o n . 
A n e x p l a n a t i o n of t he s c a t t e r in t he p l o t t ed 
po in t s r e p r e s e n t i n g t h e 1985 da ta is p r o v i d e d 
b y F i g u r e 4 w h i c h is a p lo t o f ra te of d i s 
c h a r g e v e r s u s a p p a r e n t a rea of we t ted c r o s s -
s e c t i o n . T h e da ta p o i n t s f o r May 2 3 r d i n d i 
ca te a t h r o u g h - f l o w c a p a c i t y of a p p r o x i m a t e l y 
4 . 2 x 1 0 - 2 m 3 / s e c p e r m 2 of we t t ed c r o s s -
s e c t i o n . B e t w e e n May 2 3 r d a n d J u n e 3 r d , 
t h e a p p a r e n t u n i t ra te of d i s c h a r g e t h r o u g h 
t he d r a i n i n c r e a s e p r o g r e s s i v e l y to a v a l u e 
o f 6 .8 x 1 0 - 2 m 3 / s e c p e r m 2 . T h e most 
p r o b a b l e e x p l a n a t i o n f o r t he i n c r e a s e in 
a p p a r e n t d i s c h a r g e c a p a c i t y d u r i n g t he 
i n t e r v a l May 2 3 r d to J u n e 3 r d is me l t i ng of 
ice t h a t a c c u m u l a t e d w i t h i n t he S w i f t C r e e k 
r o c k d r a i n d u r i n g t he p r e v i o u s w i n t e r . 

O b s e r v a t i o n s on t he f aces of was te r o c k 
d u m p s in e a s t e r n B r i t i s h C o l u m b i a show t h a t 
seasona l e x c h a n g e of a i r o c c u r s w i t h i n t he 
d u m p s at t h e o n s e t of w i n t e r . A s t h e amb ien t 
t e m p e r a t u r e d r o p s at t he b e g i n n i n g of w i n t e r , 
f i e l d o b s e r v a t i o n s show c o n c l u s i v e l y t h a t 

c o n v e c t i o n c u r r e n t s r e s u l t in e x p u l s i o n of 
wa rm a i r on d u m p s u r f a c e s , p a r t i c u l a r l y on 
t h e s l o p i n g f a c e s of d u m p s . Warm a i r e x p e l 
led f r o m a d u m p is r e p l a c e d b y h i g h e r d e n 
s i t y c o l d a i r t h a t i n v a d e s t h e d u m p t h r o u g h 
i t s toe r e g i o n . T h e f i e l d o b s e r v a t i o n s show 
t h a t c o l d a i r does i n v a d e was te r o c k d u m p s , 
a n d t h a t some b u i l d u p of ice w i t h i n a r o c k 
d r a i n s h o u l d be e x p e c t e d . 

T h e da ta p l o t t e d on F i g u r e 4 i n d i c a t e t h a t 
on May 2 3 r d , 1985, i ce rema ined p r e s e n t 
w i t h i n t h e S w i f t C r e e k r o c k d r a i n a n d t h a t 
t h e p r e s e n c e of t h i s ice r a i s e d t he e l e v a t i o n 
of t h e f r e e w a t e r s u r f a c e at t h e loca t ion o f 
p i ezome te r N o . 2 . T h i s i n c r e a s e in t he i n 
d i c a t e d e l e v a t i o n of t h e f r e e w a t e r s u r f a c e 
r e s u l t e d in an o v e r - e s t i m a t i o n of t h e a r e a of 
t h e we t ted c r o s s - s e c t i o n t h r o u g h w h i c h f low 
was t a k i n g p l a c e . 

D u r i n g t h e 1 1 - d a y i n t e r v a l May 2 3 r d , 1985 
to J u n e 3 r d , t h e f low of w a t e r t h r o u g h t he 
d r a i n r e s u l t e d in m e l t i n g of i ce f r om a p 
p r o x i m a t e l y 4 . 5 s q u a r e me te rs of t he d r a i n 
c r o s s - s e c t i o n . B y J u n e 3 r d , 1985, t he i n 
d i c a t e d u n i t r a te of f l ow t h r o u g h t he d r a i n 
had i n c r e a s e d b y more t h a n 50 p e r c e n t 
r e l a t i v e to t h e u n i t t h r o u g h - f l o w ra te i n d i 
ca ted f o r May 2 3 r d . 

T h e d i s c h a r g e c a p a c i t i e s of t he d r a i n p e r 
u n i t of we t t ed c r o s s - s e c t i o n at t h e l oca t i ons 
of p i ezome te r s 1 to 4 i n c l u s i v e f o r t he y e a r s 
1982 to 1985 a r e s u m m a r i z e d in g r a p h i c a l 
f o rm on F i g u r e 5 . A s i n d i c a t e d on F i g u r e 6 , 
p i ezome te r s 3 a n d 4 a r e loca ted b e n e a t h t he 
c a u s e w a y f i l l p l a t f o r m , a n d a r e c o v e r e d b y 
a p p r o x i m a t e l y 55 m of was te r o c k . P i e z o 
me te rs 1 a n d 2 a r e loca ted b e n e a t h t he 
d o w n s t r e a m f i l l s l o p e . 

T h e da ta on F i g u r e 5 i n d i c a t e t h a t t h r o u g h -
f low c a p a c i t y p e r u n i t of we t t ed c r o s s -
sec t i on is lower at p i e z o m e t e r s 3 and 4 , 
loca ted b e n e a t h t he p l a t f o r m , t h a n at p i e z o 
me te rs 1 a n d 2 . T h e i n c r e a s e in t h r o u g h -
f low c a p a c i t y f r om p i e z o m e t e r s 3 a n d 4 to 
p iezomete r 1 is i n d i c a t e d on F i g u r e 6 ( b ) . 
T h e da ta i n d i c a t e t h a t t h r o u g h - f l o w p e r u n i t 
a rea of we t ted c r o s s - s e c t i o n w i t h i n t he 
d r a i n i n c r e a s e s e x p o n e n t i a l l y in t he d o w n 
s t ream d i r e c t i o n f o r t h a t segmen t of t he 
r o c k d r a i n loca ted b e n e a t h t he d o w n - s t r e a m 
s h o u l d e r of t h e f i l l . 

A t t he t ime t he toe of t h e c a u s e w a y f i l l 
b e g a n to a d v a n c e o v e r t h e zone of c o a r s e 
s e g r e g a t e d r o c k t h a t f o rms t he S w i f t C r e e k 
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r o c k d r a i n , bo th r o c k s i z e a n d r o c k t y p e 
we re u n i f o r m l y d i s t r i b u t e d a l ong t h e l e n g t h 
of t he d r a i n a g e c o u r s e e x t e n d i n g f rom the 
u p s t r e a m to t h e d o w n s t r e a m l imi ts of t he 
d r a i n . C o n s e q u e n t l y , t he r e d u c e d t h r o u g h -
f low c a p a c i t y b e n e a t h t he p l a t f o rm of t he 
c a u s e w a y is not r e l a t e d to d i f f e r e n c e s in 
r o c k t y p e o r in r o c k s i z e at t he t ime t h e 
r o c k d r a i n became c o v e r e d . 

T h e lower v a l u e of t h r o u g h - f l o w c a p a c i t y 
b e n e a t h the c a u s e w a y p l a t f o r m , a n d the 
i n c r e a s e in t h r o u g h - f l o w c a p a c i t y in t he 
d o w n s t r e a m d i r e c t i o n is r e l a t ed to v a r i a t i o n s 
in t h i c k n e s s , a n d t h e r e f o r e in t he w e i g h t of 
t he was te r o c k a b o v e t he d r a i n . T h e s t r e s s e s 
t h a t r e s u l t f r om the w e i g h t of t he was te r o c k 
a b o v e t he d r a i n a r e t r a n s f e r r e d t h r o u g h the 
r o c k d r a i n b y p o i n t - t o - p o i n t c o n t a c t s be tween 
n e i g h b o r i n g b l o c k s of r o c k . I n i t i a l l y , t h e s e 
c o n t a c t a r e a s we re s m a l l , w i t h t h e r e s u l t t h a t 
as t he d r a i n became c o v e r e d b y c a u s e w a y 
f i l l , t he p o i n t - t o - p o i n t c o n t a c t s t r e s s e s 
i n c r e a s e d to h i g h v a l u e s , a n d u n d o u b t e d l y 
r e s u l t e d in c r u s h i n g at t he c o n t a c t s , as wel l 
as f r a c t u r i n g of some o f t he b l o c k s . C r u s h 
i n g a n d f r a c t u r i n g r e s u l t s in a s l i g h t r e d u c 
t i on in t he mean e f f e c t i v e s i z e of t he f r a g 
ments c o m p r i s i n g t he d r a i n , a n d t h e f r a c t u r e 
f r a g m e n t s can be e x p e c t e d to h a v e r e s u l t e d 
in a modes t r e d u c t i o n in v o i d r a t i o . S i n c e 
bo th v o i d ra t i o a n d p a r t i c l e s i z e g o v e r n 
h y d r a u l i c r a d i u s ( r e f e r e n c e C a m p b e l l , 1986) 
t h i s r e d u c t i o n in h y d r a u l i c r a d i u s is r e s p o n s 
ib le f o r in a r e d u c t i o n in t he t h r o u g h - f l o w 
c a p a c i t y p e r u n i t of c r o s s - s e c t i o n a l a r e a 
b e n e a t h t he c a u s e w a y p l a t f o r m . 

F i g u r e 6 is a v e r t i c a l c r o s s - s e c t i o n c o i n c i d e n t 
w i t h t h e l o n g i t u d i n a l a x i s of t h e S w i f t C r e e k 
r o c k d r a i n . T h e l oca t i ons of p i ezome te r s a r e 
i n d i c a t e d , t o g e t h e r w i t h t he leve l o f t he 
m e a s u r e d p i e z o m e t r i c p r o f i l e c o r e s p o n d i n g to 
a d i s c h a r g e of 0 .77 m 3 p e r s e c . t h r o u g h t he 
d r a i n , t he max imum ra te of d i s c h a r g e f o r 
w h i c h da ta a r e a v a i l a b l e . T h i s p i e z o m e t r i c 
p r o f i l e is l abe l l ed c u r v e ' A ' on F i g u r e 6 ( a ) . 
T h e m e a s u r e d ra te of d i s c h a r g e p e r u n i t a r e a 
o f we t ted c r o s s - s e c t i o n at each of t he p i e z o 
me te rs was u s e d to es t imate t h e a r e a of t h e 
we t ted c r o s s - s e c t i o n c o r r e s p o n d i n g to a d i s 
c h a r g e ra te of 7.1 m 3 p e r s e c , t h e p r e d i c t e d 
1 , 0 0 0 - y e a r f l ood e v e n t . B y i m p l o y i n g t h e 
r e l a t i o n s h i p be tween c r o s s - s e c t i o n a l a r e a a n d 
e l e v a t i o n at each of t h e p i e z o m e t e r s , t h e 
p i e z o m e t r i c l eve l c o r r e s p o n d i n g to t h e 1 ,000-
y e a r f l ood e v e n t was e s t i m a t e d . T h i s p r e d i c t 
ed leve l is l abe l l ed c u r v e ' B ' on F i g u r e 6 ( a ) . 

T o g u a r d a g a i n s t r a v e l l i n g a t t h e ou t l e t e n d 
of t he d r a i n d u r i n g i n t e r v a l s of h i g h d i s 
c h a r g e , a f i l l e t c o n s i s t i n g of i n d i v i d u a l r o c k 
f r a g m e n t s a p p r o x i m a t e l y 1 m in s i z e was 
p l a c e d at t he d o w n s t r e a m t o e . T h e s u r f a c e 
of t h i s f i l l e t s l opes at 5 h o r i z o n t a l to 1 
v e r t i c a l , a n d i n t e r s e c t s t he d o w n s t r e a m face 
of t he c a u s e w a y f i l l a t a l eve l 3 m a b o v e 
t he b a s e of t he n a t u r a l d r a i n a g e c h a n n e l . 

C O N C L U S I O N 

T h e da ta t h a t h a v e been c o l l e c t e d at t h e 
S w i f t C r e e k r o c k d r a i n o v e r t he p a s t 
5 y e a r s h a v e p e r m i t t e d an a s s e s s m e n t of t h e 
ra te of d i s c h a r g e t h r o u g h t he d r a i n p e r 
u n i t a r e a of we t ted c r o s s - s e c t i o n . A t p i e z o 
meter N o . 1, w h e r e t h e t h i c k n e s s of f i l l 
a b o v e t he d r a i n is a p p r o x i m a t e l y 10 m, t h e 
m e a s u r e d ra te of t h r o u g h - f l o w p e r u n i t o f 
we t t ed a rea is s l i g h t l y g r e a t e r t h a n t h e f l ow 
t h e v a l u e p r e d i c t e d at t h e t ime t h e i n i t i a l 
d e s i g n s t u d i e s w e r e c a r r i e d o u t . B e n e a t h 
t h e r o a d w a y p o r t i o n of t h e c a u s e w a y , t he 
m e a s u r e d t h r o u g h - f l o w c a p a c i t y p e r u n i t o f 
we t ted c r o s s - s e c t i o n is somewhat lower t h a n 
t h e v a l u e s o r i g i n a l l y p r e d i c t e d . T h e s e lower 
v a l u e s of t h r o u g h - f l o w c a p a c i t y b e n e a t h t he 
r o a d w a y a re b e l i e v e d to be t h e r e s u l t of 
c r u s h i n g a n d f r a c t u r e o f c o n s t i t u e n t r o c k 
f r a g m e n t s c o m p r i s i n g t h e d r a i n in r e s p o n s e 
to t h e s t r e s s e s imposed b y t h e o v e r l y i n g 
f i l l . 

T h e da ta to da te i n d i c a t e t h a t t he t h r o u g h -
f l ow c a p a c i t y of t he S w i f t C r e e k r o c k d r a i n 
is no t d e c r e a s e d w i t h t ime . 

R E F E R E N C E 

C a m p b e l l , D . B . D i s c u s s i o n s o f C o n c e r n s 
R e g a r d i n g t h e L o n g - T e r m P e r f o r m a n c e o f 
R o c k D r a i n s . I n t e rna t i ona l S y m p o s i u m on 
F l o w - T h r o u g h R o c k D r a i n s , C r a n b r o o k , 
B r i t i s h C o l u m b i a , S e p t e m b e r , 1986. 
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F I G U R E 1 
A n examp le of t h e r e l a t i o n s h i p be tween a r e a a n d e l e v a t i o n 

at an i n d i v i d u a l p i e z o m e t e r , as e s t a b l i s h e d b y s u r v e y d a t a . 

2* 

a 0.4 

PIEZOMETER No. 3 
1982 

AREA OF WETTED CROSS SECTION m* 

F I G U R E 2 
A t y p i c a l p lo t of r a te of f low v s a r e a of we t ted 

c r o s s sec t i on at an i n d i v i d u a l p iezomete r l o c a t i o n . 
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F I G U R E 3 
P lo ts of d i s c h a r g e v s wa te r s u r f a c e e l eva t i on f o r 

1982 a n d 1985 at t he loca t ion of p iezomete r N o . 2 . 
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PIEZOMETER No. 2 
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AREA OF WETTED CROSS SECTION m* 

F I G U R E 4 
Ra te of f low p l o t t ed a g a i n s t we t ted a r e a at p i ezome te r N o . 2 
d u r i n g t he i n t e r v a l 23 May to 3 J u n e ' 8 5 . T h e da ta i n d i c a t e 

t h a t d u r i n g t h i s i n t e r v a l , f l ow t h r o u g h t h e d r a i n r e s u l t e d 
in me l t i ng of ice f r om a p p r o x i m a t e l y 4 . 5 s q u a r e me t res of 

t he c r o s s s e c t i o n . 
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Numbers * IO~2 » .discharge capacity -V- m3/s<?c 
per square metre of vrettect cross -section. 

O 5 10 l$ ZO 25 

No.l 
| I98Z 

| 1983 
1 1 1984 

1 I 1985 

No. 2 
| 1982 

| | 1983 
I 1984 

| |1985 

^After melting of ice 

No. 3 
| 

/ 9 S 3 data not available 

Not functioning 
1982 

No. 4 1 1 1983 
| 1984 

1 1 l<*65 

F I G U R E 5 
A g r a p h i c a l p r e s e n t a t i o n of i n d i c a t e d t h r o u g h - f l o w c a p a c i t i e s f o r 

1982 to '85 i n c l u s i v e . T h e da ta i n d i c a t e t h a t t h r o u g h - f l o w c a p a c i t i e s 
a r e not d e c r e a s i n g w i t h t ime . 

1700 

F I G U R E 6 
S e c t i o n c o i n c i d e n t w i t h t he a x i s of t h e S w i f t C r e e k r o c k d r a i n 

s h o w i n g t h e o b s e r v e d p i e z o m e t r i c p r o f i l e at t h e base of t h e 
c a u s e w a y f i l l c o r r e s p o n d i n g to a f low of 0 .77 cumecs ( c u r v e A ) , 

a n d t h e p r e d i c t e d p r o f i l e c o r r e s p o n d i n g to 7.1 c u m e c s , t he p r e d i c t e d 
1 0 0 0 - y e a r e v e n t ( c u r v e B ) . T h e m a n n e r in w h i c h t h r o u g h - f l o w 

c a p a c i t y i n c r e a s e s in t he d o w n s t r e a m d i r e c t i o n is i l l u s t r a t e d b y F i g u r e 6 ( b 
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A B S T R A C T 

T h i s p a p e r is i n t e n d e d to p r e s e n t a r e p r e 
s e n t a t i v e s a m p l i n g of t he o c c u r r e n c e a n d 
u s a g e of v a l l e y f i l l s in W e s t e r n U n i t e d S t a t e s 
coa l m i n e s . V a l l e y f i l l s o b s e r v e d in t h e f i e l d , 
a n d d e s i g n da ta was r e v i e w e d f rom t he 
m i n i n g p e r m i t a p p l i c a t i o n s s u b m i t t e d in 
r e s p o n s e to t he r e g u l a t o r y r e q u i r e m e n t s of 
t he S u r f a c e M i n i n g C o n t r o l a n d Rec lamat ion 
A c t o f 1977 ( S M C R A ) . 

W e s t e r n u n d e r g r o u n d m i n i n g o p e r a t i o n s i n 
v o l v e l ongwa l l a n d / o r room a n d p i l l a r m i n i n g 
me thods in r u g g e d moun ta in a reas w h e r e 
s t e e p t o p o g r a p h y p r o v i d e s no n a t u r a l l o c a 
t i on f o r s u r f a c e f a c i l i t i e s . A t some W e s t e r n 
u n d e r g r o u n d m i n i n g o p e r a t i o n s a s u r f a c e p a d 
is c r e a t e d b y e x c a v a t i n g v a l l e y wal l ma te r ia l 
a n d d e p o s i t i n g i t in t h e v a l l e y bo t t om, c r e a t 
i n g a v a l l e y f i l l to s u p p o r t t h e n e c e s s a r y 
s u r f a c e f a c i l i t i e s . T h e s e f i l l s a r e f r e q u e n t l y 
e s t a b l i s h e d in p e r e n n i a l o r i n t e r m i t t e n t 
s t r e a m v a l l e y s . S t r e a m d r a i n a g e is t e m p o r 
a r i l y d i v e r t e d t h r o u g h t he f i l l in c u l v e r t s 
wh i l e t h e mine is o p e r a t i n g . T h e t e m p o r a r y 
d i v e r s i o n s a r e la te r r e m o v e d d u r i n g r e c l a m a 
t i on a n d t h e f i l l ma te r ia l r e g r a d e d . 

S u r f a c e o p e r a t i o n s n e a r moun ta in a r e a s , s u c h 
as t h e Y a m p a R i v e r B a s i n o f C o l o r a d o , some
t imes d e p o s i t e x c e s s spo i l as v a l l e y f i l l s in 
smal l d r a i n a g e s a d j a c e n t to t h e m i n i n g o p e r a 
t i o n . A comb ina t i on of r o c k d r a i n s a n d s u r 
f a c e d i v e r s i o n s a r e u s e d to c o n v e y f l ow in 
t h e s e d r a i n a g e s t h r o u g h a n d a r o u n d t he 
v a l l e y f i l l s p o i l . 

O V E R V I E W 

T h e coal m i n i n g r e g i o n s of t h e W e s t e r n 
U n i t e d S t a t e s make l im i ted u s e of v a l l e y f i l l 
spo i l d i s p o s a l . Mos t o f t h e o p e n p i t coa l 
m i n i n g o c c u r s in t h e G r e a t P l a i n s o r a r e a s o f 
low t o p o g r a p h i c r e l i e f . T h e m i n i n g method 
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most commonly u s e d in t h e m o u n t a i n o u s 
a r e a s of t he wes t is u n d e r g r o u n d m i n i n g , 
w h i c h g e n e r a t e s r e l a t i v e l y l i t t l e spo i l o r 
was te r o c k . 

T h e c o n t o u r s t r i p a n d moun ta in top remova l 
m i n i n g common in t h e E a s t e r n U n i t e d S t a t e s 
g e n e r a t e s c o n s i d e r a b l e spo i l i n t he m o u n 
t a i n s of A p p a l a c h i a , r e s u l t i n g in f r e q u e n t 
u s e o f v a l l e y f i l l d i s p o s a l . T h e d i p p i n g , 
deep b e d s of t h e r u g g e d m o u n t a i n s in t h e 
wes t a r e b e s t s u i t e d to u n d e r g r o u n d m i n i n g 
in room a n d p i l l a r o r l ongwa l l o p e r a t i o n s . 

F o r t he p u r p o s e s o f t h i s p a p e r , f i v e w e s 
t e r n o p e r a t i o n s w i l l be d i s c u s s e d . T h r e e 
d e e p mines in U t a h a n d two s u r f a c e mines 
in C o l o r a d o . T h e s e mines t y p i f y v a l l e y f i l l 
u t i l i z a t i o n in t h e W e s t e r n U n i t e d S t a t e s coal 
f i e l d s . 

T h e u n d e r g r o u n d m i n i n g o p e r a t i o n s a r e 
loca ted in r u g g e d moun ta in a r e a s w h e r e 
s teep t o p o g r a p h y p r o v i d e s no n a t u r a l l o c a 
t i on f o r s u r f a c e f a c i l i t i e s . T h e r e f o r e , a 
s u r f a c e p a d is c r e a t e d b y e x c a v a t i n g a d j a 
c e n t v a l l e y wal l ma te r ia l a n d d e p o s i t i n g i t in 
t h e v a l l e y bot tom t h e r e b y c r e a t i n g a v a l l e y 
f i l l to s u p p o r t t h e n e c e s s a r y s u r f a c e f a c i l i 
t i e s . T h e deep coal seams a r e u s u a l l y 
e x p o s e d in t h e d e e p l y i n c i s e d v a l l e y s of 
p e r e n n i a l o r i n t e r m i t t e n t s t r e a m s . T h e r e f o r e , 
t h e v a l l e y f i l l f o r s u p p o r t f a c i l i t i e s mus t 
accomodate t he p a s s a g e o f p e r e n n i a l o r 
i n t e r m i t t e n t s t r eams at f l ood s t a g e . C u l v e r t s 
a r e c o n s t r u c t e d a l ong t h e e x i s t i n g s t ream 
c h a n n e l b e f o r e c o n s t r u c t i o n o f t h e v a l l e y f i l l 
b e g i n s , so t h a t t h e s t r e a m f low w i l l be 
m a i n t a i n e d t h r o u g h t h e f i l l . D u r i n g r e c l a m a 
t i on t h e f i l l is e i t h e r r emoved o r t h e r e 
c la imed s t r e a m c h a n n e l i s d i v e r t e d o v e r a n d / 
o r a r o u n d t h e f i l l . 

S u r f a c e mine o p e r a t i o n s n e a r moun ta in a r e a s , 
s u c h as t he Y a m p a R i v e r B a s i n o f C o l o r a d o , 
somet imes d e p o s i t e x c e s s spo i l as v a l l e y f i l l s 



in smal l d r a i n a g e s a d j a c e n t to t h e m i n i n g 
Operation. A c o m b i n a t i o n of r o c k d r a i n s a n d 
surface d i v e r s i o n s a r e u s e d to c o n v e y f l ow 

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

R E G U L A T I O N S 

Under the S u r f a c e M i n i n g C o n t r o l a n d R e 
clamation A c t o f 1977 ( S M C R A ) , v a l l e y f i l l s 
are defined as a " s t r u c t u r e c o n s i s t i n g of a n y 
material o t h e r t h a n o r g a n i c m a t e r i a l / t h a t is 
placed in a v a l l e y w h e r e s i d e s l opes of t h e 
existing v a l l e y , m e a s u r e d at t h e s t e e p e s t 
point are g r e a t e r t h a n 20 d e g r e e s , o r we re 
the average s l ope of t h e p r o f i l e of t he v a l l e y 
from the toe o f t h e f i l l to t he top of t h e f i l l 
Is greater t h a n 10 d e g r e e s . " ( C o d e of 
Federal R e g u l a t i o n s , 30 C F R 701 .5 D e f i n i -

, tions) 

Both F e d e r a l a n d S t a t e r e g u l a t i o n s ( C o d e of 
Federal R e g u l a t i o n s , 30 C F R 816.71 t h r o u g h 
.73, and 817.71 t h r o u g h . 7 3 ; U t a h U n d e r 
ground M i n i n g C o d e , U M C 817.71 t h r o u g h 
.74; and t h e C o d e of C o l o r a d o R e g u l a t i o n s , 
Colorado r u l e s 4 .09 .1 t h r o u g h 4 . 0 9 . 4 ) r e 
quire that v a l l e y f i l l s be c o n s t r u c t e d so t h a t 
leacheate and r u n o f f f r o m t h e f i l l w i l l no t 
degrade s u r f a c e o r g r o u n d w a t e r s o r e x c e e d 
required e f f l u e n t l i m i t a t i o n s . A l l v e g e t a t i o n 
and organic ma te r i a l s mus t be removed f r om 
the d i s p o s a l a r e a a n d t opso i l sha l l be r e 
moved, s e g r e g a t e d , a n d s t o r e d . T h e f i l l mus t 
be shown to be s t a b l e w i t h a min imum l o n g -
term safety f a c t o r o r 1 . 5 . S u b d r a i n s a r e 
required w h e r e v e r t h e r e is t he po ten t i a l f o r 
drainage o r s e e p a g e , a n d S t a t e r e g u l a t i o n s 
require r u n o f f f r om a b o v e t he f i l l to be 
diverted i n to s t a b l i z e d d i v e r s i o n c h a n n e l s 
designed f o r a 1 0 0 - y e a r , 2 4 - h o u r p r e c i p i t a 
tion event. F e d e r a l r e g u l a t i o n s r e q u i r e t h e s e 
diversions be d e s i g n e d f o r t he 1 0 0 - y e a r , 
6-hour e v e n t . T e m p o r a r y d i v e r s i o n s a r e 
required to p a s s t h e 1 0 - y e a r , 2 4 - h o u r e v e n t 
(State) o r t h e 1 0 - y e a r , 6 - h o u r e v e n t 
(Federal) . E x c e s s spo i l is r e q u i r e d to be 
placed in l i f t s no t to e x c e e d 1.2 mete rs (4 
ft) each, e x c e p t f o r f i l l s w i t h spo i l t ha t 
meets r e q u i r e m e n t s f o r c l a s s i f i c a t i o n as " d u r 
able rock". D u r a b l e r o c k spo i l mus t be at 
least 80 p e r c e n t , b y v o l u m e , d u r a b l e , n o n -
acid and n o n - t o x i c f o r m i n g r o c k t ha t does 
not slake in w a t e r a n d wi l l no t d e g r a d e to 
soil . 

Current Utah r e g u l a t i o n s a re u n i q u e f rom 
most other W e s t e r n S t a t e r e g u l a t i o n s in t h a t 

t h e y s p e c i f i c a l l y p r o h i b i t d i v e r s i o n of a 
s t ream o v e r a v a l l e y f i l l . F e d e r a l r e g u l a 
t i o n s r e q u i r e t h a t d i v e r s i o n s o v e r t he f i l l 
be p l a c e d in c h a n n e l s d e s i g n e d to s a f e l y 
p a s s t h e r u n o f f f r o m a 1 0 0 - y e a r , 6 - h o u r 
p r e c i p i t a t i o n e v e n t . Mos t S t a t e r e g u l a t i o n s 
r e q u i r e t h e c h a n n e l be d e s i g n e d f o r t he 
1 0 0 - y e a r , 2 4 - h o u r p r e c i p i t a t i o n e v e n t . No 
u n c o n t r o l l e d d r a i n a g e o v e r t he f i l l is a l l owed 
in F e d e r a l o r S t a t e r e g u l a t i o n s . 

C A S E S T U D I E S 

C o n v u l s i o n C a n y o n 

T h e C o n v u l s i o n C a n y o n M i n e , n e a r S a l i n a , 
U t a h , is an u n d e r g r o u n d room a n d p i l l a r 
o p e r a t i o n ( F i g u r e 1 ) . T h e mine is b e g i n n i n g 
e x p a n s i o n to i n c l u d e longwa l l me thods as 
w e l l . T h e p o r t a l a r e a was c o n s t r u c t e d at 
t h e j u n c t i o n o f an ephemera l a n d an i n t e r 
m i t ten t s t r e a m . B o t h a r e i n c i s e d in to s teep 
c a n y o n s of t he S o u t h e r n Wasa tch M o u n t a i n s . 
T h e s u r f a c e f a c i l i t i e s p a d was c o n s t r u c t e d 
in t h e late 1960's on a 260,000 c u b i c meter 
(340 ,000 y d 3 ) v a l l e y f i l l c o v e r i n g a p p r o x i 
mate ly 5 h e c t a r e s (13 a c r e s ) . T h e v a l l e y - f i l l 
p a d was c o n s t r u c t e d b y e x c a v a t i n g mater ia l 
f r om t h e ad jacen t v a l l e y w a l l s . 

A 183 cm (72 i n . ) d i a m e t e r c u l v e r t c o n v e y s 
f low f rom i n t e r m i t t e n t Eas t S p r i n g C r e e k 
a l ong a s a n d s t o n e l edge b e n e a t h t he v a l l e y 
f i l l . F low f r om ephemera l M u d S p r i n g Hol low 
is d i v e r t e d t h r o u g h a 107 cm (42 i n . ) c u l 
v e r t to jo in t he l a r g e r c u l v e r t benea th the 
f i l l ( F i g u r e 2 ) . T h e a v e r a g e s lope of t he 
Eas t S p r i n g C r e e k d i v e r s i o n is 4 . 2 p e r c e n t , 
a n d t he s lope of t he M u d S p r i n g Hol low 
d i v e r s i o n is 7 p e r c e n t . T h e peak f low 
d u r i n g a 1 0 0 - y e a r , 2 4 - h o u r p r e c i p i t a t i o n 
e v e n t f o r Eas t S p r i n g C r e e k has been c a l 
c u l a t e d in t he mine p e r m i t a p p l i c a t i o n to be 
21 .55 c u b i c me te rs p e r s e c o n d (761 c f s ) . 
T h e same e v e n t in M u d S p r i n g Ho l low has 
been c a l c u l a t e d to be 12 .83 c u b i c me te rs 
p e r s e c o n d (453 c f s ) , f o r a to ta l peak f low 
t h r o u g h t h e f i l l a r e a of 3 4 . 4 c u b i c me te rs 
p e r s e c o n d (1 ,214 c f s ) . ( S e r g e n t , H a u s k i n s , 
and B e c k w i t h , 1986) 

D u r i n g r e c l a m a t i o n , t h e f i l l w i l l be e x c a v a t 
ed to t h e c u l v e r t w h i c h is s i t u a t e d on a 
s a n d s t o n e ledge a p p r o x i m a t e l y 2 . 4 me te rs 
(8 f t ) be low t he s u r f a c e of t he f i l l . O n c e 
t he c u l v e r t is r emoved t he f i l l w i l l be r e -
g r a d e d w i th s t a b l e s i d e s l opes d e s i g n e d f o r 
p o s i t i v e d r a i n a g e , a n d t he s t r eam c h a n n e l 
w i l l be d i v e r t e d a r o u n d t he f i l l , o v e r b e d -
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rock outcrops, and into a splash basin w h e r e 
it wltt join the natural stream c h a n n e l 
OFigur* 3 ) . The proposed r ec la imed main 
stream channel is designed w i t h e i g h t r e a c h e s 
over approximately 400 me te rs ( 1 ,300 f t ) , 
with a total vertical d r o p o f a b o u t 67 me te rs 
(220 f t ) . The reclaimed c h a n n e l w i l l be t r a p 
ezoidal with side s l o p e s o f 1:1 and a bo t tom 
width of 5.3 meters ( 1 7 . 5 f t ) . O v e r t h e b e d 
rock ledges to t he s p l a s h b a s i n , t he c h a n n e l 
will h a v e a bot tom w i d t h of 3 me te rs (10 f t ) 
and s i d e s l o p e s o f 0 . 7 5 h : l v , w i t h a b e d 
g r a d i e n t of .571 to . 546 . T h e rec la imed 
c h a n n e l w i l l i n c l u d e a l a y e r of f i l t e r s a n d 
a n d f i l t e r f a b r i c w i t h r i p r a p . H y d r a u l i c 
c h a r a c t e r i s t i c s w e r e d e s i g n e d u s i n g a M a n 
n i n g s r o u g h n e s s c o e f f i c i e n t of 0 . 0 3 5 . 
( S e r g e n t , H a u s k i n s a n d B e c k w i t h , 1986) 

C u r r e n t l y t h e f i l l is s t ab le a n d t h e r e h a v e 
been no major p r o b l e m s w i t h c o n v e y a n c e o r 
r u n o f f t h r o u g h t he c u l v e r t d i v e r s i o n . R e c l a 
mat ion is s c h e d u l e d f o r t he y e a r 2010 
( S o u t h e r n U t a h Fue l C o m p a n y , 1980 ) . 

D e e r C r e e k 

T h e D e e r C r e e k M i n e , n e a r H u n t i n g t o n , U t a h 
is an u n d e r g r o u n d longwa l l o p e r a t i o n w i th 
some room a n d p i l l a r m i n i n g as wel l ( F i g u r e 
4 ) . T h e p o r t a l f a c i l i t i e s a r e c o n s t r u c t e d on a 
190,000 c u b i c me te r (250 ,000 y d 3 ) v a l l e y f i l l 
at t h e j u n c t i o n of D e e r C r e e k a p e r e n n i a l 
s t r e a m , w i t h two i n t e r m i t t e n t s t r e a m s , D e e r 
D r a i n a g e , a n d E l k C r e e k . T h e v a l l e y f i l l o c 
c u p i e s a p p r o x i m a t e l y 3 . 5 h e c t a r e s ( 8 . 5 a c r e s ) . 
Ma te r i a l to c o n s t r u c t t he f i l l was o b t a i n e d 
f r om the s o u t h s l ope of t h e D e e r C r e e k 
d r a i n a g e a n d f r o m sed imen t p o n d c o n s t r u c 
t i o n . 

D e e r C r e e k , D e e r D r a i n a g e , a n d E l k C r e e k 
a r e p a s s e d u n d e r n e a t h t h e f a c i l i t i e s a rea in a 
2 . 5 mete r x 1.75 mete r (8 ' 2 " x 5' 9 " ) p i p e -
a r c h c u l v e r t . T h e c u l v e r t a n d t h e a s s o c i a t e d 
d i v e r s i o n s co l l ec t r u n o f f f r om 1,250 h e c t a r e s 
( 3 , 1 0 0 a c r e s ) of t h e D e e r C r e e k b a s i n . T h e 
main D e e r C r e e k c u l v e r t is 850 me te rs ( 2 , 8 0 0 
f t ) l ong w i t h a v e r t i c a l d r o p of 128 me te rs 
(420 f t ) . I n t e rm i t t en t D e e r D r a i n a g e is d i v e r 
t e d in to a p a r a l l e l s y s t e m of 91 cm (36 i n . ) 
a n d 137 cm (54 i n . ) c u l v e r t s w h i c h f e e d i n to 
t h e main D e e r C r e e k C u l v e r t . S i m i l a r l y , a 
p a r a l l e l s y s t e m o f 76 cm (30 i n . ) to 107 cm 
(42 i n . ) c u l v e r t s at E l k C r e e k f e e d i n to t h e 
main c u l v e r t ( F i g u r e 5 ) . F low d u r i n g a 100-
y e a r p r e c i p i t a t i o n e v e n t has been c a l c u l a t e d 
to be 2 0 . 6 m 3 / s (728 c f s ) f o r t h e D e e r C r e e k 
w a t e r s h e d . 

Rec lamat ion at t he D e e r C r e e k Mine f a c i l i t i e s 
w i l l c o n s i s t of r e m o v i n g t he t e m p o r a r y 
d r a i n a g e s y s t e m a n d f a c i l i t i e s , a n d r e c o n -
t o u r i n g s lopes f o r p o s i t i v e d r a i n a g e . R i p -
r a p p e d c h a n n e l s w i t h 3 to 6 meter (10 to 20 
f t ) base w i d t h s a n d 2 h : l v s i d e s lopes a r e 
p r o p o s e d f o r r e c o n s t r u c t i n g t h e D e e r C r e e k , 
D e e r D r a i n a g e , a n d E l k C r e e k d r a i n a g e s . 
T h e s e c h a n n e l s a r e d e s i g n e d f o r t he 100-
y e a r , 2 4 - h o u r s to rm e v e n t . Rec la imed c h a n 
ne l d e s i g n ( U t a h P o w e r a n d L i g h t C o m p a n y , 
1985) ca l l s f o r r o u t i n g t h e D e e r C r e e k 
c h a n n e l o v e r t he v a l l e y f i l l to a s a n d s t o n e 
o u t c r o p at t he d o w n s t r e a m e x t e n t of t h e f i l l . 
A 9 to 12 meter (30 to 40 f t ) w ide c h a n n e l 
w i l l be c u t in to t he s a n d s t o n e at t h a t p o i n t . 
Water w i l l f l ow f r om t h e r i p r a p p e d c h a n n e l 
on t he f i l l to t he c h a n n e l c u t in to s a n d s t o n e 
a n d o v e r t h e e d g e of t he s a n d s t o n e c l i f f , 
c a s c a d i n g o v e r s a n d s t o n e o u t c r o p as i t f a l l s . 
A r i p r a p - l i n e d s p l a s h b a s i n w i l l be u s e d at 
t h e base of t h e c l i f f to d i s s i p a t e e n e r g y a n d 
t r a n s i t i o n t h e D e e r C r e e k f l ows in to t h o s e 
of E l k C r e e k ( F i g u r e 6 ) . 

T h e d e s i g n f o r t he rec la imed s t r eam c h a n n e l 
was a p p r o v e d as an e x p e r i m e n t a l p r a c t i c e * 
to d e v e l o p rec lamat ion t e c h n o l o g y in W e s t e r n 
U . S . moun ta in mines s i n c e t h e U t a h r e g u l a 
t i o n s p r o h i b i t s t a n d a r d p e r m i t t i n g of d i v e r 
s i o n s a c r o s s a f i l l . T h e a l t e r n a t i v e to p e r 
m i t t i ng t he d i v e r s i o n as d e s i g n e d was to 
c r e a t e much more e n v i r o n m e n t a l d i s t u r b a n c e 
b y r e m o v i n g , t r a n s p o r t i n g , a n d d e p o s i t i n g 
t he f i l l ma te r ia l a t a new l o c a t i o n . T h e c o n 
f i g u r a t i o n a n d g e o l o g y of t h e v a l l e y wa l l s 
does not r e a d i l y l end i t se l f to d i v e r s i o n of 
t h e s t r eam c h a n n e l s a r o u n d t h e f i l l . 

S k y l i n e 

T h e S k y l i n e M i n e , n e a r S c o f i e l d , U t a h , is 
an u n d e r g r o u n d room a n d p i l l a r m i n e . T h e 
mine is s i t u a t e d in t he h i g h v a l l e y s of t h e 
Wasa tch M o u n t a i n s at an e l e v a t i o n of a p 
p r o x i m a t e l y 2 ,620 mete rs ( 8 ,600 f t ) a b o v e 

* E x p e r i m e n t a l P r a c t i c e s a re a d d r e s s e d u n d e r 
S e c t i o n 711 o f S M C R A , " . . . t o e n c o u r a g e a d 
v a n c e s in m i n i n g a n d rec lamat ion p r a c 
t i c e s . . . " so l ong as t h e y " . . . a r e p o t e n t i a l l y 
more o r at leas t as e n v i r o n m e n t a l l y p r o t e c 
t i v e , d u r i n g a n d a f t e r m i n i n g o p e r a t i o n s , as 
t h o s e r e q u i r e d b y p r o m u l g a t e d s t a n d a r d s . . . " 
a n d " . . . t h e e x p e r i m e n t a l p r a c t i c e s do not 
r e d u c e t he p r o t e c t i o n a f f o r d e d p u b l i c hea l t h 
a n d s a f e t y be low t h a t p r o v i d e d b y p r o m u l 
g a t e d s t a n d a r d s . " 
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sea leve l ( F i g u r e 7 ) . T h e po r t a l a r e a f a c i l i 
t i e s a r e c o n s t r u c t i o n on a t e r r a c e d 558 ,000 
c u b i c mete r (730 ,000 y d 3 ) f i l l o v e r a p p r o x i 
mate ly 12 h e c t a r e s (30 a c r e s ) at t h e j u n c t i o n 
of two i n t e r m i t t e n t f o r k s ( N o r t h F o r k a n d 
M i d d l e F o r k ) , a n d one ephemera l f o r k ( S o u t h 
F o r k ) o f E c c l e s C r e e k ( F i g u r e 8 ) . T h e c o m 
b i n e d d r a i n a g e a r e a f o r t h e s e s t r eams is a p 
p r o x i m a t e l y 332 h e c t a r e s (820 a c r e s ) . P e a k 
r u n o f f d u r i n g a 1 0 0 - y e a r , 2 4 - h o u r p r e c i p i t a 
t i on e v e n t w o u l d be a b o u t 3 . 7 m 3 / s (130 c f s ) . 
( C o a s t a l S t a t e s E n e r g y C o m p a n y , 1979) 

C u l v e r t s to t e m p o r a r i l y c o n v e y t he s t ream 
f low wh i l e t h e mine is o p e r a t i n g a r e loca ted 
in t h e o r i g i n a l s t r e a m c h a n n e l s . T h e S o u t h 
F o r k t r i b u t a r y c u l v e r t is 142 cm (56 i n . ) in 
d iame te r a n d a p p r o x i m a t e l y 290 me te rs (950 
f t ) l o n g . It i s j o i ned b y t h e M i d d l e F o r k 
t r i b u t a r y c u l v e r t w h i c h is 122 cm (48 i n . ) in 
d iame te r a n d a p p r o x i m a t e l y 305 me te rs ( 1 ,000 
f t ) l o n g . B o t h c u l v e r t s jo in a 152 cm (60 i n . ) 
d i ame te r c u l v e r t f o r 43 mete rs (140 f t ) w h e r e 
i t is j o i ned b y d i v e r t e d f l ow f r om t h e N o r t h 
F o r k t r i b u t a r y . T h e N o r t h F o r k t r i b u t a r y 
f low is d i v e r t e d t h r o u g h a 122 cm (48 i n . ) 
d iame te r c u l v e r t f o r a p p r o x i m a t e l y 283 mete rs 
(930 f t ) w h e r e i t j o i ns t h e o t h e r two t r i b u 
t a r i e s to c o n n e c t w i t h a 183 cm (72 i n . ) main 
c o n v e y a n c e c u l v e r t f o r a p p r o x i m a t e l y 280 
mete rs (920 f t ) to t he ou t l e t be low t he f i l l 
( F i g u r e 9 ) . ( C o a s t a l S t a t e s E n e r g y C o m p a n y , 
1979) 

T h e N o r t h F o r k t r i b u t a r y is u n i q u e b e c a u s e 
t h e i n l e t was c l o g g e d s e v e r a l t imes f o l l o w i n g 
c o n s t r u c t i o n b y e a r t h s l i d e s f r o m u p s t r e a m 
u n d i s t u r b e d a reas f o l l o w i n g p r e c i p i t a t i o n 
e v e n t s . S u c h e a r t h s l i d e s a r e common in t he 
Wasa tch m o u n t a i n s . T o mi t i ga te t h e p r o b l e m s , 
t he mine o p e r a t o r s c o n s t r u c t e d a r o c k d r a i n 
to a d e p t h of a p p r o x i m a t e l y 2 . 4 me te rs (8 f t ) 
be low t h e s u r f a c e at t h e mouth of t he smal l 
t r i b u t a r y v a l l e y . T h e r o c k d r a i n , c o n s t r u c t e d 
f l u s h w i t h t h e g r o u n d s u r f a c e o v e r a 9 meter 
(30 f t ) d i ame te r a r e a , a l lows some d r a i n a g e 
to o c c u r e v e n a f t e r an e a r t h s l i d e c o v e r s t h e 
d r a i n i n l e t . T h e p r e v i o u s c u l v e r t i n le t s t r u c 
t u r e was b l o c k e d a n d c o v e r e d b y each e a r t h 
s l i d e w h i c h w o u l d c r e a t e a mound o v e r t he 
c u l v e r t s t r u c t u r e . T h e m o u n d e d s l i d e m a 
t e r i a l w o u l d e f f e c t i v e l y d i v e r t s u b s e q u e n t 
r u n o f f a r o u n d t h e c u l v e r t i n le t a n d on to t he 
f a c i l i t i e s a r e a . 

T h e r o c k d r a i n i n le t at t he N o r t h F o r k i n le t 
is c o n s t r u c t e d of 20 cm (8 i n ) d i ame te r d u r 
ab le s a n d s t o n e w r a p p e d in a f a b r i c f i l t e r 
w i t h 5 cm (2 i n ) d i ame te r f i l t e r r o c k o v e r 

t h e f a b r i c . ( K e i t h Z o b e l l , U t a h F u e l s C o m 
p a n y , v e r b a l c o m m u n i c a t i o n , 1986) 

T h e v a l l e y f i l l o c c u p i e s a p p r o x i m a t e l y 
10 h e c t a r e s (25 a c r e s ) . Ma te r i a l to c o n s t r u c t 
t h e f i l l was o b t a i n e d f r o m t he wa l l s of t he 
v a l l e y s at t h e i r c o n f l u e n c e . 

Rec lamat ion at t h e S k y l i n e M ine wi l l c o n s i s t 
o f e x c a v a t i n g t h e v a l l e y f i l l to remove al l 
d i v e r s i o n c u l v e r t s , a n d r e g r a d i n g t h e f i l l 
mate r ia l to e s t a b l i s h p o s i t i v e d r a i n a g e 
t h r o u g h r i p r a p p r o t e c t e d c h a n n e l s loca ted 
a p p r o x i m a t e l y i n t h e o r i g i n a l s t r eam c h a n 
ne ls ( F i g u r e 1 0 ) . 

C o l o w y o 

T h e C o l o w y o M ine loca ted be tween C r a i g a n d 
M e e k e r , C o l o r a d o , is a s u r f a c e d r a g l i n e 
p l u s t r u c k a n d s h o v e l o p e r a t i o n . T h e mine 
is s i t u a t e d at an e l e v a t i o n of a p p r o x i m a t e l y 
2 ,225 me te rs ( 7 , 3 0 0 f t ) a b o v e sea leve l in 
t h e Y a m p a R i v e r B a s i n o f W e s t e r n C o l o r a d o . 
T o p o g r a p h y is r o l l i n g a n d m o d e r a t e l y i n c i s 
ed b y s u r f a c e d r a i n a g e . 

E x c e s s s p o i l * f r o m t he mine o p e r a t i o n is 
h a u l e d to a 4 1 , 0 0 0 , 0 0 0 c u b i c meter 
( 5 4 , 0 0 0 , 0 0 0 y d 3 ) v a l l e y f i l l e s t a b l i s h e d in 
an ephemera l s t ream d r a i n a g e at t he eas t 
e d g e of t he mine a r e a ( F i g u r e 1 1 ) . T h e f i l l 
c o v e r s a p p r o x i m a t e l y 70 h e c t a r e s (175 a c r e s ) 
T h e r e is no c o n s t r u c t e d d r a i n in t he f i l l . 
S u r f a c e r u n o f f is d i r e c t e d a r o u n d the f i l l 
b y means of d i v e r s i o n c h a n n e l s . 

C o n s t r u c t i o n of t he f i l l b e g a n in e a r l y 1977. 
Spo i l mate r ia l was f i r s t d e p o s i t e d in a 61 
meter (200 f t ) l i f t w i t h s u b s e q u e n t l i f t s of 
15 me te rs (50 f t ) e a c h . T h e spo i l mater ia l 
was d e p o s i t e d b y e n d d u m p i n g f r om t r u c k s , 
t h e r e b y c r e a t i n g a n a t u r a l s o r t i n g of r o c k 
mate r ia l s i z e t h r o u g h t he ac t i on of g r a v i t y 
( F i g u r e 1 2 ) . C o a r s e r o c k was e s t a b l i s h e d at 
t he bot tom of t h e f i l l w i t h d e c r e a s i n g r o c k 
s i z e t o w a r d t he top of each l i f t ( C o l o w y o 
Coa l C o m p a n y , 1981 ) . In t h i s m a n n e r a 
n a t u r a l r o c k d r a i n of c o a r s e spo i l was 
e s t a b l i s h e d in t he v a l l e y bo t t om. M o n i t o r 
we l l s i n s t a l l e d a f t e r comp le t i on of t he 
e a s t e r n most s i d e of t he f i l l i n d i c a t e t he 
p r e s e n c e of a p i e z o m e t r i c s u r f a c e at d e p t h 
in t he f i l l , a l t h o u g h t h e r e is no a p p a r e n t 

• F e d e r a l r e g u l a t i o n s d e f i n e e x c e s s spo i l as 
" . . . spo i l mate r ia l d i s p o s e d of in a l o c a 
t i on o t h e r t h a n the m i n e d - o u t a r e a . . . " 
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ou t f l ow at t h e toe o f t h e f i l l ( James K i g e r , 
C o l o w y o Coa l C o m p a n y , v e r b a l c o m m u n i c a t i o n , 
1986 ) . 

D i s p o s a l o f e x c e s s s p o i l i n to t he v a l l e y f i l l 
c o n t i n u e d in an u p s t r e a m d i r e c t i o n as m i n i n g 
p r o g r e s s e d u n t i l 1985, w h e n t h e f i l l r e a c h e d 
t h e p i t a r e a a n d normal b a c k f i l l i n g of t h e 
p i t s c o n t i n u e d . T h e ephemera l v a l l e y in to 
w h i c h t h e spo i l is b e i n g p l a c e d is u n i q u e 
b e c a u s e t h e mou th of t h e c a n y o n is more 
n a r r o w t h a n t h e u p s t r e a m a r e a s . T h e n a t u r a l 
c o n f i g u r a t i o n of t h e v a l l e y makes t he d i s p o 
sal of spo i l c o n v e n i e n t b e c a u s e t he g r a d e d 
o u t s l o p e is at a n a r r o w p a r t o f t he v a l l e y , 
a n d r u n o f f d i v e r s i o n s can be l oca l i zed to 
r e d u c e c o n s t r u c t i o n c o s t s . 

T h e C o l o w y o M ine v a l l e y f i l l was b e g u n b e 
f o r e t h e enac tmen t o f S M C R A in 1977. S t a t e 
a n d F e d e r a l r e g u l a t i o n s p r o m u l g a t e d s u b s e 
q u e n t to S M C R A r e q u i r e t h a t v a l l e y f i l l s be 
c o n s t r u c t e d in 1.2 mete r (4 f t ) l i f t s . S i n c e 
t he v a l l e y f i l l had a l r e a d y been s i g n i f i c a n t l y 
c o n s t r u c t e d p r i o r to p r o m u l g a t i o n of t h e r e 
g u l a t i o n s , a n d t h e f i l l d i d no t meet t h e 
" d u r a b l e r o c k f i l l " r e q u i r e m e n t s of t h e r e g u 
l a t i o n s , t h e f i l l was p e r m i t t e d u n d e r e x p e r i 
menta l p r a c t i c e r e g u l a t i o n s so t h a t t h e i n d u s 
t r y m i g h t b e n e f i t f r o m t h e f i l l ' s d e s i g n . T h e 
b u r d e n to t he o p e r a t o r of p e r m i t t i n g t h e 
s t r u c t u r e was i n c r e a s e d b e c a u s e of spec ia l 
d e s i g n p a r a m e t e r s a n d m i t i ga t i on p l a n s n e 
c e s s a r y to p e r m i t u n d e r t h e e x p e r i m e n t a l 
p r a c t i c e s r e g u l a t i o n s . 

T h e f i l l is a p e r m a n e n t s t r u c t u r e c o n s t r u c t e d 
w i t h a 3 h : l v o u t s l o p e f r o m the mouth o f t h e 
v a l l e y at an e l e v a t i o n of 2 ,009 me te rs ( 6 , 5 9 0 
f t ) to an e l e v a t i o n of 2 ,195 me te rs ( 7 ,200 f t ) . 
A 9 mete r (30 f t ) w i d e b e n c h is p l a c e d a t 
e v e r y 30 me te rs (100 f t ) in e l e v a t i o n in t h e 
l ower 90 me te r s (300 f t ) o f t h e s t r u c t u r e . 
T h e b e n c h e s a r e 6 me te rs (20 f t ) w i de in t h e 
u p p e r 90 me te rs (300 f t ) o f t h e s t r u c t u r e . 
A b o v e 2 ,195 me te rs ( 7 , 2 0 0 f t ) t h e spo i l was 
p l a c e d at a f l a t t e r s l ope to b l e n d w i t h b a c k 
f i l l i n g of t h e mine p i t ( F i g u r e 1 3 ) . ( James 
K i g e r , 1986, v e r b a l c o m m u n i c a t i o n ; C T L / 
T h o m p s o n , I n c . , 1979 ) . 

S u r f a c e d r a i n a g e of t h e v a l l e y h a s been r e 
loca ted in a c h a n n e l c o n s t r u c t e d a l ong t h e 
n o r t h a b u t m e n t of t h e f i l l . T h e c h a n n e l i n 
t e r c e p t s d i s t u r b e d a r e a r u n o f f f r om a b o v e 
t h e spo i l p i l e a n d c o n d u c t s i t to t h e toe o f 
t h e f i l l a n d a s i l t a t i o n d a m . 

E c k m a n P a r k 

T h e E c k m a n P a r k M i n e is l oca ted s o u t h of 
S teamboa t S p r i n g s , C o l o r a d o in t h e Y a m p a 
R i v e r B a s i n of W e s t e r n C o l o r a d o ( F i g u r e 1 4 ) . 
T h e mine is a s u r f a c e d r a g l i n e o p e r a t i o n , 
s i t u a t e d at an e l e v a t i o n o f a p p r o x i m a t e l y 
2 ,130 mete rs ( 7 , 0 0 0 f t ) . E x c e s s spo i l is 
h a u l e d to v a l l e y f i l l a r e a s e s t a b l i s h e d d u r i n g 
1981 as p e r m a n e n t s t r u c t u r e s . A t leas t two 
f i l l s w i t h d u r a b l e r o c k u n d e r d r a i n s we re e s 
t a b l i s h e d to accomodate e x c e s s spo i l ( F i g u r e 
15) . T h e r o c k u n d e r d r a i n s a r e c o n s t r u c t e d 
a l o n g t he n a t u r a l d r a i n a g e bot tom w i t h 
g r a d e d f i l t e r mate r ia l a n d d u r a b l e r o c k 
d r a i n m a t e r i a l . T h e f i l l s a r e a p p r o x i m a t e l y 
2 , 3 0 0 , 0 0 0 c u b i c me te rs ( 3 , 0 0 0 , 0 0 0 y d 3 ) in 
s i z e o v e r a p p r o x i m a t e l y 32 h e c t a r e s (80 
a c r e s ) e a c h . T h e spo i l is composed of s a n d 
s tone w i th a s p e c i f i c g r a v i t y of 2 . 1 3 a n d 
s h a l e s w i t h s p e c i f y g r a v i t y r a n g i n g f r o m 
2 . 2 9 to 2 .39 ( E n e r g y F u e l s C o r p . , 1979 ) . 

T h e a v e r a g e u n i t w e i g h t of t h e loose spo i l 
ma te r ia l i s a p p r o x i m a t e l y 2 ,000 k g / m 3 (125 
p c f ) . G r a d a t i o n o f t h e spo i l was f o u n d to 
r a n g e f r o m 87.1 p e r c e n t p a s s i n g a 20 cm (8 
i n ) s i e v e , d o w n to 2 . 3 p e r c e n t p a s s i n g 
0 .074 mm ( N o . 200 U . S . S t a n d a r d S i e v e 
S e r i e s ) s i e v e . 

B a s e d on t h e a b o v e g r a d a t i o n , t h e d r a i n 
f i l t e r mate r ia l was s i z e d r a n g i n g f r o m 100 
p e r c e n t p a s s i n g a 61 cm (24 i n ) s i z e , to 3 
p e r c e n t p a s s i n g a 0.074mm ( N o . 200) s i z e . 

T h e d r a i n r o c k was s i z e d r a n g i n g f r o m 100 
p e r c e n t p a s s i n g a 1 me te r (3 f t ) s i z e to 10 
p e r c e n t p a s s i n g a 0 . 5 mete r ( 1 . 5 f t ) s i z e . 

T h e d r a i n r o c k a n d f i l t e r mate r ia l a r e c o m 
p o s e d of d u r a b l e , n o n - s l a k i n g s a n d s t o n e 
q u a r r i e d f r o m t h e s i t e . T h e spo i l f i l l is 
c o m p a c t e d in 1.2 mete r (4 f t ) l i f t s , w i t h an 
o v e r a l l 3 h : l v s l o p e , a n d 9 meter (30 f t ) 
w i d e b e n c h e s e v e r y 15 me te rs (50 f t ) in 
h e i g h t . 

S i m i l a r s p o i l - p i l e v a l l e y - f i l l s a r e c u r r e n t l y 
p r o p o s e d f o r an a d d i t i o n a l m i n i n g a r e a a d 
j a c e n t to t h e E c k m a n P a r k M i n e , k n o w n as 
t h e L i t t l e M i d d l e C r e e k T r a c t . T h e L i t t l e 
M i d d l e C r e e k T r a c t is at an e l e v a t i o n of 
2 ,400 me te rs ( 8 , 0 0 0 f t ) . A to ta l o f e i g h t 
r o c k u n d e r d r a i n s be low e x c e s s spo i l is p r o 
p o s e d f o r t h e new a r e a . T h e u n d e r d r a i n s 
w i l l e x t e n d f r o m t h e toe of t h e spo i l s t r u c 
t u r e to t h e low wal l o f t h e b o x c u t ( F i g u r e 
16) . A d d i t i o n a l u n d e r d r a i n s a r e p r o p o s e d 
f o r a n y s teep a r e a e n c o u n t e r e d . A l l s t r eam 



f l ows w i l l be i n t e r c e p t e d a n d d i v e r t e d a r o u n d 
t he u n d e r d r a i n s . T h e p r o p o s e d u n d e r d r a i n s 
a re d e s i g n e d to t r a n s p o r t g r o u n d w a t e r 
u n d e r t h e e x c e s s s p o i l , a n d p r e v e n t s a t u r a 
t i on of t he f i l l . 

A l l p r o p o s e d u n d e r d r a i n s at t h e L i t t l e M i d d l e 
C r e e k T r a c t w i l l h a v e a min imum w i d t h of 3 
mete rs (10 f t ) a n d a min imum h e i g h t of 1.2 
mete rs (4 f t ) . No more t h a n 10 p e r c e n t of 
the d r a i n mate r ia l w i l l be less t h a n 30 cm (12 
i n ) in s i z e . T h e maximum s i z e of t h e d r a i n 
mater ia l w i l l be 76 cm (30 i n ) . T o e n s u r e 
t ha t t he u n d e r d r a i n does not c l o g , a g r a d e d 
f i l t e r of d u r a b l e , n o n - t o x i c , o n - s i t e ma te r i a l s 
o r an a p p r o p r i a t e f i l t e r f a b r i c is p r o p o s e d to 
be c o n s t r u c t e d on al l s i d e s of t h e u n d e r d r a i n 
as wel l as t h e u p s l o p e e n d . ( G o l d e r A s s o 
c i a t e s , 1986) 

A to ta l l e n g t h of 2 ,210 me te rs ( 7 , 2 5 0 f t ) in 
u n d e r d r a i n s a r e r e - p r o p o s e d f o r t h e L i t t l e 
M i d d l e C r e e k T r a c t . E a c h w i l l be c o n s t r u c t e d 
1.2 me te rs (4 f t ) in h e i g h t w i t h a 3 meter 
(10 f t ) w ide top a n d 2 h : l v s i d e s l o p e s . 

C O N C L U S I O N 

V a l l e y f i l l s in W e s t e r n Coa l M i n i n g a r e not 
a l ways c r e a t e d as a means f o r e x c e s s spo i l 
d i s p o s a l . Some u n d e r g r o u n d mines in U t a h 
e x c a v a t e ad jacen t v a l l e y wa l l s to c r e a t e a 
v a l l e y f i l l as a p a d to s u p p o r t s u r f a c e f a c i l i 
t i e s . W e s t e r n s u r f a c e mine a r e a s in m o d e r 
a te l y i n c i s e d t o p o g r a p h y may u s e t he i n c i s e d 
d r a i n a g e v a l l e y s as a c o n v e n i e n t means of 
e x c e s s spo i l d i s p o s a l w i t h o u t i n o r d i n a t e s u r 
face d i s t u r b a n c e . A l t h o u g h W e s t e r n U n i t e d 
S t a t e s coal m i n i n g methods a n d g e o g r a p h y 
a re not as c o n d u c i v e to v a l l e y f i l l u se as 
E a s t e r n m i n e s , t he d e s i g n a n d f u n c t i o n of 
each v a l l e y f i l l is l a r g e l y g o v e r n e d b y r e g u 
l a t o r y c o n s t r a i n t s b r o u g h t on t h r o u g h t he 
enac tmen t of t he S M C R A on A u g u s t 3 , 1977. 

A C K N O W L E D G E M E N T S 

T h e a u t h o r is d e e p l y g r a t e f u l to t he e m 
p l o y e e s a n d management of t he f o l l o w i n g coal 
m i n i n g compan ies f o r t h e i r c o o p e r a t i o n in 
d e v e l o p m e n t of t h i s p a p e r : C o a s t a l S t a t e s 
E n e r g y C o m p a n y a n d t h e i r a f f i l i a t es S o u t h e r n 
U t a h Fue l C o m p a n y a n d U t a h Fue l C o m p a n y , 
U t a h Power a n d L i g h t C o m p a n y , C o l o w y o 
Coa l C o m p a n y , a n d t he Y a m p a V a l l e y Coa l 
C o r p o r a t i o n . In p a r t i c u l a r , I am g r a t e f u l f o r 
t he a s s i s t a n c e p r o v i d e d b y t h e f o l l o w i n g 
i n d i v i d u a l s : M e s s r s . Wes S o r e n s o n , C h r i s 
S h i n g l e t o n , V a l P a y n e , K e i t h Z o b e l l , S c o t t 

C h i l d s , James K i g e r , M i chae l K o n d e l i s , a n d 
Pa t S o l l a r s . I am a lso g r a t e f u l to t he W e s 
t e r n F i e l d O p e r a t i o n s O f f i c e of t h e O f f i c e of 
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t h e P r o v i n c e of B r i t i s h C o l u m b i a f o r t h e 
o p p o r t u n i t y to p r e p a r e t h i s p a p e r . 
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A u s t r a l i a 

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

A smal l u n c o n v e n t i o n a l r o c k f i l l dam was b u i l t 
i n T a s m a n i a , A u s t r a l i a , in t he 1950s a n d 
r e p o r t e d b y W i l k i n s . ( 1 ) T h i s s t a r t e d an 
i n t e r e s t i n g a n d p r o d u c t i v e c h a i n o f e v e n t s 
w h i c h i n c l u d e d r e s e a r c h at s e v e r a l p l aces on 
the h y d r a u l i c a n d s t a b i l i t y c h a r a c t e r i s t i c s o f 
r o c k b a n k s s u b j e c t e d to o v e r f l o w a n d 
t h r o u g h - f l o w , a n d c u l m i n a t e d in t h e w i d e 
s p r e a d u s e o f s t e e l - m e s h a n d a n c h o r a g e 
p r o t e c t i o n of c o f f e r d a m s and p a r t l y - c o m p l e t e d 
l a rge c o n v e n t i o n a l r o c k f i l l dams a g a i n s t u n 
r a v e l l i n g a n d s l i p f a i l u r e s o f t h e d o w n s t r e a m 
r o c k s l o p e . 50 s u c h s t r u c t u r e s h a v e been 
b u i l t in t h e 40 y e a r s to 1982, w i th 41 of 
them in A u s t r a l i a in t he 20 y e a r s s i n c e 1963. 
(31) 

A n a t tempt is made in t h i s p a p e r to d e s c r i b e 
t he d e v e l o p m e n t s in t h e o r y a n d in p r a c t i c e , 
w i t h c a s e s t u d i e s . 

It s h o u l d be no ted t h a t e a r l y d e v e l o p m e n t s 
in t h e t e c h n i q u e s of p a s s i n g wa te r o v e r 
r o c k f i l l dams a n d t h r o u g h f i l t e r i n g dams a n d 
c a u s e w a y s ( u s e d i n s t e a d of b r i d g e s a n d c u l 
v e r t s ) took p lace in t h e U . S . S . R . ( 2 ) 

R O C K F I L L D A M S WITH I N B U I L T S P I L L W A Y S 

T h e u n i q u e f e a t u r e o f t h i s t y p e of dam is 
t h a t t h e p e r m a n e n t s p i l l w a y is c o n t a i n e d 
w i t h i n t h e r o c k f i l l b a n k , a n d f l ows p a s s 
t h r o u g h t he main b o d y of t he r o c k f i l l 
( F i g u r e 1) t h u s e l i m i n a t i n g c o n v e n t i o n a l 
s p i l l w a y s a n d e n e r g y d i s s i p a t i o n s t r u c t u r e s . 

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

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

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

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

- e r o s i o n of t h e d o w n s t r e a m face f rom s e e p 
age f l o w , a n d 

- d e e p - s e a t e d s l i p f a i l u r e s . 

B y l a b o r a t o r y t e s t i n g of model b a n k s 1 , 3 , 
4 , 5 , 6 , 7 , 8 , 9 , 10 , 1 1 , 12 , 1 3 , 14 a n d 
n u m e r i c a l a n a l y s i s 12 , 1 3 , 16 , 17 , 18 , 19 
d e s i g n c r i t e r i a h a v e been d e r i v e d f o r p r o 
p o r t i o n i n g a r o c k f i l l dam w i t h i n b u i l t s p i l l 
w a y c a p a b l e o f s a f e l y p a s s i n g a f l ood f l ow 
of g i v e n m a g n i t u d e . 

It is r e l e v a n t to note t h a t t h e d i s c h a r g e 
c a p a c i t y o f s u c h a s t r u c t u r e is poo r c o m 
p a r e d w i t h a f r e e o v e r f a l l s p i l l w a y ( Q @ h 
c o m p a r e d w i t h Q @ h 3 / 2 ) a n d as o v e r t o p 
p i n g o f t he r o c k f i l l is no t a c c e p t a b l e , i t 
f o l l ows t h a t i f t h e d e s i g n d i s c h a r g e is l a r g e , 
t h e n t h e h e i g h t of r o c k a b o v e t he b u r i e d 
s p i l l w a y c r e s t may p r e c l u d e t h e u s e of t he 
t e c h n i q u e f o r economica l r e a s o n s , u n l e s s 
o p e r a t e d in c o n j u n c t i o n w i th an e m e r g e n c y 
o v e r f a l l s p i l l w a y w h i c h c a t e r s f o r t he i n f r e 
q u e n t l a r g e f l o w s . 

L a u g h i n g J a c k M a r s h Dam ( F i g u r e 2 ) i n 
T a s m a n i a , d i s c u s s e d b y W i l k i n s ( 1 ) , is a 
smal l 12 .2m h i g h r o c k f i l l s t r u c t u r e w i t h 
s l o p i n g u p s t r e a m c l a y c o r e , t h e c e n t r a l p a r t 
of w h i c h is lower a n d p r o t e c t e d w i th a c o n 
c r e t e s l ab to p r o v i d e a b u r i e d - i n - r o c k r e c 
t a n g u l a r w e i r to a c c e p t o v e r f l o w s . F o r a 
maximum f l ood of 2 8 . 3 m 3 / s e c t he r i s e i n 
r e s e r v o i r leve l a b o v e t h e c r e s t was e s t i 
mated to be 1.5m a n d the c r i t i c a l d e p t h 
o v e r t he b r o a d c r e s t e d b u r i e d w e i r to be 
0.5m w i t h , a v e l o c i t y t h r o u g h t he v o i d s of 
2 . 2 m / s e c " . 

S p e c i a l d e s i g n c o n s i d e r a t i o n s of t h i s dam 
i n c l u d e : 

- p r o v i s i o n of a d e q u a t e f r e e b o a r d of r o c k 
a b o v e t h e c r e s t to a v o i d o v e r t o p p i n g 
( i n c l u d i n g w a v e a c t i o n ) , 

- remova l o f f i n e s f r om t h e b o d y of r o c k f i l l 
s u b j e c t e d to f ree f a l l a n d t h r o u g h f l o w , 

p r o v i s i o n of l a r g e r o c k s to a b o v e t he 
p h r e a t i c s u r f a c e at t h e base of t he d o w n 
s t ream s lope - r o c k s of a s i z e t h a t w o u l d 
not be moved b y t he t h r o u g h f l o w a n d 
f r e e s u r f a c e f l ow on t h e s l o p e . S tee l 
mesh p r o t e c t i o n was no t u s e d . 



O V E R T O P P E D P A R T L Y - C O M P L E T E D 
R O C K - F I L L D A M S 

T h e p r a c t i c e of a l l o w i n g f l o o d s to p a s s o v e r 
c o n v e n t i o n a l r o c k f i l l dams d u r i n g t h e c o n 
s t r u c t i o n p e r i o d has become p o p u l a r in 
r e c e n t y e a r s , e s p e c i a l l y i n A u s t r a l i a . ( 2 0 , 2 1 , 
2 2 , 3 1 ) P r o v i d e d t h e d o w n s t r e a m face of t he 
s t r u c t u r e is s u i t a b l y p r o t e c t e d a g a i n s t s u r 
face e r o s i o n ( u n r a v e l l i n g ) a n d d e e p - s e a t e d 
s l i p f a i l u r e s , l a r g e f l o o d s can be s a f e l y 
p a s s e d o v e r a n d t h r o u g h t he r o c k f i l l , t h u s 
e f f e c t i n g economies f r o m d e c r e a s e d c o s t s of 
d i v e r s i o n w o r k s . T h e u n r a v e l l i n g p h e n o m e 
non is u s u a l l y a s s o c i a t e d w i t h a comb ina t i on 
of o u t f l o w i n g a n d o v e r f l o w i n g w a t e r on t h e 
d o w n s t r e a m r o c k f i l l s l ope w h i c h becomes a 
s e e p a g e f a c e . In t h i s c a s e , u n r a v e l l i n g 
d e p e n d s on t h e g e o m e t r y a n d f low c h a r a c t e r 
i s t i c s of t he r o c k f i l l w h i c h g o v e r n t he e x t e n t 
o f t h e s e e p a g e f a c e . It i s , o f c o u r s e , we l l 
k n o w n t h a t s t a b l e s u b m e r g e d s l opes e x i s t f o r 
g r a n u l a r m a t e r i a l s ( 2 3 ) b u t t h e s e a r e mi ld 
s l opes c o m p a r e d w i t h c o n v e n t i o n a l r o c k f i l l 
dams w h i c h , f o r economic r e a s o n s to s a v e 
r o c k v o l u m e , h a v e much s t e e p e r s l o p e s . It is 
i m p o r t a n t to r e c o g n i z e , h o w e v e r , t h a t f o r an 
a s s e m b l a g e of u n b o n d e d p a r t i c l e s , t he d a n g e r 
of u n c o n t r o l l e d c o l l a p s e c a u s e d b y o v e r t o p 
p i n g o r t h r o u g h f l o w is rea l a n d mus t be 
a d e q u a t e l y t a k e n i n to a c c o u n t in d e s i g n . 
M a n y f a i l u r e s of u n p r o t e c t e d s teep b a n k s o f 
r o c k f i l l a r e r e c o r d e d in t h e l i t e r a t u r e . ( 1 2 , 2 0 , 
24) T h e l a b o r a t o r y model t e s t i n g a n d n u m e r i 
cal a n a l y s i s o f o v e r t o p p e d r o c k f i l l b a n k s 
l o g i c a l l y f o l l owed t h e i n b u i l t s p i l l w a y s t u d i e s 
a s s o c i a t e d w i t h F i g u r e 1. 

T H E O R Y 

A s t u d y of r o c k f i l l dams e m b r a c e s -

- an u n d e r s t a n d i n g of t h e b a s i c laws 
g o v e r n i n g f l o w , t h e d e v e l o p m e n t of f i e l d 
e q u a t i o n s f r om t h e s e l a w s , a n d t he i n t e r 
p r e t a t i o n of f l ow b e h a v i o u r t h r o u g h model 
a n d p r o t o t y p e d a m s , 

- compu ta t i ona l t e c h n i q u e s , i n c l u d i n g f i n i t e 
d i f f e r e n c e a n d f i n i t e e lement s o l u t i o n s of 
f i e l d p r o b l e m s , 

- me thods o f a n a l y s i s f o r s t a b i l i t y o f r o c k 
f i l l s l o p e s . 

R E G I M E S O F FLOW 

A t t h e o u t s e t , i t is g e n e r a l l y a c c e p t e d t h a t 
t h e r e a r e two p r i n c i p a l t y p e s of f l o w , l am i 
n a r a n d t u r b u l e n t . F o r most c a s e s o f f l ow 
t h r o u g h so i l s of p r a c t i c a l i n t e r e s t , t h e f l ow 

v e l o c i t i e s and p a r t i c l e s i z e s a r e smal l e n o u g h 
f o r laminar c o n d i t i o n s to a p p l y a n d f o r 
D a r c y ' s law to d e s c r i b e a d e q u a t e l y t h e f l ow 
r e g i m e . H o w e v e r , as t he f l ow v e l o c i t i e s , 
p a r t i c l e s i z e s , a n d R e y n o l d s n u m b e r s ( v a r 
i o u s l y d e f i n e d ) i n c r e a s e , D a r c y ' s law b e 
comes i n a c c u r a t e . ( 2 5 , 2 6 , 2 7 ) T h e c l ose a p 
p r o x i m a t i o n to t he l i n e a r r e l a t i o n s h i p b e 
tween v e l o c i t y a n d e n e r g y g r a d i e n t , as 
e x p r e s s e d b y D a r c y ' s l a w , no l o n g e r a p p l i e s 
a n d a n o t h e r f low law is r e q u i r e d . 

T u r b u l e n t f low t h r o u g h p o r o u s media is e n 
c o u n t e r e d in s e v e r a l e n g i n e e r i n g s i t u a t i o n s . 
C a s e s in c i v i l e n g i n e e r i n g i n c l u d e r i v e r e n 
g i n e e r i n g a p p l i c a t i o n s o f r o c k f i l l , wel l f l o w s , 
a n d f l ows t h r o u g h f i l t e r s ( f o r e x a m p l e , 
wa te r a n d sewage t r e a t m e n t ) . T h e chemica l 
e n g i n e e r s a r e i n v o l v e d w i t h f l ow of g a s e s in 
p a c k e d b e d s ; pe t r o l eum e n g i n e e r s w i t h o p e 
r a t i o n of gas w e l l s ; a g r i c u l t u r a l e n g i n e e r s 
w i t h d r y i n g of g r a i n in s t o r a g e b i n s ( 1 9 ) ; 
m i n i n g e n g i n e e r s w i t h r o c k d r a i n s . 

N u m e r o u s a t tempts h a v e been made to d e s 
c r i b e t h e f u l l r a n g e of f l ow s in p o r o u s 
media b y d e v e l o p m e n t o f a c o r r e l a t i o n b e 
tween e n e r g y loss a n d p a r t i c l e p r o p e r t i e s , 
in an ana logous f a s h i o n to t h e M o o d y r e s i s 
t a n c e d i a g r a m f o r p i pe f l o w , b u t t h i s c o r r e 
la t ion is comp l i ca ted b y t h e many o t h e r 
p a r a m e t e r s i n f l u e n c i n g f low in p o r o u s m e d i a . 
( 2 7 , 2 8 ) 

B A S I C FLOW L A W S 

M a n y d i f f e r e n t h y p o t h e s e s a n d t h e o r i e s 
h a v e been p o s t u l a t e d to d e s c r i b e t h e laws 
of f l ow t h r o u g h p o r o u s m e d i a . ( 1 , 3 , 2 5 , 2 7 , 2 9 ) 
Of t h e many emp i r i ca l f o r m s o f e n e r g y loss 
e q u a t i o n t h a t h a v e been d e r i v e d , two of t h e 
most common a r e of t h e f o rm 

S = a 'v + b ~v 2 + c 'v 3 

and S = a v 1 1 

where v = discharge v e l o c i t y 
r • where k = c o e f f i c i e n t of a — k 

permeability, or transmis
sion constant 

S = gradient of piezometric head 

a n d a , b " , c , a a n d t he e x p o n e n t n v a r y 
w i t h t h e p a r t i c u l a r p o r o u s media a n d t he 
f l ow c o n d i t i o n s p e r t a i n i n g . 



B y a n a l o g y w i t h p i p e f l o w , i t c o u l d be e x 
p e c t e d t h a t e x p o n e n t n w i l l v a r y f r om 1 f o r 
laminar f l ow c o n d i t i o n s ( s a t i s f y i n g D a r c y ' s 
l aw , v = k S ) to 2 f o r f u l l y t u r b u l e n t c o n d i 
t i o n s . 

A s men t i oned p r e v i o u s l y , a g e n e r a l i z e d c o r 
re la t i on of e n e r g y loss d a t a in t h e f o r m of a 
d i a g r a m of f r i c t i o n f a c t o r v e r s u s R e y n o l d s 
n u m b e r is no t y e t a v a i l a b l e . I n s t e a d , p r e 
s e n t l y , e n e r g y loss b e h a v i o u r t h r o u g h a p a r 
t i c u l a r p o r o u s med ium is o f t en e x p r e s s e d in 
t he f o r m of a s imp le e x p o n e n t i a l r e l a t i o n s h i p , 
d e v e l o p e d f r o m t e s t s on t he m a t e r i a l , u n d e r 
c o n d i t i o n s w h i c h s imu la te t h e f i e l d s i t u a t i o n . 
It s h o u l d be e m p h a s i z e d t h a t t h e s e e x p o n e n 
t ia l f o r m u l a e a r e o n l y good a p p r o x i m a t i o n s 
o v e r c e r t a i n l im i ted f l ow r a n g e s ; t h e c o n 
s t a n t s n a n d a b e i n g f u n c t i o n s of o t h e r 
v a r i a b l e s , i n c l u d i n g t he ra te of f l o w , p a r t i c l e 
s h a p e , s u r f a c e r o u g h n e s s a n d s i z e d i s t r i b u 
t i o n . (12) 

T U R B U L E N T FLOW F I E L D S 

A n a l y t i c a l s o l u t i o n s of t u r b u l e n t f low f i e l d s 
may be d e r i v e d w i t h i n a s y s t e m of d e f i n e d 
b o u n d a r i e s b y d e v e l o p m e n t t he d i f f e r e n t i a l 
equa t i on f o r t h e p i e z o m e t r i c head a n d f low 
d i s t r i b u t i o n , u s i n g a f l ow law ( s u c h as an 
e x p o n e n t i a l e n e r g y loss e q u a t i o n of f o rm 
S = a v ) in c o n j u n c t i o n w i t h t he c o n t i n u i t y 
e q u a t i o n , a n d a s s u m i n g s t e a d y t w o - d i m e n 
s iona l f l o w . 

E x p r e s s e d in C a r t e s i a n d e r i v a t i v e s , a g e n e r 
a l i sed f i e l d e q u a t i o n has been d e v e l o p e d ( 1 2 ) 
of t h e f o r m 

(4 + 4 ) (4 2 + ^ !_n  V T x x *yy V Y x T y z ) + ( —-) 
(4 24 + 24 4 4> + 4> 2 * ) = 0 x xx x y xy y yy 

where g 
• = a scalar function representing / 

3 

4 , 4 = derivatives i n x and y di r e c t i o n s x' y 3 

a , n = c o e f f i c i e n t s , constant w i t h i n any 
l o c a l region of flow 

F o r l am inar f l ow c o n d i t i o n s ( n = I) t h e e q u a 
t ion r e d u c e s to L a p l a c e ' s e q u a t i o n 

4 + 4 =o 
xx v y y 

F u r t h e r , i f a c a n be c o n s i d e r a t i o n c o n s t a n t , 
t h e n 4 can be r e p l a c e d by t he p i e z o m e t r i c 
head h a n d the d i s t r i b u t i o n of p i e z o m e t r i c 

head w i t h i n t h e s y s t e m is a f u n c t i o n o n l y of 
t h e e x p o n e n t n . 

C O M P U T A T I O N A L T E C H N I Q U E S 

F i n i t e - D i f f e r e n c e S o l u t i o n s of t he a b o v e 
g e n e r a l i z e d f i e l d e q u a t i o n h a v e been d e v e 
loped u s i n g s q u a r e g r i d s ( 1 3 ) a n d r e c t a n g u 
la r compu ta t i ona l u n i t s . ( 1 6 ) In each c a s e , 
t he to ta l p i e z o m e t r i c head at e a c h node is 
d e t e r m i n e d b y r e l a x a t i o n methods to g i v e 
r e s i d u a l s at e v e r y p o i n t be low a c e r t a i n 
a c c e p t a b l e leve l w h e n t h e f i e l d e q u a t i o n is 
s a t i s f i e d t h r o u g h o u t t he r e g i o n . 

T h e s e f i n i t e - d i f f e r e n c e e q u a t i o n s h a v e t h e i r 
l i m i t a t i o n s , b e c a u s e t h e y can be u s e d o n l y 
in p r o b l e m s w h e r e al l b o u n d a r i e s e x a c t l y c o 
i n c i d e w i t h node p o i n t s a n d e lements of t h e 
g r i d . 

In t h e g e n e r a l c a s e o f s e e p a g e f l o w , few 
b o u n d a r i e s a r e l i k e l y to c o i n c i d e w i t h node 
p o i n t s s i n c e al l b o u n d a r i e s in f r e e s u r f a c e 
p r o b l e m s a r e c u r v e d o r s l o p i n g . 

F i n i t e E lement S o l u t i o n s , a p p l i e d to n o n 
l i n e a r f l ow t h r o u g h r o c k f i l l , h a v e been 
d e v e l o p e d ( 1 6 , 1 8 , 1 9 ) u s i n g t r i a n g u l a r e l e 
ments w h i c h a r e wel l s u i t e d to a n i s o t r o p i c 
f i e l d s a n d c u r v e d b o u n d a r i e s ( F i g u r e 3 ) . 

U s i n g t h e v a r i a t i o n a l p r i n c i p l e in t he c a l c u 
l us of v a r i a t i o n s as a p p l i e d to a r e g i o n 
d i v i d e d in to t r i a n g u l a r e l e m e n t s , w i t h an 
a s s u m e d l i n e a r head d i s t r i b u t i o n w i t h i n each 
e lemen t , t h e n s o l u t i o n s in t e rms of p i e z o m e 
t r i c head a r e a v a i l a b l e . B o u n d a r i e s of t he 
f low f i e l d , s u c h as s e e p a g e f a c e s , f r e e 
s u r f a c e s , i m p e r v i o u s f a c e s a r e r e a d i l y dea l t 
w i t h b y s e l e c t i n g n o d e s of t he t r i a n g u l a r 
ne t to c o i n c i d e w i t h t h e b o u n d a r i e s a n d 
a s s i g n i n g a p p r o p r i a t e p i e z o m e t r i c h e a d s to 
t h e s e node p o i n t s . 

C o m p u t e r p r o g r a m s a r e a v a i l a b l e ( 1 9 ) to dea l 
w i t h f low t h r o u g h a n d o v e r r o c k f i l l b a n k s 
of v a r i o u s g e o m e t r i e s . A t y p i c a l g r a p h i c a l 
o u t p u t of s t r e a m l i n e s , e q u i p o t e n t i a l s a n d 
i s o b a r s f o r a n o t - u n u s u a l 36° r o c k f i l l b a n k 
is d e p i c t e d in t he se t o f t h r e e d i a g r a m s 
( F i g u r e 4 ) . 

It w i l l be no ted t h a t t h e t u r b u l e n t f low ne t 
has a h i g h e r p h r e a t i c s u r f a c e a n d a l o n g e r 
seepage face t h a n t he l am ina r f low n e t , r e 
f l e c t i n g t he h i g h e r d i s c h a r g e a n d h i g h e r 
e x i t g r a d i e n t s f o r t u r b u l e n t f l o w . T h e i s o b a r 
p a t t e r n shows t h a t t u r b u l e n t f low c a u s e s 
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h i g h e r p o r e p r e s s u r e s in most p a r t s of t h e 
d a m . 

S T A B I L I T Y O F R O C K F I L L S L O P E S 

M a k i n g use of t he t u r b u l e n t f low a n a l y s i s 
c o m b i n e d w i t h a s t a b i l i t y a n a l y s i s ( 3 0 ) of 
o v e r t o p p e d b a n k s , a s e r i e s of d o w n s t r e a m 
b a n k a n g l e s be tween 33° a n d 45° h a v e been 
a n a l y z e d f o r a r a n g e of t a i l w a t e r l e v e l s ( 1 6 ) . 
T h e e n v e l o p e to a l l s l i p c i r c l e s h a v i n g a 
f a c t o r of s a f e t y of 1.0 can be c l o s e l y a p p r o x 
imate ly b y a l ine d r a w n p a r a l l e l to t he 
d o w n s t r e a m face a n d at a h o r i z o n t a l d i s t a n c e 
f rom the face equa l to t w o - t h i r d s of t he 
b a n k h e i g h t ( F i g u r e 5 ) . T h i s g i v e s a r e a s o n 
ab le es t imate of t he zone r e q u i r i n g t e n s i o n 
r e i n f o r c e m e n t to e n s u r e a d e q u a t e r e s i s t a n c e 
to f a i l u r e b y o v e r t o p p i n g o r t h r o u g h f l o w . 

It is o f i n t e r e s t to no te t h a t 

- f o r g i v e n f a c t o r of s a f e t y , t h e amount of 
r e i n f o r c i n g n e c e s s a r y , i f t a k e n to t h e s l i p 
c i r c l e e n v e l o p e , is i n d e p e n d e n t of b a n k 
a n g l e . C o n v e r s e l y , f o r s i m i l a r l y r e i n f o r c e d 
b a n k s , t h e f a c t o r of s a f e t y is i n d e p e n d e n t 
of t h e b a n k a n g l e , h e n c e i t is economica l l y 
a d v a n t a g e o u s to use as h i g h a b a n k a n g l e 
as p o s s i b l e , 

- t he e x p o n e n t n in t h e f l ow law ( w h e n 
v a r i e d f r om n = 1 to 2 ) has l i t t le e f f ec t 
on s t a b i l i t y f o r e i t h e r a f r e e s u r f a c e s l ope 
f l ow o r an o v e r t o p p e d b a n k ( see F i g u r e 
6 ) , 

- t he h e i g h t of t h e t a i l w a t e r has no e f f ec t 
on t he s t a b i l i t y . I n c r e a s e s in t a i l w a t e r 
l eve l m e r e l y c a u s e d i f f e r e n t s l i p c i r c l e s at 
a h i g h e r e l e v a t i o n ( w i t h a b o u t t he same 
f a c t o r o f s a f e t y ) to become c r i t i c a l , 

- t he d e n s i t y of t he r o c k mater ia l has a 
s i g n i f i c a n t e f f e c t on t h e s t a b i l i t y of a 
s l o p e . 

It s h o u l d be r e c o g n i z e d t h a t as wel l as t he 
B i s h o p s l i p c i r c l e m e t h o d , u s e d f o r t he 
a b o v e a n a l y s e s , o t h e r t e c h n i q u e s f o r s lope 
s t a b i l i t y d e t e r m i n a t i o n h a v e been e x a m i n e d , 
s u c h as t h e s l i d i n g w e d g e a n a l y s i s w i t h 
m o d i f i c a t i o n s ( 3 1 ) . 

T h e s t a b i l i t y o f r o c k f i l l b a n k s s u b j e c t e d to 
bo th o v e r f l o w s a n d t h r o u g h f l o w s ( c r e a t i n g 
f r e e s u r f a c e s e e p a g e f l ows d o w n t he d o w n 
s t ream s l o p e ) has been e x t e n s i v e l y e x a m i n e d 
u s i n g h y d r a u l i c model t e s t s on e m b a n k m e n t s 
of s c a l e d d o w n r o c k f i l l . ( 3 , 9 , 3 1 ) S u c h e x p e r i 
menta l t e s t i n g s u f f e r s f r o m s c a l i n g p r o b l e m s 

w i t h r e s p e c t to s i z e , s h a p e a n d d e n s i t y of 
model p a r t i c l e s r e q u i r e d to r e p r o d u c e s im i l a r 
f l o w , p o r e p r e s s u r e , a n d s t a b i l i t y c h a r a c 
t e r i s t i c s . T o model t h e mesh p r o t e c t i o n a n d 
a n c h o r r e i n f o r c e m e n t is a n o t h e r p r o b l e m . 
H o w e v e r , u s e f u l r e s u l t s ( q u a l i t a t i v e i f no t 
q u a n t i t a t i v e ) a r e o f t en p o s s i b l e , p a r t i c u l a r l y 
i f models of s e v e r a l sca les ( s a y , 1:50 a n d 
1:100) a r e u s e d a n d e x t r a p o l a t i o n t e c h n i 
q u e s e m p l o y e d . 

W h e t h e r s t a b i l i t y s t u d i e s a r e c a r r i e d ou t 
e x p e r i m e n t a l l y o r a n a l y t i c a l l y , in a l l c a s e s 
of o v e r t o p p i n g o r d o w n s t r e a m s lope seepage 
f l ows (see F i g u r e 6 ) , t h e c r i t i c a l f a i l u r e  
mode is i n v a r i a b l y u n r a v e l l i n g of t h e s u r 
face r o c k p a r t i c l e s . T h e d e s i g n p r o c e d u r e 
f o r s t a b i l i t y o f a r o c k f i l l s l ope s u b j e c t e d to 
f low mus t t h e r e f o r e be 

- p r o v i s i o n of a d e q u a t e mesh p r o t e c t i o n to 
p r e v e n t u n r a v e l l i n g of t he s u r f a c e p a r -
t i d e s d u e to t he f l o w , a n d 

- t e n s i o n ( o r a n c h o r ) r e i n f o r c e m e n t to 
g u a r d a g a i n s t d e e p - s e a t e d s l i p s , as wel l 
as r e t a i n t he s u r f a c e mesh in p l a c e . 

P R A C T I C E 

T h e t y p e s of mesh p r o t e c t i o n a n d a n c h o r 
r e i n f o r c e m e n t t h a t h a v e been emp loyed in 
p r a c t i c e a r e many a n d v a r i e d . ( 3 1 , 2 0 ) Mos t 
of wha t fo l l ows has been e x t r a c t e d f r om 
A . N . C . O . L . D . R e p o r t ( 3 1 ) a n d o t h e r r e f e r 
e n c e d A . N . C . O . L . D . B u l l e t i n s . 

E x a m p l e s of s u r f a c e mesh u s e d on t h e d o w n 
s t ream face i n c l u d e 

- 20mm b a r s w i t h a mesh s i z e 1200mm b y 
300mm ( b e t w e e n h o r i z o n t a l b a r s ) , 

- 10mm a n d 7mm b a r s w i t h a mesh s i z e 
75mm b y 200mm r e s p . t o g e t h e r w i t h 25mm 
b a r s in mesh 1500mm b y 2800mm, 

- 4mm w i r e c h a i n - l i n k f e n c i n g mesh of 
50mm s q u a r e o p e n i n g w i t h 22mm b a r s at 
1350mm v e r t i c a l s p a c i n g , 

- c y l i n d r i c a l g a b i o n s 900mm d i a . b y 2440mm 
long ( a n d 940mm d i a . b y 2400mm) made 
of 4mm c h a i n - l i n k f e n c i n g mesh of 50mm 
s q u a r e o p e n i n g , 

- 8mm w i r e mesh of 100mm s q u a r e o p e n i n g 
w i t h 20mm s l o p i n g b a r s at 500mm c e n t r e s . 

A n c h o r r e i n f o r c e m e n t s y s t e m s a s s o c i a t e d 
w i t h t h e s u r f a c e mesh p r o t e c t i o n i n c l u d e : 
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- 20mm b a r s , 4m l o n g , s p a c e d 900mm v e r 
t i ca l a n d 1200mm h o r i z o n t a l , 

- 25mm b a r s , 11 .6m long at base to 7m 
long at top (+ 12m) , s p a c e d 2100 mm 
v e r t i c a l a n d 1500mm h o r i z o n t a l , 

- 20mm b a r s , 4 .6m l o n g , s p a c e d 900mm 
v e r t i c a l a n d 1200mm h o r i z o n t a l , 

- 25mm b a r s , 19m long at base to 12mm 
b a r s , 7m long at t op (+ 2 3 m ) , s p a c e d 
1350m v e r t i c a l a n d 1500mm h o r i z o n t a l , 

- 38mm b a r s , 45m long s p a c e d 3000mm b y 
225mm at base to 20mm b a r s , 12m long 
s p a c e d 3000mm b y 1500mm at top (+ 4 0 m ) , 

- 25mm b a r s , 23 .5m long at base to 20mm 
b a r s , 12m long at top (+ 34m) s p a c e d 
1350mm b y 1350mm, 

- 20mm b a r s , 11.1m long s p a c e d 1000mm b y 
1000mm, 

- 1-24mm b a r p e r 940mm b y 2400mm g a b i o n , 
20m long f r o m b a s e to + 18m, t h e n 1-20mm 
b a r p e r g a b i o n , 20m long f r om + 18 to + 
26m. 

P r o g r e s s i v e d o w n w a r d f a i l u r e of mesh p r o t e c 
t ion s y s t e m s can be a v o i d e d b y d e s i g n i n g 
and c o n s t r u c t i n g t h e a n c h o r a g e s y s t e m to 
s e c u r e t he top l a y e r at a n y s t a g e , s u c h as 
b y u s i n g c r a n k - s h a p e d a n c h o r s , i n c l i n e d 
a n c h o r s , a n c h o r s f i x e d to g r o u t e d dowe ls in 
t he r o c k f i l l . 

E x p e r i e n c e has s h o w n t h a t w h e r e l i g h t to 
medium d u t y mesh is u s e d to r e t a i n smal l 
s i ze r o c k p a r t i c l e s at t h e d o w n s t r e a m f a c e , i t 
s h o u l d be p r o t e c t e d f r o m damage b y e r o d e d 
r o c k s o r d e b r i s w i t h an o v e r l a y of 20mm, o r 
l a r g e r , s l o p i n g b a r s at 300-500mm s p a c i n g 
( e . g . G o o g o n g D a m ) . H o r i z o n t a l b a r s , i f 
u s e d , a r e p r e f e r a b l y p l a c e d benea th t he 
s l o p i n g b a r s to a v o i d o b s t r u c t i o n to d e b r i s . 
B y c o m p l e t i n g t he p r o t e c t i o n of a min imum 
s i z e wedge at t h e d o w n s t r e a m e d g e at t he 
s t a r t of each l a y e r b y u s i n g , f o r e x a m p l e , 
c r a n k e d o r i n c l i n e d a n c h o r b a r s , e r o d i n g 
r o c k s ( a n d t h e r e f o r e damage to t h e d o w n 
s t ream m e s h ) a r e p r e v e n t e d b e c a u s e u n p r o 
t e c t e d r o c k is n e v e r p l aced a b o v e a comp le t 
ed leve l of p r o t e c t i o n . Wea the red r o c k in 
a b u t m e n t s s h o u l d be p r o t e c t e d f r om e r o s i o n 
b y a v o i d i n g c o n c e n t r a t i o n of f l ows in t h e s e 
r e g i o n s . 

F o r t h e pas t few y e a r s , t he H y d r o - E l e c t r i c 
C o m m i s s i o n , T a s m a n i a , has o p t e d to use c y 
l i n d r i c a l g a b i o n s and t ie b a r s a lmost e x c l u 
s i v e l y as d o w n s t r e a m p r o t e c t i o n f o r c o f f e r 

dams a n d main dams w h i c h a r e s u b j e c t to 
o v e r t o p p i n g . F o r c o f f e r d a m s , t he g a b i o n s 
a r e s t a c k e d " b o t t l e f a s h i o n " ( i . e . t h e i r a x e s 
in an u p s t r e a m / d o w n s t r e a m d i r e c t i o n ) on 
t h e d o w n s t r e a m f a c e , w h e r e a s f o r main dams 
t he g a b i o n s a r e n o r m a l l y s t a c k e d w i th t h e i r 
a x e s p a r a l l e l to t he dam a x i s . T h e f o r m e r 
a r r a n g e m e n t is o f t en q u i c k e r to c o n s t r u c t , 
needs more g a b i o n s , a n d is more c o s t l y . 
T h e t i e b a r a n c h o r a g e f o r main dams is 
n e c e s s a r y as f o r e a r l i e r p r o t e c t i o n t e c h n i 
q u e s . 

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

T h i s is a t e rm u s e d to mean the f l ood leve l 
at w h i c h t h e mesh is t e r m i n a t e d on t he 
d o w n s t r e a m face of t he main d a m . In most 
c a s e s , t h e mesh is t e r m i n a t e d at t he 10 
y e a r f l ood leve l ( o r l e s s ) , mean ing t h a t at 
t h i s l eve l a 10 y e a r r e c u r r e n c e i n t e r v a l 
f l ood can be p a s s e d t h r o u g h t he r i v e r 
d i v e r s i o n w o r k s w i t h o u t o v e r t o p p i n g t he 
d a m , i f c o n s t r u c t e d to t h i s l e v e l . 

T h e d e c i s i o n as to t he leve l at w h i c h to 
t e rm ina te mesh p r o t e c t i o n ( i . e . mesh p r o t e c 
t i on l e v e l ) is l i k e l y to be b a s e d on t he f o l 
l ow ing major c o n s i d e r a t i o n s 

- t he r e l i a b i l i t y o f t he h y d r o l o g i c a l d a t a , 

- t he es t ima ted t ime a n d t he season of t he 
y e a r in w h i c h it is p l a n n e d to c o n s t r u c t 
t h e embankmen t f r o m t h e leve l at w h i c h 
t h e mesh is t e r m i n a t e d to a h i g h e r leve l 
at w h i c h t h e r e is a v e r y low p r o b a b i l i t y 
o f b e i n g o v e r t o p p e d , 

- t he p r o b a b i l i t y of b e i n g o v e r t o p p e d wh i l e 
c o n s t r u c t i n g t he dam a b o v e t he mesh 
p r o t e c t i o n l e v e l , 

- t he i nc remen ta l c o s t o f mesh p r o t e c t i o n , 

- t he v a l u e of damage a n d d e l a y i f o v e r 
t o p p e d w h e n b u i l d i n g a b o v e t he mesh 
p r o t e c t i o n l e v e l , 

- t he r e l i a b i l i t y of c o n s t r u c t i o n p r o g r a m s 
in w h i c h it is p l a n n e d to b u i l d a b o v e t he 
mesh leve l in t he d r y s e a s o n , t a k i n g a c 
c o u n t of a d v e r s e f o u n d a t i o n a n d a b u t 
ment c o n d i t i o n s , i n t e r r u p t i o n s d u e to 
i n d u s t r i a l d i s p u t e s , a n d l e s s - t h a n - p l a n -
ned r o c k f i l l p r o d u c t i o n . 

In some c a s e s , a c c e l e r a t e d c o n s t r u c t i o n may 
pe rm i t t h e mesh to be t e r m i n a t e d at a leve l 
lower t h a n t he d e s i g n l e v e l , s u c h as w h e n 
t o w a r d s t he e n d of t h e d r y season c o n s t r u c 
t i on p e r i o d i t can be r e l i a b l y f o r e c a s t e d 



t ha t a " s a f e " wet season leve l w i l l be r e a c h e d 
b y t he o n s e t of t h e wet s e a s o n . O b v i o u s l y , 
v e r y c a r e f u l exam ina t i on o f t he f l ood s t o r a g e 
a n d es t ima t ion of o v e r t o p p i n g f l ood p r o b a b i l 
i t y is n e c e s s a r y in t h i s c a s e s i n c e , at t h e 
h i g h e r l e ve l s of c o n s t r u c t i o n , a l t h o u g h t he 
p r o b a b i l i t y of o v e r t o p p i n g r e d u c e s , t he v o l 
ume of wa te r s t o r e d a n d t h e r e f o r e the p o t e n 
t ia l f l ood w a v e a r e b o t h c o n s i d e r a b l y g r e a t e r 
a n d t he dam is v u l n e r a b l e w i t h o u t mesh p r o 
t e c t i o n ( F i g u r e 6) c . f . He l l Hole D a m . 

O V E R T O P P I N G 

With r e s p e c t to o v e r t o p p i n g of m e s h - p r o t e c 
ted r o c k f i l l dams o r c o f f e r d a m s , most of t h e 
r e c e n t a p p l i c a t i o n s in A u s t r a l i a h a v e been 
d e s i g n e d f o r a 3m d i s c h a r g e d e p t h ( e q u i v a 
len t to abou t 1 5 m 3 / s e c / m ) at t h e top leve l 
o f t he mesh p r o t e c t i o n i . e . at t he j u n c t i o n of 
t he t op s u r f a c e a n d t he d o w n s t r e a m s lope 
( F i g u r e 6 a ) . 

A t G o o g o n g D a m , ( 3 2 ) 10km u p s t r e a m f rom 
the c i t y of Q u e a n b e y a n , w i t h C a n b e r r a a 
f u r t h e r 10km d o w n s t r e a m , t h e c o n s t r u c t i o n 
p r o g r a m r e q u i r e d t h e mesh p r o t e c t i o n 
( F i g u r e 7a) to be i n s t a l l e d b e f o r e t he e n d of 
t he d r y s e a s o n , t h e mesh b e i n g t e r m i n a t e d 
at t he 10,000 y e a r d r y season f l ood l e v e l . 
T h e f l ood w h i c h o v e r t o p p e d G o o g o n g in 
O c t o b e r 1976 w h e n i t was 19m h i g h , a n d 
m e s h - p r o t e c t e d , had a r e c u r r e n c e i n t e r v a l o f 
1,000 y e a r s in t he d r y season a n d 20 y e a r s 
in t h e wet s e a s o n . [ T h e l a r g e d i s p a r i t y in 
r e c u r r e n c e i n t e r v a l f o r t he same m a g n i t u d e 
f l ood is i n d i c a t i v e of t h e t r e m e n d o u s c o n t r a s t 
be tween t h e two season t h a t is so c h a r a c t e r 
i s t i c of A u s t r a l i a n c o n d i t i o n s , a n d e m p h a s i s e s 
t h e r e a s o n f o r a v o i d i n g c o n s t r u c t i o n of t h e 
c r i t i c a l meshed s e c t i o n in t h e wet season 
( a n d t h e need f o r p r o t e c t i o n a g a i n s t o v e r t o p 
p i n g of p a r t l y comp le ted dams in t he g e n e r a l 
s e n s e ) ] . In t he case of t he G o o g o n g f l o o d , a 
peak d i s c h a r g e d e p t h of 2 .5m was f o l l owed 
23 h o u r s l a te r w i t h a s e c o n d a r y peak of 
1 .5m. T h e damage to t he m e s h - p r o t e c t e d dam 
was n e g l i g i b l e - a l l n e c e s s a r y r e p a i r w o r k 
was comp le ted w i t h i n a d a y , a f t e r w h i c h 
c o n s t r u c t i o n w o r k on t he e m b a n k m e n t to i t s 
f i n a l h e i g h t o f 61m was r e c o m m e n d e d . 

In t h e case of t h e O r d R i v e r D a m , ( 3 3 ) t h e 
O r d R i v e r f l ows in t he 1970/1 wet season 
we re p a s s e d o v e r t h e p a r t l y comp le ted r o c k 
f i l l e m b a n k m e n t w h i c h was p r o t e c t e d w i th a 
1.8m l a y e r of 0 .9m i n d i v i d u a l l y p l a c e d r o c k s 
as a r m o u r i n g o v e r t h e comp le te t o p s u r f a c e 
a n d d o w n s t r e a m s l ope t o g e t h e r w i t h a l i g h t 

mesh at 150mm c e n t r e s bo th w a y s c o v e r e d 
w i th a 25mm stee l mesh of 1200mm b y 450mm 
s p a c i n g a n c h o r e d to t h e f i l l a n d t he f o u n 
d a t i o n . O v e r t o p p i n g was c o n t i n u o u s f o r 
some s i x mon ths of t h e wet s e a s o n , w i t h a 
maximum d e p t h of f low of 10.7m o v e r t he 
embankmen t w h i c h was at t h i s s tage c o m 
p l e t e l y d r o w n e d ^ T h e f low was es t ima ted to 
be 5 6 6 0 m 3 / s e c o r 1 4 . 2 m 3 / s e c / m , a n d 
t h e peak v e l o c i t y to be 4 . 6 m / s e c . T h e 
b a n k was d e s i g n e d to a l low t h e p a s s a g e of 
2 8 3 0 0 m 3 / s e c f l o o d s , w i t h s u r f a c e v e l o c i t i e s 
es t ima ted f rom h y d r a u l i c model s t u d i e s to be 
as h i g h as 8 . 5 m / s e c . In t h i s c a s e , w i t h 
t he s t r u c t u r e d r o w n e d , t he c r i t i c a l f e a t u r e , 
so f a r as s t a b i l i t y o f t h e r o c k f i l l is c o n c e r n 
e d , is t he h i g h v e l o c i t y reg ime c a u s i n g h i g h 
d r a g and l i f t f o r c e s a c r o s s t h e top s u r f a c e 
of t h e e m b a n k m e n t . In t h e e v e n t , t he ac tua l 
peak f low c a u s e d no damage to t he s t r u c 
t u r e a p a r t f r om a b u i l d - u p of s i l t on t he 
s u r f a c e and a se t t l emen t of abou t 300mm in 
some p laces of t h e r o c k f i l l u n d e r t he m e s h . 
T h e r o c k f i l l mass r e t a i n e d i t s i n t e g r i t y , as 
c l e a r l y i n d i c a t e d b y p h o t o g r a p h s ( 3 3 ) t a k e n 
d u r i n g a n d a f t e r t he long d u r a t i o n f l ood 
e v e n t . 

C A S E S T U D I E S 

T h e A N C O L D R e p o r t ( 3 1 ) i d e n t i f i e s , t a b u 
la tes a n d d e s c r i b e s 50 k n o w n a p p l i c a t i o n s of 
mesh p r o t e c t i o n to dams a n d c o f f e r d a m s 
o v e r a p e r i o d of 40 y e a r s to 1982 s t a r t i n g 
w i t h S a n l l d e f o n s o Dam in M e x i c o in 1942. 
41 of t h e s e a p p l i c a t i o n s h a v e been in A u s 
t r a l i a in t he 20 y e a r s s i n c e 1963. O f t he 50 
a p p l i c a t i o n s , 19 h a v e been u p s t r e a m c o f f e r 
dams a n d 31 main d a m s . 38 of t h e 50 s t r u c 
t u r e s we re comp le ted as at 1982, 18 h a v e 
been o v e r t o p p e d b y f l o o d s , a n d 5 of t h e s e 
h a v e had some d e g r e e of f a i l u r e . 

T h i s p a p e r c o n c l u d e s w i th case s t u d i e s of 
t h r e e of t h e 18 dams t h a t h a v e been o v e r 
t o p p e d , one o f w h i c h f a i l e d . 

B o r u m b a Dam(34) in Q u e e n s l a n d , was one of 
t h e e a r l y mesh p r o t e c t e d dams b u i l t in 
A u s t r a l i a ( F i g u r e 7 b ) . F o l l o w i n g h y d r a u l i c 
model t e s t s , a m e s h - p r o t e c t e d b a n k 13 .4m 
h i g h a n d 45 .7m w ide was c o n s t r u c t e d to a c 
c e p t o v e r t o p p i n g f l oods in t h e f i r s t w e | 
s e a s o n . F loods^ w i t h p e a k s of 3 4 0 m 3 / s e c 
a n d 4 2 5 m 3 / s e c w i t h d e p t h s 2 .1m a n d 2 .7m 
r e s p . o c c u r r e d , w i t h o n l y m ino r damage 
a f t e r t h e f i r s t f l ood c a u s e d b y d e b r i s a n d 
s t o c k p i l e d r o c k f i l l b r e a k i n g s e v e r a l of t h e 
mesh b a r s a n d j u n c t i o n we lds w i t h r e s u l t a n t 
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b u l g i n g and smal l l oss of s u r f a c e r o c k s . F low 
measuremen ts i n d i c a t e d t h a t w i t h u p s t r e a m 
wa te r leve l a t t o p - o f - b a n k leve l i . e . n o ^ o v e r 
t o p p i n g , t h e d i s c h a r g e of 9 9 m 3 / s e c was 
d i v i d e d in to 4 8 m 3 / s e c _^ f l o w i n g t h r o u g h t h e 
r o c k f i l l a n d 5 1 m 3 / s e c f l o w i n g t h r o u g h a 
d r y - s e a s o n - f l o w d i v e r s i o n c o n d u i t . Wi th t h e 
u p s t r e a m w a t e r leve l 2 .1m a b p v e t he c r e s t 
and a to ta l f l ow of 3 j l 0 m 3 / s e c , i t was e s t i 
mated t h a t 7 1 m 3 / s e p was g o i n g t h r o u g h t he 
c o n d u i t , 71 jm 3 / sec t h r o u g h t he r o c k f i l l , a n d 
I 9 8 m 3 / s e c o v e r t h e r o c k f i l l . 

C e t h a n a D a m ( 2 1 , 2 0 ) a 110m h i g h c o n c r e t e 
faced r o c k f i l l s t r u c t u r e in T a s m a n i a , s u f f e r 
ed p a r t i a l f a i l u r e b y f l ood o v e r t o p p i n g when 
the r o c k f i l l at t he d o w n s t r e a m e d g e was 
15.2m a b o v e r i v e r bed l e v e l . A n u p s t r e a m 
10m h i g h c o f f e r d a m w i t h 90mm d i a . b y 
2440mm long c y l i n d r i c a l g a b i o n p r o t e c t i o n was 
c o n s t r u c t e d to d i v e r t t he one y e a r r e c u r 
r ence i n t e r v a l summer f l ood t h r o u g h a 6 .55m 
d i a . d i v e r s i o n t u n n e l , w h i l s t t he main dam 
was b e i n g b u i l t a n d m e s h - p r o t e c t e d to a 
h e i g h t of 34m b e f o r e t h e w i n t e r f l ood s e a s o n . 
T h i s leve l c o r r e s p o n d e d to a 10 y e a r w i n t e r 
f lood l e v e l . F u r t h e r , as t h e dam h e i g h t i n 
c r e a s e d , i t was es t ima ted t h a t w i t h f low 
t a k i n g p lace o n l y t h r o u g h t he r o c k f i l l , t he 
u p s t r e a m leve l wou ld need to be 23.5m h i g h e r 
t han t h e top of t he mesh p r o t e c t i o n ( F i g u r e 
6b) b e f o r e t h e p h r e a t i c l ine e m e r g e d on the 
d o w n s t r e a m face a b o v e t h e m e s h . T h i s u p 
s t ream lev^ l c o r r e s p o n d e d to a f l ood of 
1 5 5 7 m 3 / s e c w i t h a r e c u r r e n c e i n t e r v a l 
g r e a t e r t h a n 1000 y e a r s . T h e c h a n c e s of 
t h r o u g h f l o w o c c u r r i n g a b o v e t he mesh p r o 
tec t i on we re t h e r e f o r e v e r y s l i g h t i n d e e d . In 
f a c t , w h e n t he dam was wel l a b o v e t h e top 
of t he mesh p r o t e c t i o n leve l in h e i g h t , a 
f l ood p o n d e d to a d e p t h of 55m and f low 
t h r o u g h t he r o c k f i l l took p lace w i t h o u t d a m 
age o r d e f o r m a t i o n . 

T h e mesh f o r C e t h a n a Dam ( F i g u r e s 7 c , 8) 
c o n s i s t e d of 3m w ide ro l l s of c h a i n - l i n k f e n c 
i n g mesh w h i c h was t e n s i o n e d o v e r each 
1.4m l a y e r of r o c k to a n c h o r b a r s se t in to 
t he r o c k , t h e n t he c h a i n - l i n k mesh was 
ro l l ed b a c k to t he face a w a i t i n g t he n e x t 
l a y e r of r o c k - t h u s f o r m i n g 3 - s i d e d g a b i o n -
t y p e c e l l s . Each 3m s t r i p of mesh was j o i ned 
to ad jacen t s t r i p s a c r o s s t he dam w i d t h b y 
w i r e t i e s . 

A t t he t ime w h e n t he m a i n ^ b a n k was 15.2m 
h i g h , a f l ood of 4 5 3 m 3 / s e c o v e r t o p p e d the 
r o c k f i l l . T h e d i v e r s i o n t u n n e l acceptecj 
2 8 3 m 3 / s e c " , a n d t he r e m a i n i n g 1 7 0 m 3 / s e c 

p a s s e d t h r o u g h a n d o v e r t he r o c k f i l l . T h e 
p r o g r e s s of t h e f l ow t h r o u g h and o v e r t he 
r o c k f i l l w i t h t h e r e s u l t a n t f a i l u r e a f t e r 5 
h o u r s of o v e r t o p p i n g a r e wel l d e p i c t e d in 
A N C O L D B u l l e t i n 28(21) ( F i g u r e 8 ) . 

When t h e f l ood o c c u r r e d , o n l y t w o - t h i r d s of 
t h e l a s t - p l a c e d l a y e r of r o c k f i l l had been 
m e s h - p r o t e c t e d . D u r i n g t he 5 h o u r s of o v e r 
t o p p i n g t h e r e was a c o n t i n u o u s loss of r o c k 
f r om t h e f ace of t he top l a y e r in t h e u n p r o 
t e c t e d a r e a a n d t h i s u n r a v e l l i n g p r o g r e s s e d 
u p s t r e a m , w i t h r o c k s b o u n c i n g down t he f ace 
S u d d e n l y , w i t h i n t en m i n u t e s , t he p r o t e c 
t i on of t he le f t s i d e of t he dam fa i l ed a n d a 
V e e - s h a p e d n o t c h 9m deep f o r m e d in t he 
f a c e , a c c o m p a n i e d b y a loss of a b o u t 
15290m 3 o f r o c k f i l l . T h e s c o u r e d c h a n n e l in 
t he t op s u r f a c e of t h e r o c k f i l l e x t e n d e d 
183m u p s t r e a m f rom t h e d o w n s t r e a m face 
a n d had a g e n e r a l s l ope of a b o u t 1 in 20 . 

T h e mesh o v e r t h e p r o t e c t e d t w o - t h i r d s of 
t he f ace s h o w e d no s i g n s of d i s t r e s s o r e x 
c e s s i v e movemen t . T h e r e is some c o n j e c t u r e 
on t he r e a s o n s f o r t h e f a i l u r e , t h o u g h i t 
w o u l d seem c l e a r t h a t t h e u n p r o t e c t e d r o c k s 
b o u n c i n g d o w n t he s l ope damaged t he mesh 
and c r e a t e d l eakage ho les t h r o u g h i t . L i k e 
w i s e , s i n c e t h e major p a r t o f t he b a n k r e 
ma ined s t a b l e d u r i n g 5 h o u r s of o v e r t o p p i n g , 
i t is e v i d e n c e t ha t t he d e s i g n d i m e n s i o n s of 
t he a n c h o r b a r s a n d mesh we re a d e q u a t e 
f o r t h e h y d r a u l i c f o r c e s i m p o s e d . T h e o b 
s e r v a t i o n t h a t a n c h o r b a r s w e r e s t i l l in 
pos i t i on late in t he f a i l u r e c o n f i r m s t ha t i t 
was t he mesh t h a t f a i l e d . It s h o u l d be n o t e d , 
h o w e v e r , t h a t 30 p e r c e n t of t he r o c k f i l l in 
t he b a n k was mate r ia l sma l l e r t h a n 25mm 
s i z e w h i c h c o u l d be e r o d e d t h r o u g h t he 
m e s h . It s h o u l d be f u r t h e r no ted t ha t t he 
t e c h n i q u e u s e d in many o t h e r dams of u s i n g 
c r a n k e d a n c h o r b a r s to p r o v i d e a n a r r o w 
one l a y e r t h i c k mesh p r o t e c t e d b a n k at t h e 
d o w n s t r e a m face was not u s e d at C e t h a n a 
Dam. 

A n a l t e r n a t i v e s y s t e m of mesh p r o t e c t i o n 
was u s e d a f t e r t he f a i l u r e ( F i g u r e 7 d ) . A 
c o n t i n u o u s t r a p e z o i d a l g a b i o n of " g r i d m e s h " , 
a h e a v y d u t y t y p e of e x p a n d e d m e t a l , was 
a n c h o r e d b a c k to t he p r e v i o u s l a y e r s u r f a c e 
as d e p i c t e d in A N C O L D B u l l e t i n 2 8 ( 2 1 ) . T h e 
a n c h o r l e n g t h s , s i z e a n d h o r i z o n t a l s p a c i n g 
we re t he same as f o r t h e p r e v i o u s c h a i n - l i n k 
mesh s y s t e m . T h e c o n t i n u o u s g a b i o n was 
comp le ted a n d f i l l e d b e f o r e a n y r o c k f i l l was 
p l a c e d in t h a t l a y e r , t h u s p r o t e c t i n g all f i l l 
at a l l t i m e s . T h i s t e c h n i q u e was u s e d up to 



t he o r i g i n a l m e s h - p r o t e c t e d h e i g h t w i t h o u t 
f u r t h e r i n c i d e n t s o r o v e r t o p p i n g . T h e g r i d -
m e s h , i n c i d e n t a l l y , was f o u n d to be d i f f i c u l t 
ma te r ia l to w o r k w i t h , h a d s h a r p e d g e s to 
c a u s e i n j u r y to w o r k e r s , a n d was a b o u t 
t h r e e t imes more e x p e n s i v e t h a n c h a i n - l i n k 
m e s h . 

M o o c h a l a b r a Dam(22) is a 15m h i g h wa te r 
s u p p l y dam f o r W y n d h a m in the remote 
t r o p i c a l n o r t h wes t r e g i o n of W e s t e r n A u s 
t r a l i a . It d i f f e r s f r o m most o t h e r m e s h -
p r o t e c t e d r o c k f i l l dams in t ha t t he e m b a n k 
ment i t se l f s e r v e s as a o v e r f l o w s p i l l w a y in a 
l o n g - t e r m f a s h i o n , r a t h e r t h a n o n l y d u r i n g 
t h e 1-3 y e a r c o n s t r u c t i o n p e r i o d of a c o n 
v e n t i o n a l d a m . A l l s tee l a n c h o r s a n d mesh 
( F i g u r e 7e) we re g a l v a n i s e d to p r o v i d e l o n g -
t e rm p r o t e c t i o n a g a i n s t c o r r o s i o n . 

T h e dam was comp le ted in 1972 as t h e f i r s t 
s t a g e of a l a r g e r s t r u c t u r e to be b u i l t w h e n 
t he demand f o r w a t e r i n c r e a s e d . T h i s 
demand has not y e t e v e n t u a t e d so t h a t , f o r 
t he p a s t 15 y e a r s , f l oods h a v e o v e r t o p p e d 
t he o r i g i n a l dam each wet season f o r p e r i o d s 
of 10 to 20 w e e k s w i t h f low d e p t h s at t h e 
c r e s t up to 1.0m in 1974 a n d 1.25m in 1984. 

S t a b i l i t y a g a i n s t f l ow t h r o u g h a n d o v e r t he 
dam was p r o v i d e d b y mesh a n d a n c h o r s 
c o v e r i n g t he d o w n s t r e a m f a c e , t he c r e s t , a n d 
e x t e n d i n g f o r a s h o r t d i s t a n c e d o w n t h e u p 
s t r e a m f a c e . "The d e s i g n f l ood f o r t h e dam 
was 9 0 0 m 3 / s e c c a u s i n g a d e s i g n d e p t h at 
t h e 120m l ong c r e s t o f 2 . 7 m . 

R e g u l a r i n s p e c t i o n s of t h e dam(22 ) h a v e r e 
v e a l e d t h a t t h e p e r f o r m a n c e of t h e g a l v a n i s 
i n g has been c o n s i d e r a b l y b e t t e r t h a n 
e x p e c t e d i . e . l i fe g r e a t e r t h a n 10 y e a r s . T h e 
main a r e a s o f c o r r o s i o n a t t a c k h a v e been on 
t h e f i e l d we lds w h i c h w e r e k e p t to a min imum 
in t he o r i g i n a l c o n s t r u c t i o n . Se t t l emen t of 
t he d a m , m o n i t o r e d s i n c e 1973, has s h o w n 
t h a t s u r f a c e p o i n t s h a v e moved a max imum 
220mm d o w n s t r e a m a n d s e t t l e d up to 90mm. 
Remed ia l w o r k to t he s tee l b a r s , l oss of r o c k 
a n d b u l g i n g of t he m e s h , h a v e been minimal 
f o r t h i s l o n g - t e r m s e v e r e t e s t of o v e r t o p p i n g . 

C O N C L U S I O N S 

Mesh p r o t e c t i o n of r o c k f i l l b a n k s has g a i n e d 
w i d e s p r e a d u s e in t h e p a s t 30 y e a r s . I n n o v a 
t i v e , r a t h e r t h a n s t e r e o t y p e , d e s i g n a n d 
c o n s t r u c t i o n t e c h n i q u e s h a v e been a d o p t e d in 
p r a c t i c e w i t h s a t i s f a c t o r y r e s u l t , w i t h few 
e x c e p t i o n s . A n a l y t i c a l s o l u t i o n s f o r bo th f l ow 

a n d s t a b i l i t y c h a r a c t e r i s t i c s of r o c k f i l l h a v e 
been d e v e l o p e d , and t h e s e h a v e s u b s e q u e n t l y 
been u t i l i z e d in o t h e r c o n t e x t s , i n c l u d i n g 
a n a l y s i s of n a t u r a l s l opes as in t he 1000m 
deep o p e n - c u t c o p p e r mine at B o u g a i n v i l l e , 
P a p u a New G u i n e a . 
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F i g u r e 3 . F i n i t e E lements f o r Dam A n a l y s i s 
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( a ) T u r b u l e n t F low N e t , n=1.85 

F i g u r e 4 . ( c ) L a m i n a r a n d T u r b u l e n t I soba rs ( a f t e r P a r k i n ) 
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F i g u r e 5 . E n v e l o p e to F=1 S l i p C i r c l e s f o r O v e r t o p p e d R o c k f i l l Dam 

Design Flood Level 

Tailwater 
(if considered) 

( a ) O v e r f l o w C a s e 

Flow must emerge 
below top of mesh level 

( b ) S e e p a g e C a s e 

F i g u r e 6 . D e s i g n F low D e f i n i t i o n s 
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ANCHORS: 
20mm bars at 1.0m Vert. 
& 1.0m Hori. spacing 

SURFACE MESH: 
8mm wires both ways 
at 01m crs. 

20 mm sloping bars 
at 0.5 m crs. 

4 m 31 m 4 m 

/ 

ANCHORS. 
25 mm bars 23.5 m long 
at base to 20mm bars 
12m long at top; spaced 
1.35 m Vert, ft Hori. \ 

SURFACE MESH: 
Chain link fencing mesh 
4 mm wire 50mm square 
openings 

hori. bar at 
Vert, spacing 

/ 22 mm r 
^ J 1.35 m 

Mesh height 34m —N. » 
25mm dowel grouted 
into rockfill 18m 

(o) Googong Dam (1976) (c) Cethana Dam — before failure (1968) 

ANCHORS: 
20 mm bars 4.6m long 
at 0.9 m Vert. A 1.2 m 
Hori. spacing 

r * — ^ v M 

.9 m X 
1 «= i 

SURFACE MESH : 
20mm sloping bars 
at 1.2m crs. 
20mm hori. bars at 0.3m crs. 

ANCHORS. 
Details as for (c) 

Mesh height 13.4m 

, 1.3 

SURFACE MESH: 
Gridmcsh GR 300 

Gabion frames from 
20 mm bars at 1-5 m crs. 

(b) Borumba Dam (1963) (d) Cethana Dam—after failure (1969) 

Height (m) 
15 

All bars 25mm dia. 

Horizontal surface bars 

Vertical surface b a n 

Steel fabric 

Refer Detail A 

i -><~\ 'ig&f' • T > X ^ F S l J y— 150 x150x7-6mm dia. 
xJj.} fy\^^£^^j%*)^S'^ steel fabric under 
i^'^f'h. - i ' ^ V \ surface bars, 
v ^ ' ^ ' - « X X . Refer Detail A 

Scale: ° L 
10m 

_j 
Anchor bars with 
longitudinal bars 
in hook 

Toe anchor 
at i-8m crs. 

(e) Moochalabra Dam (1977) (after Wark15) 

31 F i g u r e 7. A n c h o r a n d S u r f a c e Mesh De ta i l s ( a f t e r A n c o l d ) 
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soon a f t e r o v e r t o p p i n g Vee-shaped b reach a f t e r f1ood 

25mrh dm da*el* fli i 5m 
grOkiTed I 2rr> into rock 

£2 mm dia iDfujiluQifial Car 

25mm diO duwffli din 
I 8m mTo locfcldi One, 
per anchor bar 50 mm ChDm Imk meitl 

Full sfrenqii* weld Mesh lemoned 
prior ro maiung w«id 

Slogs 1 

Consirucrion sequence for dial l ing mesh 

i n i t i a l mesh p r o t e c t i o n 

F i g u r e 8 . C e t h a n a Dam 
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I N T R O D U C T I O N 

R o c k d r a i n s f o r mine was te d u m p s h a v e b e 
come a c c e p t e d s o l u t i o n s f o r c o n v e y i n g 
s t reamf low t h r o u g h mine was te d u m p s , p a r t i 
c u l a r l y in m o u n t a i n o u s r e g i o n s of B r i t i s h 
C o l u m b i a . H o w e v e r , r e v i e w i n g a g e n c i e s o f ten 
e x p r e s s c o n s i d e r a b l e d o u b t abou t t he p e r f o r 
mance of r o c k d r a i n s , p a r t i c u l a r l y in r e g a r d 
to long te rm r e l i a b i l i t y , sed imen t g e n e r a t i o n , 
c a p a c i t y to c o n v e y d e s i g n f l o o d s , a n d 
s t a b i l i t y . T h e a u t h o r s o f t h i s p a p e r c o n s i d e r 
t h i s c o n f e r e n c e a v a l u a b l e f o r u m to assemb le 
the a c c u m u l a t e d e x p e r i e n c e on r o c k d r a i n s 
a n d a lso to o b t a i n c o n s e n s u s on a c c e p t a b l e 
d e s i g n and a s s e s s m e n t c r i t e r i a f o r f u t u r e 
p r o p o s e d r o c k d r a i n s . 

T h i s p a p e r p r e s e n t s a se t of g e n e r a l c r i t e r i a 
and a b a s i c d e s i g n p r o c e d u r e w h i c h can be 
a p p l i e d to was te d u m p r o c k d r a i n s . It is t h e 
a u t h o r s ' i n t e n t i o n to d e m o n s t r a t e t h a t d e s i g n 
of r o c k d r a i n s r e q u i r e s an i n t e g r a t e d a p 
p r o a c h , a p p l y i n g t he d i s c i p l i n e s o f m i n i n g , 
g e o t e c h n i c a l e n g i n e e r s , h y d r o l o g i c a n d h y 
d r a u l i c . T h i s m e t h o d o l o g y has e v o l v e d 
t h r o u g h d e s i g n of s e v e r a l f l o w - t h r o u g h r o c k 
d r a i n p r o j e c t s . T w o c a s e e x a m p l e s , a metal 
mine a n d a coal mine p ro j ec t a r e p r e s e n t e d 
w h i c h w i l l i l l u s t r a t e t h e a p p l i c a t i o n of t he 
d e s i g n c o n c e p t s . 

T h e d e s i g n a p p r o v a l d e s c r i b e d h e r e i n 
assumes t h a t t he s i te se lec t i on a n d f o u n d a 
t ion d e s i g n f o r t he was te d u m p h a v e been 
c o m p l e t e d . T h i s p a p e r f o c u s e s on the d e s i g n 
of t he r o c k d r a i n . 

D E S I G N C O N S I D E R A T I O N S 

R o c k Q u a l i t y 

A n a s s e s s m e n t mus t be made of t h e q u a l i t y 
a n d q u a n t i t y o f was te r o c k a v a i l a b l e f o r 
d r a i n c o n s t r u c t i o n . I d e a l l y , r o c k f o r d r a i n s 
s h o u l d c o n s i s t of l a r g e f r a g m e n t s of h a r d , 
d u r a b l e m a t e r i a l . 

T h e b a s i c e lement of r o c k q u a l i t y a s s e s s 
ment is c o r e l o g g i n g to i n v e n t o r y t he r o c k 
t y p e s and s t r u c t u r a l c h a r a c t e r i s t i c s o f t he 
w a s t e . S t r u c t u r a l l o g g i n g is i m p o r t a n t , 
s i n c e e v e n h a r d r o c k t y p e s may not be 
s u i t a b l e if t h e y a r e h i g h l y f r a c t u r e d a n d 
wi l l f o rm smal l f r a g m e n t s when b l a s t e d . 

When p o t e n t i a l l y s u i t a b l e mate r ia l is i d e n t i 
f i e d b y c o r e l o g g i n g , t e s t s s h o u l d be c a r 
r i e d ou t to e v a l u a t e t h e c o m p r e s s i v e 
s t r e n g t h o f t he r o c k . T h i s may be done on 
samp les o f c o r e , e i t h e r b y u n c o n f i n e d c o m 
p r e s s i v e t e s t i n g o r b y emp i r i ca l c o r r e l a t i o n 
of po in t load t e s t s . Samp les o f po ten t i a l 
r o c k t y p e s f o r d r a i n c o n s t r u c t i o n s h o u l d be 
s u b m i t t e d to a q u a l i f i e d l a b o r a t o r y f o r 
e v a l u a t i o n of a c i d p r o d u c t i o n p o t e n t i a l . A n y 
p o t e n t i a l l y a c i d - p r o d u c i n g ma te r i a l s s h o u l d 
be e x c l u d e d f rom use in t he d r a i n . 

Coa l m e a s u r e s g e n e r a l l y c o n s i s t of a v a r y i n g 
s e q u e n c e of s e d i m e n t a r y r o c k s , r a n g i n g 
f r o m h a r d s a n d s t o n e s a n d c o n g l o m e r a t e s 
t h r o u g h to s o f t , e a s i l y w e a t h e r e d s i l t s t o n e s , 
m u d s t o n e s a n d s h a l e s . In metal m i n e s , 
m ine ra l d e p o s i t s o f t en o c c u r in h i g h l y a l t e r 
ed r o c k t y p e s , so was te r o c k q u a l i t y may 
v a r y c o n s i d e r a b l y . 

Waste R o c k S e l e c t i o n a n d P lacemen t 

Waste r o c k se l ec t i on f o r d r a i n c o n s t r u c t i o n 
mus t be i n t e g r a t e d in to t he o v e r a l l mine 
p l an to e n s u r e t h a t s u i t a b l e r o c k w i l l be 
a v a i l a b l e w h e n r e q u i r e d . T h e c o n s t r a i n t s o f 
s e l e c t i n g r o c k c o u l d h a v e c o n s i d e r a b l e 
impac t on t h e m i n i n g p l a n . I d e a l l y , w h e r e a 
b e d d i n g l a y e r , seam o r d e p o s i t o f s u i t a b l e 
r o c k is a v a i l a b l e in s u f f i c i e n t q u a n t i t i e s , 
d r a i n r o c k can be o b t a i n e d b y normal m i n i n g 
p r a c t i c e , w i t h no s p e c i a l p r o c e d u r e s . It may 
be n e c e s s a r y to w i d e n d r i l l ho le s p a c i n g s to 
r e d u c e b l a s t f r a g m e n t a t i o n . In c a s e s w h e r e 
r o c k is less a v a i l a b l e , s p e c i a l p r o c e d u r e s 
s u c h as g r i z z l y i n g was te mate r ia l o r i n d i v i 
d u a l se l ec t i on o f r o c k f r a g m e n t s may be 
n e c e s s a r y . 
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T h e r e a re two b a s i c me thods o f c o n s t r u c t i n g 
r o c k d r a i n s f o r v a l l e y f i l l s , d e p e n d i n g on 
the a v a i l a b i l i t y of s u f f i c i e n t q u a n t i t i e s of 
su i t ab le r o c k to c o n v e y t he d e s i g n f l o w . 
Idea l l y / good q u a l i t y was te can be e n d -
dumped f r o m t h e top of t he v a l l e y s l opes a n d 
the d r a i n be f o r m e d b y s e g r e g a t i o n of c o a r s e 
p a r t i c l e s at t he t o e . A min imum h e i g h t s h o u l d 
be s p e c i f i e d f o r e n d - d u m p i n g to e n s u r e t h a t 
s u f f i c i e n t s e g r e g a t i o n o c c u r s . N i c h o l s a n d 
R u t l e d g e (1982) no ted t h a t b e t t e r s e g r e g a t i o n 
is a c h i e v e d b y d u m p i n g d i r e c t l y o v e r t he 
s lope r a t h e r t h a n p u s h i n g o v e r t he e d g e 
w i th d o z e r s . 

T h e s e c o n d method of c o n s t r u c t i n g r o c k 
d r a i n s is to p l ace the r o c k d i r e c t l y in t he 
d r a i n . T h i s method is r e q u i r e d w h e n l im i ted 
q u a n t i t i e s of s u i t a b l e r o c k a r e a v a i l a b l e a n d / 
o r w h e r e a h i g h q u a l i t y d r a i n is d e s i r e d to 
l imit sed imen t p r o d u c t i o n . O b v i o u s l y , t he 
d i r e c t p lacemen t method is c o n s i d e r a b l y more 
e x p e n s i v e t h a n c o n s t r u c t i o n b y e n d - d u m p i n g , 
as se lec t r o c k mus t be h a u l e d to t he v a l l e y 
bo t tom. 

H y d r o l o g i c A n a l y s i s 

D e s i g n of f l o w - t h r o u g h was te d u m p d r a i n s 
r e q u i r e s an a s s e s s m e n t of t h e peak f l ows 
w h i c h t he d r a i n m u s t c a r r y . N o r m a l l y , b a s i c 
h y d r o l o g i c p a r a m e t e r s a r e d e v e l o p e d as p a r t 
of t he w a t e r management p l an f o r a m i n i n g 
d e v e l o p m e n t , so t h a t t h e y need o n l y be a p 
p l i ed to t he s p e c i f i c c a t c h m e n t u p s t r e a m of 
the was te d u m p . T h e recommended d e s i g n 
f low f o r f l o w - t h r o u g h was te d u m p s is t he 
2 0 0 - y e a r r e t u r n p e r i o d peak f l o w . F o r a b a n 
d o n m e n t , t he e f f ec t o f t he P r o b a b l e Max imum 
Flood s h o u l d be c o n s i d e r e d . 

It has been f o u n d t h a t a r o c k d r a i n has c o n 
s i d e r a b l e a t t e n u a t i o n e f f ec t on f l ood p e a k s . 
De ta i l ed h y d r o l o g i c a n a l y s i s a n d f l ood r o u t i n g 
t h r o u g h t h e r o c k d r a i n wi l l show t h a t t he 
d o w n s t r e a m f l ows a r e s i g n i f i c a n t l y r e d u c e d . 
T h i s can h a v e c o s t s a v i n g s f o r d o w n s t r e a m 
wa te r management s t r u c t u r e s . 

H y d r a u l i c D e s i g n 

D e s i g n p r i n c i p l e s f o r f low t h r o u g h r o c k f i l l 
we re d e v e l o p e d f o r c i v i l e n g i n e e r i n g a p p l i c a 
t i ons f o r f low t h r o u g h r o c k f i l l d a m s . T h e 
p r i n c i p l e s we re d e r i v e d f rom the g e n e r a l 
equa t i on of f l ow in a p o r o u s med ium: 

v = k i n 
w h e r e v = t he v e l o c i t y 

i = t h e h y d r a u l i c g r a d i e n t 
a n d n = 1 f o r D a r c y l am ina r f low 

F o r n o n - D a r c y t u r b u l e n t f low in r o c k f i l l , 
W i l k i n s (1956) d e r i v e d t he f o l l o w i n g e m p i r i 
ca l f o r m u l a : 

v = 5 .24 m 0 - 5 i ° " 5 4 

w h e r e v = t he v o i d v e l o c i t y in m/s 
i = t he h y d r a u l i c g r a d i e n t 

a n d m = t h e h y d r a u l i c mean r a d i u s 

vo lume of v o i d s 

s u r f a c e a rea of p a r t i c l e s 

v o i d ra t i o 

s u r f a c e a r e a p e r u n i t 
vo lume 

A f a c t o r o f s a f e t y s h o u l d be a d d e d to t he 
r e q u i r e d d r a i n a r e a to a l low f o r a c c i d e n t a l 
p lacemen t of p o o r q u a l i t y r o c k . 

It is p r u d e n t to d e s i g n t he e n t r a n c e of t h e 
r o c k d r a i n at t h e u p s t r e a m s i d e of t h e 
was te d u m p w i t h e x t r a c a p a c i t y . T h i s may 
be a c c o m p l i s h e d b y e x t e n d i n g t h e f u l l d r a i n 
s e c t i o n up t h e u p s t r e a m s l o p e , as i l l u s 
t r a t e d on F i g u r e 1. T h i s wi l l p r o v i d e a 
f a c t o r of s a f e t y a g a i n s t d e b r i s b l o c k a g e o r 
b l i n d i n g w i th f i n e s o v e r t he l o n g - t e r m , and 
w i l l a lso p r o v i d e a d d i t i o n a l e n t r a n c e c a p a 
c i t y f o r e x t r e m e f l ood f l o w s . 

S l o p e S t a b i l i t y 

T h e s t a b i l i t y of t he d o w n s t r e a m s lope of t he 
d u m p mus t be c o n s i d e r e d , as f o r a n y was te 
d u m p d e s i g n . S p e c i a l a t t e n t i o n , h o w e v e r , 
mut be p a i d to t he s t a b i l i t y o f t he r o c k 
d r a i n u p to t he h i g h e s t po in t of e x i t of the 
d e s i g n f l o w s . T h e f o r c e of t he e m e r g i n g 
f low wi l l r e d u c e t he s t a b i l i t y of t he s l o p e . 
S l i d i n g at t he toe c o u l d lead to p r o g r e s s i v e 
s l i d i n g on the d o w n s t r e a m s lope of t he 
d u m p . S u c h s l i d i n g c o u l d c a u s e l a r g e 
vo lumes of d e b r i s a n d sed imen t to be 
c a r r i e d d o w n s t r e a m . 

S t a b i l i t y a n a l y s e s of t he was te dump toe 
s h o u l d be c a r r i e d ou t to d e t e r m i n e a s u i t 
ab le d e s i g n . T h e common methods of 
i m p r o v i n g toe s t a b i l i t y a r e : (1 ) f l a t t e n i n g 
the s lope a n d (2 ) p r o v i d i n g l a r g e , a n g u l a r 
r o c k f r a g m e n t s . 
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F I G U R E 1 

FIGURE 1 

UPSTREAM SLOPE 
OF WASTE DUMP 

T h e s e ma te r i a l s w i l l i n i t i a l l y be f l u s h e d 
t h r o u g h t he d r a i n , c a u s i n g i n c r e a s e d l eve l s 
of s u s p e n d e d s e d i m e n t d o w n s t r e a m . T h i s w i l l 
n o r m a l l y r e q u i r e t h a t a sed imen ta t i on p o n d 
be c o n s t r u c t e d d o w n s t r e a m to a l low s e t t l i n g 
of s u s p e n d e d s o l i d s . O b s e r v a t i o n s of o p e r a t 
i n g f l o w - t h r o u g h d r a i n s b y N i c h o l s a n d 
R u t l e d g e (1982) h a v e s h o w n t h a t o v e r t h e 
l o n g - t e r m , t h e sed imen t c o n c e n t r a t i o n d o w n 
s t ream wi l l be v e r y low. 

In some c a s e s , sed imen t p r o d u c t i o n may need 
to be r e d u c e d , f o r examp le w h e r e c o n s t r u c 
t i on of a sed imen ta t i on p o n d d o w n s t r e a m 
w o u l d not be p r a c t i c a l . T h i s may r e q u i r e 
d i r e c t p l acemen t of c l e a n , se l ec t r o c k . O t h e r 
w a t e r q u a l i t y p a r a m e t e r s t h a t s h o u l d be c o n 
s i d e r e d in d e s i g n a r e a c i d g e n e r a t i o n p o t e n 
t ia l of t he was te r o c k a n d r e s i d u a l n i t r a t e s 
f r om b l a s t i n g . 

Rec lamat ion a n d A b a n d o n m e n t 

V a l l e y f i l l s , w i t h f l o w - t h r o u g h d r a i n s , l end 
t h e m s e l v e s r e a d i l y to r e c l a m a t i o n . B y p l a c i n g 
f i l l in a v a l l e y , t he s u r f a c e a rea of t h e d u m p 
s l opes is c o n s i d e r a b l y r e d u c e d . T h e B r i t i s h 
C o l u m b i a M ine Rec lama t i on G u i d e l i n e s r e c o m 
mend r e - s l o p i n g d u m p f a c e s to 27° o r f l a t t e r . 

F o r a b a n d o n m e n t , t he r o c k d r a i n is c o n s i 
d e r e d a p e r m a n e n t s t r u c t u r e . D e s i g n f o r 
t he P r o b a b l e Max imum F lood ( P M F ) may be 
a p p r o p r i a t e , d e p e n d i n g on t he a n t i c i p a t e d 
d o w n s t r e a m h a z a r d s w h i c h w o u l d r e s u l t f r om 
a f a i l u r e . T h e e f f e c t s of sed imen t a c c u m u l a 
t i on at t he in le t s h o u l d a l so be c o n s i d e r e d . 
If t he d r a i n does not h a v e s u f f i c i e n t c a p a 
c i t y to c o n v e y t he P M F at a b a n d o n m e n t , 
o v e r t o p p i n g of t h e v a l l e y f i l l s h o u l d be 
a l l owed f o r . T h i s may r e q u i r e f l a t t e n i n g 
d o w n s t r e a m s l o p e s . 

C A S E H I S T O R Y - B U L L M O O S E C O A L M I N E 

T o i l l u s t r a t e how t he a b o v e d e s i g n c r i t e r i a 
can be a p p l i e d , t h e d e v e l o p m e n t of a l a r g e 
r o c k d r a i n at t h e Bu l lmoose Coa l P r o j e c t is 
d e s c r i b e d . T h e Bu l lmoose Coa l M ine is 
l oca ted in t he n o r t h e a s t coa l d e v e l o p m e n t of 
B r i t i s h C o l u m b i a . Waste d u m p p l a n s we re 
s u b m i t t e d to g o v e r n m e n t as p a r t of t h e 
d e v e l o p m e n t p l a n a n d t h e s e w e r e g r a n t e d 
a p p r o v a l w i t h d e l a y . T h e mine commenced 
p r o d u c t i o n on s c h e d u l e a n d u n d e r b u d g e t in 
N o v e m b e r , 1983 a n d has o p e r a t e d p r o f i t a b l y 
s i n c e t h a t t ime . F i g u r e 2 shows a p l an of 
t h e d e v e l o p m e n t . 
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T h e mine is l oca ted on a r i d g e a b o v e t he 
c o n f l u e n c e of West Bu l lmoose C r e e k a n d B u l l 
moose C r e e k . T h e f i v e coal seams to be 
m ined l ie n e a r l y p a r a l l e l to t he r i d g e t o p , 
w h i c h r i s e s at a s l ope of a b o u t 10° to t he 
s o u t h . T h e s i d e s of t h e r i d g e fa l l o f f t o w a r d 
s t r eam v a l l e y s to t h e e a s t , n o r t h and w e s t . 

M i n i n g commenced at t h e lower end of t he 
r i d g e and wi l l p r o c e e d u p h i l l to comple te 
m i n i n g at t he summit in 16 to 18 y e a r s . 
D u r i n g p r e - p r o d u c t i o n a n d e a r l y y e a r s of 
m i n i n g , was te r o c k is b e i n g d i s p o s e d in 
s i d e h i l l was te d u m p s , a f t e r w h i c h was te w i l l 
be p l a c e d in m i n e d - o u t a r e a s of t h e p i t as 
wel l as was te d u m p s at h i g h e r e l e v a t i o n s . T o 
d e v e l o p a l a r g e , r e l a t i v e l y leve l d u m p a r e a 
to t he w e s t , i t was n e c e s s a r y to p lace was te 
in t he s t e e p - s i d e d c a n y o n c o n t a i n i n g Y 
C r e e k . D i v e r s i o n o f Y C r e e k w o u l d h a v e 
been v e r y c o s t l y . A l t h o u g h Y C r e e k is no t 
n o r m a l l y a l a r g e s t r eam a n d d r i e s comp le te l y 
d u r i n g w i n t e r , i t c a r r i e s l a r g e f l ows d u r i n g 
s p r i n g r u n o f f a n d h e a v y r a i n s t o r m s . R i g o r 
ous d e s i g n p r o c e d u r e s w e r e r e q u i r e d to 
d e v e l o p a d r a i n w h i c h w o u l d c a r r y t he f low 
of Y C r e e k . 

D e s i g n A s p e c t s 

T h r o u g h e x a m i n a t i o n o f e x p l o r a t i o n d r i l l l ogs 
a n d l o g g i n g of c o r e f r o m two a d d i t i o n a l d i a 
mond d r i l l h o l e s , an i n v e n t o r y of r o c k t y p e s 
was d e v e l o p e d . F o r t u n a t e l y , t h e w a s t e 
ma te r i a l s at Bu l lmoose a r e of good q u a l i t y , 
w i t h a p p r o x i m a t e p r o p o r t i o n s d u r i n g i n i t i a l 
m i n i n g s t a g e s b e i n g 40% h a r d , d u r a b l e s a n d 
s t o n e , 40% medium s t r e n g t h s i l t s t o n e a n d 20% 
lower s t r e n g t h , d e g r a d a b l e m u d s t o n e / s h a l e . 
P o i n t load i n d e x t e s t s p e r f o r m e d on s e l e c t e d 
s a n d s t o n e samp les i n d i c a t e d an u n c o n f i n e d 
c o m p r e s s i v e s t r e n g t h of 125 M P a to 165 M P a . 
B o t h s l a k e d u r a b i l i t y t e s t s a n d magnes ium 
s u l p h a t e s o u n d n e s s t e s t s we re c a r r i e d ou t on 
s a n d s t o n e s a m p l e s , b o t h of w h i c h i n d i c a t e d 
t he ma te r ia l was r e s i s t a n t to w e a t h e r i n g a n d 
chemica l b r e a k d o w n . 

A s ample q u a n t i t i e s of was te r o c k we re 
d e t e r m i n e d to be a v a i l a b l e , i t was p o s s i b l e to 
d e s i g n t h e d r a i n c o n s e r v a t i v e l y . 

T h e d e s i g n d a t a f o r t h e Y C r e e k r o c k d r a i n 
a r e l i s t e d in T a b l e 1. 

Water Q u a l i t y 

R o c k d r a i n s c o n s t r u c t e d b y e n d d u m p i n g w i l l 
n o r m a l l y c o n t a i n some f i n e m a t e r i a l s . 

T A B L E 1 

R O C K D R A I N D E S I G N D A T A 

A v e r a g e r o c k s i z e 300 mm 

R o c k s i z e a f t e r b r e a k a g e 240 mm 

In i t ia l v o i d ra t i o 0 . 7 

F ina l v o i d ra t i o 0 . 6 

H y d r a u l i c g r a d i e n t 0 .08 

D e s i g n f low 2 5 . 7 m 3 / s (200-
y e a r f l o o d ) 

V o i d v e l o c i t y 0 .17 m /s 

Mean v e l o c i t y 0 .064 m/s 

C r o s s - s e c t i o n a l a rea 400 m 2 

T y p i c a l f low d e p t h 12 m 

Min imum d r a i n h e i g h t 20 m 

A t y p i c a l s e c t i o n t h r o u g h t h e was te dump is 
s h o w n in F i g u r e 3 . T h e was te d u m p is 
a b o u t 100 m h i g h , b u t t he max imum wa te r 
l eve l in t h e r o c k d r a i n d u r i n g t h e 2 0 0 - y e a r 
peak f low wi l l be o n l y 12 m a b o v e t he c r e e k 
b e d . T h e d r a i n sec t i on is e x t e n d e d e n t i r e l y 
on one s i de of t he v a l l e y a n d w i l l p r o v i d e a 
f low a r e a of a b o u t f o u r t imes t h e r e q u i r e d 
a r e a of 400 m 2 . T h i s g e n e r o u s d r a i n sec t i on 
wi l l p r o v i d e a c o n s i d e r a b l e f a c t o r of s a f e t y 
f o r t h e e n t r a n c e at t h e u p s t r e a m e n d , in 
c a s e of ice o r d e b r i s b l o c k a g e o r t he p l a c e 
m e n t , in e r r o r , of f i n e r mate r ia l d u r i n g 
d u m p c o n s t r u c t i o n . A s t he se lec t mate r ia l is 
r e a d i l y a v a i l a b l e t h e r e is no c o s t p e n a l t y in 
p r o v i d i n g a l a r g e s a f e t y f a c t o r . 

F i g u r e 4 s h o w s a t y p i c a l d e s i g n sec t i on of 
t h e d o w n s t r e a m s lope of t h e was te d u m p 
a l o n g t h e a l i g n m e n t of Y C r e e k . T h e c r e e k 
s e c t i o n was d e s i g n e d w i t h a toe be rm to 
accommodate t h e h i g h w a t e r l e ve l s at t he 
ou t l e t d u r i n g peak f l o w . T h e s lope was 
d e s i g n e d to be f l a t t e n e d to 3 . 5 h o r i z o n t a l to 
1 v e r t i c a l , w i t h a r i p r a p t o e . T h e o v e r a l l 
was te d u m p s l opes a r e la id ou t to a l low r e -
s l o p i n g f o r r e c l a m a t i o n . B e r m s a r e le f t a t 50 
m i n t e r v a l s to a l low t h e s lope to be f l a t t e n 
ed to 27° o v e r a l l . 

In a d d i t i o n to t he a d v a n t a g e s of c o n v e n i 
e n c e , f l e x i b i l i t y in d u m p c o n s t r u c t i o n a n d 
lower c o s t s , t h e f l o w - t h r o u g h r o c k d r a i n on 
Y C r e e k was f o u n d to h a v e a s i g n i f i c a n t 
f l o o d r o u t i n g e f f e c t w h i c h r e d u c e d t he c o n 
s t r u c t i o n c o s t s of t h e s p i l l w a y on S e t t l i n g 
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Figure 3 

FLOW-THROUGH ROCK DRAIN 
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DOWNSTREAM SLOPE OF WASTE DUMP 
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Pond N o . 3 d o w n s t r e a m of t h e d u m p . 
( S e l l a r s , L i g h t h a l l a n d R o b e r t s o n , 1984 . ) 
F i g u r e 5 is a d i a g r a m of t he c a t c h m e n t a reas 
c o n t r i b u t i n g to S e t t l i n g P o n d N o . 3 . T h e 
2 0 0 - y e a r i n f l ow to t he r o c k d r a i n was d e r i v e d 
f rom C a t c h m e n t 301 was r o u t e d t h r o u g h t he 
r o c k d r a i n , a n d t h e n a d d e d to t he h y d r o -
g r a p h f r om C a t c h m e n t 302 ( 2 . 6 4 k m 2 ) . T h e 
comb ined h y d r o g r a p h was t he i n f l ow to t he 
s e t t l i n g p o n d . 

T h e in f l ow d e s i g n h y d r o g r a p h s to S e t t l i n g 
Pond N o . 3 a r e s h o w n in F i g u r e 6 . T h e 
r o u t i n g e f f e c t o f t h e r o c k d r a i n not o n l y 
r e d u c e s t he peak f low f r om C a t c h m e n t 301 
b u t a lso d e l a y s t h e t i m i n g of t h e p e a k . When 
the ou t f l ow h y d r o g r a p h f rom the r o c k d r a i n 
is a d d e d to t he h y d r o g r a p h f r om C a t c h m e n t 
302, t he to ta l peak i n f l ow to t he p o n d is 
r e d u c e d b y a f a c t o r of abou t t w o . T h i s 
h y d r o l o g i c a n a l y s i s a l lowed a r e d u c t i o n in 
the s i z e of t he s p i l l w a y d e s i g n f o r S e t t l i n g 
Pond N o . 3 , w h i c h is loca ted d o w n s t r e a m of 
the was te d u m p , j u s t a b o v e t he c o n f l u e n c e of 
Y C r e e k w i t h West Bu l lmoose C r e e k . A s t he 
d u m p s a r e e x t e n d e d to c o v e r more of t he Y 
C r e e k c a t c h m e n t a r e a , t h e f l ood p e a k s wi l l 
be f u r t h e r a t t e n u a t e d as r u n o f f i n f i l t r a t e s 
in to t he d u m p s . 

C o n s t r u c t i o n a n d P e r f o r m a n c e 

C o n s t r u c t i o n of t he was te d u m p d r a i n b e i n g 
in e a r l y 1984, w i t h p lacement of a h i g h l i f t 
at e l e v a t i o n 1390 m n e a r t h e d o w n s t r e a m e n d 
of t he Y C r e e k d r a i n . S u b s e q u e n t l y , in late 
1984 and e a r l y 1985, be rms we re a d d e d to 
e l eva t i ons 1350m a n d 1300 m. P a r t i a l d r a i n 
sec t i ons w e r e a lso p l a c e d as c r e e k c r o s s i n g s 
at s e v e r a l l oca t ions u p s t r e a m . 

P r i o r to t he s p r i n g f r e s h e t in 1984, v e r y 
l i t t le f low was o b s e r v e d in Y C r e e k a n d 
Bu l lmoose p e r s o n n e l we re c o n c e r n e d w h e t h e r 
the d r a i n was f u n c t i o n i n g p r o p e r l y . H o w e v e r , 
as snowmel t b e g a n , t he r o c k d r a i n c a r r i e d 
al l of t h e f low w i t h no b l o c k a g e s o b s e r v e d 
even at t he h i g h e s t f l o w s . A s e x p e c t e d , a 
c o n s i d e r a b l e amount of sed imen t was f l u s h e d 
f rom the d r a i n i n i t i a l l y . B y s u m m e r , h o w e v e r , 
f l ows a p p e a r e d f r e e of s e d i m e n t . 

O n e d e s i g n mod i f i ca t i on has been a g r e e d 
upon s i n c e c o n s t r u c t i o n of t he d o w n s t r e a m 
s l o p e . T h e f l a t t e n i n g be rm at t he toe of t h e 
dump has been e l i m i n a t e d . T h e toe a rea is so 
wel l c o n f i n e d b y t he c a n y o n wa l l s a n d b y a 
b e n d in t he s t r eam a l i gnmen t t h a t no i n s t a 

b i l i t y w o u l d be e x p e c t e d d u r i n g h i g h f l o w s , 
o t h e r t h a n m i n o r r a v e l l i n g at t he t o e . 

C A S E H I S T O R Y - K I T S A U L T M I N E 

K i t s a u l t M ine is l oca ted on a s teep moun ta in 
s i d e of t he C o a s t R a n g e , o v e r l o o k i n g A l i c e 
A r m to t h e n o r t h w e s t . T h e p l a n n e d u l t ima te 
o p e n p i t a r e a s t r a d d l e s P a t s y C r e e k j u s t 
u p s t r e a m of i ts c o n f l u e n c e w i th L ime C r e e k , 
w h i c h f l ows on a s teep g r a d i e n t a p p r o x i 
ma te ly 6 km n o r t h e a s t to d i s c h a r g e in to 
A l i c e A r m . B o t h P a t s y a n d Lime C r e e k s f low 
in V - s h a p e d s t r eam v a l l e y s w h i c h a r e 
d e e p l y i n c i s e d in to b e d r o c k . 

A M A X of C a n a d a L t d . , o p e r a t o r s of t h e 
K i t s a u l t m o l y b d e n u m m i n e , r e q u i r e s d i s p o s a l 
s i t es f o r a p p r o x i m a t e l y 230 mi l l ion t o n n e s of 
was te r o c k d u r i n g t h e p l a n n e d 2 5 - y e a r l i fe 
of t he m i n e . T h e economic f e a s i b i l i t y of t h e 
m i n i n g o p e r a t i o n d e p e n d s to a g r e a t e x t e n t 
on b e i n g ab le to u t i l i z e t he P a t s y a n d L ime 
C r e e k v a l l e y s f o r was te d i s p o s a l . T h e a l t e r 
n a t i v e was te d i s p o s a l loca t ion on s i d e h i l l 
d u m p s to t he n o r t h of t he mine a r e a , w o u l d 
i n v o l v e a long u p h i l l h a u l . T h e use of t h i s 
a l t e r n a t i v e ( C l a r y D u m p ) w o u l d r e n d e r t he 
mine uneconomic b e y o n d an es t ima ted 
1 5 - y e a r o p e r a t i n g l i f e . 

In A p r i l 1981 , A M A X a p p l i e d to t he C h i e f 
I n s p e c t o r of M ines f o r a 3 - y e a r m i n i n g 
p e r m i t f o r K i t s a u l t M i n e . T h i s pe rm i t a p p l i 
ca t i on la id ou t A M A X ' s p r o p o s e d s t r a t e g y 
f o r d e t e r m i n i n g t he f e a s i b i l i t y of d u m p i n g in 
t he s t ream v a l l e y s . Waste r o c k f o r the 
3 - y e a r p e r i o d was to be p l a c e d in t he C l a r y 
Dump a r e a . T o a c c o m p l i s h t h a t p l a n , t he 
s t r i p p i n g ra t io was r e d u c e d in y e a r s 2 a n d 
3 f r om the o r i g i n a l f i g u r e of 2 . 5 :1 to 1 . 8 : 1 . 
T h i s a l lowed A M A X to s u s t a i n t he p l a n n e d 
mil l t h r o u g h p u t of 10 ,900 t o n n e s p e r d a y 
w i t h o u t i n c r e a s i n g t h e i r hau l t r u c k f l e e t . 
D u r i n g t he 3 - y e a r p e r i o d , A M A X p r o p o s e d 
to c o n s t r u c t a t es t d u m p in P a t s y C r e e k to 
d e m o n s t r a t e t he f e a s i b i l i t y of v a l l e y f i l l 
was te d i s p o s a l . 

A M A X was g r a n t e d a p p r o v a l f o r t h e i r m i n 
i n g p l a n , w i t h t h e e x c e p t i o n t h a t t he p r o 
p o s e d tes t d u m p was not a p p r o v e d b e c a u s e 
of e n v i r o n m e n t a l c o n c e r n s , p a r t i c u l a r l y 
r e l a t e d to d o w n s t r e a m s u s p e n d e d sed imen t 
l e v e l s . T h e mine b e g a n o p e r a t i o n in A p r i l 
1981, p l a c i n g was te in t he C l a r y Dump hau l 
road a n d in C l a r y D u m p . 
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A M A X p l a n n e d t h a t , f o l l o w i n g s u c c e s s f u l 
comp le t i on of t he t e s t d u m p m o n i t o r i n g p h a s e , 
p lacemen t of was te w o u l d p r o c e e d in bo th 
P a t s y a n d L ime v a l l e y s . T h e u l t ima te p i t w i l l 
e x t e n d a c r o s s t he lower r e a c h e s of P a t s y 
C r e e k , w h i c h w i l l be d i v e r t e d a l ong a b e n c h 
in t he s o u t h wal l o f t he p i t in a b o u t y e a r 5 . 
Normal f l ows of L ime C r e e k be low t he c o n f l u 
ence w i t h P a t s y C r e e k w e r e e x p e c t e d to be 
c o n v e y e d t h r o u g h t he was te d u m p , wh i l e a 
h i g h leve l d i v e r s i o n was to be e x c a v a t e d in 
r o c k to c a r r y f l ood f l ows a r o u n d t he d u m p . 

T h e mine was c l o s e d i n d e f i n i t e l y in O c t o b e r , 
1982 d u e to low metal p r i c e s . D u r i n g t h e 
o p e r a t i n g p e r i o d , n e g o t i a t i o n s c o n t i n u e d w i th 
the f e d e r a l g o v e r n m e n t ( D e p a r t m e n t of 
F i s h e r i e s and O c e a n s a n d t he E n v i r o n m e n t a l 
P r o t e c t i o n S e r v i c e ( E P S ) ) a n d w i t h t he p r o 
v i n c i a l g o v e r n m e n t (Waste Managemen t 
B r a n c h a n d M i n e s B r a n c h ) . Whi le t he c o n 
c e r n s of g o v e r n m e n t r e v i e w e r s we re n e a r to 
b e i n g r e s o l v e d , no a g r e e m e n t was in p lace at 
t he t ime of s h u t d o w n to a l low t h e t e s t f i l l to 
p r o c e e d . A s A M A X w e r e o c c u p i e d w i t h s h u t 
d o w n a c t i v i t i e s in 1983, d i s c u s s i o n s and 
f u r t h e r s t u d i e s of t h e was te d u m p s w e r e 
s u s p e n d e d . In e a r l y 1985, A M A X r e q u e s t e d 
K o h n Leono f f L t d . to r e v i e w t he s t a t u s of 
t h e p r o p o s e d v a l l e y f i l l d u m p s a n d to p r o 
pose t e c h n i c a l m e a s u r e s w h i c h w o u l d a l low 
p e r m i t s to be i s s u e d f o r c o n s t r u c t i o n of t h e 
t e s t f i l l and a lso to d e t e r m i n e a f e a s i b l e 
scheme f o r t h e u l t ima te v a l l e y f i l l d u m p s . 
A M A X ' s o b j e c t i v e is to o b t a i n a p p r o v a l f o r 
t he P a t s y C r e e k t e s t f i l l a n d to d e v e l o p a 
s o u n d scheme f o r d e s i g n of t h e u l t imate 
d u m p s . A M A X w i s h to o b t a i n f i n a l a p p r o v a l 
to b u i l d t h e t e s t d u m p so t h a t t h e y may p r o 
c e e d immed ia te ly on r e - o p e n i n g t h e m i n e . 
T h e p r e s e n t mine p l a n a l l ows was te to be 
p l a c e d in t h e C l a r y Dump f o r two y e a r s . 
B e y o n d t h a t t i m e , t he w a s t e - t o - o r e ra t i o 
mus t be i n c r e a s e d to ma in ta in t he ra te of mil l 
f e e d . C a p i t a l e x p e n d i t u r e s f o r a d d i t i o n a l hau l 
t r u c k s w o u l d be r e q u i r e d f o r t he long u p h i l l 
h a u l to C l a y Dump i f P a t s y a n d L ime D u m p s 
c o u l d no t be d e v e l o p e d . 

A t t he o u t s e t of t h e a s s i g n m e n t , K l o h n 
Leono f f r e v i e w e d A M A X ' s f i l e s of p r e v i o u s 
r e p o r t s a n d c o r r e s p o n d e n c e on the was te 
d u m p s . Some of t h e s i g n i f i c a n t c o n c l u s i o n s of 
t h i s i n i t i a l r e v i e w w e r e as f o l l o w s : 

a ) T h e was te r o c k p r o d u c e d at K i t s a u l t has 
a f i n e r g r a d a t i o n t h a n is f o u n d at most 
B r i t i s h C o l u m b i a metal m i n e s . E n d - d u m p e d 
was te r o c k in P a t s y a n d L ime C r e e k s may 

not h a v e s u f f i c i e n t f l o w - t h r o u g h c a p a c i t y 
to c o n v e y peak f l ood f l o w s . S a t u r a t i o n of 
a s i g n i f i c a n t p r o p o r t i o n o f t he d u m p s 
w o u l d o c c u r d u r i n g f l ood f l o w s . 

b ) S e d i m e n t t r a n s p o r t f r om the d u m p s is a 
major c o n c e r n of t he E n v i r o n m e n t a l P r o 
t ec t i on S e r v i c e ( E P S ) . It is d i f f i c u l t to 
d e m o n s t r a t e t h e o r e t i c a l l y o r b y model 
s t u d i e s t h a t l eve l s of s u s p e n d e d s o l i d s 
c a n be s a t i s f a c t o r i l y c o n t r o l l e d i f p a r t o f 
t he s t r e a m - f l o w is c o n v e y e d t h r o u g h 
e n d - d u m p e d r o c k f i l l . It w o u l d , t h e r e 
f o r e , be a d v a n t a g e o u s to c o n s t r u c t 
d r a i n s so t h a t t he d e s i g n f l ows a r e 
c o n v e y e d e n t i r e l y b y c l ean r o c k f i l l a n d 
more c e r t a i n p r e d i c t i o n s of l eve l s of 
s u s p e n d e d sed imen ts c o u l d be made . 

c ) T h e p r e v i o u s scheme f o r t h e was te dump 
i n c l u d e d a s i d e h i l l d i v e r s i o n e x c a v a t e d in 
t he s teep s o u t h e r n s l ope of L ime C r e e k 
v a l l e y to b y p a s s f l ood f l ows a r o u n d Lime 
D u m p . In K l o h n L e o n o f f s o p i n i o n , s u c h 
a d i v e r s i o n w o u l d not be s t a b l e f o r a b a n 
donmen t a n d w o u l d r e q u i r e c o n s i d e r a b l e 
o n g o i n g m a i n t e n a n c e . 

d ) T h e peak f l ood f l ows d e r i v e d f r om p r e 
v i o u s h y d r o l o g i c s t u d i e s a p p e a r e d h i g h . 
A r e - a n a l y s i s o f t h e h y d r o l o g y s h o u l d 
r e s u l t in c o n s i d e r a b l e r e d u c t i o n in 
d e s i g n f l o w s . 

e ) T h e was te r o c k c o n t a i n s e n o u g h l a r g e , 
d u r a b l e f r a g m e n t s w h i c h may be s e l e c t e d 
a n d u t i l i z e d f o r d r a i n c o n s t r u c t i o n . 

H y d r o l o g y 

Es t ima t i on of F lood F lows 

A s t h e f i r s t s t a g e of r e v i e w of t h e K i t s a u l t 
was te d u m p s , K l o h n Leono f f r e - e x a m i n e d t he 
h y d r o l o g i c a n a l y s i s w h i c h had been u s e d to 
es t imate d e s i g n s t reamf low at t h e P a t s y 
C r e e k t e s t d u m p s i t e . P r e v i o u s h y d r o l o g i c 
a n a l y s e s h a d been b a s e d on a s i n g l e v e r y 
h i g h f low es t imate of 300 m 3 / s at t he mouth 
of L ime C r e e k ( c a t c h m e n t a r e a 3 9 . 4 k m 2 ) 
d u r i n g a h i g h r a i n f a l l e v e n t a n d Water S u r 
v e y o f C a n a d a ( W S C ) a g r e e d t h a t t h e e s t i 
mate was i n c o r r e c t . T h e 300 m 3 / s f low e s t i 
mate f o r N o v e m b e r 1, 1978 has been de le ted 
f r om WSC r e c o r d s . 

K l o h n Leono f f u s e d t h r e e d i f f e r e n t me thods 
of a n a l y s i s to es t imate peak f l ows in t h e L ime 



C r e e k c a t c h m e n t : ( 1 ) a r e g i o n a l f l ood f r e 
q u e n c y a n a l y s i s u s i n g r e c o r d s f r o m bo th 
B r i t i s h C o l u m b i a a n d A l a s k a ; ( 2 ) mu l t i p l e 
r e g r e s s i o n e q u a t i o n s d e v e l o p e d f o r s o u t h e a s t 
A l a s k a b y t h e U . S . Geo log i ca l S u r v e y ; and 
(3 ) h y d r o g r a p h m o d e l l i n g . A good a g r e e m e n t 
was o b t a i n e d be tween t h e t h r e e me thods of 
a n a l y s i s . T h e recommended 1 0 0 - y e a r peak 
f lows a r e much lower t h a n t h o s e p r e v i o u s l y 
adop ted ( T a b l e 2 ) . 

T A B L E 2 

C O M P A R I S O N O F R E C O M M E N D E D 
1 0 0 - Y E A R D E S I G N F L O W S 

WITH P R E V I O U S E S T I M A T E S 

1 0 0 - Y E A R P E A K FLOW 
(m3/s)  

Recommended P r e v i o u s 
Loca t ion b y K L L Es t ima te 

Lime C r e e k @ t h e 
mouth ( 3 9 . 4 k m 2 ) 121 402 

P a t s y C r e e k @ T e s t 
Dump S i t e (6 .1 k m 2 ) 26 60 

f l e x i b i l i t y o f d i v i d i n g a c a t c h m e n t in to s m a l 
l e r s u b - c a t c h m e n t s , g e n e r a t i n g h y d r o g r a p h s 
f r o m the sma l l e r a r e a s a n d t h e n p r o g r e s 
s i v e l y " a d d i n g t h e h y d r o g r a p h s in a d o w n 
s t ream d i r e c t i o n . T h e model a l so has t he 
c a p a b i l i t y o f r o u t i n g h y d r o g r a p h s t h r o u g h 
c h a n n e l s o r r e s e r v o i r s . It is t h u s wel l 
s u i t e d to e v a l u a t i n g t h e e f f e c t o f f l o w -
t h r o u g h was te d u m p s on r e d u c t i o n of 
h y d r o g r a p h p e a k s . 

T h e s t reamf low was mode l led b y s u b d i v i d i n g 
t h e L ime C r e e k c a t c h m e n t in to s e v e n s u b -
d r a i n a g e a r e a s , as s h o w n on F i g u r e 7. T h e 
model was c a l i b r a t e d so t h a t a peak f low 
was g e n e r a t e d at t h e mou th of L ime C r e e k 
equa l to t he 2 0 0 - y e a r f l ood f l ow of 141 m 3 / s 
es t ima ted f rom t h e h y d r o l o g i c a n a l y s i s . 

T h e r o u t i n g p r o c e d u r e was c a r r i e d ou t as 
f o l l o w s : 

a ) T h e h y d r o g r a p h s g e n e r a t e d f rom c a t c h 
ments n u m b e r 301 a n d 302 w e r e c o m b i n e d 
a n d r o u t e d t h r o u g h t he r o c k d r a i n in 
t h e P a t s y C r e e k D u m p . T h e d r a i n was 
r e p r e s e n t e d b y a s t a g e - d i s c h a r g e c u r v e 
w h i c h was d e r i v e d f r om a t y p i c a l P a t s y 
C r e e k c r o s s - s e c t i o n a n d a v e l o c i t y d e t e r 
m ined f r om the f l o w - t h r o u g h r o c k f i l l 
f o r m u l a . 

Fo r p u r p o s e s of d e s i g n of r o c k d r a i n s f o r 
t he was te d u m p s , a 2 0 0 - y e a r r e t u r n p e r i o d 
s to rm r u n o f f is c o n s i d e r e d a p p r o p r i a t e . T h e 
2 0 0 - y e a r peak s t reamf low was d e t e r m i n e d 
u s i n g a f a c t o r of 1.2 to c o n v e r t t he e s t i 
mated 1 0 0 - y e a r f l ow to a 2 0 0 - y e a r f l o w . T h e 
f a c t o r of 1.2 was es t ima ted b a s e d on t he 
ra t ios of 2 0 0 - y e a r to 1 0 0 - y e a r peak f l ows f o r 
o t h e r g a u g i n g s t a t i o n s in t he r e g i o n . 

H y d r o l o g i c Model 

In o r d e r to d e v e l o p d e s i g n h y d r o g r a p h s f o r 
f lood r o u t i n g t h r o u g h t he was te d u m p s , a 
h y d r o g r a p h model was d e v e l o p e d f o r t he 
Lime a n d P a t s y C r e e k c a t c h m e n t s . T h i s 
model was c a l i b r a t e d so t ha t peak f l ows 
d e r i v e d f r om the o t h e r h y d r o l o g i c a n a l y s e s 
c o i n c i d e d w i th p e a k f l ows es t ima ted u s i n g the 
mode l . T h e model s e l e c t e d f o r d e t e r m i n i n g 
the r a i n f a l l e x c e s s and t r a n s f o r m a t i o n of t he 
ra i n fa l l e x c e s s to s t reamf low was a m i c r o c o m 
p u t e r v e r s i o n of O T T H Y M O , o r i g i n a l l y d e 
v e l o p e d b y the U . S . D e p a r t m e n t of A g r i c u l 
t u r e and s u b s e q u e n t l y mod i f i ed b y t h e U n i 
v e r s i t y of O t t a w a . T h i s model a l lows t he 

b ) T h e r o u t e d f low h y d r o g r a p h f rom the 
P a t s y C r e e k Dump was c o m b i n e d w i th the 
h y d r o g r a p h s f rom c a t c h m e n t s 303, 304 
a n d 305 to d e t e r m i n e t h e i n f l ow h y d r o -
g r a p h to t h e Lime C r e e k D u m p . T h i s 
c o m b i n e d h y d r o g r a p h was in t u r n r o u t e d 
t h r o u g h t he Lime Dump r o c k d r a i n . 

c ) T h e ou t f l ow h y d r o g r a p h f rom the Lime 
Dump was a d d e d to c a t c h m e n t s 306 and 
307 to d e t e r m i n e t h e f l o w s at t he mouth 
of L ime C r e e k f o l l o w i n g r o u t i n g t h r o u g h 
t he was te d u m p r o c k d r a i n s . 

T a b l e 3 shows t he d e s i g n f l ows d e t e r m i n e d 
b y t he O T T H Y M O p r o g r a m f o r t he r o c k 
d r a i n s w i t h t he 2 0 0 - y e a r f l ood r o u t e d 
t h r o u g h t he s y s t e m . T h e e f f ec t of t he r o c k 
d r a i n s is to d e c r e a s e t he 2 0 0 - y e a r peak f low 
a t t he mouth of L ime C r e e k f rom 141 m 3 / s 
u n d e r n a t u r a l c o n d i t i o n s to abou t 82 m 3 / s 
w i t h bo th d r a i n s in p l a c e . 
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FIGURE 7 

AMAX KITSAULT MINE 



T A B L E 3 

S U M M A R Y O F D E S I G N F L O W S 

T o t a l 2 0 0 - Y e a r 
C a t c h m e n t s P e a k F lows 

Loca t ion A r e a ( h a ) ( m 3 / s ) 

P a t s y C r . Dump 
- i n f l o w 
- o u t f l o w 

Lime C r . Dump 
- i n f l o w 
- o u t f l o w 

620 
740 

2500 
2720 

P a t s y C r . @ the mouth 3940 

2 7 . 7 * 
2 1 . 5 

8 2 . 7 
70 .1 

8 1 . 7 

* In f low to t h e P a t s y C r e e k d u m p is a 
n a t u r a l f l o w . A l l o t h e r f l ows a r e less t h a n 
t h o s e t h a t w o u l d o c c u r u n d e r n a t u r a l c o n 
d i t i o n s d u e to t h e r o u t i n g e f f e c t s of t h e 
r o c k d r a i n s . 

D e s i g n of F l o w - T h r o u g h R o c k D r a i n s 

T h e p r o p o s e d c o n c e p t f o r d e s i g n of t he 
K i t s a u l t was te d u m p s is to c o n s t r u c t r o c k 
d r a i n s c a p a b l e of p a s s i n g the d e s i g n f l ood 
f l o w s . T h e d r a i n s w i l l be c o n s t r u c t e d o f 
se lec t was te r o c k p l a c e d d i r e c t l y in t h e 
s t ream bot toms a n d was te r o c k w i l l be e n d -
d u m p e d o v e r t he d r a i n s . T h e a d v a n t a g e s of 
f l o w - t h r o u g h r o c k d r a i n s a re as f o l l o w s : 

1. S e d i m e n t t r a n s p o r t w i l l be r e d u c e d to 
a c c e p t a b l e l eve l s b e c a u s e t he e n t i r e 
s t reamf low wi l l be c o n v e y e d t h r o u g h 
c l e a n , c o a r s e r o c k . 

2 . T h e f l o w - t h r o u g h d r a i n wi l l be s u i t a b l e 
f o r a b a n d o n m e n t , b y p r o v i s i o n of a l a r g e 
e n t r a n c e c a p a c i t y to a l low f o r some s i l t a -
t i on u p s t r e a m . 

3 . T h e r e w i l l be no r e q u i r e m e n t f o r e x p e n 
s i v e a n d m a i n t e n a n c e - i n t e n s i v e s i d e h i l l 
d i v e r s i o n s . 

4 . K i t s a u l t w i l l be ab le to u t i l i z e t he e c o n o 
mical was te d i s p o s a l l oca t i ons in P a t s y and 
L ime C r e e k s . 

5 . R o c k d r a i n s a r e a p r o v e n c o n c e p t w h i c h 
h a v e been s u c c e s s f u l l y imp lemented at 
o t h e r B r i t i s h C o l u m b i a m i n e s . 

T h e p r o p o s e d was te d u m p d r a i n s a re d e 
s i g n e d w i th two l a y e r s of se l ec t r o c k . T h e 
lower l a y e r , p l a c e d d i r e c t l y on the s t r eam 
b o t t o m , w i l l be c o n s t r u c t e d of 1 m a v e r a g e 
d i a m e t e r q u a r t z d i o r i t e b o u l d e r s . T h e s e 
b o u l d e r s w i l l be i n d i v i d u a l l y s e l e c t e d f r om 
t h e was te r o c k . T h i s c o a r s e lower zone w i l l 
be d e s i g n e d to c a r r y o n e - t h i r d of t he 2 0 0 -
y e a r r e t u r n p e r i o d d e s i g n f l o w . T h i s w i l l 
e n s u r e t h a t al l normal f l ows wi l l be c a r r i e d 
b y t he c o a r s e r o c k d r a i n . 

T h e r e m a i n i n g f low c a p a c i t y f o r peak f l oods 
w i l l be c a r r i e d b y a zone of c l e a n r o c k f i l l 
o b t a i n e d b y p a s s i n g was te r o c k o v e r a 
g r i z z l y . F o r d e s i g n p u r p o s e s , a mean r o c k 
s i z e ( D ^ Q ) o f 400 mm has been a s s u m e d f o r 
t he g r i z z l i e d z o n e . 

T h e r e q u i r e d f low c a p a c i t i e s f o r t he r o c k 
d r a i n s w e r e d e t e r m i n e d b y t h e O T T H Y M O 
c o m p u t e r p r o g r a m . R e q u i r e d a reas were d e 
t e r m i n e d f rom t h e a b o v e f o r m u l a e , u s i n g the 
f o l l o w i n g a s s u m p t i o n s : 

V o i d ra t i o 
B o u l d e r s 
G r i z z l i e d was te 

H y d r a u l i c mean r a d i u s 
B o u l d e r s 
G r i z z l i e d was te 

H y d r a u l i c g r a d i e n t 

= 0 . 8 
= 0 . 6 5 

m = 131 mm 
m = 49 mm 

i = 0 . 0 6 

T h e r e q u i r e d d r a i n a r e a s and f i l l vo l umes 
a r e s u m m a r i z e d in T a b l e 4 . T h e d r a i n a r e a s 
shown a r e the a v e r a g e f o r each d r a i n . T h e 
ac tua l a reas w i l l v a r y , as t he d r a i n w i l l be 
d e s i g n e d to c o n v e y the a p p r o p r i a t e r o u t e d 
peak f l ows at t h e u p s t r e a m a n d d o w n s t r e a m 
e n d s of t he d u m p . 

D u r i n g the f i n a l s i x mon ths of p r o d u c t i o n in 
1 9 8 2 , K i t s a u l t s e l e c t e d a n d s t o c k p i l e d a p 
p r o x i m a t e l y 50 000 t o n n e s of q u a r t z d i o r i t e 
b o u l d e r s . B a s e d on t h i s e x p e r i e n c e , t he 
ra te of b o u l d e r r e c o v e r y f o r t he r o c k 
d r a i n s is se t f o r d e s i g n p u r p o s e s at 100 000 
t o n n e s p e r y e a r . 

T h e r o c k d r a i n s mus t c a r r y not o n l y t he 
f low e n t e r i n g at t he u p s t r e a m e n d s of t he 
d u m p s b u t a lso f low f r om smal l s t r eams d i s 
c h a r g i n g on to t he d u m p f rom the v a l l e y 
w a l l s . T h e s e sma l le r s t r e a m s wi l l be h a n d l e d 
b y c o n s t r u c t i n g a p p r o p r i a t e l y s i z e d t r i b u 
t a r y d r a i n s . 



T A B L E 4 

S U M M A R Y O F R O C K D R A I N A R E A S A N D V O L U M E S 

B O U L D E R D R A I N 

A r e a 
( m 2 ) m 3 

Vo lume 
t 

G R I Z Z L I E D D R A I N 

A r e a 
( m 2 ) m 3 

Vo lume 
t 

P a t s y 
T e s t Dump 
F ina l Dump 

50 
50 

25 000 
110 000 

38 000 
165 000 

185 
185 

90 000 
380 000 

160 000 
680 000 

L ime 260 000 390 000 1 000 000 1 620 000 

P a t s y C r e e k T e s t Dump C o n s t r u c t i o n 

T h e p u r p o s e of t h e p r o p o s e d P a t s y C r e e k 
t e s t d u m p wi l l be to d e m o n s t r a t e t h a t t h e 
f l o w - t h r o u g h c o n c e p t can be s u c c e s s f u l l y a p 
p l i e d a n d t h a t t he r o c k d r a i n can be c o n 
s t r u c t e d a n d o p e r a t e d w i t h o u t e x c e s s i v e 
sed imen t p r o d u c t i o n . T h e t e s t d u m p wi l l be 
loca ted a b o u t 2000 m u p s t r e a m f rom t h e c o n 
f l u e n c e of L ime a n d P a t s y C r e e k s , to t h e 
s o u t h e a s t of t h e o p e n p i t . T h e p r e s e n t P a t s y 
was te d u m p hau l r o a d s wi l l p r o v i d e a c c e s s to 
t h e top of t he v a l l e y s l opes at t he t e s t d u m p 
s i t e . A t t h e t e s t d u m p l o c a t i o n , t h e P a t s y 
C r e e k v a l l e y s l o p e s a r e as s teep as 4 5 ° . T h e 
h e i g h t of t h e v a l l e y wal l on t h e d u m p s i d e 
( n o r t h e a s t ) is a b o u t 35 m. 

A c c e s s to t h e bot tom of t h e v a l l e y to c o n 
s t r u c t r o c k d r a i n s w i l l r e q u i r e e x c a v a t i o n of 
a s i d e h i l l a c c e s s r a m p . T h e ramp w i l l be p u t 
in r o c k , so t h a t c a r e f u l d r i l l i n g , b l a s t i n g 
a n d h a u l i n g t he e x c a v a t e d mate r ia l ou t of t h e 
v a l l e y w i l l be n e c e s s a r y to a v o i d i n t r o d u c i n g 
sed imen t in to P a t s y C r e e k . 

T h e l a r g e b o u l d e r base d r a i n l a y e r a n d t h e 
u p p e r g r i z z l i e d l a y e r w i l l be a d v a n c e d s i m u l 
t a n e o u s l y , b e g i n n i n g at t he base of t he a c 
c e s s ramp a n d t h e n p r o c e e d i n g d o w n s t r e a m . 
T h e b o u l d e r l a y e r w i l l be e n d - d u m p e d f r om 
t h e s u r f a c e of t he g r i z z l i e d l a y e r , w h i c h w i l l 
be a d v a n c e d j u s t b e h i n d t h e b o u l d e r l a y e r . 
T h i s w i l l a l low t h e u p p e r s u r f a c e o f t h e 
g r i z z l i e d l a y e r to be smoothed a n d u s e d f o r 
a t r a v e l l i n g s u r f a c e . T h e t w o - l a y e r r o c k 
d r a i n w i l l be a d v a n c e d d o w n s t r e a m a b o u t 
200 m b e y o n d t h e d e s i g n toe of t h e t e s t 
d u m p . T h i s w i l l a l low an a c c e s s ramp to be 

p u s h e d down onto t he d r a i n so t h a t c o n 
s t r u c t i o n c a n c o n t i n u e d o w n s t r e a m when 
a p p r o v a l is g r a n t e d f o r t h e f u l l - s c a l e P a t s y 
D u m p . 

F o l l o w i n g p lacement of t h e r o c k d r a i n , 
g e n e r a l was te r o c k w i l l be e n d - d u m p e d f rom 
e l e v a t i o n 660 m to comple te t he t e s t d u m p . 

T w o smal l t r i b u t a r y s t r eams e n t e r P a t s y 
C r e e k on t h e s o u t h w e s t s i d e of t h e v a l l e y . 
D r a i n r o c k mater ia l w i l l be e x t e n d e d up 
t h e s e s t reams to a l low t he t r i b u t a r y f l ows to 
e n t e r t he main r o c k d r a i n . 

C o n s t r u c t i o n of t h e r o c k d r a i n in t h e t e s t 
d u m p wi l l be s c h e d u l e d f o r lower f low 
p e r i o d s , e i t h e r in summer o r w i n t e r . T h e 
d r a i n c o n s t r u c t i o n p e r i o d is e x p e c t e d to be 
a b o u t t h r e e m o n t h s . P lacemen t of t he 
g e n e r a l was te w i l l no t e f f e c t t he s t r e a m , as 
al l f l ow wi l l be w i t h i n t h e r o c k d r a i n , so 
t h i s w o r k need not be s c h e d u l e d f o r a n y 
p a r t i c u l a r s e a s o n . T h e g e n e r a l was te w i l l 
h a v e a vo lume of a b o u t 900 000 m 3 

(1 500 000 t ) a n d wi l l r e q u i r e a b o u t t h r e e 
mon ths to comp le te t he p l a c e m e n t . 

T h e t e s t dump wi l l no t r e q u i r e an o v e r f l o w 
s p i l l w a y . T h e d r a i n w i l l be d e s i g n e d to a c 
commodate peak 2 0 0 - y e a r r e t u r n p e r i o d 
f l ood f l o w s . 

F o r s t a b i l i t y p u r p o s e s , t he d o w n s t r e a m toe 
of t h e r o c k d r a i n w i l l be c o n s t r u c t e d at a 
s l ope a n g l e of 4 h o r i z o n t a l : 1 v e r t i c a l . T h e 
g e n e r a l f i l l a b o v e t h e r o c k d r a i n w i l l be 
s t a b l e at a n g l e of r e p o s e as no s a t u r a t i o n of 
t h e g e n e r a l f i l l w i l l o c c u r . 
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T e s t Dump M o n i t o r i n g 

T h e main o b j e c t i v e s of m o n i t o r i n g t he t e s t 
f i l l w i l l be to c o n f i r m t h e f o l l o w i n g a s p e c t s : 

a) T h a t e x c e s s i v e l eve l s o f sed imen t w i l l not 
be g e n e r a t e d d u r i n g c o n s t r u c t i o n of t he 
r o c k d r a i n s . 

b ) T h a t t he r o c k d r a i n s h a v e s u f f i c i e n t h y 
d r a u l i c c a p a c i t y to c o n v e y d e s i g n s t r e a m -
f lows b e n e a t h t he g e n e r a l was te r o c k . 

c ) T h a t d o w n s t r e a m sed imen t l o a d i n g s a f t e r 
comp le t ion o f t h e d r a i n and t e s t d u m p 
s a t i s f y e n v i r o n m e n t a l c r i t e r i a . 

Sed imen t G e n e r a t i o n 

T h e f l o w - t h r o u g h r o c k d r a i n c o n c e p t is e x 
pec ted to p r o v i d e s a t i s f a c t o r y p e r f o r m a n c e 
w i th r e g a r d to d o w n s t r e a m sed imen t l o a d i n g . 
T h e s t reamf low w i l l be c a r r i e d e n t i r e l y b y 
the c o a r s e r o c k d r a i n s . Some sed imen t l o a d 
i n g wi l l r e s u l t i n i t i a l l y as t h e c o a r s e p a r t i 
c les a r e w a s h e d b y t he s t r eam f o l l o w i n g 
c o n s t r u c t i o n , b u t t h i s is not e x p e c t e d to 
p r o d u c e s i g n i f i c a n t sed imen t q u a n t i t i e s . T h e 
r o c k d r a i n w i l l be p l a c e d d i r e c t l y on t he 
s t ream b o t t o m , not e n d - d u m p e d f r om a l a r g e 
h e i g h t , so t h a t d i s t u r b a n c e of so i l s on t h e 
v a l l e y s l opes o r s t ream bot tom wi l l be k e p t 
to a m in imum. 

D o w n w a r d movement of f i n e s t h r o u g h t h e 
waste r o c k is no t e x p e c t e d to o c c u r to a n y 
s i g n i f i c a n t e x t e n t . E n d - d u m p i n g wi l l c r e a t e a 
g e n e r a l l y g r a d e d mass w h i c h w i l l ac t as a 
g r a d e d f i l t e r to p r e v e n t f i n e s p e r c o l a t i n g 
d o w n w a r d . T h e g e n e r a l was te w i l l no t be 
s a t u r a t e d b y s t r e a m f l o w . R a i n f a l l i n f i l t r a t i o n 
wi l l c r e a t e some d o w n w a r d p e r c o l a t i o n , b u t 
wi l l not c a u s e t h e d u m p to be s a t u r a t e d . 

Some sed imen t g e n e r a t i o n wi l l r e s u l t f r om 
ra in fa l l on to a n d r u n o f f o v e r the dump s u r 
faces a n d t h e d u m p s l o p e s . S e d i m e n t a t i o n 
b a s i n s w i l l be c r e a t e d on the dump s u r f a c e s 
and s e t t l e d w a t e r w i l l be d i s c h a r g e d f rom 
these sha l l ow b a s i n s to t r i b u t a r y s t ream 
d r a i n s . R u n o f f on dump s lopes wi l l be 
co l l ec ted in d i t c h e s on i n d i v i d u a l b e n c h e s . 
E s s e n t i a l l y , sed imen t c o n t r o l f r om r u n o f f a n d 
p r e c i p i t a t i o n on d u m p s u r f a c e s wi l l be no 
d i f f e r e n t t h a n a n y o t h e r l a r g e open p i t m i n e . 

L o n g - T e r m S t a b i l i t y 

T h e f l o w - t h r o u g h r o c k d r a i n c o n c e p t is e x 
p e c t e d to p r o v i d e a more permament s o l u t i o n 

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

T h e r o c k d r a i n s w i l l be c o n s t r u c t e d w i t h 
l a r g e e n t r a n c e c a p a c i t i e s , b y e x t e n d i n g 
c o a r s e r o c k up t he u p s t r e a m s l opes of t he 
f i n a l d u m p s . T h i s w i l l a l low sed imen t to 
se t t l e u p s t r e a m of t h e d u m p s w i t h o u t a f f e c t 
i n g t he p e r f o r m a n c e of t he d r a i n s . A t a n y 
r a t e , u p s t r e a m s e d i m e n t is no t e x p e c t e d to 
be a s i g n i f i c a n t p r o b l e m . B o t h P a t s y a n d 
L ime C r e e k s f l ow in c a n y o n s c u t in r o c k so 
t h a t t h e y c a r r y l i t t le n a t u r a l s e d i m e n t . T h e 
was te d u m p s w i t h f l o w - t h r o u g h r o c k d r a i n s 
s h o u l d be s u i t a b l e f o r a b a n d o n m e n t w i t h o u t 
r e q u i r i n g s i g n i f i c a n t o n g o i n g m a i n t e n a n c e . 
T h e s i d e h i l l d i v e r s i o n s , on t h e o t h e r h a n d , 
w o u l d h a v e r e q u i r e d f r e q u e n t i n s p e c t i o n 
a n d ma in tenance to p r e v e n t o v e r t o p p i n g 
c a u s e d b y d e b r i s b l o c k a g e f r om the n u m e r 
o u s t r i b u t a r y s t r e a m s . T h i s w o u l d h a v e 
been a r i s k y a n d p o s s i b l y u n a c c e p t a b l e 
s o l u t i o n f o r f i n a l a b a n d o n m e n t . 

C O N C L U S I O N S 

In s u m m a r y , t he a d v a n t a g e s of c o n s t r u c t i n g 
a f l o w - t h r o u g h r o c k d r a i n as p a r t o f a mine 
was te d u m p , a r e as f o l l o w s : 

- a l lows a c o n v e n i e n t w a s t e d i s p o s a l l o c a 
t i on in v a l l e y f i l l ; 

- a v o i d s c o s t l y s t r e a m d i v e r s i o n and 
e r o s i o n c o n t r o l m e a s u r e s ; 

- a l lows f l e x i b i l i t y in d u m p c o n s t r u c t i o n ; 

- c o n s t r u c t e d at no c o s t to t he mine o t h e r 
t h a n r e q u i r e m e n t f o r s e l e c t i v e d i s p o s a l of 
was te r o c k ; 

- has s i g n i f i c a n t f l ood r o u t i n g e f f ec t w h i c h 
r e d u c e s d o w n s t r e a m s p i l l w a y c o n s t r u c t i o n 
c o s t s . 

B y t he a p p l i c a t i o n of s o u n d e n g i n e e r i n g 
p r i n c i p l e s , was te , d u m p s can be d e s i g n e d to 
s a f e l y c a r r y s i g n i f i c a n t s t r e a m f l o w , bo th 
d u r i n g mine o p e r a t i o n a n d f o l l o w i n g a b a n 
d o n m e n t . T h e r o c k d r a i n at Bu l lmoose has 
o p e r a t e d s u c c e s s f u l l y to da te a n d is an 
e x c e l l e n t examp le of t h e u s e of t h e s e p r i n 
c i p l e s to d e v e l o p a sa fe a n d economica l 
d e s i g n . 
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A B S T R A C T 

T h e u n d e r d r a i n s y s t e m in an e x c e s s spo i l f i l l 
s t r u c t u r e is p r o v i d e d to co l l ec t u n d e r g r o u n d 
wa te r f l ows a n d w a t e r f l ows f r o m i n f i l t r a t i o n 
f rom s u r f a c e w a t e r . T h e na t iona l p e r f o r m a n c e 
s t a n d a r d s f o r s u r f a c e mine a c t i v i t i e s i n c l u d e s 
r e q u i r e m e n t s to p r o v i d e e n v i r o n m e n t a l p r o 
t ec t i on a n d p r o t e c t i o n of p r o p e r t y . T h e s e 
s t a n d a r d s a lso i n c l u d e r e q u i r e m e n t s f o r 
u n d e r d r a i n s y s t e m s . T h i s p a p e r p r o v i d e s a 
r e v i e w of t h e s e p e r f o r m a n c e s t a n d a r d s a n d 
g e n e r a l d e s i g n and c o n s t r u c t i o n o f c u r r e n t 
p r a c t i c e s . 

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

Major e a r t h s t r u c t u r e s a r e u s u a l l y c r e a t e d on 
most s u r f a c e coal m i n i n g o p e r a t i o n s in t h e 
A p p a l a c h i a n c o a l f i e l d s in t he S t a t e s o f West 
V i r g i n i a , V i r g i n i a , and K e n t u c k y f rom t h e 
d i s p o s a l of e x c e s s spo i l m a t e r i a l s . E x c e s s 
spo i l ma te r i a l s a r e g e n e r a l l y d e f i n e d as t he 
o v e r b u r d e n ma te r i a l s t h a t a r e not r e q u i r e d 
to r e g r a d e t h e d i s t u r b e d s u r f a c e to t he a p 
p r o x i m a t e o r i g i n a l c o n t o u r ( A O C ) . T h e 
e x c e s s ma te r i a l s r e s u l t f r om bo th t he swe l l o f 
the o v e r b u r d e n d u r i n g e x c a v a t i o n a n d p l a c e 
men t , a n d f r om v a r i a n c e s t ha t can be a p 
p r o v e d f rom t he A O C r e q u i r e m e n t s . 

T h e s i z e a n d n u m b e r o f t h e s e e a r t h s t r u c 
t u r e s v a r y s i g n i f i c a n t l y d e p e n d i n g on d i f 
f e r e n t s i te c o n d i t i o n s a n d s i te e c o n o m i c s . 
S t r u c t u r e s r a n g i n g in s i z e up to t en mi l l ion 
y a r d s o f ma te r i a l s a n d v e r t i c a l h e i g h t s up to 
500 fee t h a v e been c o n s t r u c t e d . 

T h e t o p o g r a p h y in t h e s e a reas can be g e n e r 
a l l y c h a r a c t e r i z e d as n a r r o w v a l l e y s w i t h 
s teep s i d e s l opes ( p l u s 2 0 ° ) . T h e re l i e f can 
be as much as 1,000 fee t in some a r e a s . T h e 
g e o l o g y of t h e s e a reas can be d e s c r i b e d as a 
s t r a t i g r a p h i c i n t e r v a l of c y c l i c d e p o s i t s of 
s a n d s t o n e , s a n d y s h a l e s , s i l t y s h a l e s , a n d 
c o a l . T h e spo i l u s u a l l y c o n s i s t s o f a m i x t u r e 
of s a n d s t o n e a n d s h a l e s . 

T h e e x c e s s spo i l s t r u c t u r e s a r e u s u a l l y 
l oca ted a c r o s s a smal l v a l l e y a n d / o r n e a r 
t h e head of t he d r a i n a g e a r e a s . When 
loca ted at o r n e a r t he top of t he d r a i n a g e 
r i d g e a n d c o n s t r u c t e d w i th a c e n t e r c o r e 
d r a i n a g e s y s t e m , t h e s e s t r u c t u r e s a r e ca l l ed 
h e a d - o f - h o l l o w f i l l s ; o t h e r w i s e , t h e y a re 
labe led v a l l e y f i l l s ( see F i g u r e N o . 1 ) . 
When t he ma te r i a l s c o n s i s t o f 80 p e r c e n t 
h a r d r o c k ( d u r a b l e r o c k ) , a l l ma te r i a l s can 
be e n d - d u m p e d in p l a c e . T h e s e s t r u c t u r e s 
a r e f u r t h e r l abe led o r c a l l e d e n d - d u m p 
v a l l e y f i l l s ( s e e F i g u r e N o . 2 ) . A t h i r d 
t y p e is t h e zone f i l l ( s e e F i g u r e N o . 2 ) . In 
t h e s e f i l l s , t h e f r o n t f a c e a r e a is b u i l t in 
a c c o r d a n c e w i t h s t a b i l i t y r e q u i r e m e n t s and 
the b a c k zone is p l a c e d w i t h o u t a n y e n g i n e 
e r i n g c o n t r o l s . T h e b a c k zone can be e n d -
d u m p e d w i t h o u t r e g a r d to spo i l t y p e ; t ha t 
i s , d u r a b l e v e r s u s n o n - d u r a b l e . 

In r e s p o n s e to P u b l i c Law 9 5 - 8 7 , na t iona l 
r u l e s a n d r e g u l a t i o n s (30 C F R 8 1 6 . 7 1 - 8 1 6 . 7 4 ) 
we re d e v e l o p e d to r e g u l a t e a l l s u r f a c e m i n 
i n g a c t i v i t i e s . T h e b a s i c p u r p o s e of t he 
l e g i s l a t i o n was f o r t he p r o t e c t i o n of peop le 
and p r o p e r t y , l a n d , w a t e r , and o t h e r 
r e s o u r c e s and a e s t h e t i c v a l u e s a n d f o r t he 
r e s t o r a t i o n a n d rec lamat ion of s u r f a c e a reas 
a f f e c t e d b y m i n i n g . T h e l e g i s l a t i o n a lso 
r e q u i r e each S t a t e r e g u l a t o r y a g e n c y to 
d e v e l o p r e g u l a t o r y p r o g r a m s w h i c h were as 
e f f e c t i v e as t he na t i ona l r u l e s . 

T h e s e r u l e s e s t a b l i s h e d p e r f o r m a n c e s t a n 
d a r d s f o r t he v a r i o u s s u r f a c e mine a c t i v i t i e s , 
i n c l u d i n g e x c e s s spo i l s t r u c t u r e s . T h e p e r 
f o r m a n c e s t a n d a r d s f o r e x c e s s spo i l s t r u c 
t u r e s s p e c i f y r e q u i r e m e n t s f o r t he loca t ion 
of a r e a s u s e d f o r d i s p o s a l s i t es and t he 
d e s i g n , c o n s t r u c t i o n , a n d i n s p e c t i o n of 
t hese s t r u c t u r e s . 

T h i s p a p e r p r e s e n t s a g e n e r a l s u m m a r y of 
t h e s e p e r f o r m a n c e s t a n d a r d s and re la tes 
how t he p e r f o r m a n c e s t a n d a r d s f o r t he 
u n d e r d r a i n s y s t e m a r e met b y t he c u r r e n t 
d e s i g n a n d c o n s t r u c t i o n p r a c t i c e s u n d e r the 
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v a r i o u s t y p e s of d i s p o s a l me thods d e s c r i b e d 
a b o v e . 

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

T h i s sec t i on c o n s i s t s of an o v e r v i e w of p e r 
f o rmance s t a n d a r d s to be fo l l owed d u r i n g 
m i n i n g and rec lama t i on a c t i v i t i e s . T h e s e 
s t a n d a r d s d e s c r i b e t h e g e n e r a l l o c a t i o n , 
d e s i g n , c o n s t r u c t i o n , a n d i n s p e c t i o n r e q u i r e 
m e n t s . A d d e d p e r f o r m a n c e s t a n d a r d s g o v e r n 
i n g h e a d - o f - h o l l o w ( r o c k c o r e d r a i n s ) f i l l s , 
e n d - d u m p f i l l s , a n d zone f i l l s d e s i g n a n d 
c o n s t r u c t i o n a r e d i s c u s s e d s e p a r a t e l y . 

a . G e n e r a l R e q u i r e m e n t s 

T h e g e n e r a l r e q u i r e m e n t s a r e t h a t t he 
e x c e s s spo i l mus t be p l a c e d in d e s i g n a t e d 
d i s p o s a l a r e a s , w i t h i n a p e r m i t a r e a , in a 
c o n t r o l l e d m a n n e r to min im ize t h e a d v e r s e 
e f f e c t s of l eacha te a n d s u r f a c e wa te r 
r u n o f f f r om t h e f i l l on s u r f a c e a n d g r o u n d 
w a t e r . T h e p lacemen t m a n n e r m u s t e n s u r e 
mass s t a b i l i t y a n d p r e v e n t mass movement 
d u r i n g a n d a f t e r c o n s t r u c t i o n . T h e f i na l 
f i l l mus t be s u i t a b l e f o r rec lamat ion and 
r e v e g e t a t i o n a n d compa t i b l e w i t h t he 
n a t u r a l s u r r o u n d i n g s a n d t h e a p p r o v e d 
p o s t m i n i n g l and u s e . 

b . Q u a l i f i c a t i o n of D e s i g n e r 

T o meet d e s i g n r e q u i r e m e n t s , t he f i l l a n d 
a p p u r t e n a n t s t r u c t u r e s h a v e to be d e s i g n 
ed u s i n g c u r r e n t , p r u d e n t e n g i n e e r i n g 
p r a c t i c e s b y a q u a l i f i e d , r e g i s t e r e d p r o 
f e s s i o n a l e n g i n e e r e x p e r i e n c e d in t h e 
d e s i g n o f e a r t h a n d r o c k f i l l s who mus t 
c e r t i f y t he d e s i g n o f t h e f i l l a n d a p p u r 
t e n a n t s t r u c t u r e s . 

c . S t a b i l i t y 

T h e f i l l has to be d e s i g n e d a n d c o n s t r u c t 
ed to a t t a in a min imum l o n g - t e r m s ta t i c 
s a f e t y f a c t o r of 1 .5 . T h e f o u n d a t i o n a n d 
a b u t m e n t s of t he f i l l a n d a l l o t h e r f e a t u r e s 
h a v e to be s u f f i c i e n t to e n s u r e s t a b i l i t y 
of t he f i l l a n d a p p u r t e n a n t s t r u c t u r e s 
u n d e r a l l s t a g e s a n d c o n d i t i o n s of c o n 
s t r u c t i o n . T h e d i s p o s a l a r e a has to be 
loca ted on t h e most m o d e r a t e l y s l o p i n g 
a n d n a t u r a l l y s t a b l e a r e a a v a i l a b l e . 

S t a b i l i t y a n a l y s e s h a v e to be p e r f o r m e d 
b y a q u a l i f i e d , r e g i s t e r e d p r o f e s s i o n a l 
e n g i n e e r . P a r a m e t e r s u s e d in t h e s t a b i l i t y 
a n a l y s e s h a v e to be b a s e d u p o n adequa te 

i n v e s t i g a t i o n s of f o u n d a t i o n a n d f i l l 
m a t e r i a l s , i n c l u d i n g f i e l d r e c o n n a i s s a n c e ; 
s u b s u r f a c e i n v e s t i g a t i o n s ; a n d da ta 
o b t a i n e d f rom l a b o r a t o r y a n a l y s e s of s u c h 
m a t e r i a l s . T h e a n a l y s e s of f o u n d a t i o n 
c o n d i t i o n s h a v e to t a k e in to c o n s i d e r a t i o n 
t he e f f ec t o f a n y u n d e r g r o u n d mine 
w o r k i n g s upon t he s t a b i l i t y of t he f i l l 
and a p p u r t e n a n t s t r u c t u r e s . If t h e toe 
of t he f i l l r e s t s on an a rea w h i c h has a 
n a t u r a l l and s lope in e x c e s s of 2 . 8 h : l v 
(36 p e r c e n t ) k e y w a y c u t s a n d / o r r o c k 
toe b u t t r e s s e s h a v e to be c o n s t r u c t e d to 
e n s u r e s t a b i l i t y of t he f i l l . 

d . C l e a r i n g and G r u b b i n g 

V e g e t a t i v e a n d o r g a n i c ma te r i a l s h a v e to 
be r e m o v e d , e i t h e r p r o g r e s s i v e l y o r in a 
s i n g l e se t o f o p e r a t i o n s , f r om the d i s 
posa l a rea p r i o r to p lacemen t of t he 
e x c e s s s p o i l . T o p s o i l has to be r e m o v e d , 
s e g r e g a t e d , a n d s t o r e d a n d / o r r e d i s t r i 
b u t e d . 

e . P lacement 

T h e e x c e s s spo i l has to be t r a n s p o r t e d 
a n d p l a c e d in a c o n t r o l l e d m a n n e r in 
h o r i z o n t a l l i f t s no t e x c e e d i n g f o u r fee t in 
t h i c k n e s s ( o r less i f r e q u i r e d to a c h i e v e 
t he d e n s i t y n e c e s s a r y to e n s u r e mass 
s t a b i l i t y a n d to p r e v e n t mass movemen t , 
to a v o i d a d v e r s e impac ts on t he r o c k 
u n d e r d r a i n o r r o c k c o r e , o r to min imize 
t he f o rma t i on of v o i d s ) ; c o n c u r r e n t l y 
compac ted as n e c e s s a r y to e n s u r e mass 
s t a b i l i t y a n d to p r e v e n t mass movement 
d u r i n g a n d a f t e r c o n s t r u c t i o n ; g r a d e d so 
t h a t s u r f a c e a n d s u b s u r f a c e d r a i n a g e is 
compa t i b l e w i t h t he n a t u r a l a p p r o v e 
d e s i g n s w h i c h i n c o r p o r a t e p lacemen t of 
e x c e s s spo i l in l i f t s g r e a t e r t h a n f o u r 
fee t in t h i c k n e s s , if i t is d e m o n s t r a t e d 
in t h e pe rm i t a p p l i c a t i o n a n d c e r t i f i e d b y 
a q u a l i f i e d , r e g i s t e r e d p r o f e s s i o n a l 
e n g i n e e r t h a t t he d e s i g n e n s u r e s the 
s t a b i l i t y of t he f i l l and t h e d e s i g n c o m 
p l i es w i t h al l o t h e r r e q u i r e m e n t s . 

f . E r o s i o n C o n t r o l M e a s u r e s 

T h e g e n e r a l g r a d i n g r q u i r e m e n t s a r e a lso 
to min imize e r o s i o n . T h e top of t he f i l l 
has to be g r a d e d no s t e e p e r t h a n 2 0 h : l v 
( f i v e p e r c e n t ) t o w a r d p r o p e r l y d e s i g n e d 
d r a i n a g e c h a n n e l s in n a t u r a l g r o u n d 
a l ong t h e p e r i p h e r y of t h e f i l l . S u r f a c e 
r u n o f f f r om the top s u r f a c e of t he f i l l 
mus t no t be a l lowed to f low o v e r t he 
o u t s l o p e of t h e f i l l . T h e o u t s l o p e of t he 
f i l l c a n n o t e x c e e d 2 h : l v (50 p e r c e n t ) . 



T e r r a c e s a r e u s u a l l y c o n s t r u c t e d on t h e 
o u t s l o p e of t h e f i l l f o r s t a b i l i t y , f o r 
c o n t r o l of e r o s i o n , to c o n s e r v e so i l m o i s 
t u r e , and to f a c i l i t a t e t he a p p r o v e d p o s t -
m in i ng l and u s e . T e r r a c e b e n c h e s h a v e to 
be g r a d e d w i th a t h r e e to t en p e r c e n t 
s lope t o w a r d t h e f i l l . T h e o u t s l o p e 
be tween t e r r a c e b e n c h e s c a n n o t e x c e e d 
2 h : l v (50 p e r c e n t ) o r s u c h a l e s s e r s lope 
as may be r e q u i r e d to e n s u r e s t a b i l i t y o r 
min imize e r o s i o n . R u n o f f has to be c o l 
l ec ted b y a d i t c h a l o n g t he i n t e r s e c t i o n of 
each t e r r a c e b e n c h a n d t he o u t s l o p e . T h i s 
d i t c h has to rou te r u n o f f to s t a b i l i z e d 
d i v e r s i o n c h a n n e l s a n d c a n n o t h a v e a 
maximum s l ope g r e a t e r t h a n 2 0 h : l v ( f i v e 
p e r c e n t ) u n l e s s a s t e e p e r s lope is n e c e s 
s a r y f o r p e r m a n e n t r o a d s in c o n j u n c t i o n 
w i th an a p p r o v e d p o s t m i n i n g l and use a n d 
a s t e e p e r s l ope wi l l no t a d v e r s e l y a f f ec t 
t he s t a b i l i t y of t h e f i l l o r r e s u l t in e x c e s 
s i v e e r o s i o n . 

. U n d e r d r a i n s 

U n d e r d r a i n s mus t be c o n s t r u c t e d of 
d u r a b l e , n o n a c i d - f o r m i n g , a n d n o n t o x i c -
f o r m i n g r o c k ; f r e e of c o a l , c l a y , and 
n o n d u r a b l e m a t e r i a l ; and mus t be d e 
s i g n e d a n d c o n s t r u c t e d u s i n g c u r r e n t , 
p r u d e n t e n g i n e e r i n g p r a c t i c e s . T h e 
u n d e r d r a i n s y s t e m mus t be d e s i g n e d and 
c o n s t r u c t e d to c a r r y , away f r o m t h e f i l l , 
t he max imum a n t i c i p a t e d seepage of wa te r 
d u e to p r e c i p i t a t i o n a n d t he maximum 
a n t i c i p a t e d seepage a n d d i s c h a r g e f rom 
seeps a n d s p r i n g s in t he f o u n d a t i o n of 
t he d i s p o s a l a r e a a n d has to be p r o t e c t e d 
f rom p i p i n g a n d con tam ina t i on b y a f i l t e r 
s y s t e m d e s i g n e d a n d c o n s t r u c t e d to 
e n s u r e p r o p e r l o n g - t e r m f u n c t i o n i n g of 
t h e u n d e r d r a i n u s i n g c u r r e n t , p r u d e n t 
e n g i n e e r i n g p r a c t i c e s . 

T h e min imum c r o s s - s e c t i o n a l d i m e n s i o n s of 
t he u n d e r d r a i n mus t be as s p e c i f i e d be low 
u n l e s s t he a p p l i c a n t d e m o n s t r a t e s in t he 
a p p l i c a t i o n , t h r o u g h d e t a i l e d a n a l y s e s , 
t h a t a l t e r n a t i v e c r o s s - s e c t i o n a l d i m e n s i o n s 
w i l l p r o v i d e a d e q u a t e l o n g - t e r m c a p a c i t y 
f o r d r a i n a g e at t he s i t e . In c o n s t r u c t i n g 
t he u n d e r d r a i n , no more t h a n t en p e r c e n t 
of t he r o c k can be less t h a n 12 i n c h e s in 
s i z e a n d no s i n g l e r o c k can be l a r g e r 
t h a n 25 p e r c e n t of t he w i d t h of t h e s e g 
ment of t he u n d e r d r a i n in w h i c h t h e r o c k 
is l o c a t e d . 

P e r f o r a t e d p i p e u n d e r d r a i n s can be s u b 
s t i t u t e d f o r t h e r o c k u n d e r d r a i n . P e r f o r 
a ted p i p e u n d e r d r a i n s h a v e to be c o r r o 
s i on r e s i s t a n t ; h a v e c h a r a c t e r i s t i c s c o n 
s i s t e n t w i t h t he l o n g - t e r m l i fe of t he f i l l ; 
be d e s i g n e d a n d c o n s t r u c t e d u s i n g c u r 
r e n t , p r u d e n t e n g i n e e r i n g p r a c t i c e s ; be 
d e s i g n e d a n d c o n s t r u c t e d to c a r r y , away 
f r om the f i l l , t he max imum a n t i c i p a t e d 
seepage o f w a t e r d u e to p r e c i p i t a t i o n and 
t he max imum a n t i c i p a t e d d i s c h a r g e f r om 
s e e p s a n d s p r i n g s in t he f o u n d a t i o n of 
t h e d i s p o s a l a r e a ; a n d be p r o t e c t e d f r om 
c l o g g i n g a n d con tam ina t i on f u n c t i o n i n g of 
t he p e r f o r a t e d p i p e u n d e r d r a i n u s i n g 
c u r r e n t , p r u d e n t e n g i n e e r i n g p r a c t i c e s . 

F o r f i l l c o n s t r u c t i o n in a v a l l e y , an 
u n d e r d r a i n s y s t e m has to be i n s t a l l e d 
a long t he n a t u r a l d r a i n a g e w a y s ; e x t e n d 
f r om the toe to t he h e a d of t he f i l l ; and 
c o n t a i n l a te ra l d r a i n s to each a rea of 
po ten t i a l d r a i n a g e o r s e e p a g e . 

F o r s i t u a t i o n s in w h i c h e x c e s s d u r a b l e 
r o c k spo i l is p l a c e d in s i n g l e o r mu l t i p l e 
l i f t s s u c h t h a t t he u n d e r d r a i n s y s t e m is 
c o n s t r u c t e d s i m u l t a n e o u s l y w i t h e x c e s s 
spo i l p lacemen t b y t h e n a t u r a l s e g r e g a 
t i on of d u m p e d m a t e r i a l s , c o l o r p h o t o 
g r a p h s a re t a k e n of t h e u n d e r d r a i n as 
the u n d e r d r a i n s y s t e m is b e i n g f o r m e d . 

h . I n s p e c t i o n s 

A q u a l i f i e d , r e g i s t e r e d p r o f e s s i o n a l 
e n g i n e e r , o r o t h e r q u a l i f i e d p r o f e s s i o n a l 
s p e c i a l i s t u n d e r t he d i r e c t i o n of a p r o 
f e s s i o n a l e n g i n e e r , has to p e r i o d i c a l l y 
i n s p e c t t he f i l l d u r i n g c o n s t r u c t i o n . T h e 
p r o f e s s i o n a l e n g i n e e r o r s p e c i a l i s t has to 
be e x p e r i e n c e d in t he c o n s t r u c t i o n of 
e a r t h and r o c k f i l l s . I n s p e c t i o n s of the 
f i l l s i te h a v e to be made d u r i n g c r i t i c a l 
c o n s t r u c t i o n p e r i o d s as n e c e s s a r y to 
e n s u r e comp l i ance w i t h t h i s r e g u l a t i o n . 
C r i t i c a l c o n s t r u c t u i o n p e r i o d s h a v e to 
i n c l u d e at a m in imum: f o u n d a t i o n p r e p a r 
a t ion i n c l u d i n g t he remova l o f al l o r g a n i c 
mate r ia l a n d t o p s o i l ; p lacemen t of u n d e r 
d r a i n s a n d p r o t e c t i v e f i l t e r s y s t e m s ; 
i n s t a l l a t i o n of f i n a l s u r f a c e d r a i n a g e 
s y s t e m s ; comp le t i on of t h e f i n a l g r a d i n g ; 
a n d comp le t i on of t h e i n i t i a l r e v e g e t a t i n g 
of t h e comp le ted f i l l . In a d d i t i o n to t he 
a b o v e , i n s p e c t i o n s of t h e f i l l s i t e h a v e to 
be m a d e , b e g i n n i n g at t he in i t i a l s i t e -
p r e p a r a t i o n p h a s e of c o n s t r u c t i o n , at 
leas t once e v e r y t h r e e mon ths t h r o u g h o u t 
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M I N I M U M D R A I N S E G M E N T C R O S S - S E C T I O N A L D I M E N S I O N S 

* T o t a l c u m u l a t i v e vo lume 
of f i l l mate r ia l 

to be d r a i n e d b y segmen t 

L e s s t h a n 1 ,000 ,000 y d 3 

P r e d o m i n a n t t y p e 
of f i l l mate r ia l 

S a n d s t o n e 
S h a l e 

Min imum s i z e of d r a i n 
segmen t ( i n f e e t ) 

Wid th 

10 
16 

H e i g h t 

4 
8 

M o r e t h a n 1 ,000,000 y d 3 S a n d s t o n e 
S h a l e 

16 
16 

8 
16 

* T h e u n d e r d r a i n may be d i v i d e d in to segmen ts f o r p u r p o s e s of d e t e r m i n i n g r e q u i r e d d i m e n 
s i o n s of t h e i n d i v i d u a l d r a i n s e g m e n t s . Each segmen t w i l l d r a i n t he vo lume of f i l l o v e r l y i n g 
t he segmen t p l u s c a r r y t h e w a t e r d r a i n e d to t h e segmen t f rom a reas of t he f i l l l oca ted u p 
s t ream of t he s e g m e n t . Where t he c u m u l a t i v e vo lume of t he f i l l mater ia l to be d r a i n e d b y a 
segmen t is l ess t h a n 1 ,000,000 y d 3 , t h e smal l d i m e n s i o n may be u s e d . 

c o n s t r u c t i o n of t he f i l l , i n c l u d i n g d u r i n g 
p lacemen t a n d compac t i on of f i l l m a t e r i a l s . 

T h e q u a l i f i e d , r e g i s t e r e d p r o f e s s i o n a l 
e n g i n e e r mus t p r o v i d e a c e r t i f i e d r e p o r t 
to t he d e p a r t m e n t ' s a p p r o p r i a t e r eg iona l 
o f f i ce w i t h i n two w e e k s a f t e r each i n s p e c 
t i on s t a t i n g t h a t t he f i l l has been o r is 
b e i n g c o n s t r u c t e d a n d ma in ta ined as 
d e s i g n e d a n d is in a c c o r d a n c e w i th t h e 
a p p r o v e d p l a n a n d a l l a p p r o p r i a t e r e g u l a 
t i o n s . T h e r e p o r t has to a d d r e s s a p p e a r 
a n c e s of i n s t a b i l i t y , s t r u c t u r a l w e a k n e s s , 
a n d o t h e r h a z a r d o u s c o n d i t i o n s . T h e 
c e r t i f i e d r e p o r t s on t h e d r a i n a g e s y s t e m 
a n d p r o t e c t i v e f i l t e r h a v e to i n c l u d e c o l o r 
p h o t o g r a p h s t a k e n d u r i n g a n d a f t e r c o n 
s t r u c t i o n of t h e u n d e r d r a i n a n d p r o t e c t i v e 
f i l t e r b u t b e f o r e t he d r a i n a g e s y s t e m is 
c o v e r e d w i t h e x c e s s s p o i l . If t h e u n d e r 
d r a i n s y s t e m is c o n s t r u c t e d in p h a s e s , 
each p h a s e has to be c e r t i f i e d s e p a r a t e l y . 

i . S u r f a c e D r a i n a g e 

Impoundments a r e not a l l owed on t he c o m 
p le ted f i l l s . D r a i n a g e r e q u i r e m e n t s a r e 
e s t a b l i s h e d f o r s u r f a c e r u n o f f a n d g r o u n d 
w a t e r as n e c e s s a r y to c o n t r o l e r o s i o n , 
m in im ize wa te r i n f i l t r a t i o n in to t h e f i l l , 
a n d to e n s u r e s t a b i l i t y . 

S u r f a c e w a t e r r u n o f f f r o m t h e a r e a a b o v e 
t he f i l l mus t be d i v e r t e d away f r om t h e 
f i l l a n d in to s t a b i l i z e d d i v e r s i o n c h a n n e l s 
d e s i g n e d to p a s s s a f e l y t he r u n o f f f r om a 
1 0 0 - y e a r , 2 4 - h o u r p r e c i p i t a t i o n e v e n t . 
S u r f a c e r u n o f f f r o m t h e f i l l s u r f a c e has to 

be d i v e r t e d to s t a b i l i z e d c h a n n e l s o f f t he 
f i l l . 

P E R F O R M A N C E S T A N D A R D S F O R R O C K -
C O R E C H I M N E Y D R A I N S 

R o c k - c o r e c h i m n e y d r a i n s can be emp loyed 
in a h e a d - o f - h o l l o w f i l l i n s t e a d of t h e s u b -
d r a i n a n d s u r f a c e r u n o f f d i v e r s i o n s y s t e m 
n o r m a l l y r e q u i r e d , as long as t he f i l l is not 
l oca ted in an a rea c o n t a i n i n g an i n t e r m i t t e n t 
o r p e r e n n i a l s t r e a m . 

a . D e s i g n a n d C o n s t r u c t i o n 

T h e f i l l mus t h a v e , a l ong t h e v e r t i c a l 
p ro j ec t i on of t he main b u r i e d s t ream 
c h a n n e l o r f i l l , a v e r t i c a l c o r e of d u r a b l e 
r o c k at leas t 16 fee t t h i c k w h i c h e x t e n d s 
f r om t h e toe of t h e f i l l to t he head of 
t h e f i l l and f r o m t h e base of t h e f i l l to 
t h e s u r f a c e of t he f i l l . A s y s t e m of 
l a te ra l r o c k u n d e r d r a i n s has to c o n n e c t 
t h i s r o c k c o r e to each a rea of po ten t i a l 
d r a i n a g e o r seepage in t h e d i s p o s a l a r e a . 
T h e u n d e r d r a i n s y s t e m a n d t h e r o c k c o r e 
mus t be d e s i g n e d a n d c o n s t r u c t e d to 
c a r r y , away f r om t h e f i l l , t h e maximum 
a n t i c i p a t e d s e e p a g e of wa te r d u e to p r e 
c i p i t a t i o n a n d t h e maximum a n t i c i p a t e d 
d i s c h a r g e f r om seeps a n d s p r i n g s in t he 
f o u n d a t i o n of t h e d i s p o s a l a r e a . 

b . F i l t e r S y s t e m 

A f i l t e r s y s t e m to e n s u r e t he p r o p e r 
l o n g - t e r m f u n c t i o n i n g of t he r o c k c o r e 
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has to be d e s i g n e d a n d c o n s t r u c t e d u s i n g 
c u r r e n t , p r u d e n t e n g i n e e r i n g p r a c t i c e s . 

c . D r a i n a g e C o n t r o l 

T h e d r a i n a g e c o n t r o l s y s t e m has to be 
c a p a b l e of s a f e l y p a s s i n g the r u n o f f f r om 
a 1 0 0 - y e a r , 2 4 - h o u r p r e c i p i t a t i o n e v e n t o r 
a l a r g e r e v e n t , i f s p e c i f i e d . 

P E R F O R M A N C E S T A N D A R D S F O R 
E N D - D U M P E D F I L L S  

T h i s a l t e r n a t i v e method of d i s p o s a l can be 
emp loyed when at leas t 80 p e r c e n t of t he 
spo i l c o n s i s t s of d u r a b l e r o c k . T h e a l t e r n a 
t i v e method a l lows t he spo i l to be p l aced b y 
g r a v i t y p lacement in s i n g l e o r mu l t i p l e l i f t s . 

A l l noncemen ted a n d p o o r l y cemen ted s h a l e , 
c l a y , s o i l , a n d n o n d u r a b l e e x c e s s spo i l 
mate r ia ls d i s p o s e d of in t he f i l l h a v e to be 
d i s t r i b u t e d w i t h i n t he f i l l b y s e l e c t i v e d u m p 
ing o r o t h e r a d e q u a t e me thods of p lacement 
to a v o i d l oca l i zed c o n c e n t r a t i o n s of n o n d u r 
ab le ma te r i a l s w h i c h w o u l d a d v e r s e l y a f fec t 
the s t a b i l i t y o r i n t e r n a l d r a i n a g e of t he f i l l . 
T h e f i l l has to be d e s i g n e d and c o n s t r u c t e d 
to a t ta in a min imum l o n g - t e r m s ta t i c s a f e t y 
f a c t o r of 1.5 a n d a min imum e a r t h q u a k e 
sa fe t y f a c t o r of 1 . 1 . 

T h e u n d e r d r a i n s y s t e m can be c o n s t r u c t e d 
s i m u l t a n e o u s l y w i t h e x c e s s spo i l p lacement b y 
the n a t u r a l s e g r e g a t i o n of t h e d u m p e d 
mater ia ls p r o v i d e d t h a t t he r e s u l t i n g u n d e r 
d r a i n s y s t e m is c a p a b l e of c a r r y i n g , away 
f rom t h e f i l l , t he maximum a n t i c i p a t e d s e e p 
age of wa te r d u e to p r e c i p i t a t i o n a n d t h e 
maximum a n t i c i p a t e d d i s c h a r g e f r om s e e p s 
and s p r i n g s in t he f o u n d a t i o n of t h e d i s p o s a l 
a rea a n d p r o v i d e d t h a t t he o t h e r r e q u i r e 
ments f o r d r a i n a g e c o n t r o l a r e met . F o r 
s i t u a t i o n s ( s u c h as the d u m p i n g of f i l l 
mater ia l f rom an i n s u f f i c i e n t h e i g h t o r on an 
i n s u f f i c i e n t s l o p e ) in w h i c h , in t h e j u d g m e n t 
of t he r e g u l a t o r y a u t h o r i t y , t he n a t u r a l 
s e g r e g a t i o n of d u m p e d ma te r i a l s w i l l not fo rm 
an a d e q u a t e u n d e r d r a i n s y s t e m , t he u n d e r 
d r a i n s y s t e m has to be s e p a r a t e l y c o n s t r u c t 
e d . 

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

A d d i t i o n a l p e r f o r m a n c e s t a n d a r d s w e r e i n 
c l u d e d in some S t a t e R e g u l a t o r y P r o g r a m s to 
al low f o r p l a c i n g t h e spo i l in zones c o n s i s 
ten t w i t h t he o t h e r p e r f o r m a n c e s t a n d a r d s . 
T h e a d d i t i o n a l s t a n d a r d s c o v e r t he p lacement 
of spo i l in t he d i f f e r e n t z o n e s . 

In t h e s t r u c t u r a l z o n e , spo i l has to be 
p l a c e d in a p p r o x i m a t e l y h o r i z o n t a l l i f t s a n d 
compac ted to d e n s i t i e s a n d s t r e n g t h s r e 
q u i r e d to e n s u r e mass s t a b i l i t y and to 
p r e v e n t mass movemen t . T h e l i fe t h i c k n e s s 
a n d g r a d i n g r e q u i r e m e n t s of t h e spo i l has 
to be c o n s i s t e n t w i t h t he d e s i g n p a r a m e t e r s . 
T h e e x t e n t of t h i s zone has to be b a s e d on 
a c c e p t e d e n g i n e e r i n g a n a l y s e s . 

T h e t e m p o r a r y o u t s i d e s lope o f t he n o n 
s t r u c t u r a l zone c a n n o t e x c e e d the a n g l e of 
r e p o s e a n d t he h e i g h t of t he n o n s t r u c t u r a l 
zone has to be l im i ted to a h e i g h t d e t e r m i n 
ed not to pose an ac tua l o r p r o b a b l e h a z a r d 
to p r o p e r t y , p u b l i c hea l t h a n d s a f e t y , o r 
t he e n v i r o n m e n t in t he e v e n t of f a i l u r e 
d u r i n g c o n s t r u c t i o n . T h e s t r u c t u r a l zone 
and t he n o n s t r u c t u r a l zone h a v e to be 
c o n s t r u c t e d as c o n c u r r e n t l y as p r a c t i c a b l e 
a n d t he d i s t a n c e be tween the s t r u c t u r a l 
zone a n d t he n o n s t r u c t u r a l zone has to be 
m in im ized to a s s u r e p r o p e r s t a b i l i t y and 
c o n t r o l o f t he t e m p o r a r y f i l l s l o p e . 

R O C K D R A I N S Y S T E M S 

T h e t y p e s of r o c k d r a i n s y s t e m d e s i g n e d 
a n d c o n s t r u c t e d d e p e n d s on t he t y p e of 
e x c e s s spo i l s t r u c t u r e to be u t i l i z e d b y t he 
o p e r a t o r f o r p lacemen t of t he m a t e r i a l s ; t ha t 
i s , a v a l l e y f i l l p l a c e d in f o u r - f o o t l i f t s , a 
v a l l e y f i l l p l a c e d b y t he e n d - d u m p m e t h o d , 
a v a l l e y f i l l b u i l t b y t he zone c o n c e p t , o r a 
h e a d - o f - h o l l o w f i l l . 

O n most o p e r a t i o n s , t h e r o c k d r a i n is c o n 
s t r u c t e d of a good d u r a b l e s a n d s t o n e w h i c h 
u s u a l l y comes f rom a s t r a t a of o v e r b u r d e n 
to be removed in e x p o s i n g the coa lbed o r 
b e d s . T h e r e f o r e , a s e p a r a t e mate r ia l cos t is 
not u s u a l l y n e c e s s a r y . T h e p e r f o r a t e d p i pe 
s y s t e m is r a r e l y u s e d . Wi th t he e x c e p t i o n of 
t h e e n d - d u m p f i l l s , t he f i l t e r s y s t e m is 
u s u a l l y a s y n t h e t i c f a b r i c t y p e . 

When a v a l l e y f i l l is c o n s t r u c t e d w i th f o u r -
foot l i f t s , t he u n d e r d r a i n s y s t e m is i n s t a l l e d 
as a s e p a r a t e o p e r a t i o n p r i o r to t he p l a c e 
ment of spo i l m a t e r i a l s . A d e s i g n p r o c e d u r e 
is p r e s e n t e d in O S M R E ' s E n g i n e e r i n g and 
D e s i g n Manua l - D i s p o s a l of E x c e s s S p o i l 
( H o l m q u i s t , e t . a l . 1983, p . 139) . H o w e v e r , 
t he u s u a l p r o c e d u r e is to use the c r o s s -
sec t i on a rea men t i oned in t he p e r f o r m a n c e 
s t a n d a r d s . T h e u s u a l c o n s t r u c t i o n s p e c i f i c a 
t i ons a lso r e p e a t s t he p e r f o r m a n c e s t a n d a r d s . 



When the h e a d - o f - h o l l o w f i l l s t r u c t u r e is 
c o n s t r u c t e d , t he r o c k - c o r e s e r i e s of p a r t i c l e 
s i z e s f r om the f o u r to f i v e - f o o t b o u l d e r s 
a long the o r i g i n a l g r o u n d l i ne to s a n d a n d 
s i l t - s i z e p a r t i c l e s at t he t o p . T h e r o l l i n g of 
ma te r ia l s down the s l ope n a t u r a l l y s e g r e g a t e s 
the p a r t i c l e s i z e s . A s t he d u r a b i l i t y of t he 
mate r ia l d e c r e a s e s so t h a t a h i g h e r p e r c e n t 
age of sma l le r s i z e p a r t i c l e s is g e n e r a t e d in 
t he m i n i n g p r o c e s s , t he n a t u r a l s e g r e g a t i o n 
p r o c e s s is a d v e r s e l y e f f e c t e d and c l o s e r 
i n s p e c t i o n is r e q u i r e d to a s s u r e t ha t an 
u n d e r d r a i n s y s t e m d e v e l o p s . 

E x p e r i e n c e w i t h t he zone f i l l has been 
l i m i t e d . T h e u n d e r d r a i n s y s t e m f o r t h i s t y p e 
of f i l l is u s u a l l y c o n s t r u c t e d s im i l a r to t he 
v a l l e y - f i l l m e t h o d . 

P E R F O R M A N C E 

It is es t ima ted t h a t at leas t 200 e x c e s s spo i l 
s t r u c t u r e s a re comp le ted each y e a r in t h e 
A p p a l a c h i a n coal f i e l d s . S i n c e t he imp lemen
ta t i on of t he na t i ona l s t a n d a r d s , o n l y t h r e e 
e x c e s s spo i l s t r u c t u r e s a r e k n o w n to h a v e 
f a i l e d a n d r e q u i r e d remed ia l r e c l a m a t i o n . 
T h e s e s t r u c t u r e s w e r e c o n s t r u c t e d b y t he 
e n d - d u m p p r o c e s s a n d had n a r r o w b a s e s 
w i t h a s teep n a t u r a l g r o u n d p r o f i l e , r e s e m b l 
i ng a s i d e h i l l - t y p e f i l l g e o m e t r y . Due to a 
l ack of d e t a i l e d i n s p e c t i o n d o c u m e n t a t i o n , i t 
c o u l d not be d e t e r m i n e d w h e t h e r o r not an 
e f f e c t i v e u n d e r d r a i n s y s t e m was d e v e l o p e d 
d u r i n g c o n s t r u c t i o n in t h e s e f i l l s . T h e 
s t a n d a r d f o r a p i c t o r i a l r e c o r d of t he u n d e r 
d r a i n s y s t e m is a r e c e n t a d d i t i o n now b e i n g 
i m p l e m e n t e d . 

L im i ted i n s t r u m e n t a t i o n m o n i t o r i n g has been 
done on t he e f f e c t i v e n e s s of u n d e r d r a i n 
s y s t e m s . T h e h e a d - o f - h o l l o w t y p e s t r u c t u r e s 
h a v e been b u i l t u n d e r West V i r g i n i a p r o g r a m 
s t a n d a r d s s i n c e t he e a r l y 1960 's . No f a i l u r e s 
h a v e been r e p o r t e d in a n y of t h e s e s t r u c 
t u r e s . C o n c e r n s h a v e been e x p r e s s e d w i t h 
e v e n t u a l l y c l o g g i n g t h e s e c e n t e r c o r e d r a i n s 
w i t h s e d i m e n t s c a r r i e d b y s u r f a c e w a t e r . 
T h i s has not h a p p e n e d on a n y s t r u c t u r e to 
d a t e . U s u a l l y , t he loca t ion of s t r u c t u r e s is 
s u c h t h a t o n l y smal l a d r a i n a g e a r e a c o n t r i 
b u t e s f l ows in to t he d r a i n s . S t r i c t r e v e g e t a -
t i on r e q u i r e m e n t e n f o r c e m e n t has a lso l im i ted 
sed imen t l o a d s . 

C O N C L U S I O N S 

T h e min imum s t a n d a r d s e s t a b l i s h e d b y r e g u 
l a t o r y a g e n c i e s h a v e been t he main s o u r c e of 

g u i d a n c e f o r coal o p e r a t o r s f o r d e s i g n and 
c o n s t r u c t i o n of u n d e r d r a i n s y s t e m s . Whi le 
t he s t a n d a r d s may be e s t a b l i s h e d more f rom 
p r a c t i c a l e x p e r i e n c e t h a n t h e o r y , t hese 
s t a n d a r d s h a v e been e f f e c t i v e in k e e p i n g 
f a i l u r e s w i t h i n r e a s o n a b l e t o l e r a n c e s . T h i s 
leads to t he f u r t h e r c o n c l u s i o n t h a t t hese 
s t a n d a r d u n d e r d r a i n s h a v e a d e q u a t e c a p a 
c i t y to keep a wa te r leve l f r om d e v e l o p i n g 
w i t h i n t h e s e f i l l s . 
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I N T R O D U C T I O N 

T h e use of r o c k d r a i n s to p a s s w a t e r u n d e r 
waste p i l es has s u b s t a n t i a l p r a c t i c a l a n d 
economic b e n e f i t s to h a n d l e mine d r a i n a g e . 
Many was te p i l es a r e r e q u i r e d on moun ta in 
a r e a s . T h e y a r e c o n s t r u c t e d on modera te to 
s teep s l o p e s , f r e q u e n t l y e x t e n d f o r c o n s i d e r 
ab le l e n g t h a n d w r a p a r o u n d t he m o u n t a i n . 
H e i g h t s in e x c e s s of 200-300 me te rs a r e 
becoming common. 

L a r g e vo lumes of was te a r e o f ten i n v o l v e d , 
hence loca t i ons h a v i n g l a r g e s t o r a g e c a p a c i t y 
a re r e q u i r e d . T h i s t e n d s to r e s u l t in e x t e n 
s i v e use of g u l l i e s and c r e e k c h a n n e l s . It is 
essen t i a l t h a t f a c i l i t i e s be d e v e l o p e d in t he 
g u l l e y a n d c r e e k bot toms to c a t c h a n d c a r r y 
u n d e r s e e p a g e a n d c r e e k f l o w . T h e d e s i g n of 
t hese u n d e r d r a i n s f rom a g e o t e c h n i c a l s t a n d 
po in t is v e r y i m p o r t a n t . 

D e s i g n c o n s i d e r a t i o n s mus t i n c l u d e f o u n d a t i o n 
s t a b i l i t y and e r o s i o n r e s i s t a n c e , r e s i s t a n c e of 
d r a i n r o c k to a b r a s i o n a n d w e a r , f l ow c a p a 
c i t y , d r a i n s i l t a t i o n p r o t e c t i o n a n d s t a b i l i t y 
and s p r e a d i n g of t h e spo i l p i l e . 

T h e l i fe e x p e c t a n c y of t he r o c k d r a i n mus t 
be a d d r e s s e d a n d rec lamat ion d e s i g n p l a n s 
must be f o r m u l a t e d at an e a r l y d a t e . 

F O U N D A T I O N S T A B I L I T Y 

F o u n d a t i o n s t a b i l i t y of a n y g u l l y dump mus t 
be a d e q u a t e so t h a t r o c k d r a i n w i l l not be 
p u l l e d a p a r t b y f o u n d a t i o n movemen t , e i t h e r 
d i f f e r e n t i a l se t t l emen t o r s p r e a d i n g . 

T h i s r e q u i r e s a g e o t e c h n i c a l e v a l u a t i o n of 
f o u n d a t i o n s t r a t a . It is impo r tan t to d e t e r 
mine t he e x i s t e n c e and d e p t h of o v e r b u r d e n 
o r g a n i c s , t he d e p t h of o v e r b u r d e n so i l a n d 
i ts s h e a r s t r e n g t h , d r a i n a g e a n d c o n s o l i d a 
t ion c h a r a c t e r i s t i c s . 

If b e d r o c k is s h a l l o w , t he b e d r o c k t y p e , 
o r i e n t a t i o n , a n d d i p a n g l e of d i s c o n t i n u i t i e s 
mus t be d e t e r m i n e d . If weak d i s c o n t i n u i t i e s 
d i p pa ra l l e l to o r ou t of t he s lope t he s h e a r 
s t r e n g t h a l ong t h e s e w e a k n e s s e s mus t be 
d e t e r m i n e d . T h e s o i l - b e d r o c k i n t e r f a c e mus t 
be l o c a t e d . 

If t he soi l o r r o c k c o n d i t i o n s a r e u n f a v o r 
ab le i t is n e c e s s a r y to p e r f o r m a s t a b i l i t y 
a n a l y s i s to a s s e s s s t a b i l i t y . Where a spo i l 
p i l e f a i l u r e c o u l d r e s u l t in s e r i o u s p r o b l e m s 
o r damage a min imum s a f e t y f a c t o r o f 1.5 is 
r e c o m m e n d e d . If f a i l u r e w o u l d r e s u l t in 
n e g l i g i b l e p r o b l e m s o r damage a s a f e t y 
f a c t o r of 1.2 s h o u l d be a c c e p t a b l e . If e a r t h 
q u a k e s t r e s s e s may d e v e l o p t h e y mus t be 
i n c l u d e d in t he a n a l y s i s . 

T h e g e o t e c h n i c a l p r o f i l e may be d e t e r m i n e d 
w i th b a c k h o e t es t p i t s o r b o r e h o l e s . If c o n 
t i n u o u s e x p o s e d b e d r o c k e x i s t s , s u r f a c e 
geo log i ca l m a p p i n g may be a d e q u a t e . U n d e r 
h i g h spo i l p i l es t e s t p i t s s h o u l d be the 
minimum i n v e s t i g a t i o n r e q u i r e m e n t . 

T h e f o u n d a t i o n s t a b i l i t y f o r t he r o c k d r a i n 
i t se l f mus t be a d e q u a t e . In g u l l i e s t h a t f low 
wa te r i n t e r m i t t e n t l y o r w h e r e g lac ia l l ake 
sed imen ts o c c u r weak so i l s may e x i s t u n d e r 
t he p r o p o s e d r o c k d r a i n . T h e weak so i l s 
mus t be removed o t h e r w i s e t he r o c k d r a i n 
may become d i s r u p t e d . 

F O U N D A T I O N E R O S I O N R E S I S T A N C E 

Where modera te to h i g h f l ows a re to be 
e x p e c t e d in t h e r o c k d r a i n , e r o s i o n at t he 
base of t he d r a i n may o c c u r in t he f o u n d a 
t ion m a t e r i a l s . T h i s e r o s i o n w i l l l i k e l y be 
d i f f e r e n t i a l . It is o b v i o u s t h a t i f t he n a t u r a l 
base of t he g u l l y o r c r e e k c h a n n e l wi l l 
s c o u r o r e r o d e t ha t an e r o s i o n r e s i s t a n t 
base mus t be p r o v i d e d . 
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T h e d e s i g n of t h i s e r o s i o n r e s i s t a n t base wi l l 
d e p e n d on f low vo lumes a n d so i l o r r o c k 
c o n d i t i o n s . Each loca t ion w i l l be s i te s p e c i f i c . 

A g r a d e d f i l t e r ( F i g u r e 1) ( T e r z a g h i & P e c k , 
1967) w i t h o r w i t h o u t r e i n f o r c e d g e o t e x t i l e s , 
i n v o l v i n g a s a n d y g r a v e l base o v e r medium 
to c o a r s e c r u s h e d r o c k u n d e r t he r o c k d r a i n 
is one o p t i o n . Where g r a d i e n t s a re s t e e p , 
f i b r e r e i n f o r c e d s h o t c r e t e w i t h s i l i c o n fume 
a d m i x t u r e may be c o n s i d e r e d ( M o r g a n , 1986) . 
S i t e a c c e s s , ma te r i a l s a v a i l a b i l i t y and cos t 
w i l l be c o n s i d e r a t i o n s in t h e d e s i g n s e l e c t e d . 

D R A I N R O C K R E Q U I R E M E N T S 

T h e d r a i n r o c k may be s u b j e c t to v e r y h i g h 
l o a d s . T h e r e f o r e t h e r o c k mus t h a v e h i g h 
po in t to p o i n t c o n t a c t s t r e n g t h . If t h e 
c o n t a c t p o i n t s c r u s h the r o c k d r a i n w i l l move 
i n t e r n a l l y , d i s r u p t t he top f i l t e r and r e d u c e 
t h e f l ow c a p a c i t y . R o u n d e d s t r o n g g lac ia l 
d e p o s i t e d r o c k o r r i v e r r o c k is b e t t e r t h a n 
a n g u l a r b l a s t e d r o c k i f i t is a v a i l a b l e . 

B l a s t e d r o c k may be damaged b y t he b l a s t i n g 
a n d be s u b j e c t to g r a d u a l d i s i n t e g r a t i o n . 

T h e r o c k mus t be r e s i s t a n t to d i r t y wa te r 
a b r a s i o n . 

T h e w a t e r c h e m i s t r y s h o u l d be d e t e r m i n e d to 
a s s e s s chemica l d e t e o r i a t i o n of t h e r o c k . 

T h e d r a i n r o c k s h o u l d meet t he s t a n d a r d 
r e q u i r e m e n t s f o r r i p r a p to be p l a c e d a long 
a f a s t f l o w i n g r i v e r . 

T h e s i z e a n d g r a d a t i o n of t he d r a i n r o c k w i l l 
be a f u n c t i o n of t he f low v o l u m e . T h e more 
u n i f o r m t he g r a d a t i o n the b e t t e r the f l ow 
c h a r a c t e r i s t i c s . S u b s t a n t i a l o v e r d e s i g n mus t 
be b u i l t i n to f low vo lume d e t e r m i n a t i o n . 

D R A I N T O P F I L T E R 

Some fo rm of f i l t e r is r e q u i r e d o v e r t he d r a i n 
r o c k to p r e v e n t f i n e p a r t i c l e s f r o m e n t e r i n g 
a n d e v e n t u a l l y p l u g g i n g t h e d r a i n . 

T h e was te r o c k a l w a y s c o n t a i n s some f i n e s 
d e v e l o p e d b y b l a s t i n g , l o a d i n g , h a u l i n g , 
d u m p i n g a n d s l a k i n g . S e d i m e n t a r y s h a l e s , 
s l a t e s , c l a y s t o n e s , m u d s t o n e s a n d s i l t s t o n e 
a n d w e a t h e r e d s a n d s t o n e s a r e u s u a l l y t he 
s o u r c e of t he f i n e s , p a r t i c u l a r l y on coal 
p r o j e c t s . A s d r a i n a g e , snow melt and p r e c i p i 
t a t i on seep d o w n t h r o u g h t h e spo i l p i le t h e s e 
f i n e s a r e c a r r i e d d o w n to t he base l a y e r of 

t he s o i l . T h e y mus t not be a l lowed to c o n t a 
minate o r p l u g t h e r o c k d r a i n . T h i s wou ld 
a lso i n h i b i t s i de h i l l seepage u n d e r t he spo i l 
p i le a n d b u i l d up p o r e wa te r p r e s s u r e s to 
r e d u c e s t a b i l i t y . T h i s can be more s e r i o u s 
d u r i n g t he low f low p e r i o d in t he d r a i n . 

S e v e r a l d e s i g n s a re a v a i l a b l e f o r t h i s c o v e r 
z o n e . A s t a n d a r d g r a n u l a r f i l t e r may be 
u s e d . A c o v e r of medium to c o a r s e r o c k is 
p l a c e d on top of t he d r a i n . T h i s is fo l l owed 
b y one o r more f i n e r g r a n u l a r l a y e r s . Each 
l a y e r mus t meet f i l t e r d e s i g n r e q u i r e m e n t s . 
T h e s e r e q u i r e m e n t s a re shown in F i g u r e 1. 
R e i n f o r c e d g e o t e x t i l e may be p l a c e d be tween 
t h e f i l t e r l a y e r s . A l t e r n a t i v e l y r e i n f o r c e d 
g e o t e x t i l e may be p l aced d i r e c t l y on top of 
t he r o c k d r a i n w i t h a c o v e r of spo i l abou t 2 
me te rs t h i c k to p r o t e c t i t f r om damage . 
A n o t h e r a l t e r n a t i v e is to c o v e r t he d r a i n 
w i t h compac ted c l a y e y t i l l to ac t as a s e a l . 
T h e d r a i n c o v e r mus t be p l aced as an 
impact l a y e r to p r o t e c t t he d r a i n f rom 
d i s r u p t i o n b y h i g h s p e e d b o u n c i n g and 
r o l l i n g was te r o c k . 

A n a l t e r n a t i v e d e s i g n can be u s e d i f t he 
ma jo r i t y of t he was te r o c k is v e r y competen t 
w i t h low f i n e s . T h e d r a i n base is r e q u i r e d 
as u s u a l . T h e d r a i n can be d e v e l o p e d b y 
p l a c i n g d r a i n r o c k at leas t 4 mete rs w ide at 
t he base and d u m p i n g t he good q u a l i t y 
was te r o c k d i r e c t l y a b o v e the base d r a i n 
f o r t he f u l l h e i g h t of t he d u m p . 

C O N S T R U C T I O N 

T h e d e v e l o p m e n t of r o c k d r a i n s in t he f i e l d 
s h o u l d be done d u r i n g d r y w e a t h e r c o n d i 
t i o n s to min imize base c o n t a m i n a t i o n . 

If s h o t c r e t e is u s e d some d u r a b l e d r a i n 
b o u l d e r s s h o u l d be p l a c e d in t he base f i r s t 
and s h o t c r e t e d a r o u n d . T h e s e wi l l p r o v i d e a 
k e y f o r s t a b i l i t y . 

T h e g r a n u l a r u n d e r f i l t e r s h o u l d r e c e i v e 
modera te b u t no t h e a v y compac t i on to 
e n s u r e modera te p e r m e a b i l i t y . In t h i s way 
t h e d r a i n wi l l a l low u n d e r s e e p a g e p r e s s u r e s 
to r e d u c e to d r a i n e l e v a t i o n . 

T h e r o c k d r a i n mate r ia l can be p l a c e d b y 
b a c k d u m p i n g a n d l e v e l i n g o r b y c r a n e . 

T h e d i m e n s i o n s of t he d r a i n a r e a f u n c t i o n 
of d e s i g n v o l u m e , g r a d e , p o r o s i t y s a f e t y 
f a c t o r e t c . T h e y a r e b e y o n d t h e scope of 
t h i s p a p e r . 



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

T h e f i l t e r c o v e r mus t f u n c t i o n long t e rm as a 
f i l t e r o r t h e sea led c o v e r mus t rema in e s s e n 
t i a l l y i m p e r v i o u s on a long te rm b a s i s . Wi th 
mater ia l l i k e l y to be d u m p e d f rom s u b s t a n t i a l 
he i gh t up s l ope t h e s e f i l t e r o r seal c o v e r 
mater ia ls mus t be p r o t e c t e d w i t h s e v e r a l 
meters of was te r o c k as a p r o t e c t i v e c o v e r . 

T h e r o c k d r a i n mus t be c o n s t r u c t e d in 
a d v a n c e of t h e was te p i l e t o e . T h e d i s t a n c e 
in a d v a n c e wi l l be a f u n c t i o n of t he h e i g h t 
of t he s l ope and ra te of p l a c e m e n t . 

It is e m p h a s i z e d t h a t a r o c k d r a i n is a d r a i n 
age s t r u c t u r e a n d mus t be l o c a t e d , d e s i g n e d 
and c o n s t r u c t e d as s u c h . 

F I L L S T A B I L I T Y I N F L U E N C E 
O N R O C K D R A I N S 

T h e i n t e g r i t y of t he r o c k d r a i n mus t be 
re ta i ned d u r i n g t h e o p e r a t i o n a l l i fe of t he 
waste p i le to c a r r y d r a i n wa te r a n d c o n t i n u e 
to c o n t r o l p o r e w a t e r p r e s s u r e b u i l d u p a f t e r 
a b a n d o n m e n t . T h i s l a t t e r r e q u i r e m e n t w i l l be 
a f u n c t i o n of t h e f i n a l s lope a n g l e . If t h e 
ove ra l l spo i l p i l e a n g l e is f l a t t e n e d , u n d e r -
d r a i n a g e p o r e w a t e r c o n t r o l is not so c r i t i c a l . 

It is e s s e n t i a l t h a t t he spo i l p i l e o v e r t he 
rock d r a i n r e t a i n i t s i n t e g r i t y . T h e spo i l p i l e 
must not s l i d e , s p r e a d o r f l o w . If i t does 
the r o c k d r a i n w i l l be d i s r u p t e d a n d wi l l no t 
f u n c t i o n as d e s i g n e d . In f ac t it may become 
a s o u r c e of h i g h wa te r p r e s s u r e and c a u s e 
i n s t a b i l i t y . 

T h e a l l owab le movements in was te p i l es o v e r 
rock d r a i n s mus t be less t h a n f o r spo i l p i l es 
in g e n e r a l in o r d e r to r e t a i n t he d r a i n i n t e 
g r i t y . It is o b v i o u s t ha t t he spo i l p i l e mus t 
be d e v e l o p e d more c a r e f u l l y t h a n u s u a l . 

A n y o r g a n i c o r weak so i l s mus t be removed 
f rom t h e spo i l p i l e f o u n d a t i o n w i t h i n 25 to 
100 m f r o m t h e d r a i n d e p e n d i n g on t he p i l e 
h e i g h t . 

In a d d i t i o n , c l a y s , c l a y t i l l s a n d c l a y t y p e 
rock mus t no t be d u m p e d on t he s lope in t he 
v i c i n i t y of t he d r a i n o r on top of snow on 
the s l o p e . T h e p r e s e n c e of s u c h l a y e r s w i l l 
l i ke l y lead to e x c e s s i v e movement a n d d i s 
r u p t i o n of t he d r a i n . 

L o n g t e rm f i l l s t a b i l i t y mus t a l so be c o n s i 
d e r e d . T h e c l a y e y t y p e r o c k s may g r a d u a l l y 
d i s t i n t e g r a t e in t he spo i l p i l e w i t h t ime . A s 
a r e s u l t t he e f f e c t i v e a n g l e of f r i c t i o n a n d 
sa fe s l ope a n g l e w i l l r e d u c e . H e n c e a p i l e 
w h i c h is t ab l e t o d a y c a n become u n s t a b l e 
d u e to s t r e n g t h r e d u c t i o n . S u c h ma te r i a l s 
mus t no t be p l a c e d in t he v i c i n i t y of t he 
d r a i n . 

T h e use of r o c k d r a i n s a r e not recommended 
in a r e a s of p e r m a f r o s t s i n c e t h e y wi l l d i s 
r u p t t h e p e r m a f r o s t reg ime a n d l i k e l y lead 
to s e t t l e m e n t . 

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

T h e l i fe of r o c k d r a i n s wi l l l i k e l y not be 
p e r m a n e n t . T h e y a r e e x p e c t e d to g r a d u a l l y 
de teo r i a t e w i t h t ime . 

A c c o r d i n g l y , a l t e r n a t i v e long te rm s u r f a c e 
d r a i n a g e c o n t r o l w i l l l i k e l y be r e q u i r e d . T h e 
d e s i g n a n d loca t ion of spo i l p i l e s a n d long 
te rm d r a i n a g e s h o u l d keep t h i s u l t imate 
rec lamat ion r e q u i r e m e n t in m i n d . 

A C A S E E X A M P L E 

In N o v e m b e r 1968 one ha l f of a spo i l p i le at 
K a i s e r R e s o u r c e s f a i l e d . ( F i g u r e 2 ) . Waste 
r o c k had been p u s h e d o v e r t he u p p e r s teep 
s lope on to an a r e a i n c l u d i n g a g u l l y w i t h a 
smal l c r e e k . T h e was te r o c k was g e n e r a l l y 
modera te to h a r d l imestone w i th sha le l a y e r s . 
No s lope o r f o u n d a t i o n p r e p a r a t i o n w o r k was 
d o n e . T h e l imestone r o c k in t he c r e e k 
c h a n n e l ac ted as a r o c k d r a i n , at least 
i n i t i a l l y . 

T h e p i l e had r e a c h e d a b o u t 800 fee t h i g h 
when t he n o r t h ha l f f a i l e d . A n eye w i t n e s s 
r e p o r t e d t ha t t he lower a r e a of t he s lope 
s t a r t e d to move f i r s t f o l l owed b y r e t r o g r e s 
s i v e movement up t he s l o p e . 

S u b s e q u e n t i n s p e c t i o n of t he f a i l u r e , a i r 
p h o t o g r a p h s a n d t es t p i t s r e v e a l e d t ha t t he 
lower p o r t i o n of t h e spo i l p i l e had e n c r o a c h 
ed u p o n and o v e r s t r e s s e d the weak s e d i 
ments of o ld g l ac i a l l ake F e r n i e . 

A c lose i n s p e c t i o n of t h e f a i l u r e face down 
the spo i l p i l e r e v e a l e d t h a t t he lower 1 to 
1.5 mete rs of v e r y c o a r s e was te r o c k had 
t he v o i d s f i l l e d w i th f i n e s . T h e s e had been 
w a s h e d down t h r o u g h t he spo i l p i le b y 
p r e c i p i t a t i o n a n d snow me l t . T h i s c o n f i r m s 
t he need f o r an u p p e r f i l t e r o r seal l a y e r . 
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T h i s l a y e r w i t h f i n e s c r e a t e s a seepage 
b a r r i e r so t h a t wa te r p r e s s u r e s d e v e l o p 
u n d e r t he spo i l p i l e . T h i s is t he r eason an 
u n d e r f i l t e r is a lso r e c o m m e n d e d . 

Whi le t h e r e is no p r o o f , i t is s t r o n g l y s u s 
p e c t e d tha t r o c k in t he c r e e k c h a n n e l o n l y 
ac ted as a r o c k d r a i n f o r a l im i ted p e r i o d of 
t ime . T h e c r e e k loca t ion was c e n t r a l in t he 
f a i l u r e a r e a . T h i s w o u l d r e s u l t in t he 
d e v e l o p m e n t of p o r e wa te r p r e s s u r e s to 
r e d u c e s t a b i l i t y . 

S e v e r a l l a y e r s of compac ted snow were a lso 
o b s e r v e d in t he e x p o s e d f a i l u r e f a c e . D u r i n g 
w i n t e r p e r i o d s it is recommended t h a t was te 
d u m p i n g be p e r p e n d i c u l a r to t he moun ta in 
s l ope to min im ize t he d e v e l o p m e n t of po ten t i a l 
f a i l u r e z o n e s . 

C O N C L U S I O N S 

T h e r o c k d r a i n is a g e o t e c h n i c a l s t r u c t u r e 
a n d mus t be l o c a t e d , d e s i g n e d a n d c o n s t r u c t 
ed a c c o r d i n g l y . 

A d e q u a t e f o u n d a t i o n s t a b i l i t y is r e q u i r e d f o r 
t he r o c k d r a i n a n d a lso f o r t he spo i l p i l e in 
t he v i c i n i t y of t he d r a i n . 

E r o s i o n be low t h e base of t he d r a i n mus t not 
be a l lowed to o c c u r . In so i l a f i l t e r u n d e r 
d r a i n is r e c o m m e n d e d . 

T h e d r a i n r o c k mus t be d u r a b l e a n d meet 
c o m p a r a b l e r e q u i r e m e n t s f o r r i p r ap p l a c e d 
a l ong r a p i d f l o w i n g r i v e r s . 

A r o c k d r a i n c o v e r d e s i g n e d as a f i l t e r o r 
sea l is recommended on top of t he d r a i n to 
p r e v e n t l ong t e r m p l u g g i n g b y f i n e s f r om 
a b o v e . 

T h e spo i l p i l e mus t remain s t ab le in t he a rea 
of t he d r a i n o r i t w i l l become d i s r u p t e d . 
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F i g u r e 1. F i l t e r D e s i g n C r i t e r i a 

Groin S i n (mm) 

Ru le 1: 

Ru le 2 : 

Ru le 4 : 

'15 F 

D 8 5 B 

15 F 

D 15 B 

Ru le 3 : D 50 F 

< 5 

> 5 a n d < 20 

< 25 

" 5 0 B 

T h e f i l t e r mater ia l s h o u l d be a 
f i l t e r w i t h i n i t s e l f : 
D, 85 F 

15 F 

< 5 

R u l e 5: 

R u l e 6: 

F i l t e r s s h o u l d no t c o n t a i n more 
t h a n 5 wt % p a s s i n g the 200 mesh 
s i e v e . 

In t h e s p e c i a l case w h e r e d r a i n a g e 
p i p e is u s e d : 

D, 85 F 
> 2 

Max imum o p e n i n g of p i p e d r a i n 

R u l e 7 : Whe re t h e p r o t e c t e d mate r ia l c o n 
t a i n s a l a r g e p e r c e n t a g e o f g r a v e l , 
t he f i l t e r s h o u l d be d e s i g n e d on 
t he b a s i s of t h e g r a d a t i o n c u r v e 
of t he p o r t i o n of t he mater ia l 
w h i c h is f i n e r t h a n 3 /8 i n . (10mm) 
s i e v e . 

Some d e s i g n e r s h a v e f o u n d it c o n v e n i e n t to 
comb ine R u l e s 1 a n d 2 as f o l l o w s : 

T h e f i l t e r mate r ia l s h o u l d be 
g r a d e d s m o o t h l y : g a p g r a d e d 
mate ra ls s h o u l d be a v o i d e d . 

15 F < 5 < 15 F 

D 85 B 15 B 
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A B S T R A C T 

T h e i n t e g r i t y a n d e f f i c i e n c y of e x c e s s spo i l 
f i l l s in t h e A p p a l a c h i a n r e g i o n of t he U n i t e d 
S ta tes is p a r t i a l l y d e p e n d e n t upon p lacement 
of d u r a b l e r o c k mate r ia l in t h e u n d e r d r a i n s . 
C u r r e n t l y u s e d d u r a b i l i t y t e s t s h a v e l im i t a 
t ions w h e n d e t e r m i n i n g t he compe tence of 
m a r g i n a l l y d u r a b l e m a t e r i a l s . R e v i e w of 
r e c e n t r e s e a r c h on r o c k d u r a b i l i t y has s u g 
g e s t e d new c l a s s i f i c a t i o n s y s t e m s t h a t h a v e 
not as y e t been a p p l i e d to s u r f a c e m in i ng 
e x c e s s spo i l f i l l s . A g e o t e c h n i c a l t e s t i n g 
p r o g r a m is b e i n g d e s i g n e d b y t h e U . S . 
O f f i ce of S u r f a c e M i n i n g Rec lamat ion a n d 
E n f o r c e m e n t ( O S M R E ) to a l low b e t t e r p r e d i c 
t i on of r o c k d u r a b i l i t y . A n a r r a y of r a p i d , 
i n e x p e n s i v e r o c k c o m p e t e n c y t e s t s a re b e i n g 
compared to d e t e r m i n e w h i c h t e s t s o r c o m b i n 
at ion of t e s t s g i v e c o r r e l a t i v e r e s u l t s to a l low 
p r e d i c t i o n of t h e b e h a v i o r of u n d e r d r a i n r o c k 
in f i l l s . T h e t e s t i n g p r o g r a m is d e s c r i b e d 
and p r e l i m i n a r y r e s u l t s of t he r e s e a r c h a r e 
d i s c u s s e d . 

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

E x c e s s spo i l c o n s i s t s of o v e r b u r d e n (so i l and 
rock e x c a v a t e d d u r i n g t he m in i ng o p e r a t i o n ) 
not needed to rec la im t he d i s t u r b e d a rea to 
the a p p r o x i m a t e o r i g i n a l c o n t o u r . In t he 
p a s t , l i t t le emphas i s has been p l a c e d on 
e n g i n e e r i n g of e x c e s s spo i l s t r u c t u r e s . O f t e n 
these s t r u c t u r e s w e r e p l a c e d at l oca t i ons 
se lec ted s t r i c t l y to op t im ize m in i ng o p e r a t i o n s 
L i t t l e t h o u g h t was g i v e n to po ten t i a l e n v i r o n 
mental c o n s e q u e n c e s o r s a f e t y h a z a r d s . S i n c e 
the p a s s a g e of t he 1977 S u r f a c e M i n i n g 
con t r o l a n d Rec lamat ion A c t , t h e r e has been 
an i n c r e a s e in t he e n g i n e e r i n g e f f o r t d i r e c t e d 
t owa rd d e s i g n a n d c o n s t r u c t i o n of e x c e s s 
spo i l d i s p o s a l a r e a s . 

In g e n e r a l , me thods of p lacement f o r e x c e s s 
spo i l i n c l u d e : ( a ) t he l i f t t y p e c o n s t r u c t i o n 

m e t h o d ; ( b ) t he d u r a b l e r o c k ( g r a v i t y ) f i l l 
m e t h o d ; ( c ) t h e z o n e d o r b a r r i e r f i l l m e t h o d ; 
a n d , ( d ) t he h e a d - o f - h o l l o w f i l l m e t h o d . 

In t h e l i f t m e t h o d , e x c e s s spo i l is u s u a l l y 
d e s p o s i t e d in u n i f o r m , h o r i z o n t a l l i f t s of 
f o u r f ee t o r l ess a n d compac ted to a c h i e v e 
t he d e s i r e d d e n s i t y . P r i o r to p lacement of 
t h e spo i l in t h i s t y p e of f i l l , t he f o u n d a t i o n 
mus t be p r e p a r e d a n d u n d e r d r a i n s i n s t a l l e d . 
A c c o r d i n g to U . S . r e g u l a t i o n s , t he r o c k 
p l a c e d in t he u n d e r d r a i n mus t be d u r a b l e 
( r o c k t h a t w i l l not s l a k e in w a t e r , n o r d e 
g r a d e to so i l m a t e r i a l ) ; n o n - a c i d o r t o x i c 
f o r m i n g ; a n d , c o m p r i s e r o c k w h i c h is f r e e 
of c o a l , c l a y o r o t h e r n o n - d u r a b l e m a t e r i a l . 

T h e d u r a b l e r o c k f i l l method c o n s i s t s of 
d u m p i n g spo i l to i ts a n g l e of r e p o s e in to 
v a l l e y s in a s i n g l e h i g h l i f t o r s e v e r a l 
sma l l e r l i f t s . T h e l i f t s can r a n g e be tween 50 
to o v e r 400 fee t in t h i c k n e s s . T h e s e l i f t s 
a r e t h e n g r a d e d to d e v e l o p t he f i na l f i l l 
c o n f i g u r a t i o n . T h e mate r ia l f o r m i n g the r o c k 
f i l l is g e n e r a l l y made up of a n g u l a r b l a s t 
r o c k . T h e d u r a b l e r o c k f i l l method can o n l y 
be u s e d i f d u r a b l e r o c k o v e r b u r d e n is p r e 
s e n t a n d c o m p r i s e s at leas t 80 p e r c e n t b y 
u n i t vo lume of t he f i l l . D u r a b l e r o c k has 
been d e f i n e d as r o c k w h i c h does not s l a k e 
in w a t e r , b u t t he i n t e n t of t he d u r a b i l i t y 
s t a n d a r d is to s e l e c t i v e l y o b t a i n r o c k t ha t 
can w i t h s t a n d b l a s t i n g , h a n d l i n g , c o m p a c 
t i on and w e a t h e r i n g w i t h o u t s i g n i f i c a n t 
d e g r a d a t i o n . T h a t i s , a d u r a b l e r o c k f i l l 
s h o u l d b e h a v e more as a r o c k mass t h a n as 
a so i l m a s s . D u r a b l e r o c k f i l l mater ia l has 
h i g h i n t e r g r a n u l a r f r i c t i o n as the p r i m a r y 
s o u r c e of s t r e n g t h . No d e s i g n e d u n d e r d r a i n 
is r e q u i r e d f o r t h i s t y p e of f i l l , in as much 
as t he g r a v i t y s e g r e g a t i o n w h i c h o c c u r s 
u p o n d u m p i n g f o rms a h i g h l y pe rmeab le 
zone of l a r g e - s i z e d d u r a b l e r o c k in t he 
lower o n e - t h i r d of t he f i l l . 
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T h e z o n e d o r b a r r i e r f i l l method u s e s p r i n 
c i p l e s s im i l a r to embankmen t a n d dam e n g i 
n e e r i n g . A s t r u c t u r a l zone is c o n s t r u c t e d at 
t he embankmen t f ace u s i n g c o n t r o l l e d p l a c e 
ment a n d compac t i on of spo i l m a t e r i a l s . 
B e h i n d t h i s z o n e , spo i l is p l a c e d w i t h o u t t he 
s t r i c t compac t i on r e q u i r e m e n t s of t he s t r u c 
t u r a l z o n e . U n d e r d r a i n s of d u r a b l e r o c k a r e 
an i n t e g r a l p a r t of t h i s d e s i g n . T h e z o n e d 
o r b a r r i e r f i l l a l so r e q u i r e s a " c h i m n e y " 
d r a i n be tween t he compac ted a n d g r a v i t y 
p l a c e d zones to i n s u r e f r e e d r a i n a g e . T h i s 
c h i m n e y d r a i n is s im i l a r to t h a t p l a c e d in dam 
c o n s t r u c t i o n a n d r e q u i r e s d i l i g e n t q u a l i t y 
a s s u r a n c e to i n s u r e t h a t t h e z o n e d f i l t e r s 
a r e not c o n t a m i n a t e d . T h i s p r a c t i c e is not 
w i d e l y u s e d b e c a u s e of t he l o g i s t i c s a n d 
a d d e d c o s t s n e c e s s i t a t e d b y t he c o n t r o l s of 
p r u d e n t e n g i n e e r i n g p r a c t i c e . 

A f i na l a l t e r n a t i v e f o r e x c e s s spo i l d i s p o s a l 
i n v o l v e s t h e p lacemen t of spo i l in l i f t s at t h e 
u p p e r r e a c h e s of a w a t e r s h e d . T h i s , " h e a d -
o f - h o l l o w f i l l " me thod o r i g i n a t e d in West 
V i r g i n i a in t he e a r l y 1970s , a n d comb ines t he 
l i f t - r e p l a c e m e n t t e c h n i q u e a n d a c h i m n e y 
d r a i n in t he c e n t e r of t he f i l l . T h e " r o c k 
c o r e c h i m n e y d r a i n " r e s u l t s f rom p h y s i c a l 
s e g r e g a t i o n of l a r g e r r o c k d u r i n g s p r e a d i n g 
of spo i l mate r ia l a n d l i f t c o m p a c t i o n . A l l 
s u r f a c e a n d s u b s u r f a c e d r a i n a g e is to be 
c o n t r o l l e d b y t h i s r o c k c o r e , to p r e v e n t 
e l e v a t i o n of t h e p h r e a t i c s u r f a c e w i t h i n t he 
f i l l m a s s . T h i s t y p e of f i l l mus t be p l aced 
w h e r e t h e s u r f a c e d r a i n a g e e n t e r i n g the c o r e 
is m in im ized to p r e v e n t a d e c r e a s e in p e r m e 
a b i l i t y d u e to f i l t e r con tam ina t i on b y f i n e 
p a r t i c l e s i n t r o d u c e d b y s u r f a c e wa te r e r o s i o n . 

T h e s u c c e s s f u l p e r f o r m a n c e of e x c e s s spo i l 
s t r u c t u r e s is d i r e c t l y r e l a t ed to t he d u r a 
b i l i t y of t he r o c k f o r m i n g t he u n d e r d r a i n . If 
t h i s r o c k d e g r a d e s in to s o i l - s i z e d p a r t i c l e s 
as a r e s u l t of o v e r b u r d e n p r e s s u r e s a n d 
m o i s t u r e a b s o r p t i o n , t he d r a i n a g e s y s t e m 
p r o v i d e d b y t h e v o i d s p a c e be tween t h e 
r o c k s may become c l o g g e d . T h e c l o g g i n g may 
c a u s e e x c e s s p o r e w a t e r p r e s s u r e s to d e v e l o p 
t h a t w i l l c a u s e a d e c r e a s e in t h e s h e a r 
s t r e n g t h of t h e r o c k . T h i s d e c r e a s e in s h e a r 
s t r e n g t h can c a u s e t he f a i l u r e of t he e x c e s s 
spo i l s t r u c t u r e . T h e r e f o r e , t he c o r r e c t 
a s s e s s m e n t of the d u r a b i l i t y o f t h e r o c k is a 
c r i t i c a l u n d e r d r a i n d e s i g n f a c t o r , on a p a r 
w i t h p r o p e r f i l t e r d e s i g n a n d p r o p e r s i z i n g 
f o r a n t i c i p a t e d f l o w s . 

O B J E C T I V E 

T h e O S M R E r e c o g n i z e s t h e need f o r a s u i t 
ab le r o c k d u r a b i l i t y s t a n d a r d . T h e goal is 
to se lec t a r a p i d , i n e x p e n s i v e d u r a b i l i t y 
t e s t i n g s t a n d a r d w h i c h w i l l c l e a r l y d i f f e r e n 
t i a te be tween d u r a b l e and n o n - d u r a b l e 
m a t e r i a l s , model s u r f a c e m i n i n g c o n d i t i o n s , 
a n d a l low a s s u r a n c e of t he l o n g - t e r m 
s t a b i l i t y of p r o p e r l y d e s i g n e d f i l l s t r u c 
t u r e s . 

D u r a b i l i t y c l a s s i f i c a t i o n s y s t e m s t h a t i n v o l v e 
more t h a n two t e s t s may be uneconomica l 
a n d a r e s u b j e c t to t he a c c u m u l a t i v e e f fec t 
o f mechan ica l a n d human e r r o r s d u r i n g t e s t 
i n g . In a d d i t i o n , F r a n k l i n (1970) and 
B i e n i a w s k i (1974) c o n s i d e r t he f o l l o w i n g as 
n e c e s s a r y p r e r e q u i s i t e s f o r a n y r o c k c l a s s i 
f i c a t i o n s y s t e m e m p l o y e d on a r o u t i n e b a s i s : 

1. S h o u l d be b a s e d on m e a s u r e a b l e p a r a 
me te rs d e t e r m i n a b l e b y r e l e v a n t t e s t s 
p e r f o r m e d q u i c k l y a n d i n e x p e n s i v e l y in 
t h e f i e l d ; 

2 . S h o u l d i n v o l v e o n l y r a p i d t e s t i n g t e c h n i 
q u e s d u e to t h e po ten t i a l f o r l a rge 
n u m b e r s of r o u t i n e s a m p l e s ; 

3 . T e s t i n g t e c h n i q u e s s h o u l d be s imp le 
e n o u g h to be c a r r i e d ou t b y s e m i - s k i l l e d 
f i e l d a n d l a b o r a t o r y s t a f f ; a n d , 

4 . T h e r a n g e of t e s t r e s u l t v a l u e s s h o u l d 
a l low f o r a s u f f i c i e n t power of d i s c r i m i n a 
t ion w h e n a p p l i e d to t he v a r i o u s tes t 
s a m p l e s . 

M E T H O D S 

G e o l o g i c ma te r i a l s r emoved f rom t h e i r in s i t u 
e n v i r o n m e n t d u r i n g t h e s u r f a c e m i n i n g of 
coal e x h i b i t c h a n g e s in p h y s i c a l i n t e g r i t y . 
S u c h c h a n g e s a r e c a u s e d b y p h y s i c a l and 
chemica l mechan i sms i n d u c e d b y v a r i a t i o n s 
in m o i s t u r e and s t r e s s r e g i m e s . T h e r o c k in 
f i l l s has been s u b j e c t e d to b l a s t i n g , h a n d 
l i n g , compac t i on a n d w e a t h e r i n g . G e n e r a l l y 
s p e a k i n g , a s e d i m e n t a r y r o c k t h a t can w i t h 
s t a n d t h e s e p r o c e s s e s w i t h o u t s i g n i f i c a n t 
c h a n g e s in i t s o r i g i n a l s t r u c t u r e can be 
c l a s s i f i e d as a d u r a b l e r o c k . 

When s e l e c t i n g d u r a b l e r o c k f o r f i l l s , one 
s h o u l d choose a s i n g l e t e s t o r a comb ina t i on 
of t e s t s t h a t b e s t s imu la te s u r f a c e m i n i n g 
c o n d i t i o n s ( R o b i n s o n and V e n t u r a , 1983 ) . 
F o r t h i s s t u d y , r e c e n t r e s e a r c h on r o c k 
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d u r a b i l i t y has been r e v i e w e d , and t e s t i n g 
t e c h n i q u e s w e r e s e l e c t e d f o r a p p l i c a t i o n to 
s u r f a c e m i n i n g r o c k f i l l s . In o r d e r to e s t a b 
l i sh w h i c h t e s t o r comb ina t i on of t e s t s b e s t 
s e r v e as an i n d i c a t o r of s e d i m e n t a r y r o c k 
d u r a b i l i t y , a l a b o r a t o r y t e s t i n g p r o g r a m was 
d e s i g n e d to s imu la te t h e m o i s t u r e c h a n g e s 
and s t r e s s reg imes t h a t a s e d i m e n t a r y r o c k 
goes t h r o u g h d u r i n g t he p r o c e s s e s of e x c a v a 
t ion and p lacemen t in e x c e s s spo i l f i l l s . 

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

a . s l a k e D u r a b i l i t y T e s t i n g as p r o p o s e d b y 
C h a n d r a (1970) and F r a n k l i n and C h a n d r a 
(1972) t e s t s o v e n - d r i e d samples of r o c k 
tha t a re p l a c e d in a w i r e mesh d r u m p a r 
t i a l l y immersed in w a t e r . T h e d r u m is 
ro ta ted at 20 r e v o l u t i o n s p e r m inu te f o r 
a p p r o x i m a t e l y t en m i n u t e s ; t h e sample is 
t h e n r e m o v e d , d r i e d , a n d r u n t h r o u g h a 
second c y c l e . T h i s t es t i n c l u d e s m ino r 
a b r a s i o n e f f e c t s and s a t u r a t i o n - d e s i c c a t i o n 
s t r e s s e s . 

b . U n i a x i a l U n c o n f i n e d C o m p r e s s i v e S t r e n g t h  
T e s t s we re r u n on r o c k c o r e s loaded in 
the d i r e c t i o n normal to b e d d i n g . L o a d i n g 
is a p p l i e d to t he p o i n t of b r e a k a g e , d e 
f i n e d as t h e maximum s t r e s s . A c o n s t a n t 
l oad ing ra te of 8 ,000 Ib /m in was u s e d . 
T h i s t e s t s imu la tes l oad ing s t r e s s e s in a 
f i l l . 

c . A t t e r b e r g L im i t s T e s t i n g i n v o l v e s m e a s u r 
i ng the l i q u i d l im i t , p l a s t i c l im i t , and 
p l a s t i c i t y i n d e x of f i n e ( m i n u s #4 s i e v e 
s i z e ) ma te r i a l s d e r i v e d f rom the Los 
A n g e l e s a b r a s i o n t e s t . T h i s t es t is an 
i n d i c a t o r of t h e p l a s t i c i t y and t h e t y p e of 
c l a y m i n e r a l s in t he r o c k . 

d. Swe l l T e s t i n g m e a s u r e s t he vo lume e x p a n 
s ion of t h e c o r e d r o c k normal to b e d d i n g 
u p o n immers ion in wa te r f o r a p e r i o d of 
24 h o u r s a f t e r o v e n d r y i n g to 105 d e g r e e s 
C e n t i g r a d e . S w e l l i n g s t r a i n s a re p r o b a b l y 
t he r e s u l t of e x p a n s i o n d u e to a i r b r e a k 
age a long i n t e r c o n n e c t e d v o i d s s u c h as 
m i c r o c r a c k s in t h e r o c k ( O l i v i e r , 1979) . 
Swe l l t e s t s i n d i c a t e t he s l a k i n g s t r e s s tha t 
a f f ec t s r o c k when it is removed f r om i ts 
in s i t u e n v i r o n m e n t in the s t r a t i g r a p h i c 
c o l u m n . 

e . M o d i f i e d Los A n g e l e s A b r a s i o n T e s t s s i m u 
late the p r o c e s s of r o c k d e g r a d a t i o n 
d u r i n g h a u l a g e and d i s p o s a l of e x c e s s 
spo i l in s u r f a c e coal m in i ng o p e r a t i o n s . 

G r a v i t y p l acemen t of e x c e s s spo i l in r o c k 
f i l l s t r u c t u r e s s u b j e c t s t he r o c k to p r o 
c e s s e s s u c h as a b r a s i o n , impac t a n d 
g r i n d i n g . T h e Los A n g e l e s a b r a s i o n t e s t 
s imu la tes t h e s e p r o c e s s e s w h e n a sample 
of r o c k is e n c l o s e d in a r o t a t i n g c y l i n 
d r i c a l s tee l d r u m w i t h s tee l b a l l s . F o r 
t he a b r a s i o n t e s t i n g p r o g r a m in t he p r e 
s e n t s t u d y , t he s tee l ba l l s we re not 
a d d e d to t h e r o c k sample in t he d r u m , 
c o m p r i s i n g a mod i f i ca t i on of t he A S T M 
C - 1 3 1 - 6 9 ( A S T M , 1978a) s t a n d a r d Los 
A n g e l e s a b r a s i o n t e s t . A d d i t i o n of s tee l 
b a l l s to t he r o c k sample may make the 
a b r a s i o n p r o c e s s too r i g o r o u s to r e p r e 
sen t f i e l d c o n d i t i o n s on a m i n e s i t e . T h e 
c h a n g e s in r o c k samp les d u r i n g t h e 
a b r a s i o n t e s t i n g w e r e m e a s u r e d a f t e r 150, 
300 a n d 500 r e v o l u t i o n s . T h e p e r c e n t 
c h a n g e in p a r t i c l e s i z e d i s t r i b u t i o n a f t e r 
t h e t e s t r e p r e s e n t s t he e f f e c t s of a b r a 
s i o n , impac t a n d g r i n d i n g on t he r o c k 
s a m p l e . 

f . A r m y C o r p s of E n g i n e e r s A c c e l e r a t e d  
W e a t h e r i n g T e s t s ( c y c l i c w e t - d r y and 
f r e e z e - t h a w t e s t s ) model c o n d i t i o n s t h a t 
may e x i s t at o r n e a r t he s u r f a c e of 
e x c e s s spo i l s t r u c t u r e s . T h e b e h a v i o r of 
spo i l w i t h i n t h i s zone wi l l most l i k e l y be 
c o n t r o l l e d b y a l t e r n a t e w e t t i n g and d r y 
i n g f rom r a i n f a l l and i n f i l t r a t i o n , f o l l ow 
ed b y e v a p o r a t i o n , a n d be i n f l u e n c e d b y 
f r e e z e - t h a w c y c l e s r e s u l t i n g f r om d i u r n a l 
c h a n g e s in w i n t e r a i r t e m p e r a t u r e s . 
D u r i n g t h e s e t e s t s , sample s p l i t s of t he 
s e d i m e n t a r y r o c k s a re c o n c u r r e n t l y s u b 
j ec ted to 80 c y c l e s of w e t t i n g a n d d r y i n g 
a n d 35 c y c l e s of f r e e z i n g a n d t h a w i n g . 
T h e d u r a t i o n of i n d i v i d u a l c y c l e s is 24 
h o u r s . T h e net loss of t e s t mater ia l is 
m e a s u r e d a f t e r comp le t i on of t he t e s t s . 

T h e above t e s t s a re b e i n g c a r r i e d ou t in 
t he g e o t e c h n i c a l e n g i n e e r i n g l a b o r a t o r y of 
t he U . S . A r m y C o r p s of E n g i n e e r s , Oh io 
R i v e r D i v i s i o n in M a r i e m o n t , O h i o , U S A . In 
the p r e s e n t d i s c u s s i o n , r e s u l t s of the t e s t s 
c a r r i e d ou t on s i n g l e sha le and s a n d s t o n e 
samples a r e r e p o r t e d . T h u s , t he c o n c l u s i o n s 
d e r i v e d f r om the t e s t i n g p r o g r a m s h o u l d be 
c o n s i d e r e d p r e l i m i n a r y in n a t u r e un t i l f u r 
t h e r a n a l y s e s on v a r i e d samp les a re com
p le ted . 

T h e in i t i a l samples t e s t e d in t h i s s t u d y 
were co l l ec ted f rom the r e c e n t l y - b l a s t e d 
h i g h w a l l s of a s u r f a c e mine in Wise C o u n t y , 
V i r g i n i a . G r a b samples of f r e s h l y - b l a s t e d 
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r o c k w e i g h i n g be tween 80-100 p o u n d s we re 
c o l l e c t e d at each s i t e . De ta i l ed d e s c r i p t i o n s 
o f geo log i c p r o p e r t i e s a n d mine s i te c o n d i 
t i o n s r e l a t i n g to r o c k d u r a b i l i t y were made 
o n - s i t e , a n d p h o t o g r a p h s we re t a k e n of t he 
samp led h i g h w a l l . A s imp le ac id t e s t f o r 
c a l c a r e o u s c e m e n t i n g a g e n t s we re p e r f o r m e d . 

O n e sha le a n d one s a n d s t o n e u n i t of t he 
P e n n s y l v a n i a n - a g e Wise Fo rma t ion h a v e been 
t e s t e d . T h e sha le sample ( V A R R - 1 ) c o n t a i n s 
s i l t y i n t e r b e d s a n d has mica f l a k e s d i s s e m i n 
a ted t h r o u g h o u t t he r o c k . T h i s sha le a p p e a r s 
to be w e l l - c e m e n t e d a n d c o m p e t e n t . Samp le 
V A R R - 2 is a m a s s i v e to c r o s s b e d d e d s a n d 
s tone w i th r a n d o m l y - d i s s e m i n a t e d coa l i f i ed 
wood f r a g m e n t s a n d mica f l a k e s . A l t h o u g h 
t he r o c k is g e n e r a l l y c o m p e t e n t , F r i a b l e 
z o n e s o c c u r w h e r e cemen ta t i on is i r r e g u l a r . 

D U R A B I L I T Y C L A S S I F I C A T I O N 

B a s e d on a r e v i e w of t h e a v a i l a b l e l i t e r a t u r e , 
s e v e r a l c l a s s i f i c a t i o n s y s t e m s u t i l i z i n g t h e s e 
t e s t s we re s e l e c t e d as p o t e n t i a l l y u s e f u l f o r 
t he p u r p o s e s of t h i s s t u d y . T h e s l a k e d u r a 
b i l i t y i n d e x is a s i n g l e - i n d e x c l a s s i f i c a t i o n 
s y s t e m tha t has been a c c e p t e d b y t he O S M R E 
a n d t h u s is w i d e l y u s e d among the coal 
i n d u s t r y f o r t he se l ec t i on of d u r a b l e r o c k . 
T h e d u r a b i l i t y o f t h e r o c k is a s s e s s e d b y an 
i n d e x , I d e f i n e d as t he p e r c e n t a g e r e t e n 
t i on m e a s u r e d b y d r y w e i g h t a f t e r two c y c l e s 
of t e s t i n g ( F i g u r e 1 ) . 

H o w e v e r , t he use of t he s l a k e d u r a b i l i t y 
i n d e x as t he d e t e r m i n a n t f o r d u r a b l e r o c k 
has had s e v e r a l s h o r t c o m i n g s : 

1. T h e t e s t f a i l s to s u b j e c t r o c k samples to 
t he t y p e s of p h y s i c a l s t r e s s e s common to 
s u r f a c e m i n i n g c o n d i t i o n s ( i m p a c t , h e a v y 
a b r a s i o n , s a t u r a t i o n a n d d e s i c c a t i o n , 
c o m p a c t i o n , e t c . ). 

2 . T h e i n d e x does not a s s e s s p r o p e r t i e s of 
r o c k samp les i n d i c a t i v e of r o c k - l i k e o r 
s o i l - l i k e b e h a v i o r . 

3 . Samp les c l a s s i f i e d as d u r a b l e in t he l a b o r 
a t o r y e x h i b i t s o i l - l i k e b e h a v i o r in t h e 
m i n i n g p r o c e s s . 

O l i v i e r (1979) r e l a t es an examp le o f t he t h i r d 
s h o r t c o m i n g of t he s l a k e d u r a b i l i t y t e s t , 
e n c o u n t e r e d d u r i n g t e s t i n g f o r t u n n e l i n g 
p r o j e c t s in s h a l e y s e d i m e n t a r y r o c k s in t he 
R e p u b l i c of S o u t h A f r i c a . A f t e r t he s t a n d a r d 
two c y c l e s of w e t t i n g and d r y i n g , s i l t y m u d -

s tones d i s i n t e g r a t e d in to smal l f r a g m e n t s , 
b u t we re r e t a i n e d in t he d r u m s . T h e p e r 
c e n t a g e of r o c k r e t a i n e d amoun ted to 95 
p e r c e n t of t he o r i g i n a l sample w e i g h t , 
t h e r e b y r a n k i n g t he r o c k as h i g h l y d u r a b l e 
( see F i g u r e 1 ) . H o w e v e r , t he t e s t d i d not 
t a k e in to a c c o u n t t he h i g h leve l o f d i s i n t e 
g r a t i o n t h a t took p l a c e . A c c o r d i n g to O l i v i e r 
( 1 9 7 9 ) , t h i s d i s i n t e g r a t i o n i n d i c a t e s t h a t 
t h i s ample is not as d u r a b l e as t h e s l a k e 
d u r a b i l i t y t es t r e s u l t s i n d i c a t e . T h i s p r o 
b lem is a t t r i b u t e d to t he r e l a t i v e l y smal l 
d i ame te r (2mm) of t he o p e n i n g s in t he 
h a r d w a r e c l o t h f o r m i n g the t e s t i n g d r u m s . 
S u c h b r e a k d o w n of r o c k in f i l l s , p a r t i c u l a r 
ly in t he c r u c i a l u n d e r d r a i n a reas of d u r 
ab le r o c k f i l l s , may lead to d r a i n b l o c k a g e 
a n d c o n s e q u e n t l o n g - t e r m f i l l f a i l u r e . 

D u a l - i n d e x c l a s s i f i c a t i o n s y s t e m s d e v e l o p e d 
b y Dee re a n d Gamble ( 1 9 7 1 ) , O l i v i e r ( 1 9 7 9 ) , 
a n d M o r g e n s t e r n a n d E i g e n b r o d (1974) we re 
a lso u t i l i z e d to p r o v i d e a b a s i s f o r c o r r e l a 
t i on of d u r a b i l i t y m e a s u r e s . 

T h e D e e r e and Gamble (1971) d u r a b i l i t y 
c l a s s i f i c a t i o n s y s t e m is b a s e d on t he t w o -
c y c l e s l a k i n g d u r a b i l i t y a n d t he p l a s t i c i t y 
i n d e x of s e d i m e n t a r y r o c k s . T h i s m a t r i x 
c l a s s i f i c a t i o n s y s t e m is s h o w n as F i g u r e 2 . 
Gamble (1971) a n d Dee re a n d Gamb le (1971) 
f o u n d f rom l a b o r a t o r y t e s t i n g t h a t t he p l a s 
t i c i t y of s e d i m e n t a r y r o c k s was d i r e c t l y 
r e l a ted to t h e i r s l a k e d u r a b i l i t y . T h e y a lso 
f o u n d e v i d e n c e of c o r r e l a t i o n be tween the 
p l a s t i c i t y i n d e x and t he s w e l l i n g po ten t i a l of 
s e d i m e n t a r y r o c k s . S w e l l i n g is one of t he 
i m p o r t a n t f a c t o r s a s s o c i a t e d w i th t he d i s i n 
t e g r a t i o n of s e d i m e n t a r y r o c k s . When 
O l i v i e r (1979) s u b j e c t e d c l a y e y s e d i m e n t a r y 
r o c k s to s w e l l i n g t e s t s ( t he samples were 
f i r s t o v e n d r i e d a n d t h e n p l a c e d u n d e r 
w a t e r f o r 24 h o u r s ) , to ta l d i s i n t e g r a t i o n of 
t h e samples o c c u r r e d . T h e s w e l l i n g s t r a i n s 
r e c o r d e d m e a s u r e d up to 5 p e r c e n t s w e l l , a 
h i g h s w e l l i n g v a l u e . A r o c k w i th t h i s s w e l l 
i n g po ten t i a l a n d d i s i n t e g r a t i o n wi l l not 
p e r f o r m wel l as a r o c k f i l l ma te r ia l ( G a m b l e , 
1971 ) . 

O l i v i e r (1979) r e c o r d e d s e d i m e n t a r y r o c k 
b e h a v i o r w h e n i t is r emoved f rom the in 
s i t u e n v i r o n m e n t . R o c k s swel l and d i s i n t e 
g r a t e as a r e s u l t of s t r e s s r e l i e f . T h i s 
s w e l l i n g i n c r e a s e s as r o c k a b s o r b s m o i s t u r e . 
O l i v i e r (1979) a lso f o u n d t h a t as s w e l l i n g 
i n c r e a s e s , t he u n i a x i a l c o m p r e s s i v e s t r e n g t h 
o f t h e r o c k d e c r e a s e s . T h e r e s u l t i n g r o c k 
d u r a b i l i t y c l a s s i f i c a t i o n s y s t e m i n v o l v e s the 
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measuremen t of two r o c k p r o p e r t i e s . T h e 
f i r s t p a r a m e t e r is t h e m a g n i t u d e of r o c k 
s w e l l i n g a f t e r a d r i e d sample is immersed in 
w a t e r . T h e s e c o n d is t he u n i a x i a l c o m p r e s 
s i v e s t r e n g t h of t he r o c k a f t e r s w e l l i n g . 
U s i n g t h e s e two p a r a m e t e r s , s e d i m e n t a r y 
r o c k d u r a b i l i t y is a s s e s s e d , u s i n g t h e m a t r i x 
c l a s s i f i c a t i o n s y s t e m s h o w n in F i g u r e 3 . 

T h e M o r g e n s t e r n a n d E i g e n b r o d (1974) 
sys tem is b a s e d on a q u a l i t a t i v e d e s c r i p t i o n 
of t he sample at i t s l i q u i d l im i t . T h i s c l a s s i 
f i ca t i on s y s t e m is u s e d ma in l y to c o r r o b o r a t e 
r e s u l t s f rom t h e o t h e r s y s t e m s . M a t e r i a l s 
w i th a l i q u i d l imi t of o v e r 20% wi l l " d i s i n t e 
g r a t e in to a g r a n u l a r d i s c o n t i n u o u s m a s s " , 
wh i le r o c k w i th l i q u i d l imi ts of u n d e r 20% wi l l 
show o n l y " s l i g h t d i s i n t e g r a t i o n " a n d o p e n i n g 
of f i s s u r e s . 

R E S U L T S 

R e s u l t s f rom the l a b o r a t o r y t e s t i n g p r o g r a m 
are s h o w n in T a b l e 1. T h e v a l u e s o b t a i n e d 
in t he l a b o r a t o r y f o r p a r a m e t e r s s u c h as t he 
swe l l i ng s t r a i n , s l a k e d u r a b i l i t y i n d e x , 
u n c o n f i n e d c o m p r e s s i o n s t r e n g t h , a n d l i q u i d 
l imit of t he r o c k s , w h e r e v e r a p p l i c a b l e , 
whe re u s e d to c l a s s i f y t h e i r d u r a b i l i t y . 
D u r a b i l i t y c l a s s i f i c a t i o n is s h o w n as F i g u r e s 1 
t h r o u g h 3 , u s i n g s i n g l e and mu l t i p l e i n d e x 
c l a s s i f i c a t i o n s y s t e m s . 

T h e r e s u l t s f r o m the a c c e l e r a t e d w e a t h e r i n g 
tes ts a n d f r om the mod i f i ed Los A n g e l e s 
a b r a s i o n t e s t s w e r e u s e d to compare d u r a 
b i l i t y c l a s s i f i c a t i o n s . T h e a c c e l e r a t e d w e a t h 
e r i n g t e s t s ( c y c l i c w e t - d r y and f r e e z e - t h a w 
t e s t s ) model c o n d i t i o n s t h a t may e x i s t at o r 
near t he s u r f a c e of e x c e s s spo i l s t r u c t u r e s . 
T h e b e h a v i o r of spo i l w i t h i n t h i s zone wi l l 
most l i k e l y be c o n t r o l l e d b y a l t e r n a t e w e t t i n g 
and d r y i n g f rom r a i n f a l l a n d i n f i l t r a t i o n , f o l 
lowed b y e v a p o r a t i o n , a n d i n c l u d i n g f r e e z e -
thaw c y c l e s r e s u l t i n g f r om c h a n g e s in a i r 
t e m p e r a t u r e . 

D I S C U S S I O N 

Deere a n d G a m b l e ' s (1971) d u r a b i l i t y c l a s s i 
f i ca t i on s y s t e m makes use of t he s l a k e d u r a 
b i l i t y t e s t . T h u s , f rom o u r p r e v i o u s d i s c u s 
s i o n , i ts v a l i d i t y to se lec t d u r a b l e r o c k s 
remains q u e s t i o n a b l e . 

A l l t he c l a s s i f i c a t i o n s y s t e m s c o r r e l a t e d wel l 
in c l a s s i f y i n g the s a n d s t o n e as a r o c k w i th 
h igh d u r a b i l i t y . F o r t he sha le d u r a b i l i t y , 
h o w e v e r , t he d i f f e r e n t c l a s s i f i c a t i o n s y s t e m s 

d i d not a g r e e . T h e F r a n k l i n and C h a n d r a 
(1972) s l a k e d u r a b i l i t y i n d e x and t he Dee re 
a n d Gamble (1971) c l a s s i f i c a t i o n s y s t e m 
c l a s s e d t he r o c k as of v e r y h i g h d u r a b i l i t y . 
T h e O l i v i e r (1979) a n d M o r g e n s t e r n a n d 
E i g e n b r o d (1974) c l a s s i f i c a t i o n s y s t e m s 
g r a d e d t he sha le as e i t h e r m o d e r a t e l y poo r 
o r poo r w i t h r e s p e c t to d u r a b i l i t y . T h e s e 
d u r a b i l i t y r a n k i n g s a r e s u b s t a n t i a t e d b y t he 
a c c e l e r a t e d w e a t h e r i n g t e s t r e s u l t ( T a b l e 2 ) . 
T h e a c c e l e r a t e d w e a t h e r i n g t e s t s show t h a t 
t he sha le had v e r y h i g h l eve l s of d i s i n t e 
g r a t i o n a f t e r 35 c y c l e s of w e t t i n g and 
d r y i n g . H o w e v e r , t he samp les e x h i b i t e d 
h i g h l eve l s of r e s i s t a n c e a g a i n s t a b r a s i o n in 
t he mod i f i ed L A a b r a s i o n t e s t . R e s u l t s f rom 
t h e s e mod i f i ed a b r a s i o n t e s t s show v e r y low 
p e r c e n t a g e s of l o s s . 

T h e F r a n k l i n and C h a n d r a (1972) a n d t he 
Dee re and Gamble (1971) c l a s s i f i c a t i o n s y s 
tems u s e s l a k e d u r a b i l i t y t e s t r e s u l t s as t h e 
b a s i s f o r a r o c k d u r a b i l i t y c l a s s i f i c a t i o n . 
O l i v i e r (1979) as wel l as R o b i n s o n (1983) 
h a v e e x p r e s s e d c o n c e r n abou t t h e v a l i d i t y 
of t h e s l a k e d u r a b i l i t y t e s t as a measu re of 
d u r a b i l i t y of s e d i m e n t a r y r o c k s . P r i m a r y 
r e a s o n s f o r t h i s c o n c e r n a r e t he smal l s i z e 
of t he o p e n i n g s (2mm) in t he s i e v e ( H a r d 
wa re c l o t h ) t h a t f o r m s t h e d r u m s , t he smal l 
n u m b e r of c y c l e s in t he t es t (2 c y c l e s ) , a n d 
t he f a i l u r e of t he t e s t to s u b j e c t r o c k 
samples to s t r e s s e s common to s u r f a c e m i n 
i ng c o n d i t i o n s . 

T h e p o s s i b i l i t y e x i s t s t h a t a d d i t i o n a l c y c l e s 
of s l a k e d u r a b i l i t y t e s t s wou ld c a u s e the 
mate r ia l to f u r t h e r d i s i n t e g r a t e a n d pass 
t he s i e v e s . T h e r e s u l t w o u l d be a d o w n 
g r a d i n g of t he r o c k w i t h r e s p e c t to d u r a 
b i l i t y . T h u s , t he s i e v e o p e n i n g s and 
n u m b e r of t he t e s t c y c l e s in t he s l a k e 
d u r a b i l i t y t es t seem to h a v e m a r k e d i n f l u 
ence on d u r a b i l i t y c l a s s i f i c a t i o n s y s t e m s f o r 
s e d i m e n t a r y r o c k s ( O l i v i e r , 1979; R o b i n s o n , 
1983) . T h e s e two f a c t o r s a r e r e f l e c t e d in 
t he lack of a g r e e m e n t w i t h r e s p e c t to d u r a 
b i l i t y of the sha le sample w h e n c o m p a r i n g 
the s l a k e d u r a b i l i t y and o t h e r t e s t s . 

C O N C L U S I O N S 

A p r e l i m i n a r y e v a l u a t i o n of t he c l a s s i f i c a t i o n 
s y s t e m s t ha t use one o r two i n d i c e s f o r 
se lec t i on of d u r a b l e r o c k f o r use in e x c e s s 
spo i l f i l l u n d e r d r a i n s has been p r e s e n t e d . A 
s i l t y sha le a n d s a n d s t o n e were t e s t e d ; f rom 
the l a b o r a t o r y a n d e v a l u a t i o n p r o g r a m the 
f o l l o w i n g was f o u n d : 
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T A B L E I. 

L A B O R A T O R Y R E S U L T S 

S i l t y S h a l e S a n d s t o n e 

U n i t We igh t 138.21 p c f 
(21 .7 kN/m3) 

160.6 pc f 
( 25 .23 kN/m3) 

In s i t u wa te r c o n t e n t 2.0% 2.1% 

L o n g i t u d i n a l S w e l l i n g S t r a i n E ^ 0.0085 0 

S l a k e D u r a b i l i t y I n d e x , 1^ 98.5% 99.4% 

U n c o n f i n e d C o m p r e s s i v e S t r e n g t h 11,880 Ib/in2 
( 8 1 . 9 M P a ) 

14,280 Ib/in2 
( 9 8 . 5 M P a ) 

A t t e r b e r g L i m i t s : 
L i q u i d L imi t 
P l a s t i c L imi t 
P l a s t i c i t y I ndex 

30% 
21% 

9% 

N / A 
N / A 
N / A 

M o d i f i e d Los A n g e l e s A b r a s i o n 
P e r c e n t a g e los t a f t e r : 

150 c y c l e s 
300 c y c l e s 
500 c y c l e s 

6.3% 
9.5% 

11.7% 

5.7% 
7.3% 
7.7% 

A c c e l e r a t e d W e a t h e r i n g * 
P e r c e n t a g e los t a f t e r 80 c y c l e s 
of w e t t i n g a n d d r y i n g 62.50% 0.51% 

P e r c e n t a g e los t a f t e r 35 c y c l e s 
of f r e e z i n g a n d t h a w i n g 54.0% 13.8% 

* O n e c y c l e has a d u r a t i o n of 24 h o u r s 

T A B L E II. 

R O C K D U R A B I L I T Y C L A S S I F I C A T I O N 

S i n g l e I ndex C l a s s i f i c a t i o n S y s t e m s 

T h e F r a n k l i n a n d C h a n d r a (1972) S l a k e 
D u r a b i l i t y C l a s s i f i c a t i o n S y s t e m ( F i g . 1) 

T h e M o r g e n s t e r n a n d E i g e n b r o d (1974) 
C l a s s i f i c a t i o n S y s t e m ( b a s e d on l i q u i d 
l imi t of 20%) 

M u l t i p l e Index C l a s s i f i c a t i o n S y s t e m s 

T h e Dee re a n d Gamb le (1971) C l a s s i f i c a t i o n 
( F i g . 1) 

T h e O l i v i e r (1979) C l a s s i f i c a t i o n 
( F i g . 3) 

S i l t y S h a l e 

V e r y h i g h l y d u r a b l e 

* M a t e r i a l D i s i n t e g r a t e s 
in to g r a n u l a r d i s c o n 
t i n u o u s mass 

V e r y h i g h l y d u r a b l e 

^ M o d e r a t e l y to p o o r l y 
d u r a b l e 

S a n d s t o n e 

V e r y h i g h l y d u r a b l e 

N / A 

V e r y h i g h l y d u r a b l e 

E x c e l l e n t d u r a b i l i t y 
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1. Fo r t he s a n d s t o n e , s i n g l e i n d e x a n d two 
i n d i c e s c l a s s i f i c a t i o n s y s t e m s c o r r e l a t e d 
wel l in t he r o c k d u r a b i l i t y e v a l u a t i o n . T h e 
c l a s s i f i c a t i o n s y s t e m s u s e d we re t h o s e 
d e v e l o p e d b y F r a n k l i n a n d C h a n d r a ( 1 9 7 2 ) , 
Dee re a n d Gamb le (1971) a n d O l i v i e r 
( 1979 ) . T h e s e c l a s s i f i c a t i o n s y s t e m s we re 
s u p p o r t e d b y a c c e l e r a t e d w e a t h e r i n g t e s t s 
( c y c l i c f r e e z e - t h a w a n d w e t - d r y ) . 

2 . Fo r t he s h a l e , d i s c r e p a n c i e s in d u r a b i l i t y 
d e t e r m i n a t i o n s be tween the d i f f e r e n t c l a s 
s i f i c a t i o n s y s t e m s we re e n c o u n t e r e d . C l a s 
s i f i c a t i o n s y s t e m s u s i n g the s l a k e d u r a 
b i l i t y t e s t as a b a s i s [ F r a n k l i n and 
C h a n d r a ( 1 9 7 2 ) ; Dee re a n d Gamble 
( 1 9 7 1 ) ] , r a n k e d sha le as v e r y h i g h l y 
d u r a b l e . C l a s s i f i c a t i o n s y s t e m s u s i n g 
p a r a m e t e r s o t h e r t h a n t h e s l a k e d u r a b i l i t y 
t es t f o r t he d u r a b i l i t y t es t [ M o r g e n s t e r n 
and E i g e n b r o d ( 1 9 7 4 ) ; O l i v i e r , ( 1 9 7 9 ) ] , 
r a n k e d t he sha le as a r o c k w i th poor 
d u r a b i l i t y . T h e poo r d u r a b i l i t y of t he 
sha le was s u b s t a n t i a t e d f rom the a c c e l e r 
a ted w e a t h e r i n g t e s t r e s u l t s . 

3 . If t he s l a k e d u r a b i l i t y t e s t is u s e d as a 
b a s i s f o r t he se lec t i on of d u r a b l e r o c k , 
t he e f f e c t of p a r a m e t e r s s u c h as the s i z e 
of t h e o p e n i n g s in t he s i e v e s ( h a r d w a r e 
c l o t h ) a n d t he l imi ted n u m b e r of c y c l e s 
u s e d a r e v a l i d a r e a s f o r f u r t h e r s t u d y . 
F rom the p r e l i m i n a r y r e s u l t s p r e s e n t e d , 
t h e s e two p a r a m e t e r s h a v e a m a r k e d i n f l u 
ence in c l a s s i f i c a t i o n s y s t e m s u s i n g t he 
s l a k e d u r a b i l i t y t es t as the c o r n e r s t o n e 
f o r d u r a b l e r o c k c l a s s i f i c a t i o n s . 

F U R T H E R S T U D Y 

A d d i t i o n a l t e s t i n g w i l l be p e r f o r m e d to a s s e s s 
the r e p r o d u c t i v i t y of r e s u l t s u t i l i z i n g a two -
i n d i c e s t e s t i n g p ro toco l ( swe l l and c o m p r e s 
s i v e s t r e n g t h ) . M o d i f i c a t i o n s of t he s l a k e 
d u r a b i l i t y t e s t w i l l a lso be a s s e s s e d . 
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DISCUSSIONS OF CONCERNS REGARDING THE 
LONG-TERM PERFORMANCE OF ROCK DRAINS 

by 
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Vancouver, B r i t i s h Columbia 

A B S T R A C T 

Emp loyees of r e g u l a t o r y a g e n c i e s r e s p o n s i b l e 
f o r a s s e s s i n g pe rm i t a p p l i c a t i o n s f o r d e v e l o p 
ment o r r o c k d r a i n p r o j e c t s h a v e p o s t u l a t e d 
a n u m b e r of s c e n a r i o s t ha t t h e y t h o u g h t 
c o u l d be r e s p o n s i b l e f o r impa i rmen t of t he 
long t e rm p e r f o r m a n c e of r o c k d r a i n s . T h e s e 
s c e n a r i o s i n c l u d e d e p o s i t i o n of bed load a n d 
s u s p e n d e d sed imen t w i t h i n t he d r a i n , d o w n 
w a r d m i g r a t i o n of f i n e s f r om t he u p p e r to 
t he lower r e g i o n of t he d u m p , a n d po ten t i a l 
s c o u r of t he n a t u r a l s t r eam b e d at t he base 
of t he r o c k d r a i n . T h e s e s c e n a r i o s a r e d i s 
c u s s e d , a n d a r e s h o w n not to be s i g n i f i c a n t 
r e l a t i v e to t he e x p e c t e d l o n g - t e r m p e r f o r 
mance of a r o c k d r a i n . 

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

R o c k d r a i n s a r e c u r r e n t l y b e i n g u s e d in 
B r i t i s h C o l u m b i a to c o n d u c t c r e e k f l ows 
b e n e a t h was te r o c k d u m p s . T h e f u n c t i o n of 
t h e s e r o c k d r a i n s is s im i l a r to t h a t of c u l 
v e r t s . T h e r o c k d r a i n is a r e l a t i v e l y new a n d 
i n n o v a t i v e c o n c e p t , t he f i r s t i n s ta l l a t i on 
h a v i n g been d e v e l o p e d at F o r d i n g C o a l ' s 
F o r d i n g R i v e r open p i t coal mine d u r i n g t he 
w i n t e r o f 1981-82 . T h i s r o c k d r a i n c o n d u c t s 
t h e s u r f a c e f l ows in S w i f t C r e e k benea th a 
r o c k f i l l c o r r i d o r t ha t p r o v i d e s t r u c k access 
f r om t he s o u t h e r n G r e e n h i l l s m i n i n g a rea to 
a was te d u m p loca ted on t h e o p p o s i t e s i de of 
t he d r a i n a g e c o u r s e . 

T h e r o c k d r a i n c o n c e p t has w ide a p p l i c a t i o n 
at o p e r a t i n g mines in moun ta in r e g i o n s w h e r e 
t e r r a i n is s t e e p , a n d s u i t a b l e loca t ions f o r 
d u m p d e v e l o p m e n t a r e l i m i t e d . R o c k d r a i n s 
a r e now in use o r a r e b e i n g p r o p o s e d at a l l 
of t he o p e r a t i o n open p i t coa l mines in t h e 
e a s t e r n c o r d i l l e r a r e g i o n of B r i t i s h C o l u m b i a . 

S i n c e t he r o c k d r a i n c o n c e p t is n e w , and no 
p r e c e d e n t o p e r a t i n g da ta h a v e p r e v i o u s l y 
been a v a i l a b l e , members of r e g u l a t o r y 
a g e n c i e s r e s p o n s i b l e f o r t he a s s e s s m e n t o f 
pe rm i t a p p l i c a t i o n s h a v e h e l d r e s e r v a t i o n s 

r e g a r d i n g t he l o n g - t e r m p e r f o r m a n c e of rock 
d r a i n s , a n d h a v e p o s t u l a t e d s c e n a r i o s w h i c h 
t h e y c o n s i d e r e d m igh t r e s u l t in g r a d u a l 
r e d u c t i o n of t he t h r o u g h - f l o w c a p a c i t y of a 
r o c k d r a i n o v e r t ime . T h e s c e n a r i o s most 
commonly r a i s e d i n c l u d e : 

1. D e p o s i t i o n o f bo th bed load a n d s u s p e n d e d 
sed imen t w i t h i n t he r o c k d r a i n w i th 
a t t e n d a n t r e d u c t i o n in t h r o u g h - f l o w 
c a p a c i t y , 

2 . D o w n w a r d m i g r a t i o n of p a r t i c l e s w i t h i n 
the d u m p , a n d d e p o s i t i o n o f t h e s e f i ne 
p a r t i c l e s w i t h i n t he r o c k d r a i n r e s u l t i n g 
in r e d u c t i o n of t h r o u g h - f l o w c a p a c i t y 
o v e r t ime , 

3 . D e g r a d a t i o n of t h e c o n s t i t u e n t f r a g m e n t s 
c o m p r i s i n g t he d r a i n w i th a t t e n d a n t 
r e d u c t i o n in t h r o u g h - f l o w c a p a c i t y , 

4 . E r o s i o n a n d s c o u r at t he base of the 
d r a i n . 

T h i s p a p e r d i s c u s s e s t h e major c o n c e r n s 
t h a t h a v e been r a i s e d , a n d p r e s e n t s da ta 
w h i c h show t h a t p r o v i d e d r e a s o n a b l e p r e 
c a u t i o n s a re e x e r c i z e d d u r i n g d e v e l o p m e n t 
of a r o c k d r a i n , t he s c e n a r i o s t h a t have 
been p o s t u l a t e d a r e not a p r o b l e m , and 
s h o u l d no t be c a u s e f o r c o n c e r n r e g a r d i n g 
long te rm p e r f o r m a n c e . T h i s c o n c l u s i o n is 
b a s e d on t he r e s u l t s of f i e l d o b s e r v a t i o n s , 
t he i n t e r p r e t a t i o n of da ta co l l e c ted at t he 
S w i f t C r e e k r o c k d r a i n w h i c h has now been 
in o p e r a t i o n f o r a p e r i o d o f f i v e y e a r s , t he 
r e s u l t s of bo th f i e l d a n d l a b o r a t o r y m o d e l 
l i ng s t u d i e s , a n d s imp le n u m e r i c a l a n a l y s e s . 

D E P O S I T I O N O F S E D I M E N T 

S u s p e n d e d S e d i m e n t 

T h e po ten t i a l f o r d e p o s i t i o n of s u s p e n d e d 
s e d i m e n t w i t h i n a r o c k d r a i n can be a s s e s 
s e d b y e x a m i n i n g t h e f i e l d da ta t h a t h a v e 
been r e c o r d e d at F o r d i n g C o a l ' s S w i f t C r e e k 



r o c k d r a i n . B e f o r e t he r o c k f i l l was a d v a n c e d 
ac ross t he S w i f t C r e e k d r a i n a g e c o u r s e , s i x 
p iezometers w e r e i n s t a l l e d a long t he bot tom 
of the s t r eam c h a n n e l to pe rm i t measu remen t 
of t he e l e v a t i o n of t h e f r e e w a t e r s u r f a c e 
w i th in t h e r o c k d r a i n . De ta i l ed s u r v e y s we re 
made to e s t a b l i s h t he c o n f i g u r a t i o n of t he 
channe l c r o s s - s e c t i o n at each of t h e p i e z o 
mete rs . T h e p i ezome te r d a t a , t o g e t h e r w i t h 
the d e t a i l e d s u r v e y da ta e s t a b l i s h t he g r o s s 
area of t he we t t ed c r o s s - s e c t i o n c o r r e s p o n d 
ing to m e a s u r e d ra tes of d i s c h a r g e . P lo t s of 
d i s c h a r g e v e r s u s t he c o r r e s p o n d i n g a reas of 
the we t ted c r o s s sec t i on w i t h i n t h e r o c k 
d r a i n can be r e p r e s e n t e d b y a s t r a i g h t l i n e , 
the s lope of w h i c h is a measu re of t he 
t h r o u g h - f l o w c a p a c i t y of t he d r a i n p e r 
s q u a r e meter of we t t ed c r o s s - s e c t i o n at t he 
locat ion of a s p e c i f i c p i e z o m e t e r . A t y p i c a l 
p lot is s h o w n on F i g u r e 1. 

A t t he S w i f t C r e e k r o c k d r a i n , t h e lowest 
measu red ra te of t h r o u g h - f l o w is a p p r o x i 
mately 0 .04 m 3 / s e c . / m 2 of we t ted c r o s s -
s e c t i o n , at a loca t ion w h e r e the r o c k d r a i n is 
c o v e r e d b y a p p r o x i m a t e l y 55 m of f i l l . 
A l t h o u g h i t is no t p o s s i b l e to make d i r e c t 
measurements of v o i d ra t io w i t h i n t he r o c k 
d r a i n benea th t he 55 m of o v e r l y i n g r o c k f i l l , 
i t is r e a s o n a b l e to assume t h a t t h e v o i d ra t i o 
w i t h i n t he r o c k d r a i n is a p p r o x i m a t e l y 0 . 5 , 
and t h a t t he c o r r e s p o n d i n g a v e r a g e v e l o c i t y 
of f low t h r o u g h t he v o i d s p a c e s be tween t he 
rock f r a g m e n t s c o m p r i s i n g t he d r a i n is a p 
p r o x i m a t e l y 0 .12 m / s e c . 

F i g u r e 2 is a c h a r t s h o w i n g t he r e l a t i o n s h i p 
be tween v e l o c i t y of f l ow and s c o u r - s i z e 
p a r t i c l e , i . e . t he s i z e of p a r t i c l e w h i c h if 
located at t he f low b o u n d a r y , is s u b j e c t to 
i n c i p i e n t s c o u r . F o r an a v e r a g e f low v e l o c i t y 
of 0 .12 m / s e c , t h e e f f e c t i v e d iame te r of t he 
s c o u r - s i z e p a r t i c l e is 0 .09 mm. T h i s s i z e of 
p a r t i c l e , and al l s m a l l e r - s i z e d p a r t i c l e s w h i c h 
if a l r e a d y in s u s p e n s i o n , c o u l d be e x p e c t e d 
to remain in s u s p e n s i o n w i t h i n the t u r b u l e n t 
f low f i e l d w i t h i n t he r o c k d r a i n , and p a s s 
t h r o u g h t he d r a i n . T h u s , o n l y t h o s e p a r t i 
c les l a r g e r t h a n t he s c o u r - s i z e p a r t i c l e c o u l d 
be e x p e c t e d to s e t t l e , a n d to be d e p o s i t e d 
w i t h i n t he r o c k d r a i n . 

T h e r e s i s t a n c e to f low t h r o u g h a r o c k d r a i n 
is g r e a t e r t h a n t he r e s i s t a n c e to f low w i t h i n 
the o p e n c h a n n e l u p s t r e a m of t he i n l e t to t he 
r o c k d r a i n . C o n s e q u e n t l y , d u r i n g p e r i o d s of 
h i g h s t r eam d i s c h a r g e , a pool can be e x p e c t 
ed to d e v e l o p at t he in le t to a r o c k d r a i n . 
T h i s pool ac t s as a sed imen ta t i on t r a p in 

w h i c h bo th b e d l o a d a n d s u s p e n d e d s o l i d s 
a r e d e p o s i t e d . T h e pool t h e r e f o r e p r o v i d e s 
a d e g r e e of p r o t e c t i o n a g a i n s t e n t r y of 
sed imen t i n to t h e r o c k d r a i n . P h o t o g r a p h 
N o . 1 s h o w s t h e pool u p s t r e a m of t he i n le t 
e n d of t h e S w i f t C r e e k r o c k d r a i n . A t t he 
e n t r a n c e to t h e d r a i n , t h i s pool has a m a x i 
mum d e p t h of a p p r o x i m a t e l y 1.5 m. T h e 
s c o u r - s i z e p a r t i c l e , w h i c h has an e f f e c t i v e 
d i ame te r of 0 .09 mm w o u l d se t t l e to t he 
bot tom of t h i s 1 .5 m d e e p pool i n a p p r o x i 
mate ly 3 .4 m i n u t e s . T h e r e t e n t i o n t ime in 
t he pool is a l so a p p r o x i m a t e l y 3 .4 m i n u t e s . 
A t a n y t ime w h e n t he r e t e n t i o n t ime in t he 
pool at t he i n le t to a r o c k d r a i n is equa l to 
o r g r e a t e r t h a n t he s e t t l i n g t ime f o r t he 
s c o u r - s i z e p a r t i c l e , o n l y t h o s e p a r t i c l e s 
sma l le r t h a n t h e s c o u r - s i z e p a r t i c l e w i l l 
rema in in s u s p e n s i o n to e n t e r t he d r a i n . 
U n d e r t h e s e c i r c u m s t a n c e s , s u s p e n d e d s e d i 
ment e n t e r i n g t he d r a i n can be e x p e c t e d to 
rema in in s u s p e n s i o n w i t h i n t he t u r b u l e n t 
f low f i e l d , a n d to be s w e p t t h r o u g h the 
d r a i n . 

T h e pool t h a t d e v e l o p s at t he i n le t e n d of a 
r o c k d r a i n s e r v e s as a sed imen ta t i on t r a p 
t ha t p r o v i d e s p r o t e c t i o n a g a i n s t e n t r y of 
s u s p e n d e d sed imen t t h a t c o u l d s e t t l e , and 
r e s u l t i n c l o g g i n g of t h e d r a i n o v e r t he 
long t e r m . 

B e d l o a d 

P h o t o g r a p h N o . 2 is a v i e w l o o k i n g in t he 
d o w n s t r e a m d i r e c t i o n t o w a r d the in le t e n d 
of t h e S w i f t C r e e k r o c k d r a i n . T h i s p h o t o 
g r a p h was t a k e n in late f a l l , w h e n t he f low 
in S w i f t C r e e k had d r o p p e d to a low v a l u e . 
T h e g r a v e l - s i z e mate r ia l on e i t h e r s i de of 
t he f low c h a n n e l r e p r e s e n t s bed load t ha t 
was d e p o s i t e d d u r i n g p e r i o d s of h i g h e r f l o w , 
w h e n t h e pool was e x t a n t u p s t r e a m of t he 
in le t to t he d r a i n . It is e v i d e n t in P h o t o 
g r a p h N o . 2 t h a t t he low f l ows h a v e r e 
w o r k e d some of t he b e d l o a d sed imen ts 
d e p o s i t e d in t he p o o l , a n d t h a t some of 
t h e s e sed imen ts h a v e been t r a n s p o r t e d 
t o w a r d t he in le t e n d of t he d r a i n . 

I n s p e c t i o n of P h o t o g r a p h N o . 2 a lso shows 
t h a t p e r v i o u s r o c k e x t e n d s up the u p s t r e a m 
face of t he c a u s e w a y f i l l to a leve l at least 
as h i g h as t he u p p e r l imi t of t he p h o t o g r a p h 
With t ime , c o n t i n u e d d e p o s i t i o n of sed imen t 
may r e s u l t in a g r a d u a l r a i s i n g of t he 
a p p r o a c h c h a n n e l to t he r o c k d r a i n . A s t he 
base of t he a p p r o a c h c h a n n e l r i s e s p r o g r e s 
s i v e l y , t he w i d t h of t he l i ne of i n t e r s e c t i o n 
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be tween the s u r f a c e of t he sed imen t a n d the 
u p s t r e a m f a c e of t he r o c k f i l l i n c r e a s e s p r o 
g r e s s i v e l y . C o n s e q u e n t l y , d e p o s i t i o n of 
sed imen t w i l l not r e s u l t in r e d u c t i o n of t he 
a rea a v a i l a b l e f o r e n t r y of wa te r i n to the 
d r a i n . 

If p r o g r e s s i v e a c c u m u l a t i o n of sed imen t 
w i t h i n the a p p r o a c h c h a n n e l l ead ing to t he 
in le t end of t he r o c k d r a i n o c c u r s , t he 
r e s u l t i n g c o n d i t i o n s wou ld be a n a l a g o u s to 
t he L a u g h i n g J a c k M a r s h Dam d e s c r i b e d b y 
W i l k i n s ( 1 9 5 6 ) . Wi th sed imen t d e p o s i t e d 
ad jacen t to t he toe of t he u p s t r e a m f i l l s l o p e , 
p a r t of t he s t ream d i s c h a r g e w o u l d e n t e r t he 
d r a i n v i a seepage t h r o u g h t h e s e s e d i m e n t s , 
and the r e m a i n d e r of t he f low wou ld e n t e r 
t he r o c k f i l l at t he leve l w h e r e t he s u r f a c e of 
t he f l u v i a l sed imen ts i n t e r s e c t t he u p s t r e a m 
face of t he c a u s e w a y . F rom t h i s p o i n t , t he 
f low w i t h i n t h e r o c k f i l l w o u l d be s t e e p l y 
d o w n w a r d t o w a r d t he base r e g i o n of t he r o c k 
d r a i n b e n e a t h t h e u p s t r e a m f i l l s l ope as 
i l l u s t r a t e d on F i g u r e 3 . T h e f low w o u l d t h e n 
c o n t i n u e t h r o u g h the r o c k d r a i n in t he 
m a n n e r t ha t has p r e v a i l e d to d a t e . 

T h e da ta t ha t h a v e been o b t a i n e d at t he 
S w i f t C r e e k r o c k d r a i n show t h a t f low v e l o 
c i t i e s i n c r e a s e e x p o n e n t i a l l y in the d o w n 
s t ream d i r e c t i o n , a n d t ha t t he most s i g n i f i 
c a n t i n c r e a s e in v e l o c i t y o c c u r s w i t h i n the 
d o w n s t r e a m ha l f of t he d r a i n . T h i s is i l l u s 
t r a t e d in F i g u r e 5 . A s im i l a r i n c r e a s e in 
v e l o c i t y p r o c e e d i n g in t he d o w n s t r e a m d i r e c 
t i o n , p a r t i c u l a r l y benea th the d o w n s t r e a m 
face of t he f i l l is to be e x p e c t e d f o r a n y 
r o c k d r a i n . T h e d i s t a n c e t ha t a g i v e n s i z e of 
p a r t i c l e m igh t be t r a n s p o r t e d in to t he r o c k 
d r a i n is no t k n o w n . H o w e v e r , s i n c e the 
v e l o c i t i e s i n c r e a s e e x p o n e n t i o n a l l y in t he 
d o w n s t r e a m d i r e c t i o n , i t is e v i d e n t t h a t a n y 
p a r t i c l e w h i c h m igh t be t r a n s p o r t e d as f a r as 
t he m i d p o i n t of t h e d r a i n w o u l d not remain 
p e r m a n e n t l y at t h a t l o c a t i o n , b u t w o u l d be 
t r a n s p o r t e d o n w a r d t h r o u g h t h e d r a i n . 

T h e f o r e g o i n g d i s c u s s i o n leads to t he c o n c l u 
s ion t h a t n e i t h e r d e p o s i t i o n of s u s p e n d e d 
s o l i d s , n o r of b e d l o a d s h o u l d be c a u s e f o r 
c o n c e r n r e g a r d i n g t he l o n g - t e r m p e r f o r m a n c e 
of a r o c k d r a i n . T h i s c o n c l u s i o n is s u p p o r t e d 
b y the da ta t ha t h a v e been c o l l e c t e d at t he 
S w i f t C r e e k r o c k d r a i n s i n c e i ts i n i t i a l 
o p e r a t i o n d u r i n g t he S p r i n g r u n o f f o f 1982. 
T h e da ta show no i n d i c a t i o n of a r e d u c t i o n 
in t he t h r o u g h - f l o w c a p a c i t y o v e r t ime . 

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

I n s p e c t i o n on t he s u r f a c e of a dump p l a t 
f o rm shows t y p i c a l l y t h a t mater ia l u n d e r f o o t 
c o n t a i n s a l a rge p e r c e n t a g e of s m a l l - s i z e d 
r o c k f r a g m e n t s . B y c o m p a r i n g t he s i z e of 
t h e s e smal l p a r t i c l e s on t he s u r f a c e of t he 
d u m p p l a t f o rm w i th the s i z e of t he l a r g e 
r o c k f r a g m e n t s tha t s e p a r a t e on the face of 
t he dump a n d accumu la te at the dump t o e , 
t h e c a s u a l o b s e r v e r is l i k e l y to c o n c l u d e 
t h a t d o w n w a r d m i g r a t i o n of f i n e r o c k f r a g 
ments f rom the u p p e r r e g i o n to t he lower 
r e g i o n of a dump c o u l d r e s u l t in po ten t ia l 
c l o g g i n g of the v o i d s p a c e s w i t h i n a r o c k 
d r a i n . T h e e v i d e n c e p r e s e n t e d in t he f o l l ow 
i n g p a r a g r a p h s shows t ha t t h i s is not t he 
c a s e . T h i s e v i d e n c e i n c l u d e s de ta i l ed i n s p e c 
t ion of the face of a 200 m h i g h d u m p , t he 
r e s u l t s of g r a i n s i ze a n a l y s e s f rom f i e l d 
d u m p i n g t r i a l s , and g r a i n s i z e a n a l y s e s of 
mate r ia l c o m p r i s i n g a model dump d e v e l o p e d 
in t he l a b o r a t o r y . 

P a r t i c l e S i z e D i s t r i b u t i o n on Dump Face 

Pho to N o . 3 c o m p r i s e s a s e r i e s of p h o t o 
g r a p h s t ha t i l l u s t r a t e the s i z e of r o c k f r a g 
ments on the face of a 200 m h i g h was te 
r o c k dump at t he L i ne C r e e k Mine o p e r a t e d 
b y C r o w s Nes t R e s o u r c e s L t d . In each of 
t h e p h o t o s , t he d i s t a n c e be tween the camera 
a n d t he mean s u r f a c e of t he dump face was 
3 .0 m. T h e s e r i e s of p h o t o g r a p h s shows 
r e l a t i v e r o c k s i z e s p r o c e e d i n g f rom the toe 
t o w a r d t h e c r e s t of t h e d u m p . T h e ac tua l 
r o c k s i z e s a r e i n d i c a t e d b y t he s c a l e . 

E x a m i n a t i o n of t he r o c k s i z e s at each of t he 
l eve l s as i d e n t i f i e d on Pho to N o . 3 i n d i c a t e s 
t h a t t he p a r t i c l e s a r e s u f f i c i e n t l y l a r g e t ha t 
t h e y c o u l d not be e x p e c t e d to p a s s t h r o u g h 
t he i n t e r - p a r t i c l e v o i d s p a c e s at the n e x t 
lower l e v e l . T h e s e r i e s of p h o t o g r a p h s i n d i 
ca te t h a t t he p a r t i c l e g r a d a t i o n on the dump 
f a c e , w h i c h is a lso i n d i c a t i v e of t he s i z e 
g r a d a t i o n w i t h i n a v e r t i c a l co lumn e x t e n d i n g 
t h r o u g h the d u m p , f o rms a w e l l - g r a d e d 
f i l t e r w h i c h p r e c l u d e s d o w n w a r d m i g r a t i o n 
of p a r t i c l e s . 

L a b o r a t o r y Model 

S i n c e r e c o v e r y of t he r e p r e s e n t a t i v e samples 
f r om the f ace of a 200 -me t re h i g h d u m p is 
i m p r a c t i c a b l e , a model dump was d e v e l o p e d 
in t he l a b o r a t o r y u s i n g p r o c e d u r e s t ha t 
s imu la te d e v e l o p m e n t of t he f u l l s i z e d u m p . 
T h e l a b o r a t o r y model d u m p had a to ta l 
h e i g h t of 600 mm, a n d the mate r ia l u s e d in 
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i ts c o n s t r u c t i o n c o n s i s t e d of wel l g r a d e d , 
10 mm m inus c r u s h e d r o c k . T h e ra t i o of 
maximum p a r t i c l e s i z e to d u m p h e i g h t f o r t he 
l a b o r a t o r y model is s im i l a r to t h e p a r t i c l e -
h e i g h t ra t io f o r a 60 to 70 m h i g h was te r o c k 
d u m p . 

T h e l a b o r a t o r y model was d e v e l o p e d b y 
d e p o s i t i n g t he mate r ia l at t he d u m p c r e s t , 
and p e r m i t t i n g t he mate r ia l to ro l l a n d s l i d e 
down the d u m p face w h i c h rema ined at t he 
ang le of r e p o s e . T h e model dump was a d 
v a n c e d t h r o u g h t he p r o c e s s of g r a d u a l a c c r e 
t ion of mate r ia l on the f a c e , s im i l a r to t he 
manner in w h i c h a f u l l s i z e was te r o c k dump 
d e v e l o p s . L a t e r a l c o n f i n e m e n t f o r t he model 
dump was p r o v i d e d b y v e r t i c a l g l a s s pane l s 
s p a c e d 100 mm a p a r t . T h e t r a n s p a r e n t s i d e s 
pe rm i t t ed v i s u a l i n s p e c t i o n of s o r t i n g and 
s t r a t i f i c a t i o n w i t h i n the b o d y of t h e model 
d u m p , and t he c h a n g e in g r a d a t i o n be tween 
the dump p l a t f o rm a n d t h e b a s e . Pho to N o . 4 
shows a s i d e v i e w of t he m o d e l , i l l u s t r a t i n g 
the s t r a t i f i c a t i o n p a r a l l e l to t he dump f aces 
d u r i n g i n t e r m e d i a t e s t a g e s of d e v e l o p m e n t , 
and t h e g e n e r a l i n c r e a s e in p a r t i c l e s i z e fo rm 
the top to t h e base of t he model d u m p . 
Inc l i ned s t r a t i f i c a t i o n s im i l a r to t ha t i l l u s t r a t 
ed in Pho to 4 r e s u l t s f r om s h a l l o w - s e a t e d 
shee t r a v e l l i n g on d u m p f a c e s , and s im i l a r 
i n c l i n e d s t r a t i f i c a t i o n is c l e a r l y e v i d e n t on 
the f aces of c u t s l opes made in f u l l sca le 
waste r o c k d u m p s . 

A f t e r t he face of t h e model dump had been 
a d v a n c e d a d i s t a n c e of a p p r o x i m a t e l y 800 mm, 
samples we re r e c o v e r e d f rom a 100 m s q u a r e 
v e r t i c a l co lumn e x t e n d i n g f rom the top to t he 
base of t he m o d e l . T h e v e r t i c a l co lumn c o m 
p r i s e d s i x s a m p l e s , each c o n s i s t i n g of 1 c u b i c 
dec ime te r of m a t e r i a l . G r a i n s i ze a n a l y s e s 
were c a r r i e d ou t on each of t h e s e s i x s e g 
ments of t he v e r t i c a l co lumn and t he r e s u l t 
ing g r a i n s i z e c u r v e s a re shown on F i g u r e 4 . 

C o m p a r i s o n o f the g r a i n s i ze c u r v e f o r a n y 
segment of t he v e r t i c a l co lumn w i th the g r a i n 
s i ze c u r v e of t he n e x t lower segmen t shows 
tha t d o w n w a r d m i g r a t i o n of p a r t i c l e s w i t h i n 
the co lumn c o u l d not o c c u r . C o n s i d e r i n g the 
w e l l - e s t a b l i s h e d f i l t e r d e s i g n c r i t e r i a to p r e 
c l ude p a r t i c l e m i g r a t i o n , t he s i z e of a n y 
segment c o u l d be 4 o r 5 t imes l a r g e r t h a n 
the Doc s i z e ° f t h e n e x t h i g h e r segment in 
the c o l u m n . T h e g r a i n s i z e c u r v e s on 
F i g u r e 4 show tha t t he D ^ s i ze of t he a d j a 
cen t lower mater ia l is sma l le r t h a n t he DRC. 
s ize of t he mater ia l in a n y p a r t i c u l a r s e g m e n t . 

In f a c t , t h e D ^ s i z e s a r e be tween 2 and 5 
p e r c e n t of t h e max imum s i z e t h a t wou ld 
n o r m a l l y be a c c e p t a b l e in f i l t e r d e s i g n . 

T h e g r a i n s i z e c u r v e s on F i g u r e 4 show 
t h a t d o w n w a r d p a r t i c l e m i g r a t i o n f r om the 
u p p e r to t h e lower p a r t of t he model d u m p 
is p r e c l u d e d . E x a m i n a t i o n of t he g r a i n s i z e 
c u r v e s f o r samp les r e c o v e r e d f rom the f i e l d 
d u m p i n g t r i a l s r e p o r t e d b y N i c h o l s (1986) 
s h o w s s im i l a r r e s u l t s . T h a t i s , N i c h o l s ' 
c u r v e s a lso show tha t d o w n w a r d p a r t i c l e 
m i g r a t i o n w i t h i n t he d u m p is p r e c l u d e d . 

T h e ra te at w h i c h p r e c i p i t a t i o n of melt w a t e r 
can e n t e r a dump is g o v e r n e d b y the p e r 
meab i l i t y of t he mate r ia l on the d u m p 
s u r f a c e . T h e s e r i e s of p h o t o s , Pho to 3 , as 
wel l as t he g r a i n s i z e c u r v e s on F i g u r e 4 
show t h a t p e r m e a b i l i t y i n c r e a s e s p r o g r e s 
s i v e l y p r o c e e d i n g f rom the s u r f a c e t o w a r d 
t he base of a d u m p . S i n c e the ra te at w h i c h 
wa te r can e n t e r t he dump is g o v e r n e d b y 
t he p e r m e a b i l i t y of t he d u m p s u r f a c e , and 
p e r m e a b i l i t y w i t h i n t h e d u m p i n c r e a s e s w i t h 
d e p t h , d o w n w a r d p e r c o l a t i o n of wa te r w i t h i n 
the b o d y of t he d u m p o c c u r s u n d e r c o n d i 
t i ons of n o n - s a t u r a t e d f l o w . F o r n o n -
s a t u r a t e d f l o w , t he w a t e r is not s u b j e c t to 
a n y p r e s s u r e f i e l d , a n d d o w n w a r d p e r c o l a 
t i on o c c u r s u n d e r t he i n f l u e n c e of g r a v i t y 
a l o n e . F o r t h e s e c o n d i t i o n s of n o n - s a t u r a t e d 
f l o w , t h e ' d o w n w a r d p e r c o l a t i n g wa te r is at 
s u b - a t m o s p h e r i c p r e s s u r e and s u b j e c t to 
c a p i l l a r y t e n s i o n . T h e s e t e n s i o n f o r c e s 
impar t c o m p r e s s i o n f o r c e s a c r o s s the 
c o n t a c t s be tween a d j a c e n t f i n e - g r a i n e d 
p a r t i c l e s . T h e s e i n t e r - p a r t i c l e c o m p r e s s i o n 
f o r c e s , w h i c h can be s i g n i f i c a n t r e l a t i v e to 
t he g r a v i t a t i o n a l f o r c e s t h a t ac t on f i n e 
g r a i n e d p a r t i c l e s f u r t h e r t e n d to p r e c l u d e 
d o w n w a r d movement of f i n e so i l p a r t i c l e s 
w i t h i n t he d u m p . 

B o t h f i e l d a n d l a b o r a t o r y da ta show tha t 
d o w n w a r d m i g r a t i o n of p a r t i c l e s f rom the 
u p p e r to t h e lower r e g i o n s of t he dump is 
u n l i k e l y to o c c u r , a n d t ha t po ten t i a l c l o g 
g i n g of a r o c k d r a i n as a r e s u l t o f d o w n 
w a r d m i g r a t i o n of p a r t i c l e s f r om the u p p e r 
to the lower r e g i o n s of a dump is not a 
f a c t o r t h a t c o u l d be e x p e c t e d to impa i r t he 
long te rm p e r f o r m a n c e of a r o c k d r a i n . 

A s p a r t of t he c o n t i n u e d open p i t m in i ng 
o p e r a t i o n s at F o r d i n g C o a l , t h e N o . 1 was te 
r o c k dump t h a t was d e v e l o p e d in a p p r o x i 
mate ly 1972, a n d has been in p lace f o r a 
p e r i o d of 14 y e a r s , is b e i n g e x c a v a t e d . T h e 
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c u r r e n t p i t wal l e x p o s e s segmen ts o f t he 
base of t h i s d u m p , t o g e t h e r w i t h t he u n d e r 
l y i n g in s i t u f o u n d a t i o n . Exam ina t i on of t he 
e x p o s u r e s t h a t h a v e d e v e l o p e d in t he c o u r s e 
of m in i ng t h r o u g h t h e N o . 1 spo i l shows t ha t 
the base of t he d u m p c o n s i s t s of l a r g e r o c k 
f r a g m e n t s , t o g e t h e r w i t h sma l le r a n g u l a r 
f r a g m e n t s w h i c h we re p r o b a b l y p r o d u c e d b y 
i n p a c t at t he t ime of d u m p d e v e l o p m e n t , as 
wel l as b y f r a c t u r i n g d u e to h i g h p o i n t - t o -
po in t c o n t a c t s t r e s s e s r e s u l t i n g f r om the 
w e i g h t of t he r o c k f i l l a b o v e t he b a s e . T h e 
was te r o c k e x p o s e d at t he base of t he N o . 1 
spo i l is not c h o k e d b y f i n e s , a n d p r o v i d e s 
f u r t h e r e v i d e n c e t ha t d o w n w a r d m i g r a t i o n of 
f i n e s w i t h i n t h e b o d y of a d u m p does not 
o c c u r . 

B A S E S C O U R 

It has been s u g g e s t e d t h a t d u r i n g p e r i o d s of 
h i g h d i s c h a r g e , t he f low v e l o c i t i e s c o u l d 
r e s u l t in s e r i o u s s c o u r at t he base of a r o c k 
d r a i n . Ma themat i ca l a n a l y s e s as wel l as the 
f i e l d da ta f rom the S w i f t C r e e k r o c k d r a i n 
show tha t t h i s is not t he c a s e . 

E q u a t i o n 1 is M a n n i n g ' s f o r m u l a w h i c h e x 
p r e s s e s the v e l o c i t y of f low in an open c h a n 
ne l . 

1.486 D 0 . 6 7 c 0 . 5 f c 1 N V = R S ( E q u a t i o n 1) 
n 

W h e r e : V = V e l o c i t y 
R = H y d r a u l i c r a d i u s 

T h e t e r m ' n ' in t h e d e n o m i n a t o r is a c h a n n e l 
r o u g h n e s s f a c t o r , a n d ' S ' is t he s lope of t he 
c h a n n e l . F o r a g i v e n segmen t of s t ream 
c h a n n e l , t he f i r s t a n d t h i r d t e r m s in E q u a 
t i on 1 a r e bo th c o n s t a n t s , l ead ing to t he 
c o n c l u s i o n t ha t t he v e l o c i t y of f low in an 
open c h a n n e l is g o v e r n e d b y h y d r a u l i c 
r a d i u s , w h i c h is g r o s s we t ted c r o s s - s e c t i o n s 
d i v i d e d b y we t ted s u r f a c e . A s f low i n c r e a s e s 
in an open c h a n n e l , we t t ed a rea i n c r e a s e s 
more r a p i d l y t h a n does we t ted s u r f a c e , w i t h 
t he r e s u l t t h a t h y d r a u l i c r a d i u s i n c r e a s e s . 
T h e r e f o r e , as f low i n c r e a s e s , t he v e l o c i t y of 
f l ow in t he open c h a n n e l a l so i n c r e a s e s . T h e 
f ac t t ha t v e l o c i t y of f low i n c r e a s e s w i th 
i n c r e a s i n g d i s c h a r g e is e v i d e n t to e v e n the 
most c a s u a l o b s e r v e r . 

T h e m e t r i c v e r s i o n of W i l k i n ' s e q u a t i o n 
( W i l k i n s 1956) w h i c h e x p r e s s e s t h e a v e r a g e 
f low v e l o c i t y f o r t u r b u l e n t d i s c h a r g e t h r o u g h 
c o a r s e a n g u l a r r o c k is g i v e n b y E q u a t i o n 2 . 

V v = 5 .28 ( e D _ ) 0 , 5 0 .54 ( E q u a t i o n 2) 
7 .5 b 

W h e r e : V = A v e r a g e v e l o c i t y of f low 
t h r o u g h the v o i d s ( m / s e c ) 

e = V o i d ra t i o 
D = S tone s i ze (m) 

T h e t e rm 'S* in t he e q u a t i o n r e p r e s e n t s 
s l o p e . P r o v i d e d the d e p t h of the pool at t he 
in le t e n d of a r o c k d r a i n is smal l compa red 
to t he d r o p in e l eva t i on a long the d r a i n a g e 
c o u r s e be tween t he in le t and the ou t l e t of 
t he d r a i n , t he v a l u e of ' S ' , i . e . t he t h i r d 
te rm in E q u a t i o n 2 is i n d e p e n d e n t of t he 
ra te of d i s c h a r g e , and rema ins c o n s t a n t . 
T h e te rm i n s i d e t he b r a c k e t s r e p r e s e n t s 
h y d r a u l i c r a d i u s . P r o v i d e d ' S ' rema ins c o n 
s t a n t , E q u a t i o n (2 ) shows t h a t v e l o c i t y is 
g o v e r n e d b y h y d r a u l i c r a d i u s as is t he case 
f o r open c h a n n e l f l ow . H o w e v e r , it is c l e a r 
t h a t an i n c r e a s e in s t r eam d i s c h a r g e does 
not c h a n g e t he v o i d ra t io ' e ' , n o r t he s tone 
s i z e ' D ' , t he two v a r i a b l e s t ha t g o v e r n 
h y d r a u l i c r a d i u s w i t h i n a r o c k d r a i n . A s 
d i s c h a r g e t h r o u g h a r o c k d r a i n i n c r e a s e s , 
h y d r a u l i c r a d i u s rema ins c o n s t a n t . T h i s 
s imp le a n a l y s i s shows t ha t f o r t u r b u l e n t 
f l o w , t he a v e r a g e v e l o c i t y of f low t h r o u g h 
t h e v o i d s p a c e s w i t h i n a r o c k d r a i n rema ins 
e s s e n t i a l l y c o n s t a n t , and i n d e p e n d e n t of 
ra te of d i s c h a r g e . 

T h e f o r e g o i n g c o n c l u s i o n is c o n f i r m e d b y 
the f i e l d da ta o b t a i n e d at t he S w i f t C r e e k 
r o c k d r a i n . F i g u r e 1 w h i c h is p lo t of mea 
s u r e d s t ream d i s c h a r g e v e r s u s the a rea of 
t h e we t ted c r o s s - s e c t i o n at a pos i t i on 
benea th the c r e s t of t he c a u s e w a y f i l l , 
shows t h a t o v e r t he r a n g e of d i s c h a r g e 0 .0 
to 0 .77 c u m e c s , t h e v e l o c i t y of f low t h r o u g h 
t he r o c k d r a i n rema ined c o n s t a n t . T h i s is 
t he r e s u l t t ha t s h o u l d be e x p e c t e d f o r t u r 
b u l e n t f low t h r o u g h a p o r o u s med ium. 

R e f e r r i n g to F i g u r e 1, the a v e r a g e ra te of 
d i s c h a r g e t h r o u g h t he r o c k d r a i n was 
0 .05 m 3 / s e c / m e t e r 2 of g r o s s we t ted c r o s s 
s e c t i o n . It is r e a s o n a b l e to assume tha t t he 
v o i d ra t i o w i t h i n t he r o c k d r a i n is a p p r o x i 
mate ly 0 . 5 . C o n s e q u e n t l y , t he a v e r a g e 
v e l o c i t y of f low t h r o u g h t h e v o i d s p a c e s 
w i t h i n t h i s segmen t of t he r o c k d r a i n was 
a p p r o x i m a t e l y 0 .15 m / p e r s e c . T h i s a v e r a g e 
v e l o c i t y of f l ow t h r o u g h t he v o i d s p a c e s is 
a p p r o x i m a t e l y one t e n t h of the m e a s u r e d 
f low v e l o c i t y in t he open c h a n n e l . 
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A t the t ime t he r o c k d r a i n was c o n s t r u c t e d , 
the S w i f t C r e e k c h a n n e l had d e v e l o p e d a 
s tab le r e g i m e . T h a t i s , t he c h a n n e l was 
n e i t h e r a c t i v e l y a g g r a d i n g n o r d e g r a d i n g , 
and t he n a t u r a l c h a n n e l bot tom c o n s i s t e d of 
a l i n i n g of c o b b l e s and g r a v e l . S i n c e t he 
mean v e l o c i t y of f l ow t h r o u g h the r o c k d r a i n 
is one t e n t h o r less of t he v e l o c i t i e s of f low 
tha t p r e v a i l e d in t he open c h a n n e l d u r i n g 
p e r i o d s of S p r i n g r u n o f f , i t is u n r e a s o n a b l e 
to c o n c l u d e t h a t base s c o u r is a p rob lem 
when c o n s i d e r i n g t h e f low t h r o u g h t he S w i f t 
C r e e k o r s im i l a r r o c k d r a i n s . 

P A R T I C L E D E G R A D A T I O N 

If d e g r a d a t i o n of t h e c o n s t i t u e n t p a r t i c l e s 
c o m p r i s i n g t he r o c k d r a i n we re to o c c u r , t he 
t h r o u g h - f l o w c a p a c i t y of t he d r a i n c o u l d be 
i m p a i r e d . F o r t h i s r e a s o n , i t is e s s e n t i a l t h a t 
the t y p e of r o c k u s e d to d e v e l o p a r o c k 
d r a i n be c h e m i c a l l y i n e r t . 

S u c c e s s i v e c y c l e s of w e t t i n g and d r y i n g can 
r e s u l t in d e g r a d a t i o n of some r o c k t y p e s , 
p a r t i c u l a r l y s h a l e s , and to a l e s s e r d e g r e e 
s i l t s t o n e s . H o w e v e r , i t is u n l i k e l y t ha t we t 
t i n g and d r y i n g is a s i g n i f i c a n t f a c t o r t h a t 
r e s u l t s in d e g r a d a t i o n of r o c k f r a g m e n t 
w i t h i n a d u m p , o r a r o c k d r a i n . I n d i r e c t 
e v i d e n c e is p r o v i d e d b y B r o w n e l l (1984) in a 
d e s c r i p t i o n of t he l i v i n g e n v i r o n m e n t of the 
sand s c o r p i o n . 

B r o w n e l l no tes t ha t t he t e m p e r a t u r e at t he 
s u r f a c e of s a n d d u n e s in t he Mo jave D e s e r t 
o f ten e x c e e d s 70° C , b u t t h a t at a d e p t h of 
a p p r o x i m a t e l y 10 cm be low s u r f a c e , t he 
t e m p e r a t u r e d r o p s to 40° C and r e l a t i v e 
h u m i d i t y is g r e a t e r t h a n 90 p e r c e n t . T h e f a c t 
t ha t t he r e l a t i v e h u m i d i t y at t h i s sha l low 
d e p t h be low t he s u r f a c e of hot d e s e r t s a n d 
is g r e a t e r t h a n 90 p e r c e n t , s u g g e s t s tha t 
w i t h i n a was te r o c k d u m p , w h e r e s u r f a c e 
t e m p e r a t u r e c o n d i t i o n s a r e much less s e v e r e , 
the r e l a t i v e h u m i d i t y of t he a i r o c c u p y i n g 
the v o i d s p a c e s be tween r o c k f r a g m e n t s is 
l i k e l y to be g r e a t e r t h a n 90 p e r c e n t , and 
may e v e n a p p r o a c h 100 p e r c e n t . F o r t hese 
c o n d i t i o n s , it is r e a s o n a b l e to e x p e c t t ha t 
w e t t i n g a n d d r y i n g is not a s i g n i f i c a n t f a c t o r 
t ha t wou ld c o n t r i b u t e to d e g r a d a t i o n of r o c k 
f r a g m e n t s o v e r t he l e n g t h of a r o c k d r a i n . 

C O N C L U S I O N S 

T h e t e m p o r a r y pool t h a t d e v e l o p s at t he in le t 
to a r o c k d r a i n d u r i n g p e r i o d s of h i g h 
s t ream d i s c h a r g e s e r v e s as a s e t t l i n g p o n d 

in w h i c h bo th b e d l o a d a n d s u s p e n d e d s o l i d s 
a r e d e p o s i t e d . T h i s t e m p o r a r y pool p r o v i d e s 
p r o t e c t i o n a g a i n s t e n t r y of sed imen t t ha t 
c o u l d s e t t l e , a n d r e s u l t in c l o g g i n g of a 
r o c k d r a i n o v e r t he long t e r m . 

D u r i n g p e r i o d s of low f l o w , s e d i m e n t s d e 
p o s i t e d in t he pool may be r e w o r k e d , a n d 
t r a n s p o r t e d t o w a r d t h e i n le t to t he d r a i n . 
H o w e v e r , t he ra te at w h i c h w a t e r c o u l d 
e n t e r t he d r a i n can be e x p e c t e d to be 
v i r t u a l l y u n i m p a i r e d . 

T h e v e l o c i t y of f l ow t h r o u g h a r o c k d r a i n 
can be e x p e c t e d to i n c r e a s e e x p o n e n t i a l l y in 
t he d o w n s t r e a m d i r e c t i o n w i t h i n t ha t s e g 
ment of t he d r a i n loca ted b e n e a t h t he d o w n 
s t ream f i l l s l o p e . T h u s a p a r t i c l e t ha t m igh t 
be t r a n s p o r t e d w i t h i n the d r a i n to a pos i t i on 
benea th t h e d o w n s t r e a m c r e s t c o u l d be 
e x p e c t e d to be t r a n s p o r t e d on t h r o u g h t he 
d r a i n . C o n s e q u e n t l y , d e p o s i t i o n of sed imen t 
and r e d u c t i o n of t h r o u g h - f l o w c a p a c i t y 
w i t h i n t he d o w n s t r e a m p o r t i o n of a r o c k 
d r a i n s h o u l d not be e x p e c t e d to o c c u r . 

P a r t i c l e s i z e s e g r e g a t i o n on a dump face 
p r o d u c e s a w e l l - g r a d e d f i l t e r t h a t p r e l u d e s 
d o w n w a r d m i g r a t i o n of p a r t i c l e s w i t h i n a 
d u m p . C o n s e q u e n t l y , d o w n w a r d m i g r a t i o n of 
p a r t i c l e s f rom the u p p e r to t he lower 
r e g i o n s of a dump is not a f a c t o r t ha t w o u l d 
r e s u l t in c l o g g i n g , and r e d u c t i o n of the 
t h r o u g h - f l o w c a p a c i t y of a r o c k d r a i n o v e r 
t ime . 

T h e v e l o c i t i e s of f low t h r o u g h the v o i d 
s p a c e s w i t h i n a r o c k d r a i n can be e x p e c t e d 
to r a n g e f rom 0.1 to 0 .4 me t res p e r s e c o n d . 
F o r t h i s r a n g e of f low v e l o c i t y , base s c o u r 
is not a po ten t i a l p r o b l e m p r o v i d e d the 
n a t u r a l so i l s on w h i c h t he r o c k d r a i n is 
d e v e l o p e d c o n s i s t of c o a r s e s a n d o r l a r g e r 
s i z e d p a r t i c l e s . T h e n a t u r a l b e d s of m o u n 
ta i n s t reams n o r m a l l y c o n s i s t of g r a v e l s and 
c o b b l e s , so t h a t base s c o u r is not a p r o b l e m . 
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P H O T O N O . 1 

A v i e w f r o m t h e c r e s t o f t h e c a u s e w a y 
a c r o s s t h e S w i f t C r e e k d r a i n a g e c o u r s e , 
s h o w i n g t h e poo l u p s t r e a m of t h e i n l e t 
to t h e r o c k d r a i n . T h i s poo l s e r v e s as 
a s e d i m e n t a t i o n t r a p t h a t c o l l e c t s b e d -
load as we l l as s u s p e n d e d s e d i m e n t . 

P H O T O N O . 2 

L o o k i n g t o w a r d t h e i n l e t e n d o f t h e 
S w i f t C r e e k r o c k d r a i n , i l l u s t r a t i n g 
t h e s e d i m e n t t h a t w a s d e p o s i t e d i n t h e 
poo l d u r i n g p e r i o d s of h i g h e r d i s 
c h a r g e . D u r i n g low f l o w , some o f t h e 
t r a p p e d s e d i m e n t s h a v e b e e n r e w o r k e d , 
a n d h a v e b e e n t r a n s p o r t e d t o w a r d t h e 
i n l e t to t h e r o c k d r a i n . T h e r o c k on 
t h e u p s t r e a m f a c e of t h e c a u s e w a y f i l l 
b e t w e e n t h e s u r f a c e of t h e s e d i m e n t s 
a n d t h e u p p e r l im i t o f t h e p h o t o is 
p e r v i o u s , a n d w i l l c o n d u c t t h e f l o w s to 
t h e r o c k d r a i n i f t h e l e v e l o f t h e u p p e r 
s u r f a c e of t h e s e d i m e n t s c o n t i n u e s to 
r i s e o v e r t i m e . 
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P H O T O N O . 3 

A s e r i e s of p h o t o g r a p h s a t s e l e c t e d i n t e r v a l s of 
h e i g h t a b o v e t h e toe o f C r o w s N e s t R e s o u r c e s ' 
W e s t L i n e C r e e k w a s t e r o c k d u m p . T h e p h o t o s 
i l l u s t r a t e t h e r e d u c t i o n in t h e s i z e o f t h e r o c k 
f r a g m e n t s p r o c e e d i n g f r o m t h e d u m p toe t o w a r d 
t h e d u m p c r e s t . A l l p h o t o g r a p h s w e r e t a k e n 
l o o k i n g n o r m a l to t h e s u r f a c e of t h e w a s t e r o c k , 
w i t h t h e c a m e r a at a d i s t a n c e 3 . 0 m e t e r s f r o m 
t h e s u r f a c e . T h e s i z e s o f i n d i v i d u a l r o c k f r a g 
m e n t s a r e i n d i c a t e d b y t h e s c a l e . 
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P H O T O N O . 4 

A v i e w of t h e c r o s s s e c t i o n of t h e 
mode l d u m p s h o w i n g i n c l i n e d s t r a t i f i c a 
t i o n t h a t r e s u l t s f r o m s h a l l o w s e a t e d 
s h e e t s l i d i n g o n t h e f a c e , a n d t h e 
i n c r e a s e in p a r t i c l e g r a d a t i o n f r o m t h e 
t o p to t h e b a s e of t h e d u m p . T h e 
s q u a r e s a r e 100mm d i m e n s i o n . 
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AREA OF WETTED CROSS SECTION m : 

15 

F I G 1 

A t y p i c a l p l o t o f r a t e of d i s c h a r g e t h r o u g h t h e S w i f t C r e e k R o c k d r a i n 
v s t h e a r e a o f t h e w e t t e d c r o s s s e c t i o n . T h e s l o p e of t h e b e s t f i t 
s t r a i g h t l i n e t h r o u g h t h e d a t a p o i n t s is a m e a s u r e of t h e d i s c h a r g e 
c a p a c i t y p e r u n i t o f c r o s s s e c t i o n a l a r e a . 
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Veloci ty , m/sec. 

F I G 2 

A g r a p h i c a l p r e s e n t a t i o n s h o w i n g the 
r e l a t i o n s h i p be tween f low v e l o c i t y and 
the s i ze of p a r t i c l e s s u b j e c t to i n c i p i e n t 
s c o u r . 

F I G 3 

I l l u s t r a t i n g the m a n n e r in w h i c h wa te r can be e x p e c t e d to e n t e r a r o c k 
d r a i n a f t e r f l u v i a l sed imen ts h a v e been d e p o s i t e d ad jacen t to t he u p 
s t ream toe of t h e r o c k f i l l . 
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Sampled segments 
of vertical column 
through model dump 

F I G 4 

G r a i n s i z e c u r v e s s h o w i n g p a r t i c l e s i ze 
d i s t r i b u t i o n of mate r ia l w i t h i n a v e r t i 
ca l co lumn t h r o u g h a model d u m p , a n d 
i l l u s t r a t i n g t ha t d o w n w a r d m i g r a t i o n of 
p a r t i c l e s f rom the u p p e r to t he lower 
r e g i o n s of t he d u m p c a n n o t o c c u r . 

A p lo t s h o w i n g t he m e a s u r e d t h r o u g h - f l o w c a p a c i t i e s at t he S w i f t C r e e k 
r o c k d r a i n , a n d i l l u s t r a t i n g the m a n n e r in w h i c h t h r o u g h - f l o w c a p a c i t y 
i n c r e a s e s in t h e d o w n s t r e a m d i r e c t i o n . 
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A B S T R A C T 

A p o p u l a r c o n c e p t f o r t r a n s m i t t i n g wa te r 
f low a long t he base of v a l l e y - f i l l d u m p s is 
the use of a c o a r s e r o c k d r a i n f o r m e d n a t u r 
a l ly b y s e g r e g a t i o n of r o c k p a r t i c l e s in a 
d u m p . 

T e s t i n g of g r a v e l s u n d e r v a r i o u s c o n d i t i o n s 
was u n d e r t a k e n to d e t e r m i n e t he amount and 
n a t u r e of s e g r e g a t i o n . T h e r e s u l t s i n d i c a t e 
tha t s e g r e g a t i o n f rom e n d - d u m p e d mater ia l 
o c c u r s at t h r e e d i s t i n c t h o r i z o n s in a p i l e . 
T h e u p p e r 10-15% of t he p i le c o n t a i n s a 
c o n c e n t r a t i o n of f i n e s . T h e r e m a i n d e r o f t he 
pi le to t he toe c o n t a i n s a c o n s i s t e n t , homoge
neous m i x t u r e of c o a r s e and f i n e p a r t i c l e s . 
T h e zone b e y o n d t he s lope toe c o n t a i n s a 
c o n c e n t r a t i o n of c o a r s e f r a c t i o n s . T h e s e 
r e s u l t s a r e c o m p a r a b l e to v i s u a l o b s e r v a t i o n s 
of was te d u m p s at E l k V a l l e y coal mines in 
s o u t h e a s t e r n B r i t i s h C o l u m b i a . 

T h e amount of s e g r e g a t i o n d e c r e a s e s some
what w i t h a s h o r t e r s lope and f i n e r o r i g i n a l 
m a t e r i a l . When mate r ia l is p u s h - d u m p e d , t he 
amount of c o a r s e p a r t i c l e s c o l l e c t i n g b e y o n d 
the toe is a b o u t ha l f of t h a t f o r e n d - d u m p e d 
m a t e r i a l . A l s o , p u s h - d u m p i n g r e s u l t s in an 
o v e r s t e e p e n e d , u n s t a b l e s l o p e . 

T h e t e s t r e s u l t s p r o v i d e n e c e s s a r y i n f o r m a 
t ion f o r e s t i m a t i n g r o c k d r a i n d e s i g n f a c t o r s 
s u c h as r o c k s i z e s and d r a i n h e i g h t of 
n a t u r a l l y s e g r e g a t e d c o a r s e r o c k . 

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

A key d e s i g n f a c t o r f o r some was te d u m p s in 
s o u t h e a s t e r n B r i t i s h C o l u m b i a coal mines is 
the use of r o c k d r a i n s to t r a n s m i t wa te r 
f lows t h r o u g h a d u m p . T h e s e r o c k d r a i n s 
c o n s i s t of n a t u r a l l y s e g r e g a t e d c o a r s e f r a c 
t i ons w h i c h co l l ec t at t he toe r e g i o n of t he 
d u m p . T h i s c o a r s e r o c k p r o v i d e s an e x c e l 
len t c o n d u i t f o r t r a n s m i t t i n g r u n - o f f and 
c r e e k w a t e r f l o w s . 

1 

O n e i m p o r t a n t f a c t o r in d e t e r m i n i n g t he f low 
c a p a c i t y o f a n a t u r a l r o c k d r a i n is t he 
amount and e x t e n t of t he c o a r s e s e g r e g a t e d 
m a t e r i a l . In o r d e r to q u a n t i f y t he t y p e and 
amount of s e g r e g a t i o n , t he a u t h o r a t tempted 
to m e a s u r e ac tua l r o c k s i z e s a long dump 
faces at F o r d i n g Coa l a n d B y r o n C r e e k C o l 
l i e r i e s . It was f o u n d t h a t , as i de f rom t he 
o b v i o u s s a f e t y c o n c e r n s , a co l l ec t i on of 
m e a n i n g f u l da ta was not f e a s i b l e . P h o t o 
g r a p h i c methods w e r e a lso u n s u c c e s s f u l . 
T h e major p r o b l e m s e n c o u n t e r e d we re t he 
v a r i a b i l i t y in r o c k s i z e s a n d s h a p e s , t r y i n g 
to measu re r o c k s in a c o n s i s t e n t m a n n e r , 
s e l e c t i n g a " r e p r e s e n t a t i v e " s lope to sample 
and d e t e r m i n i n g w h i c h r o c k s s h o u l d a n d 
wou ld not be samp led to g i v e u n b i a s e d 
r e s u l t s . 

T h u s , a r e l a t i v e l y s imp le t e s t i n g method 
was u n d e r t a k e n u s i n g g r a v e l s a l ong a s lope 
u n d e r s imu la ted d u m p i n g c o n d i t i o n s . T h e 
p u r p o s e of t h e s e t e s t s was to d e t e r m i n e t he 
n a t u r e and amount of s e g r e g a t i o n u n d e r 
d i f f e r e n t c o n d i t i o n s . A l t h o u g h t he tes t 
a p p a r a t u s was r u d i m e n t a r y , t he s a m p l i n g 
and t e s t i n g g a v e c o n s i s t e n t r e s u l t s w h i c h 
can be a p p l i e d to l a r g e was te p i l e s . 

T E S T I N G A P P A R A T U S A N D M E T H O D S 

T h e key e lements in p r o d u c i n g m e a n i n g f u l 
and c o n s i s t e n t r e s u l t s we re t he s l o p e , 
g r a v e l s , s h o v e l a n d s i e v e a n a l y s e s . T h e s e 
e lements we re k e p t s imp le w i th o n l y m inor 
v a r i a n c e s t h r o u g h o u t t he t e s t i n g p r o g r a m . 
F i g u r e 1 shows t he tes t a p p a r a t u s . T h e 
t e s t s we re p e r f o r m e d o u t d o o r s d u r i n g 
A u g u s t and S e p t e m b e r , 1985 at B y r o n C r e e k 
C o l l i e r i e s . 

S lope 

T h e s lope o v e r w h i c h t he g r a v e l s were 
d u m p e d was f a b r i c a t e d f rom 18 mm t h i c k 
p l y w o o d on a wooden f rame of 50 x 200 mm 
s t u d s . T h e p l y w o o d was c o v e r e d w i th 
Ne t l on C E 121 mesh to a d d f r i c t i o n a l r e s i s 
t ance and p r e v e n t mate r ia l f r om b o u n c i n g 
a long t he b o a r d . T h e f rame r e s t e d on a 



g r a v e l p i l e to p r o v i d e a s o l i d base so t ha t 
v i b r a t i o n of t he s lope was m i n i m i z e d . E q u a l 
s p a c e s were m a r k e d o f f to a l low sample c o l 
lec t ion f r om c o n s i s t e n t a n d k n o w n d i s t a n c e s 
a long the s l o p e . S l o p e l e n g t h s u s e d were 
2 . 0 m ( " l o n g " s l o p e ) a n d 1.0 m ( " s h o r t " 
s l o p e ) . 

A n impo r t an t p a r t of t he t e s t i n g was to 
d e t e r m i n e t he s l ope a n g l e . It was f o u n d b y 
t r i a l a n d e r r o r t ha t a 35° s lope p r o v i d e d the 
most c o n s i s t e n t a n d r e a l i s t i c r e s u l t s . S t e e p e r 
s lopes r e s u l t e d in a l l t he g r a v e l r o l l i n g to 
t he bo t tom. S h a l l o w e r s lopes t e n d e d to 
p r e v e n t t he g r a v e l f r om b e i n g e v e n l y d i s t r i 
b u t e d down t h e s lope b e c a u s e the b u l k of 
mate r ia l s t a y e d at t he s lope c r e s t . 

In o r d e r to a c h i e v e a c o n s i s t e n t d u m p i n g 
h e i g h t a n d p o s i t i o n o v e r t he s l o p e , i t was 
n e c e s s a r y to " d u m p " f r om a p l y w o o d p la t f o rm 
a b o v e the top e n d of t he s l o p e . T h e ra te of 
d u m p i n g was not s p e c i f i c a l l y t imed b u t a 
" s l o w " ra te g a v e most r e a l i s t i c r e s u l t s c o m 
p a r e d to ac tua l d u m p i n g c o n d i t i o n s . 

G r a v e l s 

G r a v e l s u s e d f o r t he t e s t s were d r y a n d 
w e l l - g r a d e d . T h e " c o a r s e " g r a v e l had a top 
s i z e of 37 mm a n d c o n t a i n e d 1 to 3% s i l t and 
c l a y . T h e " f i n e " g r a v e l had a top s i z e of 
19 mm w i t h 4% s i l t and c l a y . Q u a n t i t y of 
g r a v e l u s e d f o r e a c h t e s t r a n g e d f rom 8 .8 k g 
to 29 .7 k g w i t h an a v e r a g e 17 .2 kg p e r t e s t . 

S h o v e l 

T h e g r a v e l s w e r e " d u m p e d " down t he s lope 
w i t h a 250 mm w i d e , f l a t - m o u t h , l o n g - h a n d l e d 
s h o v e l . T h e r e we re f r om f i v e to e i g h t 
" s h o v e l - f u l l s " u s e d in a t e s t . In o r d e r to 
s imu la te e n d - d u m p i n g , t he s h o v e l was 
e x t e n d e d a p p r o x i m a t e l y 50 mm b e y o n d t he 
e n d of t he dump p l a t f o rm a n d r a i s e d s l o w l y . 
P u s h - d u m p i n g was s imu la ted b y p l a c i n g 
mater ia l on the d u m p p l a t f o r m and s l o w l y 
p u s h i n g g r a v e l o f f on to t h e s l o p e . O n c e a 
t e s t was c o m p l e t e , t he s h o v e l was u s e d to 
co l l ec t samp les at p r e d e t e r m i n e d i n t e r v a l s 
a l ong the s l o p e . 

S i e v e T e s t i n g 

A to ta l of 77 d r y s i e v e a n a l y s e s were p e r 
f o r m e d b y the a u t h o r . T h e s h a k e r , s i e v e s 
a n d sca les we re p r o v i d e d b y A r t e c h C o n s u l t 
i ng L im i ted of C r a n b r o o k , B . C . a n d c o n 
f o r m e d to A S T M s t a n d a r d s . S i e v e s i z e s u s e d 
we re 19 .0 mm ( 3 / 4 " ) , 9 . 5 mm ( 3 / 8 " ) , N o . 4 , 

N o . 8 , N o . 16, N o . 30 , N o . 50 , N o . 100 and 
N o . 200. 

T E S T P E R F O R M E D 

A to ta l of e l even t e s t s w i t h f o u r d i f f e r e n t 
c o n d i t i o n s were c o m p l e t e d . N ine of t he tes ts 
s imu la ted e n d - d u m p i n g wh i l e t he rema in ing 
two t e s t s s imu la ted p u s h - d u m p i n g . S e v e n 
samples were co l l ec ted f rom each tes t fo r 
s i e v e a n a l y s i s . S i x samples came f rom p r e -
m a r k e d equa l i n t e r v a l s a long the s l o p e . T h e 
s e v e n t h sample c o n s i s t e d of mate r ia l tha t 
had ro l l ed b e y o n d t he s lope t o e . 

E n d - D u m p i n g , L o n g S l o p e 

F i v e t e s t s were p e r f o r m e d on the long s l o p e . 
S i m u l a t e d e n d - d u m p i n g w i t h t he c o a r s e 
g r a v e l was the t e s t i n g method u s e d in these 
t e s t s . T h e p u r p o s e of c o m p l e t i n g f i v e tes ts 
u n d e r t h e s e c o n d i t i o n s was to c o n f i r m tha t 
c o n s i s t e n t r e s u l t s c o u l d be o b t a i n e d . 

E n d - D u m p i n g , S h o r t S l ope 

T w o e n d - d u m p i n g t e s t s we re p e r f o r m e d on 
the s h o r t s lope w i th c o a r s e g r a v e l . T h e s e 
t e s t s c o n t a i n e d 11.1 kg and 15 .4 kg of 
g r a v e l . Due to t he c o n s i s t e n t r e s u l t s f o r 
t h e s e two t e s t s , add i t i ona l t e s t s u n d e r these 
c o n d i t i o n s were not n e c e s s a r y . 

E n d - D u m p i n g , F ine Ma te r i a l 

T w o t e s t s we re p e r f o r m e d u s i n g the f i ne 
g r a v e l . T e s t c o n d i t i o n s s imu la ted e n d -
d u m p i n g on t he s h o r t s l o p e . T h e q u a n t i t y 
of g r a v e l in t h e s e t e s t s was 10 .9 k g and 
8 . 3 k g . A g a i n , t he c o n s i s t e n t r e s u l t s f rom 
t h e s e two t e s t s p r e c l u d e d t he n e c e s s i t y of 
f u r t h e r t e s t s . 

P u s h - D u m p i n g 

P u s h - d u m p i n g of c o a r s e g r a v e l on t he s h o r t 
s lope was p e r f o r m e d in two t e s t s . T h e s e 
t e s t s a lso showed c o n s i s t e n t r e s u l t s . A to ta l 
of 14 .9 kg and 29 .7 kg of g r a v e l was u s e d 
in t he t e s t s . 

T E S T R E S U L T S 

T h e g r a i n s i z e a n a l y s e s f o r samp les t a k e n 
at v a r i o u s s lope i n t e r v a l s we re p l o t t ed on a 
c o n v e n t i o n a l g r a i n s i z e g r a p h f o r each t e s t . 
In o r d e r to c o n f i r m t e s t c o n s i s t e n c y , t h e r e 
w e r e f i v e t e s t s done on t he " e n d - d u m p i n g , 
l ong s l o p e " c o n d i t i o n . F i g u r e 2 i l l u s t r a t e s 
t h e c l o s e n e s s of t he r e s u l t s f o r t h e s e f i v e 
t e s t s at t h r e e s e l e c t e d s lope i n t e r v a l s . T e s t s 
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fo r each of t he t h r e e o t h e r c o n d i t i o n s a lso 
showed s im i l a r c o n s i s t e n c y , a l t h o u g h o n l y 
two t e s t s we re d o n e . 

S e g r e g a t i o n A l o n g t he S l o p e 

The e n d - d u m p i n g t e s t s c l e a r l y showed t h r e e 
d i s t i n c t z o n e s of s e g r e g a t i o n a long t he s l o p e . 
These t h r e e zones a r e : 

1. a c o n c e n t r a t i o n of f i n e s n e a r t h e s lope 
c r e s t ; 

2 . an e v e n l y d i s t r i b u t e d , e v e n l y g r a d e d 
mater ia l a l ong the r e m a i n d e r of t he s l ope 
to t he t o e ; a n d , 

3. a w ide d i s p e r s i o n of c o a r s e mater ia l 
b e y o n d the t oe . 

F i g u r e 3 i l l u s t r a t e s t h e s e t h r e e zones f o r t he 
" e n d - d u m p i n g , l ong s l o p e " c a s e s . Note t ha t 
the m idd le zone be tween c r e s t a n d toe of t he 
s lope a c t u a l l y c o n s i s t s of f i v e sample i n t e r 
v a l s . A l t h o u g h t he i n t e r v a l s a r e not e x a c t l y 
the same, t h e y a r e c o n s i d e r e d c l ose e n o u g h 
to be w i t h i n the same g r o u p . T h e s e g r a i n 
s ize c u r v e s a r e s i g n i f i c a n t l y f i n e r t h a n the 
o r i g i n a l mate r ia l b e c a u s e the c o a r s e p a r t i c l e s 
are s e g r e g a t e d o u t . 

T h e a v e r a g e s h i f t of g r a i n s i zes f o r DgQ, 
and D^q o f t he o r i g i n a l mater ia l is l i s ted 

in T a b l e 1. T h e s e m u l t i p l i e r s a re b a s e d on a 
we igh ted a v e r a g e of t he f i v e t e s t s s i m u l a t i n g 
e n d - d u m p i n g on a long s l o p e . T h e w e i g h t e d 
a v e r a g e of t he c r e s t to toe mater ia l was u s e d 
to de te rm ine the r e s p e c t i v e m u l t i p l i e r s . 

E f fec t of S l o p e H e i g h t 

T h e two t e s t s s i m u l a t i n g e n d - d u m p i n g on a 
s h o r t s lope r e s u l t e d in t he same t y p e of 
s e g r e g a t i o n as on the long s l o p e . F i g u r e 4 
i l l u s t r a t e s the g r a i n s i z e c u r v e s at v a r i o u s 
s lope i n t e r v a l s . A g a i n , note t he t h r e e 
d i s t i n c t z o n e s of s e g r e g a t i o n . 

One p o s s i b l e e f f ec t of t he s h o r t e r s lope is to 
r e d u c e t he amount of s e g r e g a t i o n . A s seen 
in T a b l e 1, t he m u l t i p l i e r s f o r t he u p p e r and 
r e m a i n d e r s lope s e c t i o n s a re s l i g h t l y l a r g e r 
t h a n f o r t he long s l o p e . 

T h u s , a l t h o u g h t he amount of s e g r e g a t i o n 
may v a r y s l i g h t l y , t he t y p e of s e g r e g a t i o n is 
c o n s i s t e n t f o r e n d - d u m p i n g on long and 
s h o r t s l o p e s . 

E f f e c t o f No C o a r s e Ma te r i a l 

T h e two t e s t s s i m u l a t i n g e n d - d u m p i n g on a 
s h o r t s l ope u s i n g f i n e r mate r ia l show s im i l a r 
s e g r e g a t i o n as u s i n g c o a r s e m a t e r i a l . 
F i g u r e 5 s h o w s t he g r a i n s i ze c u r v e s f o r 
v a r i o u s s lope i n t e r v a l s . T h e t h r e e z o n e s a r e 
s t i l l e v i d e n t b u t no t as p r o n o u n c e d as w i th 
t he c o a r s e g r a v e l . 

T h e e f f ec t o f t he f i n e r mate r ia l t e n d s to 
r e d u c e t he amount of s e g r e g a t i o n . T h e 
g r a i n s i z e m u l t i p l i e r s f o r t h e s e t e s t s , l i s t ed 
in T a b l e 1, a r e s l i g h t l y c l o s e r to o r i g i n a l 
t h a n f o r t he c o a r s e r m a t e r i a l . 

T h u s , t he e f f e c t of r e d u c i n g t he mater ia l 
g r a i n s i z e is to l essen the amount of s e g r e 
g a t i o n . H o w e v e r , s e g r e g a t i o n in to t he t h r e e 
d i s t i n c t z o n e s a l ong t he s lope is s t i l l a p 
p a r e n t . 

E n d - D u m p i n g V e r s u s P u s h - D u m p i n g 

P u s h - d u m p i n g was s imu la ted in two t e s t s 
u s i n g t he s h o r t s l ope a n d c o a r s e m a t e r i a l . 
A s i l l u s t r a t e d in F i g u r e 6 , t h e r e is no 
s e g r e g a t i o n of f i n e s b u t , c o a r s e p a r t i c l e s 
s t i l l do co l l ec t b e y o n d t h e s lope t o e . T h e 
g r a i n s i z e m u l t i p l i e r s , l i s t ed in T a b l e 1 f o r 
t h e s e t e s t s , i n d i c a t e t h a t c o a r s e mater ia l 
s e g r e g a t e s and co l l ec t s b e y o n d the s lope toe 
in a s im i l a r m a n n e r as e n d - d u m p e d m a t e r i a l . 
H o w e v e r , t he amount of c o a r s e mater ia l 
s e g r e g a t e d ou t is much less w h e n p u s h -
d u m p e d . 

In t he e n d - d u m p i n g t e s t s , an a v e r a g e 75% 
of the l a r g e s t p a r t i c l e s i z e r o l l ed b e y o n d 
t he s lope t o e . T h i s c o m p a r e s to o n l y 40% f o r 
t he p u s h - d u m p i n g t e s t s . F i g u r e 7 i l l u s t r a t e s 
the d i s t r i b u t i o n of mate r ia l a l ong the s lope 
f o r c o a r s e mater ia l w h i c h is e n d - d u m p e d 
and p u s h e d - d u m p e d . T h e p r o f i l e s c o n f i r m 
tha t in t h e s e t e s t s , most of t he mater ia l 
c o l l e c t s a long the lower p a r t of the s lope 
a rea when e n d - d u m p e d and a long the u p p e r 
p a r t of t he s lope when p u s h e d - d u m p e d . 

One of t he main r e a s o n s f o r t he d i f f e r e n c e 
is t he momentum g a i n e d b y the c o a r s e p a r 
t i c l e s as t h e y s l i d e ou t of t he s h o v e l w h e n 
e n d - d u m p e d . T h i s momentum c a u s e s the 
r o c k s to r o l l , as o p p o s e d to s l i d e , down the 
s l o p e . T h e a n g u l a r momentum d e v e l o p e d b y 
an i n d i v i d u a l r o c k is much g r e a t e r t h a n the 
f r i c t i o n a l r e s i s t a n c e of t he m a t e r i a l . T h i s 
r e s u l t s in t he p a r t i c l e s not coming to r es t 
u n l e s s the s lope f l a t t e n s o r t h e y h i t p a r t i 
c l es g r e a t e r t h a n ha l f t h e i r s i z e . T h u s , 
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most of t he e n d - d u m p e d mater ia l comes to 
r e s t at t he lower p a r t o f t he s l o p e . O n the 
o t h e r h a n d , w h e n the mate r ia l is p u s h -
d u m p e d , the c o a r s e p a r t i c l e s ge t " h u n g u p " 
in t he f i n e a g g r e g a t e at the s lope c r e s t . T h e 
o n l y c o a r s e r o c k s t ha t ro l l down the s lope 
a re t h o s e p u s h e d o v e r the s l ope c r e s t . T h u s , 
a l t h o u g h c o a r s e p a r t i c l e s accumu la te b e y o n d 
the toe r e g i o n in b o t h c a s e s , e n d - d u m p i n g 
y i e l d s the most amount of c o a r s e p a r t i c l e 
s e g r e g a t i o n . 

One o t h e r i n t e r e s t i n g o b s e r v a t i o n was t he 
o v e r s t e e p e n e d , u n s t a b l e c o n d i t i o n of t he 
p u s h - d u m p e d s l o p e . T h i s c o n d i t i o n was 
common and f r e q u e n t l y r e s u l t e d in mass 
f a i l u r e s . A l t h o u g h the f a i l u r e s were not 
c a t a s t r o p h i c , a l l t he mate r ia l on the s lope 
wou ld s l i de " e n m a s s e " a n d t h e n come to 
r e s t . T h i s movement o c c u r r e d each t ime more 
mate r ia l was p u s h - d u m p e d onto the s lope 
c r e s t . T h u s , t he s l ope was c o n t i n u a l l y o v e r -
s t e e p e n e d and at o r b e y o n d the c r i t i c a l a n g l e 
of i n t e r n a l f r i c t i o n . 

T h e r e were no f a i l u r e s e v i d e n t d u r i n g e n d -
dump t e s t s . A g a i n , t h e momentum g a i n e d b y 
the mate r ia l as i t s l i d e s ou t of t he s h o v e l 
was s u f f i c i e n t to c a u s e the p a r t i c l e s to ro l l 
down the s l o p e . T h i s r e s u l t s in a s lope a n g l e 
somewhat less t h a n the f r i c t i o n a n g l e . T h u s , 
e n d - d u m p i n g t e n d s to " f l u s h " ou t a n y p o t e n 
t i a l l y u n s t a b l e c o n d i t i o n s and p r o d u c e s a 
n o n - c r i t i c a l s lope a n g l e . 

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

C o m p a r i s o n of t he t es t r e s u l t s w i t h ac tua l 
d u m p c o n d i t i o n s is b a s e d u p o n o b s e r v a t i o n s 
made at o p e n p i t coal mines in t he E l k V a l l e y 
a rea of s o u t h e a s t e r n B r i t i s h C o l u m b i a . In 
p a r t i c u l a r , t he a u t h o r became most f am i l i a r 
w i t h was te d u m p c o n d i t i o n s wh i l e emp loyed at 
B y r o n C r e e k C o l l i e r i e s and F o r d i n g Coa l 
L i m i t e d . A l t h o u g h t he a u t h o r has not w o r k e d 
on was te d u m p s at L i n e C r e e k and Wes ta r 
m i n e s , o b s e r v a t i o n s made d u r i n g b r i e f t o u r s 
of t hese o p e r a t i o n s i n d i c a t e t h a t c o n d i t i o n s 
at a l l t he mine d u m p s a re s i m i l a r . 

Mos t of t he was te d u m p s o b s e r v e d were 
d e v e l o p e d b y e n d - d u m p i n g . T h e mate r ia l is 
t y p i c a l l y d r y and w e l l - g r a d e d w i th a top s i z e 
of one to two m e t r e s . T h e s e d u m p s al l 
e x h i b i t s e g r e g a t i o n v e r y s i m i l a r to t he t e s t 
r e s u l t s . T h e s e c o n d i t i o n s a r e : f i n e mate r ia l 
is c o n c e n t r a t e d n e a r t he d u m p c r e s t ; t h e r e 
is no s e g r e g a t i o n a l ong the r e m a i n d e r of t he 

s lope to t he t o e ; and t he c o a r s e s t p a r t i c l e s 
co l l ec t b e y o n d the s lope t oe . F i g u r e 8 
shows s e g r e g a t i o n a long a t y p i c a l r o c k dump 
s lope and a long one of t he t es t s l o p e s . 

T h e dump h e i g h t s at E l k V a l l e y mines g e n 
e r a l l y r a n g e f rom 30 to 300 m e t r e s . T h e 
d i f f e r e n c e in dump h e i g h t does not appea r 
to a f f ec t the n a t u r e of mate r ia l s e g r e g a t i o n 
in to the t h r e e d i s t i n c t z o n e s . F o r e x a m p l e , 
a 10 m h i g h dump at B y r o n C r e e k C o l l i e r i e s 
e x h i b i t e d the same s e g r e g a t e d zones as d i d 
a 300 m h i g h dump at F o r d i n g C o a l . 

T h e e f f ec t s of d e v e l o p i n g d u m p s w i th waste 
r o c k c o n t a i n i n g no c o a r s e p a r t i c l e s was not 
o b s e r v e d at t he E lk V a l l e y m i n e s . T h e 
mater ia l g r a d a t i o n of was te r o c k , a l t h o u g h 
not m e a s u r e d , a p p e a r s to be s im i l a r f o r all 
t he E l k V a l l e y m i n e s . T h e top s i z e of two 
met res is r a r e l y e x c e e d e d b e c a u s e it is 
u n d e s i r a b l e f o r mate r ia l h a n d l i n g p u r p o s e s . 
A top s i z e of u n d e r one met re is a lso r a re 
b e c a u s e of op t im i zed b l a s t p a t t e r n s and 
p o w d e r f a c t o r s emp loyed b y the m i n e s . 

P u s h - d u m p i n g is not a common p r a c t i c e at 
t he E lk V a l l e y mines was te d u m p s . A t B y r o n 
C r e e k C o l l i e r i e s and F o r d i n g Coa l i t is 
e m p l o y e d w h e n : c o n s t r u c t i n g f i l l r o a d s less 
t h a n f i v e met res in h e i g h t ; o r w h e n b u i l d 
i n g up be rms at t he dump c r e s t ; o r when 
the mate r ia l is so f i n e and sof t t h a t b u l l 
d o z e r s a r e r e q u i r e d to p u s h t he mater ia l 
r a t h e r t h a n r i s k g e t t i n g a t r u c k s t u c k . In 
t he f i r s t two i n s t a n c e s w h e r e w e l l - g r a d e d 
and d r y mate r ia l was p u s h - d u m p e d , it was 
o b s e r v e d t h a t n u m e r o u s c o a r s e b o u l d e r s go t 
" h u n g u p " in t he f i n e r m a t r i x . F i g u r e 9 
i l l u s t r a t e s the c o m p a r a t i v e c o n d i t i o n s 
o b s e r v e d on a dump at B y r o n C r e e k C o l 
l i e r i es and a s lope on one of t he p u s h - d u m p 
t e s t s . A s w i th t he t e s t i n g , some of the 
c o a r s e b o u l d e r s in t he dump do b r e a k f r e e 
at t h e c r e s t and ro l l b e y o n d the s lope t oe . 

A s i d e f rom o v e r s t e e p e n i n g at t he dump 
c r e s t , t he a d v e r s e s t a b i l i t y p r o b l e m s of 
p u s h - d u m p i n g we re not o b s e r v e d . T h i s is 
p r o b a b l y d u e to t he r e l a t i v e l y small dump 
h e i g h t s as wel l as t he l im i ted use of p u s h -
d u m p i n g on normal d u m p s . 

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

In e v a l u a t i n g the t e s t r e s u l t s and c o m p a r i n g 
w i t h ac tua l dump c o n d i t i o n s , s e v e r a l s i g n i f i 
c a n t d e s i g n imp l i ca t i ons a r e a p p a r e n t . 
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F i r s t l y / when a r o c k d r a i n is r e q u i r e d a l ong 
a dump b a s e , t he h e i g h t of t he r o c k d r a i n 
formed b y n a t u r a l s e g r e g a t i o n w i l l be e q u i v a 
lent to t he s i z e of t he c o a r s e s t p a r t i c l e s . 
T h i s h e i g h t c o u l d be i n c r e a s e d b y c o n c e n 
t r a t i n g the c o a r s e p a r t i c l e s in a c o n f i n e d 
area s u c h as at t he i n t e r s e c t i o n of a dump 
s lope w i th a n o t h e r s lope o r e x c a v a t i n g a 
ca tchment d i t c h a long t he d e s i r e d r o c k d r a i n 
rou te . T h e g r a i n s i z e d i s t r i b u t i o n of t he 
mater ia l in t he r o c k d r a i n zone ( b e y o n d the 
s lope toe) can be es t ima ted b y a p p l y i n g the 
a p p r o p r i a t e m u l t i p l i e r ( T a b l e 1) to t he 
o r i g i na l mater ia l s i z e d i s t r i b u t i o n . F i g u r e 10 
i l l u s t r a t e s how t h e s e m u l t i p l i e r s can be 
a p p l i e d . 

S e c o n d l y , mate r ia l f r om the toe to n e a r t he 
top of an e n d - d u m p e d p i l e w i l l be e v e n l y 
d i s t r i b u t e d a n d f i n e r t h a n t he o r i g i n a l 
b l as ted m a t e r i a l . F i g u r e 10 i l l u s t r a t e s how 
the s h i f t in g r a i n s i z e can be d e t e r m i n e d . 

T h i r d l y , t he mate r ia l at t he top of an e n d -
dumped p i le w i l l c o n t a i n a h i g h e r p e r c e n t a g e 
of f i n e s t h a n t he r e m a i n i n g p o r t i o n of t h e 
p i l e . A g a i n , F i g u r e 10 i l l u s t r a t e s t he r e l a t i v e 
sh i f t f rom o r i g i n a l mate r ia l to t h i s s e g r e g a t e d 
f i ne m a t e r i a l . T h i s c o n c e n t r a t i o n of f i n e s may 
act as a f i l t e r at t he top of t he d u m p , 
p r e v e n t i n g f i n e s f r om p e r c o l a t i n g t h r o u g h 
the p i le to t h e dump b a s e . T h i s is an i m p o r 
tan t c o n s i d e r a t i o n in es t ima t i ng the sed imen t 
load r e s u l t i n g f rom d r a i n a g e t h r o u g h d u m p s . 

F o u r t h l y , s e g r e g a t i o n is most e f f e c t i v e and 
dump s t a b i l i t y is max im ized w h e n e n d -
d u m p i n g is e m p l o y e d . 

C O N C L U S I O N S 

T e s t i n g of g r a n u l a r ma te r i a l s has s u c c e s s 
f u l l y d e f i n e d t h e amount and n a t u r e of r o c k 
s e g r e g a t i o n a long a s l o p e . T h e s e r e s u l t s a re 
comparab le to ac tua l c o n d i t i o n s o b s e r v e d at 
E lk V a l l e y coal mines and can be u s e d to a id 
in the d e s i g n of r o c k d u m p s a n d n a t u r a l l y 
fo rmed r o c k d r a i n s . 

When e n d - d u m p i n g is s imu la ted u s i n g d r y , 
w e l l - g r a d e d g r a v e l , t h r e e d i s t i n c t zones 
o c c u r in t he p i l e : 

1. a c o n c e n t r a t i o n of f i n e s in t he u p p e r 10%; 

2 . a w e l l - g r a d e d , e v e n l y d i s t r i b u t e d mater ia l 
down to the t o e ; 

3 . a d i s p e r s i o n of p r e d o m i n a n t l y c o a r s e 
p a r t i c l e s b e y o n d the s lope toe . 

T h i s s e g r e g a t i o n o c c u r s a long s h o r t s l opes 
and w i th f i n e r m a t e r i a l . P u s h - d u m p i n g 
r e s u l t s in c o a r s e p a r t i c l e s d i s t r i b u t e d 
t h r o u g h o u t t he p i l e as wel l as b e y o n d t h e 
s lope t o e . It a l so r e s u l t s in o v e r s t e e p e n i n g 
at t he s lope c r e s t a n d u n s t a b l e c o n d i t i o n s 
in t he p i l e . 

T h e g r a i n s i z e d i s t r i b u t i o n f o r ma te r i a l s 
o c c u r r i n g in a n y of t he t h r e e s e g r e g a t e d 
z o n e s in an e n d - d u m p e d p i l e can be e s t i 
mated b y m u l t i p l y i n g the o r i g i n a l mate r ia l 
g r a i n s i z e b y m u l t i p l i e r s d e t e r m i n e d in t h i s 
t e s t i n g p r o g r a m . T h e s e es t ima tes can be 
u s e d to a id in t he d e s i g n of r o c k d r a i n 
p a r a m e t e r s at t h e base of was te d u m p s . 

A C K N O W L E D G E M E N T S 

T h e a u t h o r w i s h e s to t h a n k E s s o R e s o u r c e s 
C a n a d a L im i ted a n d B y r o n C r e e k C o l l i e r i e s 
f o r p e r m i s s i o n to p u b l i s h t h i s p a p e r . T h e 
s i e v e a n a l y s i s e q u i p m e n t p r o v i d e d b y A r t e c h 
C o n s u l t i n g L i m i t e d , C r a n b r o o k , B . C . is 
g r e a t l y a p p r e c i a t e d . T h e a u t h o r is a lso 
g r a t e f u l to D i l l i n g h a m C o n s t r u c t i o n L im i ted 
f o r t h e i r g e n e r o u s d o n a t i o n of g r a v e l s and 
s lope t e s t i n g m a t e r i a l s . 
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T E S T APPARATUS 

FIGURE Schematic section showing the set-up and apparatus for rock segregation tes ts . 
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U.S. STANDARD SIEVE SIZE 
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END DUMP , LONG SLOPE 

FIGURE 2 : Grain size graph i l l u s t r a t i n g the closeness of resul ts for f ive tests using end-dumping, 
long slope and coarse mater ia l . The slope intervals selected were 0-200 mm, 600-800 mm 
and beyond the toe. 
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END DUMP , LONG SLOPE 

FIGURE 3: Grain size graph of the end-dump, long slope condi t ion. The grain size curve for each 
slope interval is the weighted average of f ive t e s t s . Note the three d i s t i n c t horizons of 
segregation: 0-200, 200-1200 and >1200. 



1 
TABLE I 

GRAIN SIZE MULTIPLIERS FOR SEGREGATED MATERIAL * 

D80 D50 D20 

1 2 3 4 1 2 3 4 1 2 3 4 

Original Material 1.00 1.00 1.00 1.00 1.00 1 .00 1.00 1.00 1. 00 1.00 1.00 1.00 

Upper Slope 0.17 0.26 0.59 0.92 0.12 0 .16 0.42 0.84 0. 11 0.17 0.33 0.63 

Remainder of Slope 0.53 0.83 0.83 0.92 0.57 0 .77 0.75 0.81 0. 53 0.75 0.67 0.68 

Beyond Slope Toe 1.39 1.57 1.22 1.75 2.17 1 .96 1.88 1.91 3. 94 4.17 4.44 3.68 

1 = End-Dump, Coarse Mater ia l , Long Slope 

2 = End-Dump, Coarse Mater ia l , Short Slope 

3 = End-Dump, Fine Mater ia l , Short Slope 

4 = Push-Dump, Coarse Mater ia l , Short Slope 

That i s : the number by which the or ig inal material is mul t ip l ied to determine 
the size of segrated mater ia l . For example, i f the or ig ina l material has a 
D50 of 9.0 mm, the D50 of material along the "remainder of slope" for Test 1 
conditions is 9.0 mm x 0.57 = 5.1 mm. 
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FIGURE 4 : Grain size graph of the end-dump, short slope condi t ion . The grain size curve for each 
slope interval is the weighted average of two tes ts . Note the three d i s t i n c t segregated 
horizons of 0-100, 100-600 and > 600. 
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FIGURE 5 : Grain s ize graph of the end-dump, f ine material on a short slope condi t ion . The grain 
size curves for each slope interval is the weighted average of two t e s t s . The three 
segrated horizons are not as pronounced as for the coarse material condi t ions. 
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FIGURE 6: Grain size graph of the push-dump, short slope condit ion using coarse mater ia l . The grain 
size curves for each slope interval is the weighted average of two tes ts . Note there is 
no f ines segregation. The > 600 curve indicates that coarse material s t i l l c o l l e c t s 
beyond the toe when end-dumped. 



• END DUMP, LONG SLOPE 

CUMMULATIVE AMOUNT OF MATERIAL-% by weight 

FIGURE 7 : Graph showing the re la t ive amount of material occurr ing at slope interva ls in end-dump and 
push-dump condi t ions. Note that the push-dump curve shows above average amount of 
material at the top, and below average amount at the bottom of the s lope. This 
i l l u s t r a t e s the oversteepened, understable condit ion of push-dump slopes. 



Photographs of (a) a 60 m high dump formed by end-dumping at Byron Creek C o l l i e r i e s and 
(b) end-dumped material d i s t r i bu t i on along the short slope with coarse grave l . Note the 
s i m i l a r i t i e s in segregation between actual and test dump condi t ions. 



FIGURE 9 : Photographs of (a) a 5 m high dump formed by push-dumping at Byron Creek C o l l i e r i e s and 
(b) push-dumped material along the short slope with coarse grave l . Mote the coarse 
pa r t i c les "hung-up" at the slope crest in the actual and test dump condi t ions. 
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FIGURE 10: Grain s ize graph i l l u s t r a t i n g how segregated grain s ize curves can be estimated using the 
mul t ip l i e rs in Table 1. This example assumes the or ig ina l blasted material has a top size 
of 1000 mm, i s evenly graded and i s end-dumped on a long slope. The resu l t ing segregation 
produces three grain s ize curves. Each curve is based on mult ip ly ing the DQO, D50 and 
D20 values of the or ig ina l blasted material by the mu l t ip l i e rs l i s t e d in Table 1 and 
shown here. 



ROCK DRAINS SPOIL DISPOSAL AREAS 
ECKMAN PARK MINE 

STEAMBOAT SPRINGS, COLORADO 
by 

Robert W. Thompson, President 
CTL/Thompson, Inc. 

A B S T R A C T 

Data r e g a r d i n g c o n s t r u c t i o n of two l a r g e 
spo i l e m b a n k m e n t s is p r e s e n t e d . T h e em
b a n k m e n t s r a n g e f r om 6 to 7 mi l l ion c u b i c 
y a r d s in s i z e a n d w e r e c o n s t r u c t e d in n o r t h 
c e n t r a l C o l o r a d o . T h e mine is loca ted in an 
area w h e r e t he a l t i t u d e r a n g e s f r om 7 ,000 to 
8,000 fee t and r e c e i v e s most of i t s a n n u a l 
p r e c i p i t a t i o n d u r i n g t h e w i n t e r mon ths in t he 
form of s n o w . L a r g e r o c k d r a i n s were 
i ns ta l l ed be low t h e s e s t r u c t u r e s to l imi t t he 
p o s s i b i l i t y of a c c u m u l a t i o n of w a t e r in t he 
e m b a n k m e n t s . Da ta p r e s e n t e d i n c l u d e s i n f o r 
mat ion on c h a r a c t e r i s t i c s of t he o v e r b u r d e n 
s p o i l , g r a d a t i o n of t h e spo i l m a t e r i a l s , 
recommended g r a d a t i o n s f o r f i l t e r s , a n d the 
d e s i g n g r a d a t i o n f o r r o c k d r a i n s . M e t h o d s of 
c o n s t r u c t i o n a n d p e r f o r m a n c e of t he d r a i n s 
o v e r t he p a s t f i v e y e a r p e r i o d a r e d i s c u s s e d . 

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

D r a i n a g e is i n c o r p o r a t e d in to a n y l a r g e 
e m b a n k m e n t to p r o t e c t t he s t r u c t u r e f rom 
d e - s t a b i l i z a t i o n f o r c e s c a u s e d b y a c c u m u l a 
t ion of wa te r in t h e embankmen t o r f o u n d a 
t i o n s . F a i l u r e of mine g e n e r a t e d was te s t r u c 
t u r e s can r e s u l t in loss of l i fe a n d s e r i o u s 
p r o p e r t y a n d e n v i r o n m e n t a l d a m a g e . F a i l u r e 
of a t a i l i n g s dam las t y e a r in t he I ta l ian A l p s 
r e s u l t e d in f l o o d i n g of a smal l t o w n , n u m e r 
ous d e a t h s and e x t e n s i v e p r o p e r t y d a m a g e . 
In 1972, f a i l u r e of a mine was te d u m p d u r i n g 
a p e r i o d of modera te r a i n f a l l in West V i r g i n i a 
r e s u l t e d in c o n s i d e r a b l e p r o p e r t y damages 
and o v e r 100 d e a t h s d o w n s t r e a m of t he 
s t r u c t u r e . 

E x t e n s i v e d r a i n s y s t e m s a r e normal p r a c t i c e 
in t he d e s i g n of r o l l ed e a r t h dams o r the 
c o n s t r u c t i o n of l a r g e r o c k f i l l d a m s . U s u a l l y 
t h e s e d r a i n s a r e d e s i g n e d to c o n t r o l t he 
p h r e a t i c s u r f a c e in t he d o w n s t r e a m p o r t i o n s 
of t he s t r u c t u r e a n d in some i n s t a n c e s to 
r e d u c e u p l i f t p r e s s u r e on t he d o w n s t r e a m toe 
of t he s t r u c t u r e . Q u a n t i t y of f low to be c o n 
t r o l l e d b y t h e s e d r a i n s can be l a r g e p a r t i c u 
l a r l y in t he c a s e of r o c k f i l l d a m s . T h e p r o 

blem f a c i n g t h e d e s i g n e r u s u a l l y i n c l u d e s 
d e t e r m i n a t i o n of t he n a t u r e of mate r ia l to be 
i n c o r p o r a t e d in to t he e m b a n k m e n t , a p p r o x i 
mate v o l u m e s of w a t e r to be d i s c h a r g e d b y 
t he d r a i n and a v a i l a b i l i t y of ma te r i a l s s u i t 
ab le f o r c o n s t r u c t i o n of t h e d r a i n . 

I n c o r p o r a t i o n of d r a i n s y s t e m s in to mine 
was te d i s p o s a l s i t e s is a r e l a t i v e l y new c o n 
s i d e r a t i o n . U n f o r t u n a t e l y , h i s t o r i c a l p r a c 
t i c e s in m i n i n g h a v e u s u a l l y r e s u l t e d in 
d u m p i n g of t h e e x t r a ma te r i a l s at t he most 
c o n v e n i e n t l oca t ion t h a t d i d not l imi t t he 
p o s s i b i l i t y o f f u t u r e m i n i n g a n d m in im ized 
hau l d i s t a n c e . O p e r a t i o n a l r e q u i r e m e n t s of 
t h e m i n i n g s e q u e n c e dom ina ted t he c o n s t r u c 
t i on of t h e s e s t r u c t u r e s . F a i l u r e of t h e s e 
s t r u c t u r e s has r e s u l t e d in s e r i o u s economic 
a n d e n v i r o n m e n t a l damage in t he p a s t . T h e 
c u r r e n t r e g u l a t o r y c l imate in t he U n i t e d 
S t a t e s and p r o b a b l y in C a n a d a p r e c l u d e s 
the p o s s i b i l i t y o f u n c o n t r o l l e d c o n s t r u c t i o n . 
In t he U n i t e d S t a t e s , t h e D e p a r t m e n t of 
I n t e r i o r , O f f i c e of S u r f a c e M i n i n g , d e v e l o p 
ed r e g u l a t i o n s in t he late 1970s to a d d r e s s 
v a r i o u s p r o b l e m s a s s o c i a t e d w i t h l a rge 
s u r f a c e m i n i n g o p e r a t i o n s . D i s p o s a l of was te 
g e n e r a t e d b y t h e s e o p e r a t i o n s was a d d r e s 
sed in de ta i l in F e d e r a l R e g u l a t i o n s w h i c h 
w e r e l a te r i n c o r p o r a t e d in to m i n i n g r e g u l a 
t i o n s at v a r i o u s s ta te l e v e l s . 

T h e E n e r g y F u e l s C o r p o r a t i o n was o p e r a t i n g 
a l a r g e s u r f a c e mine s o u t h of S teamboat 
S p r i n g s , C o l o r a d o in t he late 1970s. T h e 
mine had been in o p e r a t i o n f o r s e v e r a l 
y e a r s p r i o r to t he S u r f a c e M i n i n g R e g u l a 
t i o n s . In 1979, a s u b s t a n t i a l a d d i t i o n to t he 
mine was p r o p o s e d . T h i s a d d i t i o n was 
k n o w n as t he E c k m a n P a r k M i n e . T h i s 
r e p o r t i n c l u d e s da ta w h i c h was d e v e l o p e d 
r e g a r d i n g t he n a t u r e of spo i l f r om the 
E n e r g y F u e l s mine a n d the d e s i g n of was te 
d i s p o s a l f a c i l i t i e s f o r t h e E c k m a n P a r k 
e x t e n s i o n of t he m i n e . T h e r e p o r t p r i m a r i l y 
a d d r e s s e s c o n s i d e r a t i o n s w i th r e s p e c t to 
d e s i g n of d r a i n s and a s u b s e q u e n t i n s t a l l a 
t i on of t he d r a i n s . 
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A t t he t ime of p l a n n i n g f o r t he E c k m a n P a r k 
M i n e , t he O f f i c e of S u r f a c e M i n i n g was in 
t he las t s t a g e s of e s t a b l i s h i n g r e q u i r e m e n t s 
f o r t he d e s i g n of e x c e s s f i l l d i s p o s a l s t r u c 
t u r e s . T h e r e g u l a t i o n s p u b l i s h e d May 5 , 1979 
g e n e r a l l y g o v e r n e d t he d e s i g n w h i c h was 
s u b m i t t e d to E n e r g y F u e l s on S e p t e m b e r 1 1 , 
1979. 

S I T E S E L E C T I O N 

T h e mine p lan imposed s e v e r a l c o n s t r a i n t s on 
a r e a s w h i c h c o u l d be s e l e c t e d f o r d i s p o s a l of 
e x c e s s s p o i l . T h e e x c e s s spo i l was g e n e r a t e d 
f rom in i t i a l box c u t s w h i c h we re a n t i c i p a t e d 
to o c c u r d u r i n g 1980 a n d 1981. T h e spo i l 
d i s p o s a l s i t e s we re s e l e c t e d in a r e a s w h e r e 
o v e r b u r d r n t h i c k n e s s e s we re s u f f i c i e n t to 
make f u t u r e s u r f a c e m i n i n g no t f e a s i b l e . 
A d d i t i o n a l l y , t h e s i t es w e r e s e l e c t e d w h e r e 
t he g r o u n d s u r f a c e c o n d i t i o n s w e r e r e a s o n 
a b l y f a v o r a b l e a n d hau l c o u l d be a c c o m 
p l i s h e d w i t h o u t e x c e s s i v e e n v i r o n m e n t a l 
d a m a g e . T o m in im ize e n v i r o n m e n t a l d i s t u r 
b a n c e , E n e r g y F u e l s s p e c i f i e d l oca t i ons to be 
w i t h i n t he same d r a i n a g e a r e a . A r e a I was a 
v e r y g e n t l y s l o p i n g v a l l e y bot tom loca ted 
eas t of e x i s t i n g Hau l R o a d " C " a n d n o r t h of 
t he a c t i v e m i n e . A r e a II was a l a r g e s l o p i n g 
a rea n e a r t he s o u t h w e s t e n d of t he p r o p o s e d 
E c k m a n P a r k M i n e . A r e a III was loca ted 
a l ong a m o d e r a t e l y s l o p i n g r i d g e . T h i s a rea 
had s u c h l im i ted po ten t i a l f o r s t o r a g e vo lume 
t h a t it was d r o p p e d f r om c o n s i d e r a t i o n a f t e r 
e x p l o r a t o r y b o r i n g s w e r e d r i l l e d . 

G E N E R A L G E O L O G I C C O N D I T I O N S 

T h e mine a r e a is u n d e r l a i n at r e l a t i v e l y 
sha l l ow d e p t h s b y t h e Wi l l iams F o r k f o rma t i on 
w h i c h is a p a r t of t h e U p p e r C r e t a c e o u s 
Mesa V e r d e G r o u p . W i th in t he mine a r e a , t he 
Wi l l iams F o r k f o rma t i on i n c l u d e s a s a n d s t o n e 
s e r i e s w h i c h is f i n e to v e r y f i n e g r a i n e d 
s a n d s t o n e i n t e r b e d d e d w i t h t h i n b e d s of 
s i l t s t o n e a n d s h a l e . T h e s a n d s t o n e is a l i g h t 
g r a y c o l o r . T h e r e a r e m a s s i v e ma r i ne sha le 
members w i t h i n the f o r m a t i o n . T h e sha le 
s e r i e s a r e p r e d o m i n a n t l y c l a y s t o n e s w i t h 
some s i l t s t o n e s . G e n e r a l l y , t h e s h a l e s a r e 
d a r k e r g r a y in c o l o r . T h e so i l s w h i c h mant le 
t he s u r f a c e a r e p r o b a b l y t h e r e s u l t o f i n -
p l a c e w e a t h e r i n g of t he f o r m a t i o n m a t e r i a l s . 
T h e t h i c k n e s s of s u r f i c i a l so i l s r a n g e s f r om 
n e a r l y z e r o to as m u c h as 10 fee t on t h e 
u p p e r , h i g h e r p o r t i o n s of t he s i t e . In t he 
v a l l e y a r e a , b o r i n g s e n c o u n t e r e d up to 
20 fee t of so f t to med ium s t i f f r e s i d u a l c l a y s . 

T h e f o r m a t i o n s a r e r e l a t i v e l y i m p e r v i o u s and 
w h e r e wa te r p e r c o l a t e s d o w n t h r o u g h the 
n e a r - s u r f a c e so i l s it t e n d s to p e r c h on the 
s u r f a c e of t he r e l a t i v e l y u n w e a t h e r e d f o rma 
t i on r o c k . 

S P O I L P R O P E R T I E S 

S u r f a c e m i n i n g was o c c u r r i n g at seve ra l 
l oca t i ons at t he E n e r g y F u e l s M ine s o u t h of 
S teamboa t S p r i n g s . T h e spo i l d i s p o s a l a reas 
we re p a r t of an e x t e n s i o n of an e x i s t i n g 
mine o p e r a t i o n . T h e o v e r b u r d e n to be 
d e v e l o p e d as e x c e s s spo i l was b e l i e v e d to 
be v e r y s im i l a r to o v e r b u r d e n f r o m the 
e x i s t i n g m i n i n g o p e r a t i o n . T o e v a l u a t e the 
n a t u r e of o v e r b u r d e n w h i c h w o u l d be used 
to c o n s t r u c t t he spo i l d i s p o s a l a r e a s , spo i l 
f r om t h e o p e r a t i n g mine was t e s t e d . 

S p e c i f i c G r a v i t y 

T h e s a n d s t o n e a n d s h a l e s w h i c h o v e r l i e the 
coal w e r e e x p o s e d in e x i s t i n g c u t s . F o u r 
samp les w h i c h a p p e a r e d to c o v e r t he r a n g e 
of t y p i c a l ma te r i a l s in t he e x p o s e d o v e r 
b u r d e n c u t s w e r e o b t a i n e d . A d e s c r i p t i o n of 
t he samp les a n d t h e mo is t u n i t w e i g h t is 
p r e s e n t e d in t he t ab le b e l o w : 

Sample 

I 

I I 

I I I 

IV 

Description 

Dark gray, 
massive shale 

S p e c i f i c 
Gravity 

2.39 

Light tan to 2.13 
gray sandstone 

Unit 
Weight 
(pcf) 

149 

133 

Banded gray 
shale 

Dark gray 
shale 

2.29 

2.35 

143 

147 

T h e s p e c i f i c g r a v i t y t e s t s we re p e r f o r m e d 
on samp les o b t a i n e d f r om b u l k r e l a t i v e l y 
i n t a c t p i e c e s of t h e a b o v e d e s c r i b e d 
m a t e r i a l s . T h e a v e r a g e u n i t w e i g h t of t he 
i n d i v i d u a l p a r t i c l e s is 143 p c f . T h i s u n i t 
w e i g h t i n c l u d e s n a t u r a l f i e l d m o i s t u r e . 

F i e l d D e n s i t y T e s t s 

In o r d e r to e v a l u a t e t h e amount of b u l k i n g 
w h i c h o c c u r s w h e n t he o v e r b u r d e n is e x c a 
v a t e d a n d d u m p e d in to loose p i l e s , as is t h e 
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case when t h e m i n i n g is a c c o m p l i s h e d u s i n g a 
d r a g l i n e , n u m e r o u s f i e l d d e n s i t y t e s t s we re 
made at v a r i o u s l oca t i ons at t he e x i s t i n g 
mine. L a r g e s a n d cone d e n s i t y t e s t s we re 
a t tempted at f o u r l o c a t i o n s . T h e s e t e s t s we re 
pe r fo rmed b y e x c a v a t i n g a ho le in t he spo i l 
p i le and f i l l i n g t h e ho le w i t h s a n d , u s i n g 
sand to d e t e r m i n e t he vo lume of t he h o l e . 
B e c a u s e of v o i d s o c c u r r i n g in t he spo i l p i l e , 
t h i s t y p e of t e s t can be m i s l e a d i n g . In o u r 
o p i n i o n , T e s t N o . 2 was i n f l u e n c e d b y s a n d 
p e n e t r a t i n g v o i d s w i t h i n t he p i l e . In a d d i t i o n 
to the s a n d cone p r o c e d u r e , n u c l e a r m o i s t u r e 
d e n s i t y t e s t s w e r e made u s i n g a t r o x l e r 
Model 3411 B g a g e . T h e d e v i c e u s e d can be 
e x t e n d e d in to t he t e s t a rea 12 i n c h e s . T h e 
tes t a rea was l eve led a n d t he t e s t was r u n 
b y i n s e r t i n g t he p r o b e in to t he g r o u n d in 
2 - i n c h i n c r e m e n t s a n d m a k i n g a r e a d i n g at 
each 2 - i n c h i n c r e m e n t . A d d i t i o n a l l y , t he 
tes ts we re c h e c k e d b y r o t a t i n g t h e n u c l e a r 
gage 90 d e g r e e s a n d m a k i n g f o u r r e a d i n g s at 
each l e v e l . T h e r e s u l t s of t h e s e t e s t s a r e 
shown in t a b u l a r f o rm in T a b l e 1. T h e r e 
p o r t e d d e n s i t y is t he a v e r a g e of a s e r i e s of 
r e a d i n g s f o r t he n u c l e a r g a g e . 

A. Big Sand Cones 
Moist 

Test Weight 
No. Mat e r i a l (pcf) 

1 Loose s p o i l , shale 95 
*2 Loose s p o i l , shale 76 
3 Loose s p o i l , shale 90 
4 Loose s p o i l , shale clayey 88 

* ( t e s t u n r e l i a b l e ) 

B. Nuclear Tests** 
Moist 

Test Weight 
No. Mate r i a l (pcf) 
5 P a r t i a l l y compacted s p o i l 113 
6 Loose s p o i l 93 
7 P a r t i a l l y compacted s p o i l 107 
8 Loose s p o i l 91 
9 P a r t i a l l y compacted s p o i l 121 
10 P a r t i a l l y compacted s p o i l 118 
11 P a r t i a l l y compacted s p o i l 121 
12 Loose s p o i l 107 
13 Loose s p o i l 102 
14 Loose s p o i l 97 

**Nuclear t e s t r e s u l t s are average of four 
tests obtained by r o t a t i n g nuclear gage 90 
degrees each time ( i n s p o i l only). 

T h e a v e r a g e u n i t w e i g h t of t he o v e r b u r d e n 
mate r ia l was b e l i e v e d to be a b o u t 143 
p o u n d s in p l a c e . Whe re t e s t s we re made in 
v e r y loose spo i l p i l e s , t he d e n s i t y r a n g e d 
f r o m 88 to 107 w i t h t h e a v e r a g e a p p r o x i 
mate ly 95 p c f . Where t he spo i l had been 
p a r t i a l l y c o m p a c t e d , t he d e n s i t y r a n g e d 
f r om 113 to 121 p c f , w i t h an a v e r a g e e s t i 
mated at a b o u t 116 p c f . D e t e r m i n a t i o n of 
t he ac tua l b u l k i n g f a c t o r is d i f f i c u l t b e c a u s e 
t e s t s c o u l d not be made in t he lower p o r 
t i o n s of t he spo i l p i l e s . T h e o n l y a r e a s 
a c c e s s i b l e w e r e at t he s u r f a c e and on the 
u p p e r p o r t i o n s of e x i s t i n g loose spo i l p i l e s . 
B a s e d on t he e x p e r i e n c e at t he m i n e , a n d 
the r e s u l t s of t h e s e t e s t s , t he ac tua l b u l k 
i n g f a c t o r was es t ima ted to r a n g e f r om 26 to 
30 p e r c e n t and f o r d e s i g n p u r p o s e s r e c o m 
mend a b u l k i n g f a c t o r of 28 p e r c e n t . D e n 
s i t y t e s t s made in t he e x i s t i n g hau l r o a d s 
i n d i c a t e d t h a t c o m p a c t i o n c o u l d be a c h i e v e d 
f r om t r a v e l w i t h t he hau l t r u c k s . E a r l i e r in 
t he s u m m e r , c o m p a c t i o n of f i l l in an a rea 
w h e r e spo i l had been p l a c e d to s u p p o r t a 
f u e l t a n k was c h e c k e d . Where a t h i c k l a y e r 
had been p l a c e d s u b j e c t to compac t i on b y 
hau l u n i t s , t he a v e r a g e i n - p l a c e d e n s i t y 
r a n g e d f rom 88 to 93 p e r c e n t s t a n d a r d 
P r o c t o r max imum d r y d e n s i t y . T h e n e a r -
s u r f a c e t e s t s i n d i c a t e d compac t i on a b o v e 100 
p e r c e n t f o r s t a n d a r d P r o c t o r d e n s i t y . T h e 
p r o c t o r d e n s i t y f o r t he ma te r i a l s c h e c k e d at 
t h a t po in t was 108 p c f d r y . A l l of t h i s da ta 
was u s e d in e v a l u a t i o n of t he t y p i c a l p r o 
p e r t i e s of t he ma te r i a l s to be p l a c e d in t he 
spo i l p i l e s . 

O b s e r v e d A n g l e s of R e p o s e 

N u m e r o u s o b s e r v a t i o n s of t he a n g l e of 
r e p o s e f o r v a r i o u s ma te r i a l s e n c o u n t e r e d at 
t he e x i s t i n g mine w e r e m a d e . T h e p r o p e r t i e s 
of t he o v e r b u r d e n r o c k were t e s t e d a n d 
r e p o r t e d to E n e r g y F u e l s C o r p o r a t i o n in a 
r e p o r t d e s i g n a t e d " P r e l i m i n a r y D e s i g n of 
H i g h Wall S l o p e s " , K e n n e t h C . Ko a n d 
A s s o c i a t e s , d a t e d M a r c h 1977. T h e o b s e r v e d 
a n g l e s of r e p o s e r a n g e d f rom 34 to 40 
d e g r e e s f o r t he loose d u m p e d s p o i l . Fo r 
p u r p o s e s of d e s i g n , 37 d e g r e e s was s e l e c t e d . 
T h e C a n a d i a n P i t S l o p e Manua l r e p o r t s 
t y p i c a l v a l u e s of t he a n g l e of i n t e r n a l f r i c 
t i o n f o r sha le to r u n on t he o r d e r of 34 
d e g r e e s and f o r s a n d s t o n e s to r a n g e f rom 
35 to 45 d e g r e e s . T h e s e v a l u e s a re wel l 
w i t h i n the r a n g e o b s e r v e d at t he m ine . 
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G r a d a t i o n 

A sample of t he spo i l f r om an e x i s t i n g m ined 
a r e a was o b t a i n e d to e v a l u a t e the g r a d a t i o n 
of f u t u r e s p o i l s . T h e t es t sample w e i g h e d 
a b o u t 400 p o u n d s . S i z e s l a r g e r t h a n 12 
i n c h e s w e r e e x c l u d e d f r o m t h e t e s t s a m p l e . 
T h e spo i l r o c k t e n d e d to b r e a k d o w n d u r i n g 
h a n d l i n g a n d c o m p a c t i o n . B a s e d on o b s e r v a 
t i o n s of f i l l s c o n s t r u c t e d w i t h t he spo i l f o r 
hau l r o a d s a n d o t h e r u s e s at t he a c t i v e mine 
a r e a , we es t ima ted t ha t a b o u t 30 to 40 p e r 
c e n t of t he spo i l w i l l be 12 i n c h e s o r l a r g e r 
a f t e r c o m p a c t i o n . T h e m i n u s 1 2 - i n c h f r a c t i o n 
of t he spo i l i s , in o u r o p i n i o n , impo r t an t in 
d e t e r m i n i n g t h e r e q u i r e m e n t s f o r a t r a n s i t i o n 
z o n e be tween t he spo i l a n d t he f i l l d r a i n s . 
G r a d a t i o n of t he sample was as f o l l o w s : 

% by Weight 
Sieve Size Passing 

8-inch 87.1 
6-inch 68.7 
3-inch 55.1 
1.5-inch 43.1 
3/4-inch 33.1 
3/8-inch 24.9 
No. 4 16.3 
No. 8 10.2 
No. 16 6.6 
No. 30 4.8 
No. 50 3.7 
No. 100 3.0 
No. 200 2.3 

A s i n d i c a t e d in t he t ab l e a b o v e , t he sample 
c o n t a i n s o n l y 2 . 3 p e r c e n t p a s s i n g t h e 
N o . 200 s i e v e a n d a b o u t 10 p e r c e n t p a s s i n g 
t he N o . 8 s i e v e . It is o u r o p i n i o n t h a t 
c o m p a c t i o n w i l l f u r t h e r b r e a k d o w n t he spo i l 
a n d t he ac tua l p e r m a n e n t d i s p o s a l a reas w i l l 
h a v e more f i n e mate r ia l t h a n i n d i c a t e d b y 
t h i s g r a d a t i o n t e s t . 

P e r m e a b i l i t y 

In a loose s t a t e , t he s p o i l s h a v e v e r y , v e r y 
h i g h p e r m e a b i l i t y . T h e mate r ia l is an a n g u l a r 
b r o k e n r o c k c o n s i s t i n g of s a n d s t o n e a n d 
s h a l e s . A f t e r c o m p a c t i o n , t h e s e ma te r i a l s 
d e c r e a s e in p e r m e a b i l i t y . T h e method of 
p l acemen t as wel l as t h e t y p e of compac t i on 
may h a v e s i g n i f i c a n t i n f l u e n c e s on t he p e r m e 
a b i l i t y . F o r p u r p o s e s of e v a l u a t i n g t h e p o s 
s i b i l i t i e s f o r s a t u r a t i o n , t h e o v e r a l l p e r m e 
a b i l i t y of t h e f i l l was es t ima ted to r a n g e 
be tween 100 a n d 1,000 fee t p e r y e a r , w i t h 
the 1,000 fee t p e r y e a r a more l i k e l y f i g u r e . 

P lacemen t of t he f i l l in l a y e r s a n d t h e p o s 
s i b i l i t y of d e v e l o p i n g h i g h l y compac ted 
s u r f a c e s i n c r e a s e d the r i s k of t he h o r i z o n t a l 
p e r m e a b i l i t y b e i n g g r e a t e r t h a n t h e v e r t i c a l 
p e r m e a b i l i t y . R e g u l a t o r y r e q u i r e m e n t s s p e c i 
f i ed f i l l l a y e r s not e x c e e d 4 f e e t . 

D R A I N D E S I G N 

T h e two spo i l d i s p o s a l f a c i l i t i e s t h a t were 
c o n s t r u c t e d in E c k m a n P a r k w e r e d e s i g n e d 
to c o n t a i n be tween 6 a n d 7 mi l l i on c u b i c 
y a r d s of spo i l in each f a c i l i t y . A s much as 
p o s s i b l e , s u r f a c e d r a i n a g e was r o u t e d 
a r o u n d t h e s e l a r g e f i l l s . H o w e v e r , the 
n a t u r a l t o p o g r a p h y in bo th l oca t i ons i n c l u d 
ed i n c i s e d d r a i n a g e s a n d e x p e r i e n c e at t he 
mine i n d i c a t e d t h a t seepage w o u l d co l l ec t on 
the s u r f a c e of t he b e d r o c k . R o c k d r a i n s 
we re s p e c i f i c in the i n c i s e d d r a i n a g e s . 
B e c a u s e o f r e g u l a t o r y r e q u i r e m e n t s , t he 
s i z e of r o c k i n c o r p o r a t e d in t he d r a i n as 
wel l as t h e s i z e of t he d r a i n had to meet 
s p e c i f i c a t i o n m in imums . T h e min imum a c c e p 
t ab l e d r a i n s i z e was 16 fee t in w i d t h and 16 
fee t in h e i g h t . T h e r o c k in t he u n d e r d r a i n 
had to be 90 p e r c e n t l a r g e r t h a n 12 i n c h e s 
w i t h no r o c k a n y l a r g e r t h a n 25 p e r c e n t of 
t h e w i d t h of t he d r a i n . F u r t h e r , t h e r e g u 
la t i ons r e q u i r e d t ha t t he d r a i n be i n s t a l l e d 
a l ong the n a t u r a l d r a i n a g e s y s t e m . 

A s a n d s t o n e l ense a b o u t 10 fee t t h i c k 
o c c u r r e d a b o v e t he L e n n o x seam in t he mine 
a r e a . S l a k e d u r a b i l i t y t e s t s on samp les of 
t h i s mate r ia l w e r e p e r f o r m e d u s i n g t he 
method d e v e l o p e d b y F r a n k l i n and C h a n d r a . 
T h e s e t e s t s i n d i c a t e d t he r o c k was s u i t a b l e 
f o r u s e as d r a i n r o c k f i l l . C o n s i d e r i n g the 
g r a d a t i o n of t he ma te r i a l s to be i n c l u d e d in 
t h e spo i l p i l e , d r a i n r o c k was s p e c i f i e d as 
f o l l o w s : 

a . 100 p e r c e n t - 3 fee t o r sma l l e r in s i z e 
b . 35 p e r c e n t - 2 f ee t o r sma l l e r in s i z e 
c . 10 p e r c e n t - 1.5 fee t o r sma l l e r in s i z e 

T h i s ma te r ia l was d e v e l o p e d b y s e l e c t i v e 
e x c a v a t i o n of t h e s a n d s t o n e a b o v e the 
L e n n o x s e a m . A f i l t e r zone be tween t he 
d r a i n r o c k a n d t he spo i l was d e s i g n e d u s i n g 
t h e method of U . S . B u r e a u of Rec lama t ion 
p u b l i s h e d in " D e s i g n of Smal l D a m s " . T h e 
method was d e v e l o p e d b y the B u r e a u of 
Rec lama t i on a n d t he U . S . C o r p s of E n g i 
n e e r s a n d is a g e n e r a l l y a c c e p t e d method 
f o r d e s i g n f i l t e r s . T h e f i l t e r d e s i g n was 
b a s e d on t he g r a d a t i o n of ma te r i a l s sma l l e r 
t h a n 12 i n c h e s in t h e s p o i l . B a s e d on t h i s 
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g r a d a t i o n the recommended f i l t e r g r a d a t i o n 
w a s a max imum s i z e of 24 i n c h e s w i t h at 
least 90 p e r c e n t p a s s i n g t he 1 8 - i n c h s i z e , 45 
p e r c e n t p a s s i n g t h e 8 - i n c h s i z e a n d 10 p e r 
cent p a s s i n g t h e 3 - i n c h s i z e . A max imum of 
3 p e r c e n t p a s s i n g t he N o . 200 s i e v e was 
s p e c i f i e d . A min imum of 2 fee t of t h i s s e l e c t 
mater ia l was p l a c e d be tween the c o a r s e o p e n -
g r a d e d r o c k d r a i n s a n d t h e s p o i l s f i l l . T h e 
f i l t e r mate r ia l was s u b s t a n t i a l l y more e x p e n 
s i ve t h a n the r o c k a n d was d e v e l o p e d u s i n g 
a c r u s h i n g and s c r e e n i n g o p e r a t i o n . B e c a u s e 
of t he r e g u l a t o r y m i n i m u m s , t he d i s c h a r g e 
c a p a c i t y b a s e d on es t ima ted f low v e l o c i t i e s 
f rom the c r o s s - s e c t i o n a l a rea was s u b s t a n 
t i a l l y g r e a t e r t h a n t he a n t i c i p a t e d f l o w . 

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

A s d i s c u s s e d in t h e " D r a i n D e s i g n " p o r t i o n , 
a seam of s a n d s t o n e loca ted a b o v e the 
L e n n o x coal seam was c h e c k e d and f o u n d to 
be s u i t a b l e f o r c o n s t r u c t i o n of t he d r a i n s . 
P i c t u r e N o . 1 i l l u s t r a t e s t he a p p e a r a n c e of 
the r o c k in t he q u a r r y . P i c t u r e N o . 2 shows 
the a p p r o x i m a t e s i z e of f r a g m e n t s i n c l u d e d 
w i t h i n t he r o c k d r a i n s . T h e c o n s t r u c t i o n 
s e q u e n c e c o n s i s t e d of c l e a n i n g al l v e g e t a t i o n 
and loose ma te r i a l s f r om t he n a t u r a l d r a i n 
ages a n d in most cases e x p o s i n g b e d r o c k in 
the u p p e r spo i l d i s p o s a l a r e a . In t he lower 
d i s p o s a l a r e a , t r e n c h e s a b o v e 16 fee t in 
d e p t h we re e x c a v a t e d w h i c h , f o r t he most 
p a r t , bo t tomed in w e a t h e r e d s a n d s t o n e s and 
sha les b u t in some a r e a s bot tomed in r e s i d u a l 
c l a y s . T h e mate r ia l was t h e n d u m p e d f rom 
hau l t r u c k s in to t he p r e p a r e d e x c a v a t i o n s . 
T h e t r a n s i t i o n zone was p l aced o v e r t he 
d r a i n f rom sma l le r hau l t r u c k s . P i c t u r e 
N o . 5 shows the e x i t po in t f o r one of t he 
f i l l d r a i n s . P i c t u r e N o . 6 p r o v i d e s an o v e r 
v iew of the u p p e r spo i l a r e a s h o w i n g 
b e n c h e s at a p p r o x i m a t e l y 50 fee t v e r t i c a l l y 
and the n a t u r e of the s u r r o u n d i n g t e r r a i n . 
P i c t u r e N o . 3 s h o w s a l i f t of f i l l b e i n g 
p laced in the lower spo i l d i s p o s a l s i t e . 
P i c t u r e N o . 4 s h o w s a p p e a r a n c e of t he f i l l 
a f t e r it had been s p r e a d w i th a d o z e r . Each 
l i f t was s p r e a d a n d p l a c e d in a p p r o x i m a t e l y 4 
foot t h i c k n e s s . T h e e n t i r e l i f t was t h e n 
s u b j e c t to compac t i on f rom the hau l e q u i p 
ment as t he s u c c e e d i n g l i f t was p l a c e d . 
D e n s i t y t e s t s t a k e n d u r i n g t he in i t i a l t h r e e 
mon ths of c o n s t r u c t i o n g e n e r a l l y i n d i c a t e d 
the d e s i r e d compac t i on was a c h i e v e d b y t h i s 
p r o c e d u r e . S p r e a d i n g o p e r a t i o n s f o l l owed b y 
t r a f f i c f r om the hau l t r u c k s t e n d e d to bo th 
b r e a k down the l a r g e r p ieces of spo i l and 
fo rm l a y e r s of h i g h e r d e n s i t y and f i n e r 

ma te r ia l at t he s u r f a c e of each of t hese 
l a y e r s . F o r t h i s r e a s o n , we b e l i e v e the 
h o r i z o n t a l p e r m e a b i l i t y of a g i v e n l a y e r may 
be s u b s t a n t i a l l y g r e a t e r t h a n v e r t i c a l p e r 
m e a b i l i t y . T h e p e r f o r m a n c e of t he f i l l to 
da te has not s h o w n a n y e v i d e n c e of seepage 
at i n t e r m e d i a t e b e n c h e s . D i s c h a r g e f r om t he 
d r a i n s has been l i m i t e d , u s u a l l y f o r s h o r t 
p e r i o d s d u r i n g t h e a n n u a l s p r i n g t h a w a n d 
r u n o f f . 

C O N C L U S I O N S 

1. T w o l a r g e f i l l s f o r d i s p o s a l of e x c e s s 
o v e r b u r d e n mate r ia l we re c o n s t r u c t e d in 
1980 and 1981 w i t h l a r g e r o c k u n d e r 
d r a i n s . T h e f i l l s c o n t a i n n e a r l y 13 mi l l ion 
c u b i c y a r d s of mate r ia l a n d a r e loca ted 
in an a r e a t h a t r e c e i v e s a n n u a l r a i n f a l l 
of a b o u t 20 i n c h e s ; most of w h i c h comes 
as snow d u r i n g t he w i n t e r m o n t h s . T o 
d a t e , t he spo i l d i s p o s a l f a c i l i t i e s h a v e 
p e r f o r m e d wel l w i t h no e v i d e n c e of i n s t a 
b i l i t y . O n l y m ino r d i s c h a r g e d u r i n g t he 
s p r i n g r u n o f f has been o b s e r v e d at t he 
d r a i n l o c a t i o n s . 

2 . B a s e d on f i e l d e x p e r i e n c e at t h i s m i n e , 
d e v e l o p m e n t of a s u i t a b l e f i l t e r mater ia l 
was t he most e x p e n s i v e p a r t of t he 
c o n s t r u c t i o n o p e r a t i o n on a u n i t b a s i s . 
T h e l a r g e r o c k f o r t he r o c k d r a i n was 
r e l a t i v e l y i n e x p e n s i v e a n d d e v e l o p e d b y 
s e c t i v e e x c a v a t i o n w i t h i n t he m ine . 

3 . C o n t r o l of c o n s t r u c t i o n of t h i s t y p e of 
f i l l a n d d r a i n is d i f f i c u l t and r e l a t i v e l y 
c r u d e w h e n c o m p a r e d w i t h e x p e r i e n c e 
g a i n e d f r om c o n s t r u c t i o n of e a r t h and 
r o c k d a m s . 

A C K N O W L E D G E M E N T S 

C o n s i d e r a b l e i n f o r m a t i o n in t h i s p a p e r was 
d e r i v e d f rom s t u d i e s c o n d u c t e d f o r E n e r g y 
F u e l s C o r p o r a t i o n at t h e i r E c k m a n P a r k M ine 
T h i s mine was s u b s e q u e n t l y p u r c h a s e d by 
C o l o r a d o Y a m p a Coa l C o m p a n y . T h e a u t h o r 
w i s h e s to t h a n k t he compan ies f o r t h e i r 
p e r m i s s i o n to make s i te s p e c i f i c da ta a v a i l 
a b l e . 
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A B S T R A C T 

D u r i n g t he c o n s t r u c t i o n of an o n s t r e a m s e d i 
men ta t ion p o n d - w a t e r s u p p l y r e s e r v o i r at 
B y r o n C r e e k C o l l i e r i e s ' m i n e , it was n e c e s 
s a r y to c o n s t r u c t a r o c k d r a i n to c o n v e y 
s t r e a m a n d g r o u n d w a t e r f l ows a long t h e 
v a l l e y of C o r b i n C r e e k . T h e d r a i n had to 
h a v e s u f f i c i e n t t r a n s m i s s i v i t y to c o n d u c t al l 
of t he c r e e k f l ow w h i c h c o u l d not be d i v e r t e d 
u p s t r e a m of t he p o n d , a n d w h i c h e n t e r e d t h e 
v a l l e y bot tom f rom s p r i n g s . 

A t r e n c h was e x c a v a t e d a l o n g t he p o n d , o v e r 
a d i s t a n c e of 300 m, a n d f i l l e d w i t h se lec t 
c o a r s e s a n d s t o n e o b t a i n e d f r om t he B y r o n 
C r e e k m i n e . T h e r o c k is s im i l a r to t h a t 
w h i c h w i l l be p l a c e d in t he d o w n s t r e a m toe 
of t he f u t u r e Eas t Waste D u m p , w h i c h w i l l be 
c o n s t r u c t e d a c r o s s t he e n t i r e C o r b i n C r e e k 
V a l l e y . H e n c e , t h e p e r f o r m a n c e of t he s e d i 
men ta t i on p o n d r o c k d r a i n is of s i g n i f i c a n c e 
to t he d e s i g n of a r o c k d r a i n to be i n c o r 
p o r a t e d i n to t h e Eas t Waste D u m p . 

T h e s e d i m e n t a t i o n p o n d r o c k d r a i n has p e r 
f o r m e d up to e x p e c t a t i o n s a n d to d a t e , t h e r e 
is no e v i d e n c e of a n y d e c l i n e in t h e d r a i n 
t r a n s m i s s i v i t y . 

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

A c o a r s e r o c k f i l l d r a i n is p r e s e n t l y o p e r a t i n g 
u n d e r a s y n t h e t i c a l l y - l i n e d , f r e s h w a t e r 
r e s e r v o i r at t he B y r o n C r e e k C o l l i e r i e s M ine 
in s o u t h e a s t e r n B r i t i s h C o l u m b i a . T h e s i t e 
l oca t ion is s h o w n on F i g u r e 1. T h e d r a i n was 
c o n s t r u c t e d to p r o v i d e e f f e c t i v e s i te d e w a t e r -
i n g d u r i n g t he l i n e r i n s t a l l a t i o n a n d r e d u c e 
po ten t i a l p o s t - c o n s t r u c t i o n h y d r o s t a t i c u p l i f t 
p r e s s u r e s t h a t may a f f e c t l i n e r i n t e g r i t y . 

T h i s p a p e r d i s c u s s e s t he p e r f o r m a n c e of t h e 
d r a i n a n d c o n f i r m s t he h i g h po ten t i a l f l ow 
ra tes t h a t a r e p o s s i b l e t h r o u g h c o a r s e r o c k 

f i l l . T h e e x p e r i e n c e g a i n e d f r om t h i s case 
h i s t o r y can be a p p l i e d to t he d e s i g n of the 
much l a r g e r r o c k d r a i n , w h i c h is to be 
c o n s t r u c t e d u n d e r t he Eas t Waste Dump at 
t h e B y r o n C r e e k M i n e , as wel l as o t h e r 
mine was te d u m p s . 

B A C K G R O U N D 

P r o j e c t D e s c r i p t i o n 

A w a t e r s t o r a g e r e s e r v o i r a n d dam were 
r e c e n t l y c o n s t r u c t e d in t he C o r b i n V a l l e y , 
j u s t u p s t r e a m of t he p l a n t s i te f a c i l i t i e s at 
B y r o n C r e e k C o l l i e r i e s , B r i t i s h C o l u m b i a , 
as s h o w n on F i g u r e 2 . T h e e a r t h a n d r o c k 
f i l l dam is 18 m h i g h a n d r e t a i n s an 
a r t i f i c i a l l y - l i n e d r e s e r v o i r 35 ,000 m 2 in a r e a , 
h a v i n g a c a p a c i t y of a p p r o x i m a t e l y 
150,000 m 3 . T h e p o n d s e r v e s as a s u p p l e 
m e n t a r y f r e s h w a t e r s o u r c e f o r t he coal 
p r o c e s s i n g o p e r a t i o n . T h e r e s e r v o i r w i l l a lso 
be u t i l i z e d to co l l ec t sed imen t o r i g i n a t i n g 
f r o m t h e u p s t r e a m E a s t Waste D u m p , w h i c h 
w i l l be c o n s t r u c t e d a c r o s s t he u p p e r C o r b i n 
V a l l e y . 

T h e d a m , p o n d a n d a s s o c i a t e d d r a i n we re 
c o n s t r u c t e d d u r i n g t he p e r i o d of A p r i l to 
e a r l y O c t o b e r , 1985; a p e r i o d c h a r a c t e r i z e d 
b y g e n e r a l l y p o o r w e a t h e r a n d h i g h e r t h a n 
a v e r a g e c r e e k f l o w s . T h e f u l l s u p p l y leve l 
o f t he r e s e r v o i r was r e a c h e d in late O c t o b e r , 
1985. 

S i t e G e o l o g y a n d H y d r o g e o l o g y 

T h e p o n d is l oca ted in t he bot tom of the 
b r o a d U - s h a p e d v a l l e y of C o r b i n C r e e k . 
R e c e n t a l l u v i a l d e p o s i t s in e x c e s s of 6 m in 
d e p t h p r e d o m i n a t e a l o n g t he l e n g t h of t he 
p o n d a n d a r e r e l a t i v e l y c o a r s e g r a i n e d , 
r a n g i n g f r o m f i n e s a n d s i z e s to b o u l d e r s 
a v e r a g i n g 500 mm in d i a m e t e r . T h e a v e r a g e 
h y d r a u l i c c o n d u c t i v i t y of _A-he a l l u v i a l 
m a t e r i a l s is in t h e o r d e r of 10 m / s . 
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T h e g r o u n d w a t e r t ab l e is a t , o r n e a r , t h e 
s u r f a c e in t h e r e s e r v o i r a r e a . M i n o r s p r i n g s 
were a lso p r e s e n t in t he lower p a r t o f t h e 
v a l l e y . 

C o r b i n C r e e k F l o w s 

T h e c r e e k f l o w s n o r m a l l y v a r y f r o m n e a r l y 
zero in t he w i n t e r to t y p i c a l l y 1 to 2 m 3 / s 
d u r i n g t he s p r i n g f r e s h e t . A v e r a g e f l ows 
d u r i n g t h e s u m m e r a r e u s u a l l y in t h e o r d e r 
of 0 .02 m 3 / s . D u r i n g t he 1985 c o n s t r u c t i o n 
s e a s o n , c r e e k f l o w s r a n g e f r om 0 . 0 3 m 3 / s to 
0.06 m 3 / s . 

R O C K D R A I N E X P E R I E N C E  

P u r p o s e of C o n s t r u c t i o n 

P r i o r to i n i t i a t i n g c o n s t r u c t i o n , C o r b i n C r e e k 
was t e m p o r a r i l y d i v e r t e d in to a c h a n n e l a l ong 
the wes t s l ope of t he r e s e r v o i r . A s c l e a r i n g 
and s t r i p p i n g o p e r a t i o n s p r o g r e s s e d in t he 
p o n d , s i g n i f i c a n t g r o u n d w a t e r i n f l ows we re 
e n c o u n t e r e d , r e s u l t i n g in wet o p e r a t i n g c o n 
d i t i o n s . E x p o s u r e of s i d e h i l l s e e p s a lso c o n 
t r i b u t e d to t h e s u r f a c e f l ows to t h e p o i n t 
whe re as m u c h as 0 .06 m 3 / s was f l o w i n g 
t h r o u g h t he r e s e r v o i r a r e a . A l t h o u g h t h e 
a l l u v i a l s u b g r a d e ma te r i a l s w e r e c o a r s e and 
p e r v i o u s , i n f i l t r a t i o n was minimal as a r e s u l t 
of a h i g h g r o u n d w a t e r t a b l e , as wel l as t he 
p r e s e n c e of f i n e g r a i n e d mate r ia l i n t r o d u c e d 
b y t he h e a v y e a r t h m o v i n g e q u i p m e n t . In 
o r d e r to f a c i l i t a t e l i n i n g i n s t a l l a t i o n , d r a i n a g e 
of t he w a t e r was r e q u i r e d . A r o c k f i l l d r a i n 
was c o n s i d e r e d as t he bes t a l t e r n a t i v e to 
a c h i e v e t h i s o b j e c t i v e , r a t h e r t h a n h a v i n g to 
pump t he f l o ws f r om a s e r i e s of c o l l e c t o r 
s u m p s a l o n g t he v a l l e y . 

D r a i n R o c k P r o p e r t i e s 

R o c k f o r t he d r a i n was o b t a i n e d f r om was te 
s t o c k p i l e d in P i t N o . 12 . T h e a b i l i t y of a 
d r a i n to c o n v e y f l ow wi l l d e p e n d on the 
p h y s i c a l p r o p e r t i e s of t he r o c k a n d f l u i d , as 
wel l as t he h y d r a u l i c g r a d i e n t s . T h e most 
i m p o r t a n t p h y s i c a l p r o p e r t y is t he r o c k f i l l 
g r a d a t i o n , w h i c h c o n t r o l s the t r a n s m i s s i v i t y 
of t he p l a c e d r o c k m a t e r i a l . Its g r a d a t i o n i s , 
in t u r n , d e t e r m i n e d b y the s u s c e p t i b i l i t y of 
t he v a r i o u s r o c k t y p e s to d e g r a d a t i o n b y 
mechan i ca l a n d , in t he long t e r m , b y 
p h y s i c o - c h e m i c a l p r o c e s s e s . M e c h a n i c a l d e 
g r a d a t i o n a p p l i e s to r o c k b r e a k d o w n d u r i n g 
m i n i n g a n d d u m p i n g . P h y s i c o - c h e m i c a l b r e a k 
down a p p l i e s to w e a t h e r i n g p r o c e s s e s ( e . g . , 
l e a c h i n g , s l a k i n g , e t c . ) w h i c h may c a u s e 
f u r t h e r s i z e d e c a y f o l l o w i n g d u m p i n g . 

A t t h e B y r o n C r e e k m i n e , was te r o c k c o n 
s i s t s of v a r y i n g amoun ts of s a n d s t o n e , s i l t -
s tone a n d s h a l e / m u d s t o n e . S a n d s t o n e a n d 
s i l t s t o n e a r e o b s e r v e d to b r e a k down less 
t h a n sha le a n d m u d s t o n e a n d a r e a l so more 
r e s i s t a n t to w e a t h e r i n g p r o c e s s e s . H e n c e , 
t he f o r m e r r o c k t y p e s , e s p e c i a l l y t he s a n d 
s t o n e , we re s e l e c t e d f o r use in t he r o c k 
d r a i n . 

T h e r e l a t i v e s u s c e p t i b i l i t y of d i f f e r e n t r o c k 
t y p e s to m e c h a n i c a l d e g r a d a t i o n d u r i n g 
m i n i n g a n d t r a n s p o r t a t i o n can be e v a l u a t e d 
b y means of t he Los A n g e l e s A b r a s i o n T e s t , 
as wel l as U n c o n f i n e d C o m p r e s s i v e s t r e n g t h 
t e s t s , o r P o i n t Load s t r e n g t h i n d e x t e s t s . 
In g e n e r a l , a Los A n g e l e s a b r a s i o n i n d e x of 
more t h a n 40 p e r c e n t i n d i c a t e s a f r i a b l e 
r o c k , w h i c h w i l l t e n d to decompose in to 
f i n e s d u r i n g m i n i n g a n d d u m p i n g . A b r a s i o n 
l osses f r om Moose M o u n t a i n Fo rma t i on s a n d 
s tone we re m e a s u r e d in t he r a n g e of 15-31% 
( T a b l e 1 ) . T h i s s a n d s t o n e a lso e x h i b i t s 
c o m p r e s s i v e s t r e n g t h s r a n g i n g f r om 80 to 
200 M P a , i n d i c a t i n g a r e l a t i v e l y h a r d r o c k 
w h i c h w i l l t e n d to r e s i s t e x c e s s i v e b r e a k 
down d u r i n g m i n i n g a n d d u m p i n g . 

T h e po ten t i a l f o r p h y s i c o - c h e m i c a l d e g r a d a 
t i on can be e v a l u a t e d b y s l a k e d u r a b i l i t y 
t e s t s , as wel l as b y f r e e z e / t h a w t e s t s . 
A l t h o u g h t he f r e e z e / t h a w p r o c e s s is an 
i m p o r t a n t f a c t o r in long te rm b r e a k d o w n of 
r o c k n e a r t he g r o u n d s u r f a c e , i t is u n l i k e l y 
to be a s i g n i f i c a n t f a c t o r at d e p t h , e i t h e r 
in t he r o c k d r a i n b e n e a t h t he se d imen ta t i on 
p o n d , o r w i t h i n a was te d u m p , w h e r e f r e e z 
i n g is u n l i k e l y to o c c u r . A s l a k e d u r a b i l i t y 
i n d e x of less t h a n a p p r o x i m a t e l y 90% i n d i 
ca tes a r o c k t ha t w i l l t e n d to b r e a k down 
e x c e s s i v e l y u p o n e x p o s u r e to w a t e r . How
e v e r , as s h o w n in T a b l e 1, t he s l a k e d u r a 
b i l i t y of s o u r c e r o c k f o r t he B y r o n C r e e k 
d r a i n is g r e a t e r t h a n 98%, i n d i c a t i n g h i g h 
s l a k e r e s i s t a n c e . 

R o c k g r a d a t i o n s e n c o m p a s s a w ide e n v e l o p e 
in p r a c t i c e , r e f l e c t i n g t h e w ide r a n g e of 
mate r ia l p r o p e r t i e s a n d e x t e n t of b r e a k d o w n 
i n v o l v e d in t he m i n i n g p r o c e s s . F i g u r e 3 
i n d i c a t e s a t y p i c a l r a n g e of g r a d a t i o n s 
e n c o u n t e r e d in s e d i m e n t a r y r o c k was te 
d u m p s in t he R o c k y M o u n t a i n s r e g i o n . T h e 
es t ima ted mean g r a d a t i o n of t he r o c k p l a c e d 
in t he d r a i n is a lso s h o w n on t h i s f i g u r e . 
T h e a p p r o x i m a t e mean ( n o m i n a l ) r o c k s i ze is 
300 mm. T h e c o r r e s p o n d i n g i n - p l a c e p o r o s i t y 
is es t ima ted to be 0 . 2 5 . 
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T h e p r e f e r r e d p r o p e r t i e s of d r a i n r o c k w h i c h 
is to be p l a c e d in to a w a t e r c o u r s e a re s u m 
m a r i z e d in T a b l e 1. It can be seen t h a t t h e 
d r a i n r o c k p r o p e r t i e s e x c e e d t h e min imum 
c r i t e r i a s u g g e s t e d f o r each c a t e g o r y of 
e v a l u a t i o n . 

Water P r o p e r t i e s 

S e a s o n a l t e m p e r a t u r e f l u c t u a t i o n s w i l l a f f ec t 
wa te r d e n s i t y a n d v i s c o s i t y . It is e x p e c t e d 
t ha t t h e s e c h a n g e s wi l l h a v e no p r a c t i c a l 
impac t on f low ra tes t h r o u g h t he d r a i n . 

H y d r a u l i c G r a d i e n t s 

H y d r a u l i c g r a d i e n t s a long t he d r a i n r a n g e d 
f rom a p p r o x i m a t e l y 0 .02 at t he ou t l e t to 0 .05 
at t he i n l e t a n d a v e r a g e d 0 . 0 4 . 

T h e o r e t i c a l D r a i n C a p a c i t y 

T h e a n a l y s i s of t h r o u g h - f l o w in r o c k f i l l is 
comp lex a n d is g e n e r a l l y d e r i v e d b y means 
of e m p i r i c a l r e l a t i o n s h i p s . H e t e r o g e n e i t y of 
p a r t i c l e s i z e s and t h e phenomenon of t u r b u 
len t f low t h r o u g h p o r o u s med ia c o n t r i b u t e to 
mode l l i n g d i f f i c u l t i e s . T h e b a s i c e q u a t i o n of 
f l o w - t h r o u g h r o c k f i l l was p r e s e n t e d b y L e p s 
( 1 9 7 3 ) , w h i c h was b a s e d on l a b o r a t o r y t e s t 
r e l a t i o n s h i p s d e v e l o p e d b y W i l k i n s ( 1 9 5 6 ) . 
T h i s e q u a t i o n , w h i c h has been u s e d s u c c e s s 
f u l l y in p a s t r o c k f i l l f l ow a p p l i c a t i o n s b y 
o t h e r s , is as f o l l o w s : 

0 . 5 .0 .54 V = W . m . i v 

W h e r e : 

V = a v e r a g e v e l o c i t y of w a t e r in t h e 
v o i d s of t h e r o c k f i l l 

W = an e m p i r i c a l c o n s t a n t f o r a g i v e n 
r o c k f i l l nomina l p a r t i c l e s i z e 

m = mean h y d r a u l i c r a d i u s 

i = h y d r a u l i c g r a d i e n t 

F l o w - t h r o u g h the r o c k f i l l can be c a l c u l a t e d 
f r o m the e q u a t i o n : 

q = V . A . n M v 

W h e r e : 

q = f low 

V = as d e f i n e d a b o v e v 
A = c r o s s - s e c t i o n a l a r e a 

n - p o r o s i t y = e , w h e r e e = 
1 + e v o i d ra t i o 

T h e a v e r a g e i n t e r s t i t i a l v e l o c i t y t h r o u g h the 
v o i d s , b a s e d on an a v e r a g e h y d r a u l i c g r a 
d i e n t of 0 . 0 4 , was c a l c u l a t e d to be 0 .2 m / s . 
F o r a c r o s s sec t i ona l a rea of 2 m 2 , a f low 
of 0.1 m 3 / s was d e t e r m i n e d to be t h e c a p a 
c i t y of t he d r a i n . A r e a s of lower g r a d i e n t 
w o u l d r e q u i r e an i n c r e a s e d c r o s s s e c t i o n in 
l i n e a r p r o p o r t i o n to t he d r a i n c r o s s -
sec t i ona l a r e a . A l t h o u g h t he t h r o u g h - f l o w 
c a p a c i t y of t he n e i g h b o u r i n g a l l u v i u m wou ld 
a u g m e n t t he f low c a p a c i t y , t he h y d r a u l i c 
c o n d u c t i v i t y of t he a l l u v i u m was at least 3 
o r d e r s of m a g n i t u d e less t h a n t h a t of the 
r o c k f i l l a n d , as a r e s u l t , t h e compo nen t of 
f l ow w i t h i n the a l l u v i u m was not c o n s i d e r e d 
to be s i g n i f i c a n t . 

R o c k D r a i n S e c t i o n 

A t y p i c a l c r o s s - s e c t i o n s h o w i n g t he d e s i g n 
of t he r o c k d r a i n is p r o v i d e d on F i g u r e 4 . 
A cap of s e l e c t i v e l y g r a d e d a l l u v i a l mater ia l 
was p l a c e d o v e r t he r o c k f i l l as a f i l t e r zone 
f o r t h e o v e r l y i n g l i n e r b e d d i n g s a n d . 

C o n s t r u c t i o n of D r a i n 

T h e d r a i n was c o n s t r u c t e d a long t he l e n g t h 
of t he r e s e r v o i r , f o l l o w i n g t he s i n u o u s 
c o u r s e of t he o r i g i n a l c r e e k b e d a n d an o ld 
w a t e r l i n e i n s t a l l a t i o n , as s h o w n on F i g u r e 2 . 
A l a r g e ( C A T 235) h y d r a u l i c e x c a v a t o r 
a d v a n c e d t he t r e n c h to at leas t t h e min imum 
d e s i g n d i m e n s i o n s . T h e a v e r a g e c r o s s -
s e c t i o n a l a r e a of t he t r e n c h o b t a i n e d was 
3 m 2 , o r 50% l a r g e r t h a n t h e min imum c r o s s 
s e c t i o n r e q u i r e d to c o n v e y the d e s i g n f low 
of 0.1 m 3 / s . 

C o a r s e compe ten t s a n d s t o n e r o c k f i l l was 
b r o u g h t d o w n f rom t h e mine and s t o c k p i l e d 
a l ong t h e t r e n c h . T h e h y d r a u l i c e x c a v a t o r 
t h e n s e l e c t i v e l y p l a c e d t h e r o c k f i l l in t he 
e x c a v a t i o n , as s h o w n in F i g u r e 5 . T h e 
c o a r s e s t r o c k p a r t i c l e s we re p l a c e d on the 
b o t t o m , w i t h t he g r a d a t i o n becom ing p r o 
g r e s s i v e l y f i n e r t o w a r d s the top of t he 
d r a i n . P a r t i c l e s i z e s r a n g e d f rom f i n e 
g r a v e l to b o u l d e r s of up to 1 m in d i a m e t e r . 
T o e n s u r e a r e a s o n a b l e d e g r e e of " c o m p a c 
t i o n " , t h e r o c k f i l l was d r o p p e d in to p lace 
f r o m a p p r o x i m a t e l y 8 -9 m in h e i g h t , c o r r e s 
p o n d i n g to t he max imum h e i g h t of t h e 
e x c a v a t o r boom. V i b r a t o r y r o l l e r s wou ld not 
h a v e been e f f e c t i v e d u e to t he c o a r s e 
n a t u r e o f t he f i l l . F i g u r e 5 i l l u s t r a t e s 
t y p i c a l v i e w s of t h e r o c k f i l l d r a i n d u r i n g 
c o n s t r u c t i o n . 
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A cap of f i n e r r o c k f i l l a n d a l l u v i a l ma te r ia l 
was p l a c e d as a t r a n s i t i o n l a y e r b e n e a t h t he 
sand b e d d i n g p r i o r to i n s t a l l a t i o n o f t h e 
l i n e r . T h e f i n a l s u r f a c e was wel l compac ted 
w i th a 10 t o n , v i b r a t o r y , smooth d r u m r o l l e r . 

E x p e r i e n c e D u r i n g C o n s t r u c t i o n 

A f t e r the t r e n c h e x c a v a t i o n was c o m p l e t e d , 
al l s u r f a c e w a t e r was r e d i r e c t e d in to the 
t r e n c h . B a c k f i l l i n g of t he t r e n c h w i t h c o a r s e 
r o c k f i l l p r e d i c t a b l y r a i s e d t he w a t e r e l e v a 
t i ons t h r o u g h d i s p l a c e m e n t , b u t t he wa te r 
rema ined wel l be low t he g r o u n d s u r f a c e . A n 
a v e r a g e of 0 .06 m 3 / s was now c o n v e y e d b y 
the d r a i n t h r o u g h the r e s e r v o i r . 

In J u l y , 1985, i t was d e c i d e d t ha t t he p o r 
t i on of the C o r b i n C r e e k f low b e i n g d i v e r t e d 
a r o u n d t he wes t a b u t m e n t of t h e dam 
( F i g u r e 5) w o u l d be d i r e c t e d in to t h e d r a i n , 
r e s u l t i n g in a c o m b i n e d f low t h r o u g h t he 
d r a i n in t he o r d e r of 0.1 m 3 / s . S i n c e t he 
c a p a c i t y of t h e d r a i n w o u l d l i k e l y be e x c e e d 
ed in t h e d o w n s t r e a m a rea of t he p o n d , 
w h e r e g r a d i e n t s we re l ow , p u m p s w o u l d be 
p laced in t he r o c k f i l l to d e p r e s s t he w a t e r 
leve l to be low t he ad jacen t g r o u n d s u r f a c e . 
T h i s mod i f i ca t i on to t he d e w a t e r i n g o p e r a t i o n 
p e r f o r m e d s u c c e s s f u l l y f o r t he d u r a t i o n of 
c o n s t r u c t i o n a n d l i n e r i n s t a l l a t i o n . T h e d r a i n 
s a t i s f a c t o r i l y c o n v e y e d t he c o m b i n e d s u b s u r 
face and C o r b i n C r e e k f l ows t h r o u g h the 
r e s e r v o i r w i t h o u t t he need f o r p u m p i n g 
a s s i s t a n c e , e x c e p t in t he lower p a r t of t he 
r e s e r v o i r , w h e r e a 6 - i n c h s u b m e r s i b l e pump 
was u t i l i z e d . T h e r e , t he h y d r a u l i c g r a d i e n t 
was less t h a n 0 .02 a n d w o u l d h a v e r e q u i r e d 
a d r a i n w i t h a c r o s s - s e c t i o n a l a rea of at 
leas t 5 m 2 to c o n v e y the c o m b i n e d s u r f a c e 
a n d s u b s u r f a c e f l o w s . A s o n l y 3 to 4 m 2 of 
t he c r o s s - s e c t i o n a l a r e a was a v a i l a b l e , local 
p o n d i n g d e v e l o p e d a b o v e the r o c k f i l l s u r f a c e . 

D u r i n g l i n e r i n s t a l l a t i o n in S e p t e m b e r , 1985, 
a p e r i o d c h a r a c t e r t i z e d b y f r e q u e n t p r e c i p i 
t a t i on and h i g h c r e e k f l o w s , p r e s e r v a t i o n of 
d e w a t e r e d c o n d i t i o n s was e s s e n t i a l to p r e v e n t 
f l oa ta t i on of t he t h i n P V C l i n e r , p r i o r to 
f i na l c o v e r mate r ia l p l a c e m e n t . On one o c c a 
s i o n , the pump f a i l e d o v e r n i g h t a n d h e n c e , 
t he lower s e c t i o n s of t he d r a i n we re s u b j e c t 
ed to t he f u l l f low c o n d i t i o n s . T h e lower 
s e c t i o n s of t he d r a i n , s i z e d f o r a t h e o r e t i c a l 
f low of 0 .10 m 3 / s , had c o n v e y e d an e s t i 
mated 0 .12 m 3 / s . H e n c e , i t can be c o n c l u d e d 
t h a t the p e r f o r m a n c e of t he r o c k f i l l d r a i n 
d u r i n g c o n s t r u c t i o n e x c e e d e d the d e s i g n 
r e q u i r e m e n t s . 

P o s t - C o n s t r u c t i o n F lows 

A f t e r c o m m i s s i o n i n g of t h e r e s e r v o i r a n d 
dam in O c t o b e r , 1985, t he d r a i n was lef t in 
o p e r a t i o n to p e r f o r m a dua l f u n c t i o n : ( a ) to 
r e d u c e t he po ten t i a l f o r h y d r o s t a t i c u p l i f t 
p r e s s u r e s a g a i n s t t he l i n e r ; a n d ( b ) to 
p r o v i d e a s u p p l e m e n t a r y s o u r c e of w a t e r in 
t he e v e n t t h a t t h e r e s e r v o i r c a n n o t s u p p l y 
a l l of t h e demand f o r w a t e r . In J a n u a r y , 
1986, B y r o n C r e e k s ta f f m o n i t o r e d the f l ows 
at t he d o w n s t r e a m e x i t of t he d r a i n a n d 
f o u n d t h a t no d i m i n i s h m e n t in p r e v i o u s l y 
e x p e r i e n c e d c o n s t r u c t i o n f l ows had r e s u l t e d . 
A l t h o u g h the C o r b i n C r e e k f l ows had been 
r e d i r e c t e d in to t he r e s e r v o i r , in O c t o b e r , 
1985, a f low of a p p r o x i m a t e l y 0 .08 m 3 / s was 
s t i l l d i s c h a r g i n g f rom the r o c k f i l l . A s b a c k 
g r o u n d g r o u n d w a t e r l e v e l s we re low, a leak 
in t he l i n e r s y s t e m was s u s p e c t e d . De ta i l ed 
i n v e s t i g a t i o n s of t h e r e s e r v o i r w i t h d y e s , 
d i v e r s and remote c o n t r o l l e d s u b m e r s i b l e 
cameras e n s u e d . A s i n g l e v e r y l o c a l i z e d t e a r 
in t he l i n e r was d i s c o v e r e d d i r e c t l y o v e r 
t he d r a i n , a p p r o x i m a t e l y 150 m u p s t r e a m of 
t he d a m . T h e loca t ion of t h e t e a r o v e r t he 
d r a i n r e s u l t e d in a l a r g e i n f l u x of w a t e r . 
A f t e r r e p a i r , d r a i n f l ows d r o p p e d f rom 
a p p r o x i m a t e l y 0.1 m 3 / s to a leve l of a p 
p r o x i m a t e l y 0 .06 m 3 / s . 

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

S e v e r a l mine was te d u m p s a r e b e i n g p l a n n e d , 
o r a r e u n d e r c o n s t r u c t i o n in s t ream v a l l e y s 
in m o u n t a i n o u s t e r r a i n in w e s t e r n C a n a d a , 
as d i s c u s s e d b y C l a r i d g e et al ( 1 9 8 5 ) . 
T y p i c a l l y , t he r o c k f i l l d r a i n s h a v e been 
d e s i g n e d to c o n v e y s u b s t a n t i a l f l ood f l o w s . 

A t B y r o n C r e e k C o l l i e r i e s ' Eas t Waste D u m p , 
t he f low of C o r b i n C r e e k is es t ima ted to be 
up to 8 .8 m 3 / s f o r a 200 y e a r r e t u r n p e r i o d . 
R a t h e r t h a n c o n s t r u c t i n g a r o c k d r a i n a long 
the e n t i r e d u m p , i t was fe l t to be more 
e f f i c i e n t to c o n c e n t r a t e se l ec t c o a r s e r o c k f i l l 
in t he d o w n s t r e a m toe r e g i o n . A c c e s s is 
p o s s i b l e f rom the open p i t s to the v a l l e y 
f l o o r . T h e s e q u e n c e of d u m p i n g c o n s t i t u t e s 
wha t is e s s e n t i a l l y an " u p s t r e a m " method of 
c o n s t r u c t i o n in t he e a r l y s t a g e s of d u m p i n g . 
A n u n d e r d r a i n and d o w n s t r e a m toe c o n t a i n 
ment be rm wi l l be c o n s t r u c t e d in a s e r i e s of 
l i f t s t h a t w i l l assume an o v e r a l l s lope of 
o n l y 2 0 ° . A c o n s e r v a t i v e d e s i g n f o r t he 
f i n a l f ace is w a r r a n t e d b e c a u s e of t he e x i s 
t e n c e of t h e o n - s t r e a m sed imen ta t i on p o n d 
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a n d p l a n t f a c i l i t i e s immed ia te ly d o w n s t r e a m of 
t he d u m p . T h e d e s i g n of t he u n d e r d r a i n a n d 
u l t ima te d o w n s t r e a m d u m p s lope is i l l u s t r a t e d 
in F i g u r e 6 . F o r a med ian r o c k s i z e of 
300 mm, t he u n i t f l ow c a p a c i t y of 0 .04 m 3 / 
s / m 2 ( f o r i = 0 . 0 4 ) es t ima ted f o r t he u n d e r 
d r a i n was v e r y s im i l a r to t ha t m e a s u r e d in 
t he s e d im e n ta t i o n p o n d d r a i n . 

T h e e x p e r i e n c e f rom the B y r o n C r e e k d r a i n 
may be c a u t i o u s l y e x t r a p o l a t e d to t he a n t i c i 
p a t e d p e r f o r m a n c e of r o c k d r a i n s t h r o u g h 
was te d u m p s at o t h e r s i t e s w h e r e t he r o c k 
ma te r i a l s a r e s i m i l a r . A r o c k d r a i n can be 
p r o d u c e d n a t u r a l l y f r om c o a r s e s e g r e g a t i o n 
e f f e c t s of e n d d u m p i n g b l a s t e d r u n of mine 
r o c k . T h e r e s u l t i n g c o n c e n t r a t i o n of l a r g e r 
r o c k s i z e s w i l l t e n d to i n c r e a s e t he t r a n s m i s 
s i v i t y of t he d r a i n r o c k a b o v e t h a t o b s e r v e d 
in t he B y r o n C r e e k sed imen ta t i on p o n d d r a i n . 
T h e h i g h t h r o u g h - f l o w c a p a c i t y o b s e r v e d in 
t he B y r o n C r e e k d r a i n p r o v i d e s c o n f i d e n c e 
t ha t l a r g e r d r a i n s y s t e m s can be c o n s t r u c t e d 
w i t h s u f f i c i e n t c a p a c i t y to c o n v e y l a r g e f l ood 
f l o w s . O v e r t ime , as more was te r o c k f i l l 
d u m p s a r e c o n s t r u c t e d a n d t h r o u g h - f l o w s 
m o n i t o r e d , it s h o u l d be p o s s i b l e to r e f i n e t he 
p r e d i c t i v e model to a c c o u n t f o r f a c t o r s s u c h 
as t he ac tua l g r a d a t i o n of t he r o c k f i l l , t u r b u 
len t f low c o n d i t i o n s a n d m i g r a t i o n of f i n e 
g r a i n e d mate r ia l t h r o u g h t he v o i d s . 

C O N C L U S I O N S 

T h e p e r f o r m a n c e of t he r o c k d r a i n d u r i n g 
r e s e r v o i r c o n s t r u c t i o n s u r p a s s e d e x p e c t a 
t i o n s . T h e h i g h t r a n s m i s s i v i t y of t he r o c k f i l l 
was i l l u s t r a t e d w h e n a pump f a i l u r e s u b j e c t e d 
t h e d r a i n to a f u l l f l ow c o n d i t i o n , r e s u l t i n g 
in f l ows in e x c e s s of t he t h e o r e t i c a l d e s i g n 
c a p a c i t y . A p p r o x i m a t e l y 0 .12 m 3 / s was c o n 
d u c t e d t h r o u g h t he r o c k d r a i n , as c o m p a r e d 
to t he t h e o r e t i c a l c a p a c i t y of 0 .10 m 3 / s . 
H e n c e , t h e a b i l i t y o f an e n g i n e e r e d r o c k f i l l 
d r a i n to c o n v e y a h i g h f l ow was c l e a r l y 
d e m o n s t r a t e d . 

O n t he b a s i s of t h i s case h i s t o r y , t he L e p s 
f low e q u a t i o n is c o n s i d e r e d to be r e a l i s t i c f o r 
t he g r a d a t i o n of r o c k f i l l u se in t he d r a i n . 
C l o s e c o r r e l a t i o n s w e r e o b s e r v e d be tween t he 
p r e d i c t e d f l ows a n d t h o s e o b s e r v e d in t he 
d r a i n . 

T h e d r a i n e x p e r i e n c e at t he B y r o n C r e e k 
p r o j e c t has d e m o n s t r a t e d t h e po ten t i a l h i g h 
t h r o u g h - f l o w c a p a c i t y of smal l r o c k f i l l d r a i n 
age s y s t e m s u n d e r r e l a t i v e l y low head c o n d i 
t i o n s . T h e d r a i n may a lso be c o n s i d e r e d as a 

p e r f o r m a n c e model f o r much l a r g e r s y s t e m s , 
s u c h as r o c k d r a i n s t h r o u g h was te d u m p s , 
w h e r e t h r o u g h - f l o w c a p a c i t y is o f p r i m a r y 
c o n c e r n . 

A C K N O W L E D G E M E N T S 

A p p r e c i a t i o n is e x t e n d e d to t he management 
of E s s o R e s o u r c e s C a n a d a L i m i t e d , f o r p e r 
m iss i on to p r e p a r e a n d s u b m i t t h i s p a p e r . 
E s s o ' s manage r i a l a n d t e c h n i c a l s t a f f who 
we re most e x t e n s i v e l y i n v o l v e d w i th the 
r e s e r v o i r a n d d r a i n c o n s t r u c t i o n i n c l u d e 
M r . M . E . M a l e o d , M r . R . F . B r o o m and M r . 
M . C . T r e s s l e r . T h e r e v i e w p r o v i d e d b y D r . 
T . L . D a b r o w s k i of P i t e a u E n g i n e e r i n g L t d . 
is a lso g r a t e f u l l y a c k n o w l e d g e d . 
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TABLE 1. 

PREFERRED WASTE ROCK PROPERTIES FOR DRAIN ROCK 
AND ROCK PROPERTIES FOR BYRON CREEK DRAIN 

PROPERTIES PREFERRED MINIMUM 
VALUE 

SOURCE OF ROCK FOR 
BYRON CREEK DRAIN 

Rock Types 

Coal Mines: 
Sandstone 
Hard S i l ts tone 

Metal Mines: 
Igneous Rock 
Hard Metamorphics 

mainly sandstone 
from Moose Mount
ain Formation 

Mechanical Qual i t ies 

Los Angeles Abrasion 

Uniaxial Compressive 
Strength 

< 40% 

> 50 MPa 

15 - 31% 

generally 80 -
200 MPa 

Physico-Chemical Qual i t ies 

Freeze/Thaw 

Slake Durabi l i ty 

not s ign i f i can t 
at bottom of dump 

> 90% 

drain does not 
freeze 

generally 98% 

Rock Gradation 

S i l t Fines 5% negl ig ib le 
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U . S . S T A N D A R O S I E V E S IZE 

lOOO 100 10 1.0 O.t 0 01 0.001 
GRAIN SIZE IN M I L L I M E T E R S 

COBBLES GRAVEL SANO SILT OR CLAY COBBLES COARSE FINE COARSEi MEDIUM PINE SILT OR CLAY 

TYPICAL RANGE OF GRADATIONS FOR 
COAL WASTE DUMP AND ESTIMATED GRADATION OF 

SEDIMENTATION POND DRAIN ROCK 
FIGURE 3 



FINAL SURFACE OF RESERVOIR 

COARSE COVER 0.6m 

L I N E R — S A N D COVER 0 .3m 

| SAND BEDDING ! ,0.2m 

PROGRESSIVELY ' 
r ^ D S E L E C T COARSE ALLUVIUM 
FINER 0.3 m 

1 

FINER 

ALLUVIUM > 

\ 
COARSER 

1 

f) f~) S E L E C T MINE CVp 
y~\P~, WASTE ROCKFILL ^ s f N 
C / V S D 5 0 = 3 0 0 m m U i ( 

1.5m (TYP) 

ALLUVIUM 

2 m (TYP) 

NOTE •  

AVERAGE CROSS-SECTIONAL AREA IS 3m . DEPTH AND WIDTH MAY 
VARY BY UP TO 0.5 m. 

TYPICAL CROSS - SECTION 
OF ROCK DRAIN FIGURE 4 
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C o r b i n C r e e k f l ow b e i n g d i v e r t e d a l o n g w e s t s i d e of 
r e s e r v o i r ( f o r k at bo t tom of p h o t o ) . F low was s u b s e 
q u e n t l y d i r e c t e d in to r o c k d r a i n . 

R o c k d r a i n c o n s i s t i n g of c o a r s e s a n d s t o n e . S u b s e 
q u e n t l y c a p p e d w i t h m in imum 300 mm t h i c k f i n e r 
g r a d a t i o n C l a s s A r o c k f i l l . 

Figure 5. Site Photos 



ROCKFILL ZONE 

CLASS A AND 
UNDERDRAIN 

SPECIFIED GRADATIONS 
FOR SELECT ROCKFILL 

DIMENSIONS 

ROCK T Y P E MINIMUM 
NOMINAL 
SIZE 

SELECT 
SANDSTONE/ 
LIMESTONE 
SELECT 
SANDSTONE 
AND SILTSTONE 
ALL ROCK 1 
EXCEPT 
DEGffADABLE 
MUDSTONE , SHALE 
AND SOIL 
OVERBURDEN 
RANDOM ROCK 

OOCr 

200n 

MAXIMUM 

SO^t FINER 
THAN 

lOOmm 

10% FINER 
THAN 

APPROXIMATE 

QUANTITY l m ! 

50 OOO 

H20 0O0 

AS OB TAIN EO FROM MINE 313.8 MILLION TYPICAL SECTION OF UNDERDRAtN 

IBOO 

1710 

I7O0 

ISSO 

LONGITUDINAL SECTION THROUGH 
DOWNSTREAM FINAL SLOPE 

BYRON CREEK COLLIERIES - EAST WASTE DUMP 
DESIGN OF FINAL DOWNSTREAM SLOPE USING SELECT DURABLE ROCKFILL 



ROCK FILL DAMS IN HANDLING MINE WASTE MATERIAL 
by 

B.A. Chappell 

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

R o c k f i l l e m b a n k m e n t s a r e u s e d f o r a v a r i e t y 
of t a s k s , some of w h i c h a r e r e t a i n i n g o r 
d r a i n i n g w a t e r , i m p o u n d i n g s e d i m e n t , s u p 
p o r t i n g l o a d s , r e c l a i m i n g l a n d , a n d mine 
was te d i s p o s a l . T h e s e t a s k s a re p e r f o r m e d 
b y t he p r o c e s s e s of load d i s t r i b u t i o n , f i l t r a 
t i o n , and w a t e r f l o w . T h i s d i v e r s i t y of u s e , 
c o u p l e d w i t h t he d i f f e r e n t p r o c e s s e s , is e v e r 
w i d e n i n g as k n o w l e d g e a n d c o n s t r u c t i o n 
t e c h n i q u e s , u s i n g r o c k f i l l a n d a s s o c i a t e d 
m a t e r i a l s , a r e b e t t e r u n d e r s t o o d a n d i m 
p r o v e d . In t h i s p a p e r , t he r o c k f i l l is c o n 
s i d e r e d a w a t e r a n d o r s l u r r y r e t a i n i n g 
s t r u c t u r e w i t h t he r o c k f i l l a lso a c t i n g as a 
s e r v i c e s p i l l w a y . T h i s means t ha t t he e m 
b a n k m e n t mus t r e t a i n t a i l i n g s b u t a l low f low 
t h r o u g h a n d o v e r t he e m b a n k m e n t . T o 
a c h i e v e t h i s , k n o w l e d g e of t he t h r o u g h f low 
h y d r a u l i c c h a r a c t e r i s t i c s is r e q u i r e d f o r 
s l u r r y r e t e n t i o n , a n d o v e r f low h y d r o d y n a m i c 
c h a r a c t e r i s t i c s f o r r i v e r and f l ood c o n t r o l . 
In a d d i t i o n to d e f i n i n g t he i n t e r a c t i o n of 
t h e s e two f low reg ime c h a r a c t e r i s t i c s , t he 
s t a b i l i t y of t he e m b a n k m e n t in re la t i on to t he 
f o u n d a t i o n a n d a b u t m e n t s , is a l w a y s k e p t in 
m i n d . 

B e c a u s e of t h e w ide v a r i e t y of was te p r o 
d u c t s p r o d u c e d a n d c o n s t r u c t i o n ma te r i a l s 
a v a i l a b l e , t h e r e a r e g e n e r a l l y a l a r g e n u m b e r 
of c o n s t r a i n t s imposed on e m b a n k m e n t d e s i g n 
a n d c o n s t r u c t i o n . T h e s e c o n s t r a i n t s a r e 
a d d e d to a n d i n t e n s i f i e d w h e n 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 a r e i n c l u d e d . A s s l u r r y r e t e n 
t i on and d r a i n a g e is a lso a p r ime r e q u i s i t e , 
t h e d e s i g n of t he f i l t e r s y s t e m is as i m p o r 
t a n t as the e m b a n k m e n t i t s e l f . T h e f i l t r a t i o n 
a n d d r a i n a g e p r o v i s o s p l u s o t h e r r e q u i r e 
ments a r e f a c i l i t a t e d b y u s i n g compos i te 
m a t e r i a l s , s u c h as r e i n f o r c e d r o c k a n d g e o -
f a b r i c s . T h e s e compos i te ma te r i a l s w i t h t h e 
r a n g e of r o c k t y p e s u s e d as r o c k f i l l , e n l a r g e 
t h e n u m b e r o f d e s i g n s o l u t i o n s a v a i l a b l e . 

It is now k n o w n , J e n n i n g s ( 1 9 7 9 ) , C o o k e 
( 1 9 8 4 ) , t h a t b o t h t h e r e t a i n e d s l u r r y a n d 
d u m p e d o r c o m p a c t e d r o c k f i l l e m b a n k m e n t s 
a r e a n i s o t r o p i c . T h e s e a n i s o t r o p i c s , t h o u g h 
d i f f i c u l t to m e a s u r e r e q u i r e q u a n t i f i c a t i o n , i f 
t he mechan i sms c o n t r o l l i n g e m b a n k m e n t b e 

h a v i o u r r e l a t ed to t h r o u g h a n d o r o v e r f l o w 
dams a r e to be u n d e r s t o o d . In a d d i t i o n , the 
a n i s o t r o p i e s a lso c o n t r o l t h e d e s i g n of the 
f i l t e r s a n d e f fec t t he r e s p o n s e of t he s l u r r y 
a n d r o c k f i l l to p i p i n g and l i q u e f a c t i o n . 
A n o t h e r a rea w h e r e t h e s e a n i s o t o p i e s a re 
impo r tan t is in t he c o n s i d e r a t i o n of se i sm ic 
s h o c k s . 

A s is t he case in many a reas of e n g i n e e r i n g , 
e x p e r i e n c e and p r e c e d e n c e domina te the 
d e s i g n a n d c o n s t r u c t i o n p r o c e s s . T h i s is 
t r u e of bo th e a r t h and r o c k f i l l d a m s . C o n 
s e q u e n t l y , in o r d e r to f o r m a l i s e t he d e s i g n 
p r o c e s s , t he e x p e r i m e n t a l a p p r o a c h , c o u p l e d 
w i th t h e o r e t i c a l r a t i o n a l e , is e x a m i n e d w i th 
the b a c k g r o u n d of some e x p e r i e n c e s in 
c o n s t r u c t i o n . Some examp les a re u s e d in the 
p r e s e n t a t i o n of c o n c e p t s at t he e n d of the 
p a p e r . T h e w o r k se t o u t r e l a t e s , in the 
m a i n , to t he d e s i g n a n d c o n s t r u c t i o n p r o c e 
d u r e s u s e d a n d d e v e l o p e d at t he S n o w y 
M o u n t a i n E n g i n e e r i n g C o r p o r a t i o n . 

D e v e l o p m e n t of r o c k f i l l e m b a n k m e n t s 

S i n c e t h e f i r s t r e c o r d e d r o c k f i l l dams c o n 
s t r u c t e d on t he C a l i f o r n i a n g o l d f i e l d s in t he 
1850s , e g . F r e n c h Lane dam 1859, t h e r e has 
been s low b u t s t e a d y p r o g r e s s in t he c o n 
s t r u c t i o n of d u m p e d r o c k f i l l d a m s . T h e 
h e i g h t of t h e s e dams u p to 1960 we re 
g e n e r a l l y be low 60 m a n d t he impermeab le 
z o n e s we re made u p of ma te r i a l s s u c h as 
s i l t - c l a y e a r t h , c o n c r e t e , w o o d , a n d s t e e l . 
B e c a u s e of e x c e s s i v e se t t l emen ts i n h e r e n t in 
d u m p e d a n d s l u i c e d r o c k f i l l , many of t he 
c o n c r e t e f a c e d r o c k f i l l dams c r a c k e d a n d 
leaked c o p i o u s l y . T h e s e e x c e s s i v e r o c k f i l l 
d e f o r m a t i o n s a n d t he economics of t he 
p r o j e c t m a d e , at t h i s s t a g e , t h e e a r t h f i l l 
c o r e t h e most w i d e l y u s e d impermeab le zone 
m a t e r i a l . It is i m p o r t a n t to n o t e , h o w e v e r , 
t h a t t h o u g h many of t he h i g h e r c o n c r e t e 
f a c e d r o c k f i l l dams c r a c k e d a n d l e a k e d , 
none of them f a i l e d f r om e m b a n k m e n t i n s t a 
b i l i t y . 

F rom 1960 o n , t h e r e we re c o n s i d e r a b l e 
i m p r o v e m e n t s in c o n s t r u c t i o n t e c h n i q u e s , 
e q u i p m e n t , a n d b e t t e r me thods of r o c k f i l l 
q u a r r y i n g . I ns tead of j u s t d u m p i n g and 
s l u i c i n g t he r o c k f i l l in 10 to 30 m l i f t s , t he 
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r o c k f i l l was se t ou t in 0 .9 to 2 m l a y e r s 
and c o m p a c t e d w i t h 3 to 6 p a s s e s of a 4 to 
10 t smooth w h e e l e d v i b r a t i n g r o l l e r . T h e 
mo i s tu re c o n t e n t u s e d in t he compac t i on of 
t he r o c k f i l l v a r i e s be tween 4% to 12%. T h e s e 
i m p r o v e d c o n s t r u c t i o n t e c h n i q u e s w i t h b e t t e r 
m a c h i n e r y i n c r e a s e d t h e d u m p e d d e n s i t y f r om 
0 .9 t / m 3 to c o m p a c t e d d e n s i t i e s of 1.9 to 
2.1 t / m 3 . T h e c o n c o m i t a n t de fo rma t i ona l 
s t i f f n e s s i n c r e a s e d f r om less t h a n 11 Mpa to 
be c o n s i s t e n t l y g r e a t e r t h a n 80 M p a . I n i t i a l l y , 
t hese i m p r o v e m e n t s w e r e u s e d to i n c r e a s e 
the h e i g h t ( g r e a t e r t h a n 300 m) a n d p e r f o r 
mance of e a r t h r o c k f i l l d a m s . Wi th t he 
r e d u c e d r o c k f i l l d e f o r m a t i o n s , c r a c k s in t h e 
impermeab le c o n c r e t e f ace we re al l b u t 
e l im ina ted a n d t h i s has led to t he c o n s t r u c 
t ion of many more a n d h i g h e r c o n c r e t e f a c e d 
r o c k f i l l d a m s . 

P r i o r to t he i m p r o v e d r o c k f i l l c o m p a c t i n g 
t e c h n i q u e s , Weiss (1950) d e s c r i b e d t he o v e r 
f low a n d d o w n s t r e a m s lope p r o t e c t i o n of f o u r 
dams c o n s t r u c t e d in M e x i c o in t he 1930s a n d 
e a r l y 1940s. F o r d o w n s t r e a m s lope p r o t e c t i o n , 
g r i d p a t t e r n e d r e i n f o r c e m e n t s tee l b a r s 
p r o t e c t i n g a s l ope g r a d i e n t of 1 in 1.4 we re 
u s e d . T h o u g h no c o n t r o l l e d compac t i on of 
t he r o c k was f o r m a l i s e d , t h e d u m p e d r o c k 
was la id ou t in smal l l i f t s , 1 m to 3 m, and 
t r a f f i c k e d w i t h 4 p a s s e s of t r a c k e d , D 8 , bu l l 
d o z e r . T h o u g h o v e r t o p p e d , w i t h o v e r f l o w 
d e p t h s up to 3 .5 m, t he r o c k f i l l dams p e r 
f o rmed v e r y wel l i n d e e d w i th o n l y one of t he 
dams b e i n g s l i g h t l y d a m a g e d . A l l t h e s e 
p r o t e c t i v e m e a s u r e s we re at t h i s s t a g e 
t e m p o r a r y . 

W i l kens (1956) d e s c r i b e s t he deve lopmen ta l 
w o r k p e r f o r m e d b y the T a s m a n i a n H y d r o 
E l e c t r i c C o m m i s s i o n in c o n s t r u c t i n g t he 12 m 
h i g h L a u g h i n g J a c k m a r s h dam w i th a 
t h r o u g h f l ow s p i l l w a y r o c k e m b a n k m e n t . T h i s 
was t he f i r s t t ime t h r o u g h f low was c o n s i 
d e r e d a p e r m a n e n t f e a t u r e of t he d a m . In 
1963, W i l k e n s se ts ou t t he a d d e d e x p e r i e n c e s 
in T a s m a n i a g a i n e d f r om the use of t h r o u g h 
and o v e r f l ow e m b a n k m e n t s . T h e s e e m b a n k 
m e n t s , as w e r e t h o s e in M e x i c o , w e r e p r o 
t ec ted w i t h r e i n f o r c i n g b a r s a n d s tee l mesh 
on the d o w n s t r e a m r o c k s lope w h i c h had a 
g r a d i e n t of 1 in 1 .4 , a n d r o c k s i z e up to 
0 .45 m. 

M a n y i m p o r t a n t a n d i n v a l u a b l e l e s s o n s came 
ou t of t h e s e e x p e r i e n c e s in c o n s t r u c t i n g 
the t h r o u g h a n d o v e r f l o w r o c k f i l l dams in 
T a s m a n i a , W i l k e n s ( 1 9 6 3 ) , F i t z p a t r i c k (1977) 
and B o w l i n g ( 1 9 8 0 ) . T w o i m p o r t a n t r e q u i r e 

ments we re t he n e c e s s i t y of p r o t e c t i n g t he 
r o c k f i l l t o e , and the need to p r e v e n t 
damage of t he p r o t e c t i v e mesh c a u s e d b y 
r o c k a n d log d e b r i s s lamming the d o w n 
s t ream s l o p e . In a d d i t i o n , i t was soon 
r e a l i s e d t h a t t h e o v e r f l o w i n g w a t e r n e a r t he 
a b u t m e n t s a t t a i n s h i g h e r v e l o c i t i e s wh i l e t he 
w a t e r t r a v e l s a l ong t h e toe t o w a r d s t he 
c e n t r a l s t r e a m . B e c a u s e of t h i s , t he s u r f a c e 
a b u t m e n t w a t e r has a h i g h e r o s i v e c a p a b i l i t y 
a n d c a u s e s c o n s i d e r a b l e d a m a g e , Pe l l s 
( 1 9 7 8 ) , u n l e s s s p e c i f i c a l l y d e s i g n e d f o r . 
A l s o , i f t he c r e s t o f t he dam is i ncomp le te 
w h e n o v e r f l o w o c c u r s , f l ow is c o n c e n t r a t e d 
in c h a n n e l s c a u s i n g r i l l i n g and the e r o d e d 
r o c k f r om the c r e s t s lams the d o w n s t r e a m 
m e s h . T h i s means t h a t p r i o r w a r n i n g of t he 
i m p e n d i n g f l ood is e s s e n t i a l so t h a t t he r o c k 
f i l l l a y e r o r l i f t is comp le te a n d r e a d y , t h a t 
is p r o t e c t e d ( m e s h e d ) b e f o r e a c c e p t i n g t he 
o v e r f l o w . 

T h e r e a r e now many e x a m p l e s in A u s t r a l i a 
w h e r e r e i n f o r c e d r o c k f i l l has been s a f e l y 
o v e r t o p p e d to d e p t h s up to 2 . 5 m. G o o g o n g 
in New S o u t h W a l e s , B o r u m b a in Q u e e n s 
l a n d , O r d R i v e r a n d S e r p e n t i n e in Wes te rn 
A u s t r a l i a a n d many m o r e . 

In c o n j u n c t i o n w i t h t h e w o r k c a r r i e d ou t in 
T a s m a n i a , t he U n i v e r s i t y of M e l b o u r n e p e r 
f o r m e d r e s e a r c h w o r k , S a n d i e (1961) a n d 
P a r k i n ( 1 9 6 3 ) , r e l a t e d to t he h y d r a u l i c s a n d 
s t a b i l i t y of r o c k f i l l . T h i s w o r k e x a m i n e d , 
in t he m a i n , r o c k f i l l dams w i t h i n b u i l t s p i l l 
w a y s . 

O l i v i e r (1964) p e r f o r m e d e x p e r i m e n t s on 
r o c k f i l l model e m b a n k m e n t s and p r o d u c e d a 
v e r y u s e f u l p a p e r on t he h y d r a u l i c c h a r a c 
t e r i s t i c s of u n r e i n f o r c e d t h r o u g h and o v e r 
f low d a m s . H y d r a u l i c s t a b i l i t y of t h e s e r o c k 
f i l l e m b a n k m e n t s , in t he m a i n , r e l i e d on the 
g r a d e and s i z e of r o c k s m a k i n g up the 
d o w n s t r e a m s l o p e . M a n y c o u n t r i e s s u c h as 
S o u t h A f r i c a , I n d i a , A u s t r a l i a , a n d o t h e r s 
h a v e s u c c e s s f u l l y a p p l i e d the p r i n c i p l e s set 
ou t in t h i s p a p e r . O n e of t he main p r o b l e m s 
in t h e s e u n r e i n f o r c e d e m b a n k m e n t s is p o s 
s i b l e d i f f e r e n t i a l se t t l emen t a long the o v e r 
f low c r e s t w h i c h c o n c e n t r a t e s f low and e n 
c o u r a g e s e r o s i o n . 

S p a r k s (1967) e x a m i n e d a n d d e f i n e d the 
e r o s i o n a n d s l o u g h i n g c h a r a c t e r i s t i c s of t he 
d o w n s t r e a m s l o p e . O n c e the h y d r a u l i c and 
h y d r o d y n a m i c f o r c e s , w h i c h we re not r e a l l y 
q u a n t i f i e d in t h i s p a p e r , w e r e f o u n d , c l a s s i 
cal s l i p c i r c l e a n a l y s e s w e r e u s e d to d e t e r -
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mine t he r e i n f o r c e m e n t r e q u i r e d to s t a b i l i s e 
t h e e m b a n k m e n t f rom s l o u g h i n g . T h e f o r c e s 
in t he mesh r e i n f o r c e m e n t w e r e u n d u l y smal l 
a n d u n r e a l i s t i c , ie 7 K p a f o r t he case of 
X o n x a dam in S o u t h A f r i c a , S h a n d a n d Pe l l s 
( 1 9 7 0 ) . 

T h o u g h much v a l u e is o b t a i n e d f rom the 
a b o v e r e s e a r c h w o r k , i t is t he f i e l d e x p e r i 
ences a n d t e c h n i q u e s w h i c h g i v e the p r e c e 
d e n c e on w h i c h f u t u r e w o r k s a re d e s i g n e d 
a n d c o n s t r u c t e d . New t e c h n i q u e s a n d m a t e r 
ia ls s u c h as g e o f a b r i c s a n d r e i n f o r c e d e a r t h 
h a v e g i v e n g r e a t e r scope to t he d e s i g n a n d 
r e q u i r e d s t a g e c o n s t r u c t i o n of was te c o n t r o l 
r o c k f i l l d a m s . H o w e v e r , in o r d e r to op t im ise 
t he use of t h e s e m a t e r i a l s in d e s i g n a n d 
c o n s t r u c t i o n , an u n d e r s t a n d i n g of t h e i r 
b e h a v i o u r is o b t a i n e d b y a p p l y i n g ra t i ona l 
t h e o r y c o u p l e d w i t h a v a i l a b l e e x p e r i m e n t a l 
i n f o r m a t i o n . A d d e d to t h i s a r e t he e x p e r i 
e n c e s o b t a i n e d b y u s i n g t h e s e ma te r i a l s in 
p r o t o t y p e s t r u c t u r e s . 

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

S l ime dams a r e s u c h t h a t g e n e r a l l y t h e 
e m b a n k m e n t is made up of t h e was te p r o d u c t 
in t he f o rm of h y d r a u l i c f i l l , Gowan (1980 ) . 
T h e q u e s t i o n of w h e t h e r to use d o w n s t r e a m , 
c e n t r e l i n e , o r u p s t r e a m e m b a n k m e n t s is a 
f u n c t i o n of t h e was te p r o d u c t b e i n g h a n d l e d 
a n d l and t o p o g r a p h y a v a i l a b l e . With t he new 
f o u n d r e q u i r e m e n t s of e n v i r o n m e n t a l a w a r e 
n e s s a n d s a f e t y , t he need to e n g i n e e r a n d 
manage t he p r o b l e m of mine was te d i s p o s a l is 
e s s e n t i a l . B e c a u s e of t h i s , e a r t h a n d r o c k 
f i l l e m b a n k m e n t s a r e now p a r t o f t he mine 
was te d i s p o s a l s c e n e . T h e mate r ia l u s e d f o r 
c o n s t r u c t i n g t h e s e e m b a n k m e n t dams v a r i e s 
f r om a c l a y to r o c k w i t h a s s o c i a t e d r e i n 
f o r c e m e n t , a n d d r a i n a g e m a t e r i a l s . 

I r r e s p e c t i v e of t he ma te r ia l u s e d to c o n s t r u c t 
t he e m b a n k m e n t , d r a i n a g e of bo th t h e 
e m b a n k m e n t a n d s l u r r y f i l l a re p r ime f a c t o r s . 
When r o c k f i l l is u s e d f o r t h e e m b a n k m e n t , 
r e t e n t i o n of t he was te p r o d u c t is j u s t as 
i m p o r t a n t as d r a i n a g e of t h e was te p r o d u c t 
i t s e l f . Waste p r o d u c t a n d e m b a n k m e n t d r a i n 
age h e r e means t ha t w a t e r is d r a i n i n g f r om 
the was te in to a n d t h r o u g h t he r o c k f i l l . 
When w a t e r is a lso f l o w i n g t h r o u g h a n d o v e r 
t h e e m b a n k m e n t f r om s u r f a c e w a t e r r u n o f f , 
b o t h d r a i n a g e a n d h y d r o d y n a m i c f o r c e s a re 
now a c t i n g on t he e m b a n k m e n t . In o r d e r to 
r e t a i n t he t a i l i n g s , a t r a n s i t i o n f i l t e r a n d 
d r a i n a g e zone is r e q u i r e d b e t w e e n t he s l u r r y 
a n d r o c k f i l l . A s the f low in t h e sma l l e r 
v o i d s of t he s l u r r y is l am ina r and t h a t in 

t he l a r g e r v o i d s of t he r o c k f i l l is s t i l l lower 
t h e r e a r e no i n d u c e d i n s t a b i l i t i e s . T h a t j s ' 
t he major p a r t of t he h y d r a u l i c g r a d i e n t 
r e s i d e s in t he s l u r r y a n d d r o p s to a tmos
p h e r i c on e n t e r i n g the r o c k f i l l , P a r k i n 
( 1 9 6 3 ) , F i g u r e 3 . 

If t he r o c k f i l l is so f t r o c k , w h i c h b r e a k s 
down on c o m p a c t i o n , M a c k e n z i e and 
M c D o n a l d ( 1 9 8 0 ) , s p e c i a l d r a i n s a r e r e q u i r e d 
to e n s u r e a d e q u a t e d r a i n a g e and r e d u c t i o n 
of p o r e p r e s s u r e . T h i s so f t ma te r ia l ( f r i a b l e 
s a n d s t o n e and s h a l e ) is g e n e r a l l y no t su i t ed 
to r e s i s t t he h y d r o d y n a m i c f o r c e s of o v e r 
a n d t h r o u g h f low y e t a lone t he t h r o u g h f low 
d r a i n a g e . If so f t r o c k is u s e d as a water 
r e t a i n i n g s t r u c t u r e , spec ia l d r a i n a g e l a y e r s 
a r e d e s i g n e d a n d i n c l u d e d in t he e m b a n k 
men t . 

No mat te r wha t t y p e of r o c k f i l l is u s e d , 
w h e n a s s e s s i n g e m b a n k m e n t b e h a v i o u r , i t is 
impo r t an t to r e c o g n i s e a n d i n c l u d e the 
i n d u c e d a n i s o t r o p i e s . In t h e t a i l i n g s , 
h y d r a u l i c se t t l emen t c a u s e s p a r t i c l e s i ze 
d i f f e r e n t i a t i o n a n d s e p a r a t i o n w i t h the 
r e s u l t a n t mate r ia l l am ina t ions a n d a n i s o t r o p y . 
T h i s a n i s o t r o p y in mate r ia l s i z e a n d p e r m e 
a b i l i t y i n c r e a s e s t h e po ten t i a l of t he t a i l i n g s 
to p i p e , e r o d e , a n d a lso p o s s i b l y l i q u i f y , 
( J e n n i n g s 1979 ) . 

In d e s i g n i n g the t r a n s i t i o n zone f o r f i l t r a 
t i on a n d d r a i n a g e , t he f i l t e r r e q u i r e m e n t s 
d e f i n e d b y G i r o u d (1981) a n d S h e r a r d (1983) 
a r e u s e d . T h e s e c r i t e r i a , in t he m a i n , 
c o r r o b o r a t e t h o s e se t ou t b y T e r z a g h i bu t 
w i t h the a d d e d c o n d i t i o n s of d e f i n i n g the 
min imum p o r e s i z e r e l a t e d to t he f i l t e r 
p a r t i c l e s i z e r e p r e s e n t e d b y D - i c - Where D ^ 
is t he s i e v e s i z e w h i c h a l lows T5% b y w e i g h t 
of t he sample b e i n g t e s t e d to p a s s . With 
k n o w l e d g e of t he min imum p o r e s i z e , the 
s i z e of p a r t i c l e w h i c h can p a s s t h r o u g h t h i s 
min imum p o r e s i z e is d e f i n e d . C r i t e r i a s u c h 
as h y d r a u l i c g r a d i e n t and b o u n d a r y e l e c t r o 
k i n e t i c s h a v e an e f f ec t b u t u n d e r h i g h 
h y d r a u l i c g r a d i e n t s , t he r e l a t i v e p o r e s i z e 
is t he c o n t r o l l i n g f a c t o r . S h e r a r d (1983) 
f o u n d t h a t D^Q a n d D^Q s i e v e s i z e s f o r t he 
f i l t e r mate r ia l De ing e x a m i n e d c o u l d a l t e r n a 
t i v e l y r e p r e s e n t t h e a v e r a g e p o r e s i z e of 
t he f i l t e r ma te r ia l as does D ^ . T h e min imum 
p o r e s p a c e a l l o w i n g t he p o s s i b l e p a s s a g e of 
a p a r t i c l e , S h e r a r d ( 1 9 8 3 ) , v a r i e s a s : 
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d base = (0 .11 [min ] to 0 . 6 ) D 1 5 f i l t e r 

Where b a s e is t he p a r t i c l e s i z e w h i c h 
p a s s e s t h r o u g h t he p o r e s of 
t h e m a t e r i a l , 

D 15 f i l t e r is t he e q u i v a l e n t s i e v e 
s i z e of a p a r t i c l e of w h i c h 15% 
p a s s e s t h a t s i e v e s i z e . 

T h e sma l l es t p o r e s i z e o p e n i n g is t h e one 
wh ich c o n s t r a i n s t h e movement of a p a r t i c l e . 
T h e r e f o r e : 

D base = 0.11 D 1 5 f i l t e r 

is t he base p a r t i c l e s i z e w h i c h can pass 
t h r o u g h t he f i l t e r . 

T h i s r e l a t i on was f o u n d to a p p l y not o n l y to 
u n i f o r m l y g r a d e d f i l t e r s b u t a lso wel l g r a d e d 
f i l t e r s w i t h C u r a n g i n g up to 12 . C u is t he 
u n i f o r m i t y c o e f f i c i e n t w h i c h is a m e a s u r e of 
the r a n g e of g r a d i n g a n d is t he ra t i o DQQ / 
D 1 0 ' 

Fo r base ma te r i a l s f r om e x c e p t i o n a l l y f i n e 
c l a y s w i t h d g ^ less t h a n 0 .02 mm, a f i l t e r 
w i th e q u a l to o r less t h a n 0 .2 mm is 
r e q u i r e d ; F o r a f i n e g r a i n e d s i l t o f low 
c o h e s i o n , a f i l t e r w i t h equa l to o r less 
t h a n 0 . 3 mm is r e q u i r e d . F o r f i n e g r a i n e d 
c l a y w i t h dr,^ f r o m 0.1 to 0 . 3 , a f i l t e r w i t h 
D-,r- equa l to o r less t h a n 0 . 5 mm is r e -

15 q u i r e d . Wi th t h e s e a d d e d c o n d i t i o n s in m i n d , 
i n t e r n a l e r o s i o n o r p i p i n g of t he s l u r r y 
t h r o u g h t he r o c k f i l l is i n h i b i t e d if t he f i l 
t r a t i o n c r i t e r i o n , name ly 

D 1 5 f i l t e r 

dg,- base 

(1 ) 

is s a t i s f i e d . T h i s has an i n h e r e n t f a c t o r of 
s a f e t y of a p p r o x i m a t e l y 2 . 

T h o u g h S h e r a r d (1983) n e g a t e s t h e u s e f u l 
ness of o t h e r f i l t e r c r i t e r i a , i t is f e l t t ha t 
t he r e q u i r e m e n t f o r d r a i n a g e is f u n d a m e n t a l l y 
as i m p o r t a n t as f i l t r a t i o n . T h e r e q u i r e m e n t 
of d r a i n a g e no t o n l y c o n t r o l s t he movement 
of w a t e r b u t , more i m p o r t a n t l y , i t c o n t r o l s 
t he m a g n i t u d e a n d d i s t r i b u t i o n of p o r e p r e s 
s u r e . T h e d r a i n a g e o r p e r m e a b i l i t y c r i t e r i o n 
g e n e r a l l y u s e d i s , 

D 1 5 f i l t e r > (2 ) 

F o r g r a n u l a r f i l t e r s as d e f i n e d a b o v e , 
S h e r a r d (1983) f o u n d t h a t t he p e r m e a b i l i t y 
k in c m / s e c v a r i e d f r o m 0 . 2 ( D 1 C - ) 2 to 0 .6 
( D 1 5 ) 2 w i t h an a v e r a g e of 0 .35 ( D 1 5 ) 2 , 
w h e r e is in mm. Wi th t h e s e p e r m e a b i l i t y 
r e l a t i o n s a n d d r a i n a g e s t i p u l a t i o n ( 2 ) , t he 
p e r m e a b i l i t y c r i t e r i o n i s : 

( D 1 5 ) 2 f i l t e r 

t h e r e f o r e 
k f i l t e r > 

25 x ( d )2 

25 x k base 

Wi th a s a f e t y f a c t o r of t he 2 t he p e r m e 
a b i l i t y of t he f i l t e r is at leas t 10 t imes t h a t 
of t he b a s e . If t he t a i l i n g s a r e g a p g r a d e d , 
t h e n t h e i n d i v i d u a l p e a k s in t he base g r a d 
i n g c u r v e mus t meet t he a b o v e c r i t e r i a 
s e p a r a t e l y . T h i s p a r t i c u l a r a s p e c t of f i l t r a 
t i on a n d d r a i n a g e s t i l l r e q u i r e s b e t t e r 
d e f i n i t i o n . 

G e o t e x t i l e f i l t r a t i o n a n d d r a i n a g e c r i t e r i a 

Wi th t h e d e v e l o p m e n t of g e o f a b r i c s , more 
f l e x i b i l i t y in t h e d e s i g n a n d l a y o u t of f i l t r a 
t i on and d r a i n a g e t r a n s i t i o n z o n e s is r e a d i l y 
a c h i e v e d , F i g u r e 1. C a u t i o n is e s s e n t i a l 
b e c a u s e t h e d e s i g n p a r a m e t e r s f o r g e o f a 
b r i c s a r e n o t , as y e t , s t a n d a r d i s e d . M u c h 
w o r k is s t i l l r e q u i r e d to d e f i n e the c r i t e r i a 
f o r t u r b u l e n t and o r r e v e r s e f l o w . G i r o u d 
(1981) se ts ou t t h e d e s i g n c r i t e r i a f o r g e o -
t e x t i l e s a n d h i g h l i g h t s t he need to c o n s i d e r 
bo th the r e t e n t i o n a n d d r a i n a g e a s p e c t s of 
t he g e o t e x t i l e s . 

F i l t r a t i o n 

N o n w o v e n g e o t e x t i l e s , s u c h as B i d e m , h a v e 
been w i d e l y u s e d b y the S n o w y M o u n t a i n 
E n g i n e e r i n g C o r p o r a t i o n . T h e r e t e n t i o n 
a b i l i t y of a g e o t e x t i l e is g o v e r n e d b y i ts 
l a r g e s t o p e n i n g w h i c h is c h a r a c t e r i s e d b y 
the Ogj. a p p a r e n t o p e n i n g s i z e . If t he base 
soi l is c o n s i d e r e d c o h e s i o n l e s s , t he r e t e n 
t i on c a p a b i l i t y of t he g e o t e x t i l e is p r i m a r i l y 
a f u n c t i o n of t he c o e f f i c e i n t of u n i f o r m i t y , 
C u , r e l a t i v e d e n s i t y , I d , a n d e q u i v a l e n t 
base p a r t i c l e s i z e d^Q . T a b l e 1 g i v e s the 
r e t e n t i o n c r i t e r i a g i v e n in t e r m s of t he 
a f o r e m e n t i o n e d p a r a m e t e r s . 

T h e a v e r a g e s i z e of t he base so i l is t a k e n 
as dj-Q. T h i s is r e a l l y no t a good p a r a m e t e r 
as it is d e p e n d e n t on t h e p a r t i c l e s i z e d i s 
t r i b u t i o n of t he base so i l a n d not n e c e s s a r 
i l y on t he c o e f f i c i e n t of u n i f o r m i t y . 

d ^ p r o t o t y p e 
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T A B L E 1 

R e l a t i v e D e n s i t y C o e f f i c i e n t of U n i f o r m i t y 

1 < C u <3 C u > 3 

Loose so i l Id < 35% °95 < c u d 5 0 °95 < -2- d 5 0 C u D U 

Med ium d e n s e so i l 35% < Id < 65% °95 < 1. 5 C ' u d 5 0 °95 < 13.5 d c n 

/ - 1 ->L> C u 
D e n s e so i l Id > 65% °95 < 2 C U d 5 0 °95 < 

C u 

D r a i n a g e o r P e r m e a b i l i t y 

T h e p e r m e a b i l i t y c r i t e r i o n g i v e n b y G i r o u d 
(1981) f o r t he imposed h y d r a u l i c head as 
s h o w n in F i g u r e 2 ( a ) , w h i c h is p e r p e n d i c u l a r 
to t he p l ane of t he f i l t e r , i s : 

permeability of f i l t e r > 
permeability of base s o i l k 

s 
10 

B y c o n s i d e r i n g t he g e o m e t r y of t he base so i l 
a n d f i l t e r , it is no ted t h a t t h i s imposes an 
a n i s o t r o p i c f e a t u r e s on the base so i l a n d 
f i l t e r , F i g u r e 2 (a ) a n d ( b ) . F o r e x a m p l e , if 
t he imposed h y d r a u l i c head is as s h o w n in 
F i g u r e 2 ( b ) , t he d r a i n a g e r e q u i r e m e n t i s : 

permeability of f i l t e r k^ > 10 x 
permeability of base s o i l k 

s 
T h i s is t he d r a i n a g e r e q u i r e m e n t f o r g r a n u 
la r f i l t e r s . 

T h r o u g h a n d O v e r F low E m b a n k m e n t s 

E x p e r i e n c e at M a n g r o v e C r e e k dam has 
s h o w n tha t a w ide r a n g e of m a t e r i a l s , namely 
so f t r o c k s u c h as sha le a n d c r u m b l y s a n d 
s t o n e , a r e s u i t a b l e fo r use as r o c k f i l l . W h e n , 
h o w e v e r , t h i s so f t r o c k b r e a k s down on 
c o m p a c t i o n , the p e r m e a b i l i t y of the r o c k f i l l 
is c o n s i d e r a b l y r e d u c e d , w i t h p e r m e a b i l i t i e s 
down to 1 0 ~ c m / s e c in the h o r i z o n t a l d i r e c 
t i on and l 1 ^ r c m / s e c v e r t i c a l l y M a c k e n z i e 
a n d M c D o n a l d (1980). S p e c i a l d r a i n a g e 
b l a n k e t s , s u c h as s e l e c t e d h a r d s i l t s t o n e 
a n d o r basa l t l a y e r s , we re r e q u i r e d to 
e n s u r e d r a i n a g e a n d r e d u c t i o n of p o r e p r e s 
s u r e s . C o n s e q u e n t l y , if the r o c k b r e a k s 
d o w n on c o m p a c t i o n , th i s n e g a t e s the f r e e 
d r a i n a g e a s p e c t s g e n e r a l l y a s s u m e d f o r r o c k 
f i l l a n d i ts i m p l i c a t i o n s mus t be c a r e f u l l y 

e x a m i n e d . In a d d i t i o n , t he r e s i s t a n c e of 
so f t r o c k to bo th i n t e r n a l a n d e x t e r n a l 
e r o s i o n is s u s p e c t . B e c a u s e of t h i s , a m i n i 
mal s t r e n g t h r e q u i r e m e n t of t h e r o c k is 
o f t en s p e c i f i e d w h i c h is g e n e r a l l y abou t 
20 M P a f o r t he u n c o n f i n e d s a t u r a t e d c o m 
p r e s s i v e s t r e n g t h . 

T h e r e a r e two w a y s of c o n t r o l l i n g the 
s t a b i l i t y c h a r a c t e r i s t i c s of a t h r o u g h and 
o v e r f low e m b a n k m e n t , t h e y a r e : 

1. r e i n f o r c e m e n t of t he d o w n s t r e a m s lope 
w i th g r a d i e n t s of 1 in 1.4 to 1 in 2, 

2. g r a d e the d o w n s t r e a m s lope f r o m 1 in 3 
to 1 in 10 a c c o r d i n g to t he m a g n i t u d e of 
f l ow a n d s i z e of a r m o u r i n g r o c k . 

1. E m b a n k m e n t c o n t r o l l e d b y 
d o w n s t r e a m s lope r e i n f o r c e m e n t 

Weiss (1950), W i l k e n s (1963), S h a n d and 
Pe l l s (1970) al l d e s c r i b e t h e i r e x p e r i 
e n c e s w i t h r e i n f o r c e d r o c k e m b a n k m e n t s 
w h i c h we re o v e r t o p p e d ( u p to 2.5 m) 
w i t h c o n s i d e r a b l e f l ows of w a t e r . W i l k e n s 
(1957) f r om a s e r i e s of l a b o r a t o r y models 
a n d e x p e r i e n c e s in t he f i e l d , d e f i n e d 
some u s e f u l d e s i g n c r i t e r i a . F o r s tone 
w i th e q u i v a l e n t d i ame te r s up to 8.0 c m , 
the semi ra t i ona l v e l o c i t y f u n c t i o n was 
d e t e r m i n e d a s : 

w „ 0.5 .0.54 
V = K m i 

w h e r e 
V = v e l o c i t y in m / s e c 
m = h y d r a u l i c mean r a d i u s 

e 

(3 ) 

S u r f a c e a r e a / u n i t vo lume 

i = head loss g r a d i e n t 

K = p a r a m e t e r r e p r e s e n t i n g p a r t i c l e 
s h a p e and r o u g h n e s s 18.16 
( r o u g h ) a n d 25.7 ( smoo th ) r o c k 

146 



V is d e f i n e d b y Q t he h y d r o l o g i c a l d e s i g n 
f low d i s c h a r g e and t he v a r i a b l e c r e s t 
l e n g t h . T h i s a lso g i v e s q w h i c h is t h e 
f low p e r u n i t w i d t h . 

When t h e r e is a s l o p i n g s p i l l w a y , F i g u r e 3 , 
t h e r e a r e two c o n t r o l d e p t h s , P a r k i n 
( 1 9 8 3 ) ; one is t he c r e s t h e i g h t , h e , a n d 
t he o t h e r is t he d o w n s t r e a m e x i t h e i g h t , 
h e . F rom t h e s e c o n t r o l d e p t h s and u s i n g 
open c h a n n e l g r a d u a l l y v a r i e d f l ow f o r 
mu lae , t he u p s t r e a m a n d d o w n s t r e a m 
wa te r p r o f i l e s a r e r e a d i l y d e t e r m i n e d . 

F rom model s t u d i e s , S a n d i e (1959) a n d 
P a r k i n (1963) f o u n d q p r o p o r t i o n a l to h e , 
w h e r e he is d e t e r m i n e d on the a s s u m p t i o n 
of h o r i z o n t a l v e l o c i t y at t he c r e s t a n d an 
e n e r g y g r a d i e n t of 0 . 8 . T h e e x i t c o n t r o l 
p o i n t , t he d e p t h h e , was f o u n d on a semi 
r a t i ona l b a s i s to b e : 

h e = q l+e ( a ) 
e s i n B l / n (4 ) 

w h e r e 
B = d o w n s t r e a m s lope g r a d i e n t 
l / n = 1.86 
q = f low p e r u n i t w i d t h 
e = v o i d ra t i o 
a = 0 . 0 0 4 

From the a b o v e e q u a t i o n s and u s i n g open 
c h a n n e l f o r m u l a e , t he p h r e a t i c o r f low 
s u r f a c e is d e t e r m i n e d . T h e n u s i n g c o n t i 
n u i t y and o r t h o g o n a l i t y of f low a n d p r e s 
s u r e l i n e s , a f l ow net d i a g r a m is d r a w n 
and h y d r a u l i c p r e s s u r e s e v a l u a t e d . T h e s e 
h y d r a u l i c f o r c e s a r e s u p e r i m p o s e d on the 
g r a v i t a t i o n a l f o r c e s u s e d in s l ope s t a b i l i t y . 
Up to now l imi t a n a l y s i s does not g e n e r 
a l l y r e c o g n i s e a n i s o t r o p y , y e t t h i s is an 
i m p o r t a n t f a c t o r c o n t r o l l i n g the d e f o r m a -
t iona l r e s p o n s e and s t r e n g t h of t he 
e m b a n k m e n t . C o m p u t e r s now o f f e r r e a l i s t i c 
o p p o r t u n i t i e s of i n c l u d i n g t h e s e a n i s o t r o 
p i c s in a n a l y s e s ; h o w e v e r , t h i s r e q u i r e s 
the q u a n t i f i c a t i o n of t h e s e a n i s o t r o p i e s . 

W i l k e n s (1963) u s e d , a f t e r a s e r i e s of 
model s t u d i e s , a p l a s t i c l imit w e d g e 
a n a l y s i s r a t h e r t h a n s l i p c i r c l e s to d e t e r 
mine t he r e q u i r e d l e n g t h of r e i n f o r c i n g 
b a r s . S p a r k e s ( 1 9 6 7 ) , S h a n d a n d Pe l l s 
(1970) u s e d s l i p c i r c l e a n a l y s e s to d e s i g n 
t h e l e n g t h a n d l a y o u t of r e i n f o r c e m e n t f o r 
t he X o n x a d a m . In a l a te r p a p e r , B r o w n 
and P e l l s (1983) u s e d an i s o t r o p i c e l a s t i c 
f i n i t e e lement p r o g r a m m e to r e a n a l y s e t he 
X o n x a d a m . It was f o u n d t h a t t h e r e i n 

f o r c e m e n t loads f r o m the f i n i t e e lement 
p r o g r a m m e w e r e 70% of t he r e i n f o r c e m e n t 
l oads f o u n d w h e n u s i n g c i r c u l a r s l i p 
a n a l y s i s . 

A t t h i s s t a g e , t he s u r f a c e a n d fo rm d r a g 
a s p e c t s of h y d r o d y n a m i c f o r c e s as o p 
p o s e d to h y d a u l i c f o r c e s h a v e not y e t 
been c o n s i d e r e d . T h e d r a g and p l u c k i n g 
f o r c e s e r o d e t he s u r f a c e r o c k f rom the 
d o w n s t r e a m s l o p e , e s p e c i a l l y in t he a r e a 
of t he t o e . In o r d e r to c i r c u m v e n t t h i s 
p r o b l e m , a s u r f a c e mesh c o v e r s the s e c 
t i on of t he d o w n s t r e a m s lope o v e r w h i c h 
w a t e r f l o w s . Q u a n t i f i c a t i o n of t h e s e 
f o r c e s in r e l a t i o n to t he mesh r e q u i r e 
ments is p o o r l y u n d e r s t o o d . L e e d e r (1982) 
s t u d y i n g t he l i f t f o r c e s on s e d i m e n t s in 
r i v e r b e d s f o u n d t h a t p l u c k i n g f o r c e s 
g r e a t e r t h a n 100 K P a a r e r e a d i l y m o b 
i l i s e d . F o r e x a m p l e , i f t h e w a t e r v e l o c i t y 
is 3 . 3 m/s a r o u n d a p e b b l e 5 cm e q u i v a 
len t d i a m e t e r , t h e n the u p l i f t f o r c e is 
100 K P a . N e v e r t h e l e s s , e x p e r i e n c e has 
s h o w n t h a t if t h e s e meshes rema in i n t a c t , 
t ha t is t h e y a r e not b r o k e n b y d e b r i s o r 
u n d e r s e c u r e d , t h e n t h e s t a b i l i t y of r o c k 
f i l l e m b a n k m e n t is wel l n i g h a s s u r e d a n d 
s e c u r e d . 

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

A n u n d e r s t a n d i n g of t he i n t e r a c t i o n b e 
tween t he r e i n f o r c e m e n t , and e a r t h o r 
r o c k s s u r r o u n d i n g i t , is g r e a t l y i m p r o v e d 
i f t he w o r k p e r f o r m e d a n d e x p e r i e n c e 
g a i n e d on r e i n f o r c e d e a r t h a r e e x a m i n e d . 
It is i m p o r t a n t to r e a l i s e , h o w e v e r , t ha t 
w h e n it comes to a s s e s s i n g t he r e s p o n s e 
of r e i n f o r c e d r o c k f i l l to l o a d , t h e r e is 
s t i l l much to be d o n e . 

In a r e i n f o r c e d v e r t i c a l embankmen t t he 
r e l a t i v e d e f o r m a t i o n be tween the r e i n 
f o r c e m e n t a n d s u r r o u n d i n g mate r ia l 
( e a r t h o r r o c k f i l l ) d e v e l o p two z o n e s , 
F i g u r e 4 , name ly t he a c t i v e and r e s i s t a n t 
z o n e s . In t h e a c t i v e z o n e , t he i n t e r a c t i v e 
s h e a r f o r c e s a r e d i r e c t e d t o w a r d s the 
f ace wh i l e in t he r e s i s t a n t z o n e , the 
s h e a r f o r c e s a r e d i r e c t e d t o w a r d s the 
i n t e r i o r of t he e m b a n k m e n t . T h i s r e s u l t s 
in t he maximum t e n s i l e r e i n f o r c i n g f o r c e 
o c c u r r i n g a p p r o x i m a t e l y 0 . 3 H (H is t he 
h e i g h t of e m b a n k m e n t ) f rom the v e r t i c a l 
s u r f a c e as s h o w n in F i g u r e 5 , S c h l o s s e r 
( 1981 ) . In r e i n f o r c e d r o c k f i l l , t he i n t e r 
a c t i v e s h e a r f o r c e b e t w e e n the r e i n f o r c -
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i ng b a r s a n d s u r r o u n d i n g r o c k is not as 
d e f i n i t i v e as it is w i t h f i n e g r a n u l a r 
m a t e r i a l , s u c h as e a r t h o r s a n d . T o 
o b v i a t e t h i s u n c e r t a i n t y , t he r e i n f o r c i n g 
b a r s a re g e n e r a l l y b e n t to t ha t a s i g n i f i 
can t vo lume of t he r o c k mass is c o n s t r a i n 
e d , F i g u r e 6 . T h i s c o n s t r a i n t g i v e s t he 
r o c k mass an a p p a r e n t c o h e s i o n w h i c h 
a d d e d to tha t c a u s e d b y c o m p a c t i o n , 
g r e a t l y i n c r e a s e s the s t i f f n e s s a n d 
s t r e n g t h and e n h a n c e s s t a b i l i t y . 

With the e m b a n k m e n t now c o n s t r u c t e d , 
t h e r e a r e two imposed o r i n d u c e d a n i s o -
t r o p i e s . O n e is f r om t h e p lacemen t a n d 
compac t i on of the r o c k f i l l l a y e r s , and t he 
o t h e r is f rom the r e i n f o r c e m e n t . Wi th the 
s u p e r i m p o s i t i o n of t he t h r o u g h a n d o v e r 
f low w a t e r , h y d r a u l i c a n d h y d r o d y n a m i c 
loads a r e t h e n a p p l i e d to t he d o w n s t r e a m 
s lope w h i c h w i l l r e s p o n d a n i s o t r o p i c a l l y to 
bo th d e f o r m a t i o n a n d p e r m e a b i l i t y . 

J u s t as mate r ia l a n i s o t r o p y c o n t r o l s t he 
de fo rma t i ona l r e s p o n s e so does it r e la te to 
t he a n i s o t r o p y of s t r e n g t h and p e r m e a b i l 
i t y . T h e s e a n i s o t r o p i e s i n t r o d u c e i nhomo-
g e n e o u s s t r e s s d i s t r i b u t i o n s o r g r a d i e n t s 
c a u s i n g t he mechan i sm of r o ta t i on w h i c h 
in i t se l f is a p r ime s t r e s s r e d i s t r i b u t e r , 
C h a p p e l l ( 1 9 8 6 ) . 

T h e b e h a v i o u r of r e i n f o r c e d e a r t h does 
not a g r e e w i t h t h a t b e h a v i o u r p r e d i c t e d 
b y R a n k i n e ' s w e d g e l imi t a n a l y s e s , 
S c h l o s s e r ( 1 9 7 8 ) . Model and p r o t o t y p e 
t e s t s h a v e s h o w n t h a t t he b e h a v i o u r of 
t he r e i n f o r c e d e a r t h wal l is a f u n c t i o n of 
t he i n t e r a c t i v e s h e a r f o r c e be tween the 
e a r t h a n d r e i n f o r c i n g m e m b e r . When s u f f i 
c i e n t i n t e r a c t i v e s h e a r s t r e s s is m o b i l i s e d , 
t he r e i n f o r c e m e n t e i t h e r s l i p s w i t h i n the 
e a r t h o r b r e a k s if e n o u g h t e n s i l e s t r e s s 
is g e n e r a t e d w i t h i n the r e i n f o r c e m e n t . 2 
T h e s e mechan i sms a r e d e p e n d e n t on the 
s t r e s s d i s t r i b u t i o n and r e d i s t r i b u t i o n 
w i t h i n t he e n c l o s i n g so i l and r e i n f o r c e 
ment w h i c h , in t u r n , a re f u n c t i o n s of t he 
a n i s o t r o p i c m a t e r i a l . 

T h e s e a n i s o t r o p i e s a r e r e a d i l y q u a n t i f i e d . 
F o r e x a m p l e , a i m l a y e r of r o c k f i l l has 
a v e r t i c a l a n d h o r i z o n t a l de fo rma t i ona l 
m o d u l u s of 50 M P a a n d 150 M P a r e s p e c 
t i v e l y . 5 cm d i a m e t e r mi ld s tee l r e i n f o r c 
i n g b a r s a re p l a c e d at 1 m v e r t i c a l and 
0 .25 m h o r i z o n t a l s p a c i n g . T h e s e b a r s 
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a c t i n g w i th the a n i s o t r o p i c r o c k fj| | 
F i g u r e 6 , a c c e n t u a t e the a n i s o t r o p y a g 
s h o w n , i f : 

R e l a t i v e vo lume of r o c k mate r ia l v e r t i c a l l y 
L = 0 .99 r 

R e l a t i v e vo lume of r e i n f o r c e m e n t v e r t i c a l 
ly L = 0.01 

7 s 
R e l a t i v e vo lume of r o c k mate r ia l h o r i z o n 
t a l l y A = 0 .99 r 
R e l a t i v e vo lume of r e i n f o r c e m e n t ho r i zon 
t a l l y A = 0.01 

De fo rma t i ona l m o d u l u s of r o c k f i l l v e r t i 
c a l l y E = 5 0 MPa 

1 r v 
De fo rma t i ona l m o d u l u s of r o c k f i l l h o r i 
z o n t a l l y E r h = 150 M P a 

De fo rma t iona l modu lus of mi ld s tee l 
E = 200 G P a s 

T h e d i r e c t i o n a l a s p e c t s of t he a n i s o t r o p y 
a re d e p i c t e d in F i g u r e 6. U s i n g compos i te 
t h e o r y , C h a p p e l l ( 1 9 8 6 ) , i t is r e a d i l y 
s h o w n t h a t t h e v e r t i c a l compos i te modu lus 
is a lower b o u n d v a l u e , E v e , of s t i f f n e s s 
a n d i s : 

1 

v c r v 

w h i c h g i v e s E = 101 MPa v c 

and t he h o r i z o n t a l compos i te m o d u l u s is 
an u p p e r b o u n d v a l u e , E h c , of s t i f f n e s s 
and i s : 

he A E . 
r r h sh s 

w h i c h g i v e s E h c = 2 . 2 G P a 

E m b a n k m e n t s c o n t r o l l e d b y 
d o w n s t r e a m s lope a n d r o c k s i ze 

O l i v i e r (1967) p e r f o r m e d a s e r i e s of 
e x p e r i m e n t s w i t h d u m p e d r o c k w h e r e 
i n i t i a l l y he s e p a r a t e d a n d e x a m i n e d f i r s t 
o v e r f low a n d t h e n t h r o u g h f l o w . A c o m 
b i n a t i o n of t h e two f low reg imes was 
e x a m i n e d q u a l i t a t i v e l y . T h e s l opes 
e x a m i n e d w e r e 1 in 5 , 1 in 7 . 5 , a n d 1 in 
10. F o r t he t h r o u g h f low e x p e r i m e n t s , a 
s l o p i n g face s p i l l w a y was u s e d , F i g u r e 7. 
U n d e r t h e s e c o n d i t i o n s f r e e fa l l o c c u r s 
a n d t h e i n t e r n a l s t a b i l i t y o f t he r o c k em
b a n k m e n t is no t e f f e c t e d , P a r k i n ( 1 9 6 3 ) . 
A t t he p o i n t of e x i t , h o w e v e r , e r o s i o n of 
t h e s u r f a c e r o c k s is p o s s i b l e i f t he s i z e 



of t he r o c k is too smal l and o r t he s l ope 
g r a d i e n t too s t e e p . 

In t he o v e r f low s t u d y O l i v i e r (1967) 
r a t i o n a l i s e d t h e f o r m u l a t i o n s of o v e r f l o w 
in t e rms of q r , name ly t he o v e r f l o w p e r 
u n i t w i d t h , a s : 

q = K 11.84 d I ws - w J i H r s 1 

(5) 
where 
K i s a dimensionless factor which i s a 

function of grading and packing of 
the downstream rocks 
= flow per unit crest width 

d = equivalent diameter of rock s ^ 
h = depth of flow over crest 
w = density of rock s J 

w = density of water 

R o c k mate r ia l a n d r e i n f o r c e m e n t 

B l i g h t (1969) no ted t h a t w h e n a r o c k f i l l 
d u m p f a i l s , t h e c a u s e of f a i l u r e is a s s o 
c i a t e d w i t h t h e c o n d i t i o n of t he f o u n d a 
t i on n e a r t h e toe of t he d u m p . ( W h e n , 
h o w e v e r , a s l imes dam f a i l s , t he f a i l u r e 
is g e n e r a l l y a s s o c i a t e d w i t h t he ma te r ia l 
m a k i n g u p t he s l imes d a m . ) Wi th w a t e r 
p a s s i n g t h r o u g h a n d o v e r t he r o c k em
b a n k m e n t , t h e s t a b i l i t y c r i t e r i a a re 
c h a n g e d a n d the r o c k is p r o n e to f a i l u r e . 
E i t h e r e r o s i o n ( p l u c k i n g ) a n d o r s l o u g h 
i n g ( l i q u e f a c t i o n ) a r e now major f a c t o r s 
e f f e c t i n g t he s t a b i l i t y of t he e m b a n k m e n t . 
T h e main d i f f i c u l t i e s , as a r e g e n e r a l l y 
wel l a p p r e c i a t e d , a r e t h e c h o i c e and 
measu remen t of p a r a m e t e r s r e p r e s e n t i n g 
t h e r o c k m a t e r i a l . T h i s is e x a c e r b a t e d 
b y t h e a n i s o t r o p i c c h a r a c t e r i s t i c s of t he 
r o c k f i l l . T e c h n i q u e s a n d d e v e l o p m e n t s 
a r e s u c h , h o w e v e r , t h a t t h e s e p a r a 
me te rs a r e now b e i n g d e f i n e d and mea
s u r e d . 

T h e g r a v i t a t i o n a l s h e a r f o r c e t c a c t i n g on 
a s tone o r d i ame te r d , i s : 

s ' 
t = 0.667 ds (ws-w) cos 9 - tan 0) 
° (6) 

where 
<|) = angle of repose of rock f i l l 
0 = angle of i n c l i n a t i o n of bed to the 

ho r i z o n t a l 

T h e e x i t h e i g h t o r d e p t h , h e , of t he 
t h r o u g h f low w a t e r was f o u n d b y O l i v i e r 
(1967) to b e : 

h = qr (1+e) i ? / 6 (7) 
e ^ 

e C(sin a) 
where 

e = void r a t i o 
a = angle of i n c l i n a t i o n of downstream 

slope to h o r i z o n t a l . 

M i d g l e y (1979) u s e d t h i s a p p r o a c h a n d 
f o r m u l a t i o n s to d e s i g n a n d c o n s t r u c t a 
s l u r r y r e t a i n i n g embankmen t at B a f o k e n g , 
F i g u r e 8. F rom t h e a b o v e e q u a t i o n (5 ) 
and K , f o r a p a c k e d a n g u l a r m a t e r i a l , is 
0 .235 a n d a d o w n s t r e a m s lope of 1 in 3 , 
and e q u i v a l e n t d i ame te r r o c k s , t he d i s 
c h a r g e is q = 0 .59 m / s / m w i d t h . A s the 
f low is f r e e r f l ow o v e r t he c r e s t , t h e d e p t h 
of f l ow is e v a l u a t e d f rom the e q u a t i o n : 

h = q 2 = 0.33 m 
c 2 i 
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When c o m p a c t i n g r o c k f i l l in 0 . 9 to 2 . 0 m 
l a y e r s , s e g r e g a t i o n o c c u r s , F i g u r e 9 . A s 
t h e top s e c t i o n r e c e i v e s most of t he 
c o m p a c t i v e e f f o r t , t he top mate r ia l is 
b r o k e n down a c c e n t u a t i n g the a n i s o t r o p y 
of p e r m e a b i l i t y a n d d e f o r m a t i o n . F rom 
the r e s u l t s of e m b a n k m e n t m o n i t o r i n g , 
t he de fo rma t i ona l m o d u l u s in t he h o r i 
zon ta l d i r e c t i o n is g e n e r a l l y 3 to 5 t imes 
t h a t in t he v e r t i c a l d i r e c t i o n , C o o k e 
( 1984 ) . F rom p e r s o n a l e x p e r i e n c e t he 
h o r i z o n t a l p e r m e a b i l i t y is a p p r o x i m a t e l y 
t en t imes t he v e r t i c a l f o r a c o a r s e r e a 
s o n a b l y g r a d e d r o c k f i l l (Cu=3 to 1 2 ) . 
M u c h w o r k is s t i l l n e e d e d to q u a n t i f y the 
modu l i v a r i a t i o n w i t h c o n f i n i n g s t r e s s . 

Wi th compac t i on a n d r e i n f o r c e m e n t , t he 
r o c k p i eces w e d g e t o g e t h e r a n d i n t e r l o c k , 
g i v i n g t he r o c k mass an a p p a r e n t c o 
h e s i o n w h i c h i n c r e a s e s t he de fo rma t i ona l 
s t i f f n e s s a n d r o c k mass s t r e n g t h . 

R e i n f o r c e m e n t of a r o c k f i l l embankmen t 
s t r e n g t h e n s t he d o w n s t r e a m s lope b y 
r e d u c i n g t he d e f o r m a t i o n a l r e s p o n s e in 
t he h o r i z o n t a l d i r e c t i o n . T h e s tee l r e i n 
f o r c i n g b a r s u s e d a r e g e n e r a l l y abou t 
3 .0 to 4 . 0 cm d iame te r a n d 6 to 13 m 
l o n g . Wi th r o c k f i l l t he b a r s a r e g e n e r 
a l l y b e n t , F i g u r e 10 , e n c l o s i n g a vo lume 
of r o c k and i m p o s i n g an a p p a r e n t c o 
h e s i o n . If t h e s e f a c t o r s a re q u a n t i f i e d 
and u s e d in a m e c h a n i s t i c f i n i t e e lement 
p rog ramme w h i c h mode ls t he a n i s o t r o p i e s , 



t he r e s u l t a n t t e n s i l e f o r c e s in t he r e i n 
f o r c e m e n t a r e abou t 45% t h o s e t ha t a r e 
d e t e r m i n e d f r o m s l i p c i r c l e a n a l y s e s . If 
t he a n i s o t r o p y is n e g l e c t e d , t he g e n e r a t e d 
f o r c e s in t he r e i n f o r c e m e n t e v a l u a t e d f rom 
an i s o t r o p i c e l a s t i c a n a l y s i s a r e a p p r o x i 
mate ly 70% t h o s e d e t e r m i n e d f r om s l i p 
c i r c l e a n a l y s e s , B r o w n a n d Pe l l s ( 1983 ) . 

E X A M P L E S O F T A I L I N G S 
D A M S IN A U S T R A L I A 

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

C l ima te a n d t o p o g r a p h y v a r y c o n s i d e r a b l y 
t h r o u g h o u t A u s t r a l i a a n d t h i s , c o m b i n e d w i t h 
t he e v e r i n c r e a s i n g e n v i r o n m e n t a l i s s u e s , 
r e s u l t s in a w ide r a n g e of me thods u s e d f o r 
h a n d l i n g t a i l i n g s . M a n y mines s e p a r a t e t he 
s i z e of t he t a i l i n g s a n d use the c o a r s e f r a c 
t i on f o r g r o u n d s u p p o r t wh i l e t he f i n e f r a c 
t i on is d i s p o s e d of in t a i l i n g s d a m s . T h e two 
most i m p o r t a n t g e n e r a l i s s u e s e f f e c t i n g t a i l 
i n g s o v e r t he las t 25 y e a r s h a v e been t he 
e n v i r o n m e n t a n d r e h a b i l i t a t i o n a f t e r t he 
comp le t i on of m i n i n g . 

T h e p r e d o m i n a n t t y p e s of t a i l i n g s h a v e come 
f r om t h e A l u m i n a , C o a l , U r a n i u m , G o l d , 
H e a v y S a n d s , a n d F e r r o u s m ine ra l i n d u s 
t r i e s . O t h e r t a i l i n g s a r e d e r i v e d f r om 
q u a r r y i n g , t u n n e l l i n g , a n d sma l l e r p r o j e c t s 
s u c h as c e r a m i c s , c o n t r o l of f l o o d s , a n d 
e r o s i o n . E a c h of t he a f o r e m e n t i o n e d a c t i v i t i e s 
p r o d u c e t a i l i n g s w i t h d i f f e r e n t c h a r a c t e r i s t i c s 
w h i c h a r e i m p o r t a n t to r e c o g n i s e a n d d e s i g n 
f o r a c c o r d i n g l y . 

T h e main me thods of t a i l i n g s d i s p o s a l u s e d in 
A u s t r a l i a a r e : 

1. d i s c h a r g e to w a s t e ; 

2 . d i s c h a r g e to m i n i n g o r q u a r r i e d p i t s ; 

3 . v a l l e y ( f i l l ) c o n t a i n m e n t u s i n g b o r r o w o r 
t a i l i n g s m a t e r i a l ; 

4 . r i n g ( r e s e r v o i r ) e m b a n k m e n t s u s i n g b o r 
row o r t a i l i n g s m a t e r i a l ; 

5 . t h i c k e n e r s 

A s s o c i a t e d w i th t h e s e d i s p o s a l me thods t he 
t e c h n i q u e s of u p s t r e a m , c e n t r e l i n e , a n d 
d o w n s t r e a m c o n s t r u c t i o n a r e u s e d . In t h i s 
p a p e r , a r e a s a n d mines w h e r e t h e s e me thods 
a n d t e c h n i q u e s a r e u s e d a r e no ted w i t h a 
few c o n t r o l l i n g c r i t e r i a . 

In A u s t r a l i a , t he cos t of t a i l i n g s d i sposa l 
g e n e r a l l y v a r i e s f rom A $ 10 x 1 0 3 to 10 x 
10 . In 1985 t he a p p r o x i m a t e cos t p e r tonne 
( d r y ) f o r t a i l i n g s p l a c e d in dams ranged 
f rom 40c to $2 .0 p e r t o n n e w i t h a model of 
50c p e r t o n n e , K u r z e m e ( 1 9 8 6 ) . A s a p e r 
c e n t a g e of t he to ta l o p e r a t i n g c o s t , th is 
r a n g e s f rom less t h a n 1% to a b o u t 6% w i th a 
modal of a p p r o x i m a t e l y 3%. 

It is becoming e v i d e n t in A u s t r a l i a , t h a t fo r 
t he p u r p o s e s of c o n t r o l and r e h a b i l i t a t i o n , 
it is impo r t an t to s e p a r a t e t he w a t e r ou t of 
the t a i l i n g s as q u i c k l y as p o s s i b l e . In many 
s i t u a t i o n s , t h i s is d i f f i c u l t to d o , e v e n in 
t h e long t e rm w i th ma te r ia l s s u c h as the red 
muds ( A l u m i n a ) a n d coal s c r u b b i n g s . 
T h o u g h much has been done b y u n d e r d r a i n -
age a n d d e f i n i n g f u n c t i o n s of t he was te d i s 
posa l s y s t e m , t h e r e a re s t i l l many p rob lems 
r e q u i r i n g s o l u t i o n s . 

M E T H O D S O F D I S P O S A L 

D i s c h a r g e to was te 

A t P a n g u n a , B o u g a n v i l l e , P a p u a New 
G u i n e a , t he t a i l i n g s and o v e r b u r d e n are 
d u m p e d in to the K a w e r a n g R i v e r w h i c h then 
t r a v e l s 34 km to the c o a s t . A g g r a d a t i o n has 
e n d a n g e r e d the mine wa te r s u p p l y a n d cou ld 
p o t e n t i a l l y c a u s e o f f lease f l o o d i n g . P lans 
a r e now in h a n d to t r a n s p o r t t he t a i l i n g s to 
t he coas t a n d d u m p them in to E m p r e s s 
A u g u s t a B a y . 

M o u n t L y e l l f r om i ts i n c e p t i o n e a r l y t h i s 
c e n t u r y d i s c h a r g e d i ts t a i l i n g s in to the 
K i n g R i v e r . T h i s has r e s u l t e d in a l a rge 
d e l t a a n d much p o l l u t i o n in M c Q u a r r i e 
H a r b o u r . T h e t a i l i n g c o n t a i n s 30% s a n d s i ze 
(75vm. O t h e r schemes at M o u n t L y e l l we re 
c o n s i d e r e d a few y e a r s a g o , b u t b e c a u s e of 
t he p r o b l e m a n d c o s t of d i v e r t i n g s to rm 
w a t e r r u n o f f a n d w i t h i t s now l imi ted l i fe of 
t h e m i n e , r i v e r d u m p i n g was a l lowed to 
c o n t i n u e . 

In p i t d i s p o s a l 

G r o o t e E y l a n d t , w h i c h mines m a n g a n e s e , 
t h r o u g h c y c l o n i n g s e p a r a t e s t he s i z e s in to 
s a n d be tween 100 urn a n d 1000 y m . T h i s 
mate r ia l is u s e d to b u i l d b u n d s ( e m b a n k 
m e n t s ) w i t h i n the p i t w h i c h r e t a i n t he f i n e s . 
T h e r e is no u n d e r d r a i n a g e o r s u b s u r f a c e 
w a t e r c o n t r o l . 

A r d l e t h a n is a t i n mine w h i c h has been 
o p e r a t i n g f o r 20 y e a r s , and o v e r t h i s p e r i o d 
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has a d o p t e d a n u m b e r of me thods f o r h a n d l 
ing t h e t a i l i n g s . T h e g e n e r a l g r a d a t i o n of 
the t a i l i n g s has a b o u t 49% p a s s i n g t he s i l t 
s i ze of a p p r o x i m a t e l y 75um. 

In i t i a l l y an u p s t r e a m s p i g o t t e d b e a c h i n g 
sed imen ta t i on e m b a n k m e n t was u s e d , Pho to 1, 
t hen f i v e y e a r s l a te r a mine was te r o c k 
embankmen t w i t h an a s s o c i a t e d d o w n s t r e a m 
f i ne sed imen t e n c l o s u r e was u s e d , Pho to 2 . 
Y e t g i v e y e a r s l a t e r , a c y c l o n e d d o w n s t r e a m 
dam was c o n s t r u c t e d w h i c h r e a c h e d the 
h e i g h t of 30 m, Pho to 3 . R e c e n t l y , t he t a i l 
i ngs h a v e been d i s p o s e d of in an a b a n d o n e d 
open m i n i n g p i t . 

V a l l e y c o n t a i n m e n t 

N o . 8 t a i l i n g s at M t . Isa mines is a z o n e d 
e a r t h r o c k f i l l e m b a n k m e n t 31 m h i g h . T h e 
a rea e n c l o s e d is 4 km b y g 5 km w h i c h w i l l 
u l t ima te l y s t o r e 100 x 1C^ m 3 of t a i l i n g s 
( d r y ) , p r e s e n t l y 40 x 10 m 3 a r e s t o r e d . 
C o p p e r , l e a d , and z i n c t a i l i n g s a re c y c l o n e d 
f rom w h i c h the s a n d s i z e s a r e u s e d f o r 
u n d e r g r o u n d f i l l s u p p o r t . F i n e t a i l i n g s a re 
t h i c k e n e d to a 50% to 60% so l i d c o n c e n t r a t i o n 
p r i m a r i l y to r e c o v e r w a t e r . T h e t a i l i n g s a r e 
d i s c h a r g e d at a p o i n t some d i s t a n c e f r o m the 
embankmen t and c o n t r o l l e d b y g r o y n e em
b a n k m e n t s to e q u i t a b l y d i s t r i b u t e t he t a i l 
i n g s . S l o p e s of t he t a i l i n g s v a r y f r om 1:75 
to 1 :850 . T h e r e is no p r o v i s i o n f o r s t o r m -
wa te r d i v e r s i o n as e v a p o r a t i o n c o n t r o l s t he 
wa te r c a p a c i t y . A c a t c h b u n d d o w n s t r e a m of 
t he main e m b a n k m e n t and b o r e ho les a re 
u s e d to i n t e r c e p t s e e p i n g wa te r and r e t u r n 
i t to t he main s t o r a g e . 

L u i n a N o . 2 t a i l i n g s dam is an u p s t r e a m 
embankmen t c o n s t r u c t e d f rom c o a r s e t a i l i n g s 
s o r t e d b y c y c l o n i n g on t h e c r e s t . T a i l i n g s 
wa te r is r emoved t h r o u g h a d e c a n t t o w e r . 
B e c a u s e t he o r i g i n a l s t a r t e r dam was an 
impermeab le s t r u c t u r e , t h i s r e s u l t e d in an 
e l e v a t e d p h r e a t i c s u r f a c e c a u s i n g seepage on 
t he d o w n s t ream f a c e . T o o b v i a t e t h i s a 
s t a b i l i s i n g r o c k be rm was i n s t a l l e d . 

R i n g e m b a n k m e n t c o n t a i n m e n t 

T h i s is t he p r e d o m i n a n t d i s p o s a l method in 
A u s t r a l i a b e c a u s e of t he g e n e r a l l y d r y c l imate 
and f l a t t o p o g r a p h y . 

R o s e b u r y , w h i c h is a base metal mine in 
T a s m a n i a , is loca ted on a p la teau a b o v e the 
g o r g e of t he P ieman R i v e r . C o m p a c t e d g l ac i a l 
t i l l is u s e d f o r t h e embankmen t u s i n g the 
d o w n s t r e a m c o n s t r u c t i o n m e t h o d . A toe r o c k 

d r a i n is u s e d to c o n t r o l t h e p h r e a t i c s u r f a c e 
T h e f i ne t a i l i n g s , 95% < 75 urn a r e d e l i v e r e d 
to t h e one s i d e of t he r e s e r v o i r d i s p l a c i n g 
t he w a t e r to t h e o t h e r s i d e w h e r e the s p i l l 
w a y is l o c a t e d . 

Woodlawn is a c o p p e r , l e a d , z i n c mine w h i c h 
d i s p o s e s i t s t a i l i n g s u s i n g a p a r t i a l v a l l e y 
a n d r i n g e m b a n k m e n t . T w o dams name ly t h e 
n o r t h a n d s o u t h dams c o n t r o l a l l t he w a t e r 
on t h e l e a s e . T h e n o r t h dam w h i c h is t h e 
s l i g h t l y h i g h e r one (2 m) c o l l e c t s w a t e r 
f r om the o p e n p i t a n d was te r o c k d u m p . 
T h e f i n e t a i l i n g s , w h i c h is < 100 urn w i th 
25% < 10 urn. No w a t e r d i s c h a r g e is a l l owed 
o f f t he lease b e c a u s e of t he h i g h a c i d i t y 
a n d h e a v y meta ls c o n t e n t . B a n k s of s p r a y s 
a r e u s e d to i n c r e a s e e v a p o r a t i o n a n d c o n t r o l 
t he wa te r b a l a n c e . C a t c h d r a i n s co l l e c t t he 
s u b s u r f a c e seepage w h i c h is p u m p e d b a c k 
to t he lower d a m . 

T h e embankmen t is an e a r t h r o c k f i l l w a t e r 
r e t a i n i n g s t r u c t u r e w h i c h is s t a g e c o n s t r u c 
t e d . T o o b v i a t e t h e e x c e s s i v e use of r o c k 
f i l l , t he s e c o n d s t a g e i n c o r p o r a t e s a g e o t e x 
t i l e , F i g u r e 1, as t he f i l t r a t i o n u n i t . T h i s 
s a v e s a c o n s i d e r a b l e q u a n t i t y of compac ted 
r o c k f i l l . 

N o r s e m a n , a g o l d m i n e , is one of t he few 
h a n d c o n t r o l l e d e m b a n k m e n t s j u s t r e c e n t l y 
comp le ted in A u s t r a l i a . A l ip 100 mm in 
h e i g h t is s p a d d e d a r o u n d the p e r i p h e r y of 
t h e r i n g e m b a n k m e n t . T h e s l u r r y is t h e n 
d e l i v e r e d a r o u n d t h e p e r i p h e r y in s e c t i o n s 
of s p i g g o t e d p i p i n g . E i g h t y p e r c e n t of the 
t a i l i n g s is less t h a n 75 urn. T h e e m b a n k m e n t 
s lope is 70 d e g r e e s and at a h e i g h t of 40 m. 
Water o v e r t he y e a r s has been d e c a n t e d , 
p u m p e d , a n d s y p h o n e d o f f . 

T h i c k e n e d d i s c h a r g e 

E l u r a , a base metal m i n e , has t a i l i n g s of 
w h i c h 79% < 45 y m a n d 23% < 8 urn a n d 
t h i c k e n e d to a s o l i d s c o n c e n t r a t i o n . T h e 
s h a p e of the dam is c i r c u l a r w h e r e a t h i r d 
segmen t is u s e d at a t ime. T h i s s e g m e n t a 
t i on is d e f i n e d b y r a d i a l t r a i n i n g e m b a n k 
ments w i t h a p e r i m e t e r e m b a n k m e n t r e t a i n 
i ng w a t e r . T a i l i n g s a r e d e p o s i t e d f rom a 
f i x e d c e n t r a l d i s c h a r g e p o i n t . T h e r e s u l t a n t 
s l o p i n g s u r f a c e has an a v e r a g e g r a d i e n t of 
a p p r o x i m a t e l y 1 in 60 w i t h the g r a d i e n t 
n e a r t he d i s c h a r g e p o i n t of 1 in 47 w h i c h 
r e d u c e s to 1 in 150 n e a r t h e t o e . A t t he toe 
of t he mound t he w a t e r is p u m p e d b a c k in to 
t he p l a n t c i r c u i t . 
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C O N C L U S I O N S 

In d i s p o s i n g of mine w a s t e , it is impo r t an t to 
know wha t a r e t he c h a r a c t e r i s t i c s of t he 
was te and wha t a r e t he a s s o c i a t e d f u n c t i o n s 
of the r e t a i n i n g s t r u c t u r e . F o r e x a m p l e , is 
t he dam to r e t a i n bo th t a i l i n g s a n d wa te r o r 
j u s t t a i l i n g s ? What is t he h y d r o l o g y of 
s u r f a c e a n d s u b s u r f a c e f low a n d how a re 
f l ood c o n d i t i o n s to be h a n d l e d ? O n c e the 
f u n c t i o n s a r e d e f i n e d , t h e y a r e r e a d i l y 
d e s i g n e d f o r u s i n g c o s t e f f e c t i v e s t a g e d 
c o n s t r u c t i o n . A n a t t i t u d e e x i s t s in many 
p a r t s of t he m i n i n g i n d u s t r y in A u s t r a l i a , 
t ha t i f a w a t e r r e t a i n i n g s t r u c t u r e is b u i l t , 
t h e r e a r e no p r o b l e m s in t he d i s p o s a l of mine 
w a s t e . H o w e v e r , w h e n r e h a b i l i t a t i o n of t he 
mine s i te is c o n s i d e r e d , t he w a t e r r e t a i n i n g 
a rea is no a s s e t . 

Wi th t he s u p p o s i t i o n t h a t t he s l u r r y is to be 
r e t a i n e d a n d t he w a t e r d r a i n e d , a r o c k f i l l 
r e t a i n i n g s t r u c t u r e w i t h t h r o u g h a n d o v e r 
f low a t t r i b u t e s is c o n s i d e r e d . T h e s a f e t y 
v a l v e of a dam is g e n e r a l l y i ts s p i l l w a y , 
w h e r e a s f o r a r o c k f i l l t h r o u g h a n d o v e r f low 
e m b a n k m e n t , it is t h e e m b a n k m e n t i t s e l f . 
G e n e r a l l y , t he cos t of p r o v i d i n g f r e e b o a r d 
a n d a s e p a r a t e s p i l l w a y s t r u c t u r e v a r i e s 
be tween 25% to 65% of t he p r o j e c t c o s t s . 

R o c k f i l l e m b a n k m e n t s w i t h o u t an i m p e r v i o u s 
zone h a v e f o r some t ime been b u i l t as c o f f e r 
d a m s . T h o u g h f a i l u r e s h a v e o c c u r r e d , t h e s e 
h a v e b e e n , in A u s t r a l i a , few in n u m b e r a n d 
w h e n t h e y h a v e o c c u r r e d , t he r e a s o n s a n d 
p o s s i b l e remed ies h a v e been r e c o r d e d . T h e s e 
e x p e r i e n c e s c o u p l e d w i t h r e s e a r c h a n d 
e x p e r i m e n t a t i o n , h a v e led t o , at l e a s t , an 
u n d e r s t a n d i n g of some of t he many m e c h a n 
isms i n v o l v e d in t he t h r o u g h a n d o v e r f low 
d r a i n a g e e m b a n k m e n t . T h e r e a r e s t i l l , 
h o w e v e r , many a s p e c t s of t h e b e h a v i o u r 
r e q u i r i n g c l a r i f i c a t i o n and d e f i n i t i o n . F o r 
e x a m p l e , l imi t a n a l y s i s is s t i l l u s e d in p e r 
f o r m i n g t he d e s i g n f o r t he r e i n f o r c e m e n t . 
T h i s b r i n g s in t h e r e q u i r e m e n t of r e c o g n i s 
i n g t ha t t he c o m p a c t e d r o c k f i l l is s e g r e g a t e d 
a n d a n i s o t r o p i c b o t h in d e f o r m a t i o n and 
p e r m e a b i l i t y . Wi th t he i n c l u s i o n of r e i n f o r c e 
m e n t , t he a n i s o t r o p y is a c c e n t u a t e d w i t h t he 
i n t e r l o c k i n g of t he c o m p a c t e d r o c k f i l l a n d 
c o n c o m i t a n t i n c r e a s e of s t r e n g t h . E x p e r i e n c e 
has s h o w n t h a t if t h e i n t a c t n e s s of t h e 
d o w n s t r e a m s lope is a s s u r e d , t h e n t he 
r o c k f i l l e m b a n k m e n t as a who le rema ins 
s t a b l e . T h a t is d e e p sea ted i n s t a b i l i t y does 
not o c c u r . 

It is i m p o r t a n t to i ns ta l l t he mesh w i th in 
t h e h o r i z o n t a l and v e r t i c a l e m b e d d e d r e i n 
f o r c i n g b e f o r e o v e r t o p p i n g o c c u r s . T h a t is 
t he l a y e r e d embankmen t mus t be complete 
a n d r e a d y to r e c e i v e t h e o v e r t o p p i n g wa te r , 
o t h e r w i s e t he loose r o c k s lams and b r e a k s 
t h e d o w n s l o p e m e s h . T h e toe a r e a s , e s p e c i 
a l l y a r o u n d t he a b u t m e n t s , a re p r o n e to 
s c o u r i n g and u n d e r s c o u r i n g , h e n c e t h e r e is 
an impo r tan t need to p r o t e c t t h e s e a r e a s . 
If c r i t e r i a s u c h as t hose men t i oned a b o v e , 
a r e a d h e r e d t o , t h e n i t is p o s s i b l e to e n 
s u r e a sa fe and s o u n d s t r u c t u r e . 

D r a i n a g e a n d f i l t r a t i o n of t he s l u r r y b y the 
embankmen t a re as impo r t an t to c o n s i d e r as 
is s t a b i l i t y . He re a g a i n , t h e r e a r e many 
p r o b l e m s s u c h as the d r a i n a g e of r e d mud 
( a l u m i n a t a i l i n g s ) and coal s c r u b b i n g s . G e o -
f a b r i c s a s s i s t g r e a t l y in i n s u r i n g t he a t t a i n 
ment and f l e x i b i l i t y r e q u i r e d in t he d e s i g n 
of f i l t e r s . F i l t e r d e s i g n a lso needs to r e c o g 
n i s e the a n i s o t r o p i c n a t u r e of t he t a i l i n g s 
a n d r o c k f i l l . C o n s e q u e n t l y , u s i n g a compo
s i te ma te r i a l s a p p r o a c h , t he r o c k f i l l e m b a n k 
ment o f f e r s g r e a t v e r s a t i l i t y in t he h a n d l i n g 
of t a i l i n g s . 

R i v e r d i v e r s i o n of h i g h wa te r f l o w s , if r e 
q u i r e d , is an e x p e n s i v e p a r t of a n y waste 
d i s p o s a l s y s t e m . H o w e v e r , u s i n g a t h r o u g h 
a n d o v e r f low e m b a n k m e n t , t he c o s t can be 
d r a m a t i c a l l y r e d u c e d . T h e r e a re o t h e r t e c h 
n i q u e s w h i c h a lso he lp in t he r e d u c t i o n of 
c o s t s s u c h as ro l l ed low cement c o n t e n t 
r o c k f i l l e m b a n k m e n t s and o v e r l a y s l ab s p i l l 
w a y s . 
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STAGE 2 GEO FILTER 

EMBANKMENT NOTES 

1A impervious Earthf ill 
1B Semi impervious Eartfill 
2A Earthfili Filter 
2B Earth Rockfill Filter 

3A Earth Rockfill 
3B Rockfill 
4 Graded Rip Rap 

FIG. 1 
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E 

FIG. 10 

(1) Loads are dumped at spacings that w i l l give the approximate 
volume of the reinforcement region of lm thick layer. The load 
should contain several pieces of rock about 0.5 to 0.9m size. 

(2) Spread the dumps using a dozer to give the back slope. This 
spreading with the blade slightly raised pushes the larger 
boulders to the outer face of the slope. 

(3) 12m bars are l a i d on the slope projecting at least 1.8m. Two 
transverse No 6 bars are welded to the sloping bars creating a 
good anchor. Vertical projecting bars are sometimes also welded. 

(4 ) The sloping surface is covered with r o c k f i l l leaving a 3m gap to 
the face, FIG. 10. This rock is dumped near the face and dozed 
al^ng and away from the face with the blade slightly raised 
controlling the rock size. That is larger boulders away from face. 

(5) The mesh is placed and pulled taut. There are a number of 
techniques used for achieving this. 

(6) The projecting bars are bent down (eg Hickey device used in 
bending reinforcement bars) to overlap the lower bars, FIG 10, 
and then welded. 

(7) Good practice i s to start each layer from the abutments towards 
the centre, and complete each layer before starting the next. 
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MODELLING OF FLOW THROUGH A MINE WASTE DUMP 

by 

W.A. McLaren, P.Eng 
Western Canada Hydraulic Laboratories Ltd. 

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

A M A X of C a n a d a L t d . o p e r a t e d a m o l y b d e n u m 
mine at an e l e v a t i o n o f a p p r o x i m a t e l y 600 m 
at K i t s a u l t on A l i c e A r m in n o r t h e r n B r i t i s h 
C o l u m b i a be tween 1981-1982 . O p e r a t i o n s h a v e 
been s h u t d o w n s i n c e 1982 f o r economic r e a 
s o n s . T h e mine p r o p e r t y had been o p e r a t e d 
b y p r e v i o u s o w n e r s be tween 1967 to 1972. 
T a i l i n g s at t h a t t ime we re d i s c h a r g e d in to 
Lime C r e e k at an e l e v a t i o n of a p p r o x i m a t e l y 
500 m and w e r e c o n v e y e d b y n a t u r a l s t ream 
f low down to A l i c e A r m . T h e ma jo r i t y of bed 
sed imen t in lower Lime C r e e k r e p r e s e n t e d 
was te r o c k f rom t he e a r l y o p e r a t i o n . 

A p p r o x i m a t e l y 250 ,000 ,000 c u b i c me t res of 
was te r o c k m u s t be removed f r om A m a x ' s 
open p i t o p e r a t i o n . T o p o g r a p h i c a n d economic 
r e s t r a i n t s i n d i c a t e d t h a t p o r t i o n s of t he 
P a t s y C r e e k a n d Lime C r e e k V a l l e y s s h o u l d 
be u s e d to s t o r e t he was te r o c k . P i t e a u a n d 
A s s o c i a t e s p r o p o s e d t h a t an in i t i a l t es t d u m p 
be c o n s t r u c t e d in P a t s y C r e e k a d j a c e n t to 
the open p i t o p e r a t i o n , F i g u r e 1, to d e t e r 
mine wha t impac t t he la te r s t o r a g e of l a r g e r 
vo lumes of was te r o c k w o u l d h a v e on s e d i 
ment p r o d u c t i o n in t he s t r e a m s , and w h e t h e r 
o r not t he p r o p o s e d f i l l s w o u l d be s t a b l e 
d u r i n g d e s i g n f l o o d s . T h e tes t d u m p w o u l d 
be u s e d to a s s e s s t he a b i l i t y o f a l a t e r , 
l a r g e r , f i l l to t r a n s m i t P a t s y C r e e k d i s 
c h a r g e s and to a s s e s s sed imen t p r o d u c t i o n 
d o w n s t r e a m of t h e d u m p s in bo th P a t s y and 
Lime C r e e k s . 

P r i o r to r e c e i v i n g e n v i r o n m e n t a l a p p r o v a l s 
f o r c o n s t r u c t i n g t he smal l t e s t d u m p , s t u d i e s 
we re r e q u i r e d b y r e g u l a t o r y a g e n c i e s to 
a s s e s s i ts l i k e l y sed imen t p r o d u c t i o n . A t w o -
p h a s e p h y s i c a l a n d mathemat ica l model s t u d y 
was u n d e r t a k e n to p r o v i d e an es t imate of 
l i k e l y sed imen t p r o d u c t i o n a n d recommend 
p o s s i b l e t e c h n i q u e s to r e d u c e a n y u n s a t i s 
f a c t o r y sed imen t l e v e l s . 

P A T S Y C R E E K H Y D R O L O G Y 

P r e c i p i t a t i o n r e c o r d s were a v a i l a b l e f rom 
s e v e r a l s t a t i o n s in t he g e n e r a l v i c i n i t y of 
A l i c e A r m . F i g u r e 2 shows t he mean m o n t h l y 

p r e c i p i t a t i o n r e c e i v e d d u r i n g t he p e r i o d 
A u g u s t 1, 1976 to J u l y 3 1 , 1977 at e l e v a t i o n 
25 f t . n e a r A l i c e A r m . T h i s p e r i o d was 
r e p r e s e n t a t i v e of t h e long t e rm d i s t r i b u t i o n . 
A u t u m n r a i n s in t he a r e a g e n e r a l l y b e g i n in 
S e p t e m b e r a n d r a i n f a l l is h i g h e s t d u r i n g 
O c t o b e r . T o w a r d t he m idd le o r e n d of 
N o v e m b e r t he p r e c i p i t a t i o n c h a n g e s to s n o w , 
t he g r e a t e r p o r t i o n of w h i c h a c c u m u l a t e s 
d u r i n g w i n t e r m o n t h s . F rom N o v e m b e r to 
M a r c h t h e to ta l mean m o n t h l y p r e c i p i t a t i o n , 
mos t l y in t he fo rm of s n o w , s t e a d i l y 
d e c l i n e s . T h e smal l p e a k s in t he Lime C r e e k 
h y d r o g r a p h i n d i c a t e t h a t t h e t e m p e r a t u r e 
r i s e s o c c a s i o n a l l y to wel l a b o v e f r e e z i n g 
d u r i n g t h i s p e r i o d . T h r o u g h o u t s p r i n g and 
summer t he p r e c i p i t a t i o n rema ins l ow . T h e 
mean a n n u a l p r e c i p i t a t i o n in t he a r e a v a r i e s 
f rom 63 i n c h e s n e a r sea leve l to 80 i n c h e s 
at e l e v a t i o n 300 m. 

A n exam ina t i on of t he Water S u r v e y of 
C a n a d a r e c o r d s f o r 1977 to 1980 i n d i c a t e d 
t ha t a v e r a g e f l ows in P a t s y C r e e k c o u l d be 
r e p r e s e n t e d b y seasona l t ime p e r i o d s in 
w h i c h f l ows w e r e r e l a t i v e l y c o n s t a n t . T h e s e 
p e r i o d s a n d t he a p p r o x i m a t e c o r r e s p o n d i n g 
P a t s y C r e e k f l ows we re c a l c u l a t e d as f o l l o w s : 

D e c e m b e r - A p r i l .07 m 3 / s 
M a y - J u n e .75 m 3 / s 
J u l y - m i d - A u g u s t .35 m 3 / s 
M i d - A u g u s t - S e p t e m b e r .20 m 3 / s 
O c t o b e r - N o v e m b e r .35 m 3 / s 

T y p i c a l summer a n d fa l l s t o rms we re e s t i 
mated b y e x a m i n i n g t he WSC da ta and b y 
r e p o r t s f rom S t e v e n s o n I n te rna t i ona l 
G r o u n d w a t e r C o n s u l t a n t s . T y p i c a l summer 
a n d fa l l s t o rms w e r e f o u n d to p r o d u c e peak 
P a t s y C r e e k d i s c h a r g e s of 2 a n d 3 m 3 / s 
r e s p e c t i v e l y , w i t h s t o rm l e n g t h s of 13 h o u r s . 
T h e peak two y e a r a n d 100 y e a r s to rm 
d i s c h a r g e s w e r e d e t e r m i n e d to be 26 m 3 / s 
and 60 m 3 / s r e s p e c t i v e l y . C o r r e s p o n d i n g 
h y d r o g r a p h s h a p e s w e r e d e t e r m i n e d f rom 
t h o s e e s t a b l i s h e d b y S I G . H y d r o g r a p h s f o r 
t y p i c a l fa l l a n d two y e a r s to rm e v e n t s a r e 
g i v e n in F i g u r e 3 . S u b s e q u e n t h y d r o l o g i c a l 
s t u d i e s b y K l o h n Leono f f C o n s u l t a n t s L t d . 
f o u n d tha t h y d r o g r a p h s f o r the t w o - y e a r 
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a n d l a r g e r s t o rm e v e n t s w e r e b a s e d on e r r o 
n e o u s WSC da ta a n d s h o u l d h a v e been r e 
d u c e d b y a b o u t 60%. 

E X I S T I N G S E D I M E N T P R O D U C T I O N 
IN P A T S Y C R E E K 

In o r d e r to a p p r e c i a t e t he p o s s i b l e e f f ec t of 
t he t e s t d u m p on sed imen t c o n c e n t r a t i o n s in 
P a t s y C r e e k , i t was n e c e s s a r y to f i r s t d e t e r 
mine t he e x i s t i n g sed imen t load in t he c r e e k . 
In i t ia l f i e l d s u r v e y o b s e r v a t i o n s i n d i c a t e d 
t h a t norma l sed imen t t r a n s p o r t in P a t s y 
C r e e k was l im i ted b y t he amount of mate r ia l 
a v a i l a b l e f o r t r a n s p o r t a n d not b y t he c a p a 
c i t y of t he c r e e k to t r a n s p o r t s e d i m e n t . 
O b s e r v a t i o n s in t he u p p e r r e a c h e s of P a t s y 
C r e e k a b o v e t he p r o p o s e d t es t dump s i t e , 
i n d i c a t e d t h a t t he a c t i v e b e d mate r ia l t r a n s 
p o r t s i z e f r a c t i o n was in t he 7 .5 to 15 cm 
d i a m e t e r r a n g e . 

D o w n s t r e a m f rom t h e was te d u m p s i te n e a r 
t he j u n c t i o n of P a t s y a n d L ime C r e e k s , P a t s y 
C r e e k f l ows a l ong t h e toe of an e x i s t i n g mine 
was te d u m p . T h i s p r o v i d e d a d d i t i o n a l f i n e r 
mate r ia l f o r t r a n s p o r t as b e d l o a d and s u s 
p e n d e d s e d i m e n t . A n es t ima ted 90 p e r c e n t of 
t h e mate r ia l t r a n s p o r t e d to t he mou th of L ime 
C r e e k o r i g i n a t e d f r om the mi l l t a i l i n g s a n d 
mine was te d e p o s i t e d as a r e s u l t o f the p r e 
v i o u s o p e r a t i o n s . 

In r i v e r s w h e r e sed imen t is s u p p l y l i m i t e d , 
f i e l d m e a s u r e m e n t s of t h e t r a n s p o r t mus t be 
made to d e t e r m i n e t h e long t e r m t r a n s p o r t 
r a t e . T w o M a n n i n g s u s p e n d e d sed imen t 
s a m p l e r s w e r e i n s t a l l e d on L ime C r e e k w h i c h 
w e r e t r i g g e r e d to sample at r e g u l a r i n t e r v a l s 
of h i g h s t r e a m f l ows b y an au tomat i c w a t e r 
l eve l r e c o r d e r . T h e s a m p l i n g p r o g r a m s h o w e d 
t h a t e x i s t i n g s u s p e n d e d sed imen t c o n c e n t r a 
t i o n s in Lime C r e e k v a r i e d f r om 300 to 
1600 m g / l d u r i n g p e r i o d s of h e a v y r a i n f a l l . 

G R A I N S I Z E A N A L Y S I S 

C a l c u l a t i o n s of t he sed imen t p r o d u c t i o n f r o m 
t h e t e s t f i l l r e q u i r e d i n f o r m a t i o n on t h e 
g r a i n s i z e d i s t r i b u t i o n of t h e m a t e r i a l , p a r 
t i c u l a r l y t he amount of ma te r ia l be low 2 mm 
a v a i l a b l e f o r t r a n s p o r t ou t o f t he s a t u r a t e d 
z o n e s o f t he f i l l . A s o p e r a t i o n s had not y e t 
c o m m e n c e d , d i r e c t p r o t o t y p e s a m p l i n g was 
not p o s s i b l e . A n es t ima ted mate r ia l s i z e 
r a n g e was es t ima ted f o r t h e o v e r a l l d u m p 
f r o m a n a l y s i s of samp les o b t a i n e d b y A M A X 
f r om the mine s i te a n d f r o m o t h e r w o r k s , 
F i g u r e 4 . 

T E S T D U M P S E D I M E N T P R O D U C T I O N 

In o r d e r to a s s e s s t he e f f ec t of t h e p r o 
p o s e d t es t dump on sed imen t c o n c e n t r a t i o n s 
in P a t s y C r e e k , a c o m b i n e d p h y s i c a l and 
mathemat ica l model s t u d y p r o g r a m was 
u n d e r t a k e n . 

P h y s i c a l model t e s t s we re u n d e r t a k e n to 
d e t e r m i n e wa te r l eve l s in t he t e s t d u m p as 
a f u n c t i o n of d i s c h a r g e , t es t d u m p c o n f i 
g u r a t i o n and mate r ia l c h a r a c t e r i s t i c s . T h e 
d a t a was t h e n u s e d as i n p u t to a numer i ca l 
model to p r e d i c t sed imen t p r o d u c t i o n f rom 
the t es t dump f o r s e v e r a l p o s s i b l e d i s c h a r g e 
s e q u e n c e s i n c l u d i n g a summer s t o r m , an 
a u t u m n s to rm a n d a once p e r 2 y e a r s to rm 
e v e n t . T h e p h y s i c a l model was a lso u s e d 
a l ong w i t h t h e o r e t i c a l c a l c u l a t i o n s to a s s e s s 
t h e s t a b i l i t y of t he d o w n s t r e a m face of the 
t e s t d u m p a n d to d e v e l o p a b y p a s s c h a n n e l 
to h a n d l e f l ows in e x c e s s of t he po ten t ia l 
o n c e p e r 100 y e a r f l o o d . 

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

A model of t he P a t s y C r e e k v a l l e y s t ream 
was c o n s t r u c t e d at an u n d i s t o r t e d h o r i z o n t a l 
a n d v e r t i c a l sca le of 1:125 in a f l ume at 
W C H L . E x i s t i n g v a l l e y t o p o g r a p h y was c o n 
s t r u c t e d of s a n d - c e m e n t . 

P r e v i o u s s t u d i e s b y o t h e r s had i n d i c a t e d 
t h a t r e l i a b l e p h y s i c a l model r e s u l t s of f low 
c o n d i t i o n s i n s i d e c o a r s e p o r o u s media c o u l d 
be o b t a i n e d b y a d j u s t i n g t h e g r a v e l s i ze 
s c a l e to ma in ta in t he c o r r e c t r e l a t i o n s h i p 
be tween t he seepage a n d g r a v i t a t i o n a l f o r c e s , 
r a t h e r t h a n t h e g r a v i t a t i o n a l a n d i n e r t i a l 
f o r c e s as is n o r m a l l y u s e d in a f r e e s u r f a c e 
F r o u d e n u m b e r s c a l e d m o d e l . T h e p o r o s i t y 
of t he f i l l in t he model was t h e r e f o r e i n 
c r e a s e d to a b o v e p r o t o t y p e v a l u e s to m a i n 
t a i n t he c o r r e c t p e r m e a b i l i t y u n d e r the 
F r o u d e sca le head a n d d i s c h a r g e c o n d i t i o n s . 

T h e t e s t dump mate r ia l g r a d a t i o n was sca led 
at a p p r o x i m a t e l y 1:85 to r e p r o d u c e i n t e r n a l 
f l ow c o n d i t i o n s . R i p r a p a n d o t h e r mater ia l 
on t he d o w n s t r e a m f a c e was s c a l e d at a p 
p r o x i m a t e l y 1:125 on t he b a s i s of S h i e l d s 
c r i t e r i a f o r i n c i p i e n t mot ion as i t s s t a b i l i t y 
was of p r i m a r y c o n c e r n . G r a i n s i z e s and 
p o r o s i t y w e r e d e t e r m i n e d f o r a u n i f o r m tes t 
d u m p m a t e r i a l , f o r a t e s t d u m p c o n s t r u c t e d 
w i t h u n i f o r m mate r ia l u n d e r l a i n b y a c o a r s e 
basa l l a y e r , a n d f o r a t e s t d u m p c o n s t r u c t 
ed in t h r e e d i s t i n c t l a y e r s . T h e t h r e e l a y e r 
model a n t i c i p a t e d t h a t some s e g r e g a t i o n of 
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r o c k s i z e s was l i k e l y to o c c u r d u r i n g c o n 
s t r u c t i o n t h r o u g h the d u m p i n g o p e r a t i o n s . 
D i f f e r e n t mate r ia l g r a d a t i o n s we re u s e d in 
each l a y e r . 

A v e r i f i c a t i o n p r o c e d u r e was c a r r i e d ou t b y 
c o m p a r i n g r e s u l t s f r om m e a s u r e d f l ows 
t h r o u g h a s imp le p h y s i c a l r e c t a n g u l a r b l o c k 
of model g r a v e l w i t h t h e r e s u l t s of a n a l y t i c 
c o m p u t a t i o n s b a s e d on p r o t o t y p e m a t e r i a l . 
Use of a r e c t a n g u l a r b l o c k in t he v e r i f i c a t i o n 
t e s t e l im ina ted the e f f e c t of i r r e g u l a r v a r i a 
t i on in f l o o d e d t e s t dump a r e a w i th r i s i n g 
e l eva t i on in t h e v a l l e y a f f e c t i n g model c a l i 
b r a t i o n r e s u l t s . T h r e e v e r i f i c a t i o n t e s t r u n s 
we re made u s i n g each of t h r e e d i f f e r e n t 
g r a i n s i z e s w h i c h w o u l d be u s e d in t he P a t s y 
C r e e k t e s t d u m p p h y s i c a l m o d e l . T h e v e r i f i 
ca t i on r e s u l t s w e r e c o m p a r e d a g a i n s t c o n d i 
t i o n s c a l c u l a t e d f o r t he r e c t a n g u l a r b l o c k 
u s i n g t u r b u l e n t f low r e l a t i o n s h i p s f o r p o r o u s 
m e d i a . C o m p a r i s o n of t he r e s u l t s s h o w e d t h a t 
f o r a to ta l of n i ne t e s t c o n d i t i o n s t he model 
g a v e i n t e r n a l f low v e l o c i t i e s w h i c h w e r e on 
a v e r a g e 6% a b o v e t h o s e d e t e r m i n e d a n a l y t i 
c a l l y . It was c o n c l u d e d t h a t t he s c a l i n g 
c r i t e r i o n r e a s o n a b l y r e p r e s e n t e d c o n d i t i o n s 
in t he p r o t o t y p e a n d t h a t t he c o r r e s p o n d i n g 
s c a l i n g r e l a t i o n s h i p s w o u l d g i v e good t e s t 
r e s u l t s f o r use in t he main mathemat ica l 
model of t h e t e s t d u m p . 

T h e t h r e e t h e s e d u m p mate r ia l c o n f i g u r a t i o n s 
were s t u d i e d in t he p h y s i c a l model b y m e a 
s u r i n g t he d i s c h a r g e i n t r o d u c e d to t he 
u p s t r e a m e n d of t h e f lume and p i e z o m e t r i c a l l y 
m e a s u r i n g t h e r e s u l t i n g wa te r l e ve l s i n s i d e 
the model d u m p . Each t es t d u m p c o n f i g u r a 
t i on was e x a m i n e d at s e v e r a l d i s c h a r g e s . F o r 
each r u n t h e d i s c h a r g e and wa te r l e ve l s at 
s i x p o i n t s in t he model t e s t d u m p we re 
m e a s u r e d , F i g u r e 5 . 

p r e v i o u s l y p u b l i s h e d t h e o r e t i c a l a n d e x p e r i 
menta l i n v e s t i g a t i o n s on f i n e s e d i m e n t t r a n s 
p o r t t h r o u g h a c o a r s e m a t r i x . A sed imen t 
t r a n s p o r t f u n c t i o n t h r o u g h a p o r o u s med ium 
was d e v i s e d in r e l a t i on to a c r i t i c a l s h e a r 
s t r e s s c o n c e p t , t he c r i t i c a l s h e a r s t r e s s 
w h i c h c a u s e d i n i t i a t i o n of f i n e sed imen t 
mot ion t h r o u g h t h e l a r g e p o r e s b e i n g 
e v a l u a t e d t h r o u g h t h e h y d r a u l i c s l o p e . 

T h e two b a s i c e q u a t i o n s of t he sed imen t 
t r a n s p o r t model w e r e : 

i ) A r e l a t i o n s h i p be tween a g i v e n sed imen t 
s i z e and a c o r r e s p o n d i n g h y d r a u l i c s l ope 
n e c e s s a r y f o r i n i t i a t i o n of sed imen t 
mot ion 

( ^ ) ^ dX Jcr 

f o r w h i c h 
H 
X 
c r = 
Y 
W 
W S = 
D 

W s-W 
W 

w a t e r s u r f a c e s l ope 

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

i i ) A r e l a t i o n s h i p be tween sed imen t t r a n s 
p o r t and h y d r a u l i c s l ope f o r a g i v e n 
g r a i n s i z e . 

Q s " K g ) 1 

D 

KdXJ c r 

T h e v a l u e of t he p a r a m e t e r K v a r i e d w i th 
d i s c h a r g e t h r o u g h t he d u m p . 

F o r a l l d i s c h a r g e s t he t es t dump w i t h basa l 
d r a i n showed s i g n i f i c a n t l y lower wa te r l eve l s 
w i t h i n t he dump t h a n t hose f o r t he dump 
w i t h o u t basa l d r a i n . T h i s was s i g n i f i c a n t as 
i t e x p o s e d less po ten t i a l sed imen t to f low 
t h r o u g h t he t e s t dump at a g i v e n f low t h a n 
had t h e mate r ia l been u n i f o r m l y d i s t r i b u t e d . 
T h e r e s u l t s f r om the t h r e e l a y e r t e s t d u m p 
s h o w e d a f u r t h e r l o w e r i n g of the p h r e a t i c 
s u r f a c e s in t he m o d e l . 

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

A mathemat ica l model was d e v e l o p e d to 
p r e d i c t sed imen t t r a n s p o r t r a tes t h r o u g h the 
P a t s y C r e e k t es t f i l l b a s e d on r e s u l t s of 

K = 

M X ' 

f o r w h i c h : 

V = g r o u n d w a t e r f l ow v e l o c i t y 
K = c o e f f i c i e n t 
n = g r o u n d w a t e r f low e x p o n e n t 

A s f low t h r o u g h t he P a t s y C r e e k t es t d u m p 
w o u l d be e i t h e r p a r t i a l l y o r f u l l y t u r b u l e n t 
f o r h i g h s t r eam f l o w s , t h e v a l u e of K i n c o r 
p o r a t e d a f low e x p o n e n t , n , b a s e d on the 
r e l a t i o n s h i p be tween f low v e l o c i t y a n d 
med ium p e r m e a b i l i t y . T h e e x p o n e n t v a r i e d 
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b e t w e e n 0 . 5 f o r a f u l l y t u r b u l e n t f low a n d 
1.0 f o r a f u l l y l am ina r f l o w . V a l u e s of K 
w e r e i n v e s t i g a t e d b y e x p e r i m e n t a l c a l i b r a t i o n . 
A t h i r d e q u a t i o n was a lso a d d e d : a sed imen t 
c o n s e r v a t i o n law u s e d to e v a l u a t e r e m a i n i n g 
amoun ts of f i n e s e d i m e n t le f t in t h e f i l l a f t e r 
e v e r y t ime s t ep t he sed imen t e q u a t i o n was 
a p p l i e d . 

F o r a g i v e n s a t u r a t e d v o l u m e , c o r r e s p o n d i n g 
to a s p e c i f i c f l ow e v e n t , t he sed imen t c o n 
s e r v a t i o n law was w r i t t e n a s : 

Q c = d(VE) 
dT 

w h e r e : 

Q s = sed imen t t r a n s p o r t r a te 

V E = e r o d e d vo lume of f i n e mate r ia l 
w i t h i n t he s a t u r a t e d zone 

T = t ime 

U n d e r u n s t e a d y f low c o n d i t i o n s , f o r w h i c h 
t he s a t u r a t e d v o l u m e , a n d h e n c e t he vo lume 
of f i n e s a v a i l a b l e f o r t r a n s p o r t , c h a n g e d f o r 
each t ime s t e p , t h e f o l l o w i n g s t e p s we re 
c o n s i d e r e d : 

T h e model a lso c o n s i d e r e d t h a t : 

i D o w n w a r d sed imen t t r a n s p o r t t h r o u g h 
p e r c o l a t i o n f r om a b o v e w o u l d not o c c u r 
d u e to n a t u r a l s e a l i n g of t he t e s t dump 
s u r f a c e u n d e r c o n s t r u c t i o n t r a f f i c . 

i i D o w n w a r d sed imen t movement t h r o u g h 
t he f i l l c a u s e d b y the r e c e s s i o n of a 
p h r e a t i c l ine was i g n o r e d . 

i i i D u r i n g c o n s t r u c t i o n h i g h s u s p e n d e d 
sed imen t c o n c e n t r a t i o n s c o u l d be a n t i c i 
p a t e d in P a t s y C r e e k . O c c u r r e n c e s s u c h 
as s l u m p i n g of mate r ia l in to t h e c r e e k 
f r om a d v a n c i n g s lope f a c e s , c a u s e d b y 
e x c e s s i v e r a i n , c o u l d c a u s e u n p r e d i c t a b l y 
h i g h , s h o r t d u r a t i o n c o n c e n t r a t i o n s 
w h i c h t he model w o u l d not p r e d i c t . 

i v T h e s u r f a c e of t he d u m p w o u l d be at 
e l e v a t i o n 650 m and t he l e n g t h of t he 
d u m p w o u l d be 400 m. T h e d o w n s t r e a m 
s u r f a c e s lope w o u l d be be tween 1:3 to 
1 :4 . A n i n c r e a s e in t he e l e v a t i o n of t he 
top s u r f a c e w o u l d not h a v e a n y e f f ec t on 
sed imen t t r a n s p o r t ra tes as t h i s a d d e d 
vo lume wou ld be a b o v e t h e s a t u r a t e d 
z o n e . 

i F o r t he a s c e n d i n g l imb of t h e h y d r o g r a p h , 
t he s e d i m e n t c o n s e r v a t i o n law was not 
mod i f i ed as vo lume e r o d e d at t ime s tep 
( i - 1 ) came f r o m a sma l l e r s a t u r a t e d 
vo lume t h a n t he one f o r t ime s tep ( i ) . 
T h e r e f o r e , vo l umes of e r o d e d sed imen t 
c o u l d be d i r e c t l y a d d e d to each o t h e r . 

ii F o r t h e d e s c e n d i n g l imb of t he h y d r o -
g r a p h , t he s i t u a t i o n was s l i g h t l y more 
comp lex as vo lume e r o d e d at t ime s t e p 
( i - 1 ) came f r om a l a r g e r s a t u r a t e d vo lume 
t h a n the one f o r t ime s t ep ( i ) . T h e r e f o r e , 
t he e x p r e s s i o n f o r to ta l vo lume e r o d e d at 
s t e p ( i ) had to be mod i f i ed to t a k e t h i s 
f a c t o r in to a c c o u n t , t he new e x p r e s s i o n 
was w r i t t e n a s : 

V (i) = V ( i - 1 ) x V s a t . ( i ) + Q ( i ) x T 
E E V s a t . ( i - l ) S 

f o r w h i c h : 

V s a t . ( i ) = s a t u r a t e d vo lume at s tep ( i ) 

V s a t . ( i - I ) = s a t u r a t e d vo lume f o r 
p r e c e d e n t vo lume 

v T h e h y d r a u l i c g r a d i e n t in t he u p s t r e a m 
sec t i on a c t e d as d r i v i n g mechan ism f o r 
sed imen t f eed to t he w e d g e - s h a p e d d o w n 
s t r e a m s e c t i o n w h i l e t h e h y d r a u l i c g r a d i 
en t o f t he d o w n s t r e a m s e c t i o n c o n t r o l s 
sed imen t o u t p u t f r om the t e s t d u m p . 

v i A l l sed imen t w i t h i n t he f l ooded a rea of 
t he d u m p w h i c h was f i n e e n o u g h to be 
moved b y local f low v e l o c i t i e s in the 
d u m p was c o n s i d e r e d to be d i s p l a c e d . 

v i i No new sed imen t was i n t r o d u c e d to the 
dump b y u p s t r e a m f l o w . 

T w o n u m e r i c a l models we re d e v e l o p e d to 
s imu la te sed imen t t r a n s p o r t f r om the f i l l : 

i a s imp le model o n l y ab le to s imu la te a 
g i v e n f low e v e n t , b a s e f low o r s t o r m ; 

ii an e x p a n d e d model ab le to s imu la te a 
y e a r of f l ow e v e n t s . 

T h e f i r s t model was u s e d f o r t he s imu la t i on 
of i n d i v i d u a l s u m m e r , fa l l a n d once p e r two 
y e a r s to rm e v e n t s w i t h 2 m 3 / s , 3 m 3 / s , 
26 m 3 / s c r e e k d i s c h a r g e s r e s p e c t i v e l y , 
F i g u r e 6. 
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T h e s e c o n d model s y n t h e t i c a l l y c o m b i n e d a 
s e q u e n c e of f l ow e v e n t s i n c l u d i n g seasona l 
base f l ows b e t w e e n an a s s u m e d s to rm s e q u 
e n c e . 

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

Es t ima tes of b a s e f l ow sed imen t p r o d u c t i o n 
f r om the u n i f o r m l y d i s t r i b u t e d t e s t d u m p 
were s t a r t e d a s s u m i n g an a v e r a g e fa l l f l ow 
as it was a n t i c i p a t e d t h a t c o n s t r u c t i o n of f i l l 
was to be f i n i s h e d b y t he end of t he summer 
o r e a r l y f a l l . S t a r t i n g t h e model d u r i n g t he 
p e r i o d of summer b a s e f low a n d summer 
s to rm w o u l d h a v e p r o d u c e d a more g r a d u a l 
w a s h i n g of s e d i m e n t f r om the d u m p w i th 
c o n s e q u e n t l ower peak sed imen t p r o d u c t i o n 
v a l u e s . O n e of t h e s t u d y o b j e c t i v e s was to 
s a t i s f y e n v i r o n m e n t a l c o n c e r n s a n d t h e r e f o r e 
r e a s o n a b l e " w o r s t c a s e " s i t u a t i o n s w e r e i n 
v e s t i g a t e d . 

Fa l l b a s e f l ow s e d i m e n t p r o d u c t i o n es t ima tes 
f r om t h e n u m e r i c a l model s h o w e d t h a t f o r t he 
f i r s t month t h e s e d i m e n t p r o d u c e d f r om the 
t e s t d u m p w o u l d i n c r e a s e t he a v e r a g e c o n c e n 
t r a t i o n at t h e L ime C r e e k b r i d g e f r om 30 to 
50 m g / l w i t h a p r e d i c t i o n u n c e r t a i n t y f a c t o r 

of 2 ( i . e . , p e a k r e s u l t s c o u l d be as lows as 
25 o r as h i g h as 100 m g / l ) . T h e main r e a 
s o n s f o r t h e d e g r e e of u n c e r t a i n t y w e r e : 

i t h e f l a s h i n e s s of sed imen t r e s p o n s e to 
t he h y d r a u l i c v a r i a b l e s ; 

i i T h e es t ima tes of s e d i m e n t v o l u m e s in t h e 
u p s t r e a m s e c t i o n a v a i l a b l e f o r m o t i o n . 

A s s e d i m e n t p r o d u c t i o n f o r t h e i n i t i a l l y p r o 
p o s e d u n i f o r m l y d i s t r i b u t e d t e s t d u m p was 
u n a c c e p t a b l y h i g h , t h e t e s t d u m p model was 
r e d e s i g n e d to i n c o r p o r a t e a 3 m t h i c k basa l 
l a y e r of c o a r s e r o c k . T h i s l a y e r was to ac t 
as a d r a i n to c o n d u c t al l norma l f l ows u n d e r 
r a t h e r t h a n t h r o u g h t he d u m p . F u r t h e r 
r u n s w e r e a lso made to i n v e s t i g a t e t he 
e f f e c t of v e r t i c a l r o c k s e g r e g a t i o n d u r i n g 
c o n s t r u c t i o n . T h e d u m p a b o v e t he basa l 
l a y e r was c o n s i d e r e d as 3 d i s t i n c t l a y e r s 
h a v i n g d i f f e r e n t med ian r o c k s i z e s . It was 
c o n c l u d e d t h a t m o d e l l i n g t h e t e s t d u m p as 
u n i f o r m l y d i s t r i b u t e d mate r ia l w o u l d c o n s i 
d e r a b l y o v e r - e s t i m a t e t h e leve l of t h e wa te r 
in t he t e s t d u m p a n d c o n s e q u e n t sed imen t 
p r o d u c t i o n f o r a g i v e n d i s c h a r g e . 

C a l c u l a t e d s e d i m e n t p r o d u c t i o n in m g / l f r om 
the t e s t d u m p f o r t h e t h r e e i n d i v i d u a l s to rm 
a n d t h r e e d u m p c o n d i t i o n s w e r e : 

U n i f o r m t e s t d u m p U n i f o r m t e s t S e g r e g a t e d t e s t 
F low w i t h o u t dump w i t h d u m p w i t h 
E v e n t basa l l a y e r basa l l a y e r basa l l a y e r 

Summer s to rm 2000 600 20 
2 m 3 / s 

Fal l s t o rm 3000 800 20 
3 m V s 

T w o y e a r s to rm 6000 2000 25 
26 m 3 / s 

T h e s e r e s u l t s g a v e t he most c o n s e r v a t i v e , 
i . e . , h i g h e s t sed imen t es t ima tes as t h e y 
a s s u m e d t h a t no sed imen t had been removed 
f rom t h e d u m p b y low s t r eam base f l ows 
p r i o r to t h e s to rm o n s e t . T h e sed imen t 
c o n c e n t r a t i o n s g a v e i n c r e a s e s in t he P a t s y 
C r e e k s t r eam v a l u e s as f low p a s s e d t h r o u g h 
t h e d u m p r a t h e r t h a n to ta l sed imen t in t he 
s t r eam at t he toe of t he d u m p . 

T h e r e s u l t s s h o w e d t h a t t he basa l d r a i n , 
p l u s n a t u r a l s e g r e g a t i o n of t he t e s t d u m p 
r o c k d u r i n g c o n s t r u c t i o n w o u l d r e s u l t in 
g e n e r a l l y a c c e p t a b l e sed imen t p r o d u c t i o n 
l eve l s f o r n o r m a l , o r t y p i c a l r a i n f a l l s e q u 
e n c e s . It w o u l d be p o s s i b l e , of c o u r s e , t h a t 
a s e q u e n c e of e x c e p t i o n a l s t o rm c o n d i t i o n s 
c o u l d o c c u r to p r o d u c e h i g h e r sed imen t 
l e v e l s . T h e l eve l s of s e d i m e n t i n c r e a s e in 
t h e s t r e a m , h o w e v e r , w o u l d s t i l l be low 
w i t h r e s p e c t to t h e m e a s u r e d e x i s t i n g s i te 
v a l u e s . 
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D O W N S T R E A M F A C E S T A B I L I T Y 

T h e s t a b i l i t y of t h e d o w n s t r e a m face of t he 
t e s t d u m p was a s s e s s e d in t he p h y s i c a l model 
f o r a d i s c h a r g e of 60 m 3 / s , r e p r e s e n t i n g the 
once p e r 100 y e a r f l o w . S e e p a g e f o r c e s at 
t he toe of t he d u m p w e r e f o u n d to be equa l 
to o r l ess t h a n t h o s e c a l c u l a t e d d u r i n g t he 
in i t i a l g e o t e c h n i c a l s t a b i l i t y a s s e s s m e n t . 

T h e 1:125 s c a l e p h y s i c a l model was a lso u s e d 
to a s s e s s s t a b i l i t y of t he d o w n s t r e a m face of 
t he d u m p b y po ten t i a l o v e r t o p p i n g d u r i n g 
s t o rms of g r e a t e r t h a n 1 in 100 y e a r i n t e n 
s i t y a n d to d e s i g n a r o c k l i ned b y p a s s c h a n 
n e l . A d o w n s t r e a m s lope of 1 v e r t i c a l to 4 
h o r i z o n t a l was f o u n d to be s t a b l e a g a i n s t 
seepa g e a n d o v e r f l o w f o r c e s d u r i n g t he o n c e 
p e r 100 y e a r f l ood i f a r m o u r e d w i t h a 3 m 
t h i c k l a y e r of 1 m d i a m e t e r was te r o c k . 
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FIGURE 1 

L I M E C R E E K D R A I N A G E B A S I N 

WESTERN CANADA HYDRAULIC LABORATORIES LTD. 
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MEAN MONTHLY PRECIPITATION AT ALICE ARM ( E L . 25'J 
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FIGURE 4 

GRAIN SIZE DISTRIBUTION 
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CONTRIBUTION FOR MINE WASTE STABILITY 

Jacques 
Tecminemet 

Trappes 

O V E R V I E W 

T h i s p r e s e n t a t i o n r e f e r s o n l y to was te d i s 
posa l in t h e t h a l w e g of a f l o w i n g s t r e a m 
b e c a u s e in a f l a t s i t e , was te d i s p o s a l does 
not t a k e p l a c e b e c a u s e of o c c u r e n c e of 
s p r i n g s . 

D i s p o s a l of m i n i n g was te in v a l l e y s is d e t e r 
m ined b y t h e n a t u r e of t he re j ec ted p r o d u c t s 
and b y the m o r p h o l o g y of t he v a l l e y i t s e l f . 

In many c a s e s t h e o c c u r e n c e of a r i v e r o r 
r i v u l e t in t h e bo t tom l ine r e q u i r e s t he c o n 
s t r u c t i o n of a d r a i n . C o r r e c t w o r k i n g of t he 
d r a i n is m a n d a t o r y f o r was te d i s p o s a l s y s t e m 
s t a b i l i t y . 

T h e d r a i n s g e n e r a l l y w o r k i f c o r r e c t l y made 
b u t t he r i s k o f d r a i n d e s t r u c t i o n is n o t i c e 
ab le a n d t he d r a i n has to be m a i n t a i n e d 
w h a t e v e r t he c o n d i t i o n s of t h e d i s p o s a l o p e r 
a t ion s h o u l d b e . N e v e r t h e l e s s some a s s a y s 
a r e n e c e s s a r y in o r d e r to v e r i f y i f t h e d r a i n 
is j e o p a r d i z e d b y w a t e r a c c u m u l a t i o n i n s i d e 
t h e was te m a t e r i a l . 

In a w ide r a n g e of c l ima tes v e g e t a t i o n r e g e n 
e r a t i o n on the s l ope is not a major p r o b l e m if 
t he s lope i t se l f is c o r r e c t a n d a d d i t i o n a l 
ma te r ia l o f a p p r o p r i a t e n a t u r e is c o n v e n i e n t . 

P R I N C I P L E S 

A f i r s t p r i n c i p l e in t he d i s p o s a l p r o c e s s 
w o u l d be to d i v e r t s u r f a c e w a t e r s com ing 
f r o m t h e u p p e r b a s i n v i a a p e r i p h e r i c a l c o l 
l e c t o r b u i l t in t h e s l opes of t he v a l l e y ou t of 
t h e d i s p o s a l a r e a . O u t f l o w of t h i s c o l l e c t o r is 
loca ted d o w n s t r e a m of t he d i s p o s a l s i t e . 

When d u m p i n g c o a r s e m i n i n g was te f r om t he 
h e i g h t of a s l ope w i t h o u t t a k i n g a n y s p e c i a l 
c a r e g r a n u l o m e t r i c a l s e g r e g a t i o n ( s i z e c l a s s i 
f i c a t i o n ) is as e f f i c i e n t as t he h e i g h t of t he 
s lope a n d as t h e c u b i c i t y of t he m a t e r i a l . 

P r o b l e m s a r i s e f r o m t he f a c t t h a t i t is not 
a l w a y s p o s s i b l e to o b t a i n t h e s e idea l c o n d i 
t i o n s . S p e c i a l c o n d i t i o n s in w h i c h one c o u l d 
be f a r f rom t h e idea l case a r e n u m e r o u s . 

T h e p r e s e n t l i s t is no t e x h a u s t i v e i t is o n l y 
o u r p e r s o n a l e x p e r i e n c e . 

Gourdou 
Ingenierie 
France 

- p r o d u c t s a r e no t of c u b i c s h a p e ; 
- bo t tom l ine is made u p of f i n e a n d p l a s t i c 

ma te r i a l 
- q u i c k w e a t h e r i n g o f t he r o c k s 
- a l t e r a t i o n in t he d i s p o s a l o f two t y p e s of 

p r o d u c t s 
- s l ope a n g l e more t h a n 25° 

T h e idea l case is s h o w n in f i g u r e 1. S u r 
f a c e of r e p o s e is a g e n t l e s l ope a n d r o c k is 
s o u n d ( no mou ld o r l oam) . T h e h e i g h t o f 
d u m p i n g is s u f f i c i e n t f o r a good s e g r e g a t i o n . 
A s an o r d e r o f m a g n i t u d e o u r es t imate is 
15 m e t r e s . 

U n d e r t h e s e c o n d i t i o n s c o a r s e mate r ia l a n d 
b o u l d e r s a c c u m u l a t e at t h e foo t o f t h e s l o p e , 
f i n e mate r ia l r ema ins n e a r t h e d u m p i n g p o i n t 
a n d p e r m e a b i l i t y is c o n t i n u o u s l y i n c r e a s i n g 
f rom top to bo t t om . R a i n f a l l o r o t h e r w a t e r 
o n t he s u r f a c e of t he d u m p d i s s i p a t e s at 
t he foo t o f t he s l o p e . 

If a d e c i s i o n is made to c r e a t e a dam w i t h 
s p o i l e d mate r ia l c r o s s i n g a v a l l e y , ( s i d e to 
s i d e ) as s h o w n in f i g u r e 2 t h e s u r f a c e of 
t he s l ope a n g l e does no t p r o v i d e a s u f f i 
c i e n t h e i g h t of s l ope in t he e d g e s of t he 
c r o s s s e c t i o n to meet t h e p r e c e d i n g p r i n 
c i p l e . A c c o r d i n g to a g i v e n leve l o f p e r m e 
a b i l i t y t he l imi t p r o f i l e is s h o w n as l ine S of 
t he f i g u r e 2 . 

If t h e o b j e c t i v e is to c r e a t e a d i s p o s a l 
s y s t e m e x t e n d i n g f r om t h i s dam a c r o s s t he 
v a l l e y , i t is s u g g e s t e d t h e p r o g r e s s i o n 
s h o u l d be a x i a l l y d o w n w a r d a n d no t u p w a r d 
a n d a l o n g i t u d i n a l p r o f i l e as s h o w n in 
f i g u r e 3 w i l l r e s u l t . 

A p r o g r e s s i o n u p w a r d w o u l d h a v e i n s u f f i 
c i e n t h e i g h t a n d a c c u m u l a t e d s p o i l e d m a 
t e r i a l w o u l d no t h a v e a p p r o p r i a t e s i z i n g . 
C o n s e q u e n t l y t h e r e s u l t i n g p e r m e a b i l i t y o f 
t h e was te d i s p o s a l s y s t e m w o u l d p r o b a b l y 
be i n s u f f i c i e n t a l ong t h e bot tom l i n e . 

S u c h a r e t he ideal c o n d i t i o n s o f c o a r s e 
p r o d u c t s d i s p o s a l . T h r e e p r i n c i p l e s a r e 
i n v o l v e d : 

s l ope a n g l e o f o r i g i n a l g r o u n d is less 
t h a n t he s lope a n g l e of c o a r s e s p o i l e d 
mate r ia l 
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s u r f a c e of o r i g i n a l g r o u n d s h o u l d be 
c l e a n e d of v e g e t a t i o n 

- s u f f i c i e n t d u m p i n g h e i g h t be ma in ta i ned 
al l a l ong t he l o n g i t u d i n a l bot tom l ine 

S p o i l e d mate r ia l no t of c u b i c s h a p e 

T h i s r e f e r s to d u m p mate r ia l s im i l a r to s la te 
o r s c h i s t as a c o n s t i t u e n t of t he wa l l s of 
s e d i m e n t a r y d e p o s i t s ( c o a l ) . T h i s mater ia l 
a l t h o u g h c o a r s e can show low p e r m e a b i l i t y b y 
s h a p e when m ixed w i th f i n e s o r when d u m p e d 
f r om a s i g n i f i c a n t h e i g h t . F u r t h e r m o r e the 
h a n d l i n g of t h i s p r o d u c t g i v e s , f o r t he same 
r e a s o n , a lot of f i n e m a t e r i a l . 

In t h i s c o n d i t i o n one has to s o r t as f a r as 
p o s s i b l e , ma te r i a l s in to c l a s s e s . T h e f i r s t 
t y p e is t he c o a r s e p r o d u c t w h i c h is o n l y to 
be d u m p e d f r o m a smal l h e i g h t to a v o i d a d d i 
t i ona l b r e a k i n g and p r o v i d e p e r m e a b i l i t y . 
S e c o n d t y p e is t he f i n e p r o d u c t d i s p o s e d in 
p l a c e d w h e r e p e r m e a b i l i t y is not r e q u i r e d . 

G r o u n d s u r f a c e composed of 
f i n e o r p l a s t i c ma te r i a l s 

T w o r e a s o n s a re g i v e n f o r t he g r o u n d 
s u r f a c e to be composed of f i n e o r p l a s t i c 
m a t e r i a l . T h e most common one is t ha t t h i s is 
d u e to v e g e t a t i v e c o v e r i n g m i x e d w i th w e a 
t h e r e d r o c k s . T h e s e c o n d one o r i g i n a t e s 
f r om the n a t u r e of t he g r o u n d ( i . e . n a t u r a l 
l imon i t i c so i l in New C a l e d o n i a o r mine 
t a i l i n g s a n y w h e r e in t h e w o r l d ) . 

1. Loam a n d w e a t h e r i n g 

T h e who le mass of t h e was te may s l i p on 
t he seam of p l a s t i c so i l w h i c h ac ts as a 
l u b r i c a n t be tween t he d i s p o s e d mate r ia l 
a n d compe ten t u n d e r l y i n g r o c k . No 
r e m e d y is k n o w n f o r t h i s p h e n o m e n o n . 
T h e s o l u t i o n is to ge t r i d of t he loam 
b e f o r e the b e g i n n i n g of t he o p e r a t i o n 
(m ine was te f r om N i c k e l m ines in New 
C a l e d o n i a ) . 

2. O l d t a i l i n g 

F i g u r e 4 e x p l a i n s t h e i n t e r e s t i n g case of 
H u a r o n m i n e s . F i r s t a v a l l e y r e l a t i v e l y 
f l a t has been f i l l e d w i t h t a i l i n g s . A smal l 
c r e e k f l ows a l ong the u p p e r leve l of t h i s 
t a i l i n g s d i s p o s a l . T h e f i n e p r o d u c t c o n t e n t 
of t h e s e o ld t a i l i n g s make them i m p e r v i o u s . 
M i n i n g w a s t e s a r e d u m p e d l a t e r a l l y , p r o 
g r e s s i n g f r o m one s i d e of t he v a l l e y 
t o w a r d the o t h e r . 

T w o phenomena o c c u r s i m u l t a n e o u s l y : 
c o a r s e p r o d u c t is q u i c k l y e m b e d d e d in 
t he s u r f a c e of t he f i n e o ld t a i l i n g s a n d 
t he p e r m e a b i l i t y at t he c o n t a c t of t h i s 
s u r f a c e is not s e c u r e d . O n t he o t h e r 
h a n d t he c o a r s e t a i l i n g load leads to 
deep c i r c u l a r r u p t u r e . T h e u p l i f t i n g of 
t he f i n e p r o d u c t s is s h o w n on the 
f i g u r e 4 . 

T h e m ine r f aces the r i s k t h a t t he c r e e k 
does not f i n d i ts way among t he u p s e t 
f i n e p r o d u c t s a n d i m p r e g n a t e the who le 
m a s s . T h i s c o n s t i t u t e s an u n r e l i a b l e 
d a n g e r o u s a n d u n s t a b l e d a m . 

R i s k i n v o l v e d in t h i s d i s p o s a l has been 
r e d u c e d b y d i s p l a c i n g t he r i v e r bed on 
t he o p p o s i t e s i de of t he v a l l e y a n d s t o p 
p i n g t he c o a r s e d i s p o s a l f a r e n o u g h back 
f r om the r i v e r . 

Q u i c k w e a t h e r i n g of t he r o c k s 

T h e s e g r e g a t i o n phenomenon leads to a v e r y 
h i g h p e r m e a b i l i t y w h i c h can d e c r e a s e as a 
f u n c t i o n of t ime f o r two r e a s o n s : 

F ine p r o d u c t s a b u n d a n t at t he d i s p o s a l 
s i t e s u r f a c e lead to a q u a s i c l o g g i n g of 
w a t e r p e r c o l a t i o n t h r o u g h the c o a r s e p r o 
d u c t . T h i s h a p p e n e d in t he case of a 
mine was te s h o w i n g a g r a n u l o m e t r i c a l 
d i s c o n t i n u i t y , in o t h e r w o r d s a c o a r s e 
p r o d u c t f r om the mine s o u r c e m i x e d w i th 
a f i n e p r o d u c t f r om a n o t h e r . 

- Q u i c k w e a t h e r i n g p r o d u c t s ac t in the 
same w a y , f o r t he i n t e r m e d i a t e s i z e p r o 
d u c t s w e a t h e r q u i c k l y and t he d e t r i t u s 
goes down t h r o u g h the c o a r s e p r o d u c t . 
T o r e d r e s s t h e loss of p e r m e a b i l i t y l o n g i 
t u d i n a l d r a i n s may be c o n s t r u c t e d to 
i n t e r c e p t p e r c o l a t i n g w a t e r . 

V a r i a b i l i t y in t he n a t u r e of 
mate r ia l b e i n g d i s p o s e d 

When f i n e was te is p r o d u c e d b y m i n i n g and 
is a l t e r n a t e d w i th c o a r s e p r o d u c t s p e r m e 
a b i l i t y is r e d u c e d . It is t he same case as 
p r e v i o u s l y s t u d i e d if no spec ia l m e a s u r e s 
a r e t a k e n . T h e d i s p o s a l s y s t e m mus t be 
b u i l t in s u c h a w a y t h a t p r o b l e m s do not 
o c c u r . F i r s t s u g g e s t i o n is to p l ace the f i ne 
p r o d u c t s w h e r e t he h e i g h t of t he s lope is 
minimal a n d w h e r e p e r m e a b i l i t y is a l r e a d y 
low. 
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T h i s w o r k s i f t h e f i n e a r e not too a b u n d a n t 
o r i f t he d i s p o s a l a r e a is r a t h e r l a r g e . 

We h a v e no p e r s o n a l e x p e r i e n c e on t he 
method w h i c h i n v o l v e s b u i l d i n g a d r a i n n e a r 
t he bot tom l i ne p r i o r to d i s p o s a l a n d c o v e r 
i ng t h i s d r a i n w i t h i n t e r m e d i a t e s i z e d p r o 
d u c t s a n d w i th B i d i m (* ) a n d a f t e r , d u m p i n g 
p r o d u c t s of a n y s i z e a n d c o n d i t i o n . T h i s 
s y s t e m seems v e r y economica l p r o v i d e d t he 
d r a i n w o r k s p e r f e c t l y in c o l l e c t i n g b o t h t he 
w a t e r com ing f r o m u p s t r e a m a n d t h e w a t e r 
coming f r o m t h e d i s p o s a l . T h i s l as t c o l l e c t i o n 
is made t h r o u g h la te ra l b r a n c h e s . 

D R A I N A L O N G T H E B O T T O M 
L I N E O F T H E D U M P  

N e c e s s i t y of t h i s d r a i n 

If a v a l l e y is c o m p l e t e l y dammed b y mine 
was te i t is p o s s i b l e in many c a s e s , to c r e a t e 
a l o n g i t u d i n a l d r a i n g o i n g a long t h e bot tom 
l i n e , e v e n i f t h e s p o i l e d mate r ia l is a s s u m e d 
to be p e r m e a b l e . 

T h i s d r a i n can be made w i t h c o n c r e t e t u b e s 
o r c o r r u g a t e d p la te t u b e s o r w i t h o t h e r 
s y s t e m s . A l t h o u g h t he ou t f l ow of t h e s t ream 
s h o u l d be l ow , i t is not a d v i s a b l e f o r t he 
i n t e r n a l d i a m e t e r of t he t u b e to be less t h a n 
two m e t e r s . A s f a r as p o s s i b l e t h i s d r a i n has 
to be in a s t r a i g h t l i n e . 

T h i s d r a i n s h o u l d be e q u i p p e d w i t h a g r i z z l y 
at t h e i n l e t e n d . T h i s a v o i d s t he a c c u m u l a 
t i on in t h e d r a i n of b r o k e n t r e e s o r o t h e r 
p i e c e s of v e g e t a t i o n . 

T h e d r a i n c o n d u c t s t h e s t r eam coming f r o m 
t h e u p s t r e a m p a r t of t he b a s i n t h r o u g h t he 
d u m p . In t h e same w a y , t h i s d r a i n is u s e d 
f o r t he w a t e r s f i l t e r i n g t h r o u g h t he d i s p o s a l 
to t he u p s t r e a m s lope of t he d a m . T h e d r a i n 
is of no use f o r w a t e r s f i l t e r i n g d o w n w a r d 
t h r o u g h t he d i s p o s a l . 

D r a i n c o n s t r u c t i o n 

T h e o p e r a t i o n is a b i t t r i c k y a n d r e q u i r e s a 
t o u c h of p r o f e s s i o n a l i s m b u t t he c o n s t r u c t i o n 
p r i n c i p l e is q u i t e s i m p l e : 

- t he d r a i n m u s t lay on s o u n d r o c k ; 

- t he d r a i n m u s t be l a t e r a l l y s t a b l e ; 

- open ga tes m u s t be a l lowed to a v o i d u n e x 
p e c t e d e x t e r n a l p r e s s u r e . 

(* ) A k i n d of f e l t , u n w o v e n m a t e r i a l , f r om 
m ine ra l o r i g i n . 

It is se l f e v i d e n t t h a t t he d r a i n is a l w a y s 
b u i l t b e f o r e t h e s t o c k p i l i n g of was te m a t e r 
i a l s . A f t e r e r e c t i o n of t he d r a i n i t se l f a 
b l a n k e t of b o u l d e r s c o v e r s a n d p r o t e c t s t he 
d r a i n f r o m damage d u e to s t o c k p i l i n g 
( f i g u r e 5 ) . 

T h e g e n e r a l p r o c e d u r e is s h o w n in f i g u r e s 5 
to 7. P r e l i m i n a r y w o r k s h o u l d be c a r e f u l l y 
c o n t r o l l e d to a v o i d f u t u r e p r o b l e m s . 

In t h i s o p e r a t i o n i t is a s s u m e d t h a t t he 
d r a i n l ies on s o u n d r o c k w i th mechan i ca l 
c h a r a c t e r i s t i c s c a p a b l e of s u p p o r t i n g t he 
f u t u r e load of t h e whp le d i s p o s a l s y s t e m . 

If t he h y d r a u l i c p r e s s u r e i n c r e a s e s i n s i d e 
t he d i s p o s a l s y s t e m as a c o n s e q u e n c e of a 
low p e r m e a b i l i t y on t h e d o w n s t r e a m s i d e i t 
is m a n d a t o r y to be ab le to r e l e a s e p r e s s u r e 
on t h e d r a i n s t r u c t u r e . T h e r e f o r e d u r i n g 
c o n s t r u c t i o n , i t is u s e f u l to locate in t h e 
wa l l s of t h e d r a i n , p r e s s u r e t a k e up a n d 
d i s c h a r g e g a t e s . 

L A T E R A L D R A I N S 

S u r f a c e w a t e r com ing f r om the s l opes of t he 
v a l l e y a l ong t he f i n a l l eve l of t he d i s p o s a l 
a r e g e n e r a l l y g a t h e r e d b y t he l a te ra l c o l l e c 
t o r w h i c h is d u g o u t of in s i t u g r o u n d as 
d e s c r i b e d in f i g u r e 2 . In t h e v e n t i t is no t 
p o s s i b l e to co l l ec t t he w a t e r b y t h i s means 
( i . e . a s u b s u r f a c e s p r i n g ) a l a te ra l d r a i n is 
i n s t a l l e d . 

T h i s d r a i n may a lso be c o n s t r u c t e d of 
l a r g e r d i ame te r p i p e p r o t e c t e d b y a p e r 
v i o u s b l a n k e t of l a r g e b o u l d e r s . A b o u l d e r 
d r a i n can be c o n s t r u c t e d b u t t he r i s k of 
c l o g g i n g is p o s e d . 

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

S o i l s rec lama t ion i n v o l v e s a c o n t r o l of t h e 
s l ope a n g l e a n d k n o w l e d g e of t h e n a t u r e of 
f u t u r e e r o s i o n a n d w e a t h e r i n g . It is we l l 
k n o w n t h a t u n p l a n n e d d u m p i n g of m i n i n g 
was te on a s l ope more t h a n t w e n t y me te rs 
in h e i g h t , i n c r e a s e s t he d i f f i c u l t y of r e v e -
g e t a t i o n . 

So i l r ec lamat ion i n c l u d e s two a s p e c t s : 

- m i n i m i z i n g t h e s l ope a n g l e ; 

- i m p r o v i n g g r o w t h c a p a b i l i t y b y a d d i n g 
s u r f a c e so i l s to r o c k y d u m p m a t e r i a l . 
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R e d u c i n g s lope a n g l e 

We t h i n k t h a t s l ope a n g l e of two h o r i z o n t a l 
to one v e r t i c a l is f a v o u r a b l e to t he g r o w i n g 
of v e g e t a t i o n on t he was te d i s p o s a l . Water 
d r a i n s q u i c k l y b u t n e v e r t h e l e s s it is p o s s i b l e 
to p r o t e c t y o u n g p l a n t s w i t h i so la ted b o u l 
d e r s as shown in t he f i g u r e 10 . S u c h a 
method was u s e d s u c c e s s f u l l y in t he s o u t h of 
New C a l e d o n i a ( P e n a m a x C o m p a n y ) . 

T h e g e n e r a l l o n g i t u d i n a l s e c t i o n is t h e n c o n 
s t r u c t e d as s h o w n . S l o p e s f r om ten to t w e n t y 
me te rs h e i g h t a r e s e p a r a t e d b y b e r m s . T h e s e 
b e r m s a v o i d s u r f a c e s o i l s b e i n g c a r r i e d away 
d u e to r u n o f f f r om r a i n f a l l , a n d co l l ec t wa te r 
to c o n d u c t it l a t e r a l l y to t he s i d e of t he 
d i s p o s a l . 

I m p r o v i n g g r o w t h c a p a b i l i t y of spo i l 

F i n a l s l ope f aces may be c o v e r e d w i t h top 
so i l s w h i c h e n c o u r a g e r e v e g e t a t i o n . R e v e g e -
ta t i on c a n a lso be i m p r o v e d t h r o u g h a s c a t 
t e r e d p a t t e r n of a n c h o r i n g b o u l d e r s . T h e s e 
s e r v e to p r o t e c t y o u n g t r e e s w h i c h may be 
p l a n t e d d o w n s l o p e ( f i g u r e 1 0 ) . 

T E S T I N G A N D E V A L U A T I N G 

T e s t s on an a c t i v e d i s p o s a l s i t e a r e g e n e r a l l y 
d i f f i c u l t to c a r r y ou t a n d a r e not v e r y 
r e l i a b l e in t h e m s e l v e s . M e a s u r e s a r e r e q u i r e d 
to e n s u r e sa fe a l l - w e a t h e r o p e r a t i o n of t h e 
d i s p o s a l . A l a r g e s a f e t y m a r g i n s h o u l d be 
m a i n t a i n e d o v e r t h e o r i t i c a l l y c a l c u l a t e d v a l u e s . 

N e v e r t h e l e s s , in h e a v y r a i n f a l l s i t u a t i o n s , 
t he p e r m e a b i l i t y of t he who le d i s p o s a l s y s t e m 
may be m e a s u r e d w i th r e l a t i v e a c c u r a c y . T o 
do so t he u p s t r e a m a n d d o w n s t r e a m f l ows a r e 
g a u g e d a n d e v a l u a t e d . T h e c o m p a r i s o n of t he 
d i s c h a r g e c u r v e s ( f l ow as a f u n c t i o n of t ime) 
may i n d i c a t e a p o s s i b l e a c c u m u l a t i o n of w a t e r 
i n s i d e the d i s p o s a l . 

C O N C L U S I O N 

S t o c k p i l i n g of l a r g e b o u l d e r s r e q u i r e d in 
c o n s t r u c t i o n is d e p e n d e n t on p r o p e r f i e l d 
e x e c u t i o n of t he w o r k . Good f i e l d c o n t r o l 
s i m p l y c o n s i s t s of a v o i d i n g common m i s t a k e s . 
U n c o n t r o l l e d d u m p i n g p r a c t i c e s w i l l r e s u l t in 
p r o b l e m s b e i n g r e a l i z e d o n l y w h e n max imum 
d u m p i n g h e i g h t s a r e r e a c h e d . 
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F i r s t of al l I w i l l a s k t he r e g u l t o r y a g e n c i e s 
f o r B . C . to g i v e us a s k e t c h of t h e i r r e s p o n 
s i b i l i t i e s t o w a r d s f l o w - t h r o u g h r o c k d r a i n s . 
F i r s t l y R a y C r o o k . 

R A Y C R O O K 

M y job as an emp loyee of t h e M i n i s t r y of 
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 is to 
c o o r d i n a t e t he P r o v i n c i a l G o v e r n m e n t ' s r e v i e w 
p r o c e s s f o r new m i n i n g v e n t u r e s in t he p r o 
v i n c e . We r e c e i v e s u b m i s s i o n s f r om m i n i n g 
c o m p a n i e s in my o f f i c e a n d c i r c u l a t e them to 
u p to f o u r t e e n p r o v i n c i a l m i n i s t r i e s , f o u r 
f e d e r a l d e p a r t m e n t s a n d a n y n u m b e r of local 
g o v e r n m e n t s as we see f i t d e p e n d i n g on t he 
n a t u r e of t he p r o j e c t . A s a componen t of a 
m i n i n g p r o p o s a l a r o c k d r a i n w o u l d be r e 
p o r t e d on in t he s u b m i s s i o n s t h a t we r e c e i v e . 
I c h a i r a m u l t i - a g e n c y s t e e r i n g commit tee and 
o u r r e v i e w is i n t e n d e d to lead t o w a r d s a 
major d e c i s i o n b y t he p r o v i n c i a l c a b i n e t 
w h e t h e r o r not to g r a n t t he p r o j e c t a p p r o v a l 
in p r i n c i p l e . A n d a p p r o v a l in p r i n c i p l e is 
g r a n t e d w h e n t he s t e e r i n g commi t tee is s a t i s 
f i e d t h a t al l p o l i c y i s s u e s c o n n e c t e d w i t h t he 
p r o j e c t h a v e been r e s o l v e d , a n d al l s i g n i f i 
c a n t t e c h n i c a l i s s u e s a r e k n o w n to be a m e n 
ab le to e c o n o m i c a l l y a f f o r d a b l e r e s o l u t i o n . We 
may not h a v e al l t h o s e d e t a i l s w o r k e d ou t 

b u t we k n o w n tha t in p r i n c i p l e t he t e c h n o 
logy e x i s t s a n d can be a f f o r d e d . So t h a t is 
my i n v o l v e m e n t w th r o c k d r a i n s as p a r t of 
t he o v e r a l l p r o c e s s of a s s e s s m e n t p r i o r to 
p e r m i t t i n g in t h i s p r o v i n c e . 

C H A I R M A N : 

T h a n k y o u v e r y much R a y , I now ca l l upon 
D w a y n e B o y e r , Water M a n a g e m e n t , M i n i s t r y 
of E n v i r o n m e n t . 

D W A Y N E B O Y E R : 

I am w i t h Water Managemen t B r a n c h in t he 
M i n i s t r y of E n v i r o n m e n t . O t h e r b r a n c h e s 
t h a t s h o u l d be men t i oned a re t he Waste 
Managemen t B r a n c h a n d t he F i s h a n d W i l d 
l i fe B r a n c h . T h e l i c e n s i n g o r a u t h o r i z a t i o n 
f o r w o r k in o r abou t a s t r eam o r c o n s u m p 
t i v e use of w a t e r in t he p r o v i n c e is i s s u e d 
t h r o u g h a l i c e n s e , a wa te r l i c e n s e , o r on 
a p p r o v a l . In t he case of r o c k d r a i n s we 
a u t h o r i z e t h e i r c o n s t r u c t i o n t h r o u g h a w a t e r 
l i c e n s e . A wa te r a p p r o v a l is a n o t h e r method 
of a u t h o r i z i n g w o r k in o r a b o u t a s t ream 
b u t i t is u s e d f o r l ess p e r m a n e n t w o r k s and 
one t ime t h i n g s l i ke s t r eam c r o s s i n g s , e t c . 
T h e s e m igh t be d i v e r s i o n s of a s t ream 
n e c e s s a r y f o r t he p lacemen t of a v a l l e y f i l l 
o r s o m e t h i n g l i ke t h a t . U n d e r t h e Waste 
Managemen t A c t p e r m i t s a r e i s s u e d f o r d i s 
c h a r g e s of w a t e r o r e f f l u e n t s to t he g r o u n d 
a n d t h e s e a r e re l a ted to t he sed imen t p o n d 
s t r u c t u r e s t h a t a r e p l a c e d d o w n s t r e a m of 
t he v a l l e y f i l l s and t h e r o c k d r a i n s . T h e y 
a re p e r m i t t e d u n d e r t he Waste Managemen t 
A c t . T h e Waste Managemen t peop le a lso h a v e 
a se t of g u i d e l i n e s , w a t e r q u a l i t y o b j e c t i v e s 
w h i c h re la te to n i t r a t e s , s u s p e n d e d s o l i d s , 
e t c . w h i c h a lso mus t be c o n s i d e r e d in v a l l e y 
f i l l a p p l i c a t i o n s . G e n e r a l l y t h e w a t e r M a n 
agement B r a n c h a n d t he Waste Managemen t 
B r a n c h h a v e a manda te to manage w a t e r 
q u a l i t y p r o p e r l y a n d f o r t h e b e n e f i t of t he 
peop le of t h e P r o v i n c e of B . C . 
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C H A I R M A N : 

T h a n k y o u D w a y n e , I a s k G a r y A l e x a n d e r 
F i s h B i o l o g i s t , M i n i s t r y of E n v i r o n m e n t . 

G A R Y A L E X A N D E R : 

T h a n k s J a k e , I r e p r e s e n t t he F i s h e r i e s P r o 
g r a m in t he P r o v i n c e of B . C . T h e r e a r e a lso 
o t h e r a g e n c i e s t h a t dea l w i t h f i s h e r i e s m a n 
a g e m e n t , f o r e x a m p l e , F e d e r a l F i s h e r i e s a n d 
A d r o m o u s F i s h e r i e s Managemen t in t he p r o 
v i n c e . I had a lot to s a y h e r e o r i g i n a l l y 
b e c a u s e w h e n I was f i r s t a s k e d to a p p e a r on 
t he p a n e l , I p l a n n e d to deal w i t h t h e v a l u e 
of v a l l e y h a b i t a t f o r f i s h a n d w i l d l i f e a n d t he 
c o n c e r n s t h a t we m i g h t h a v e as a g e n c i e s in 
t e rms of p r o t e c t i n g o u r r e s o u r c e . B u t in t h e 
i n t e r e s t of b r e v i t y I'll j u s t s a y t h a t I w i l l 
j u s t dea l w i t h o u r l e g i s l a t i o n a n d leave t he 
r e s t f o r q u e s t i o n s t h a t w i l l be p u t to me 
la te r o n . We d e p e n d on t h e F e d e r a l F i s h e r i e s 
A c t in t he management of f i s h e r i e s . It is 
f e d e r a l l e g i s l a t i o n b u t t h e r e is an a g r e e m e n t 
w i t h t h e P r o v i n c e in t e r m s of a l l ow ing t h e 
P r o v i n c e to manage f r e s h w a t e r s p e c i e s of 
f i s h . We a l s o , in t e rms of d e a l i n g w i t h 
h a b i t a t impac ts t h r o u g h r o c k d r a i n s a n d 
d e v e l o p m e n t , p r o v i d e i n p u t to t he p e r m i t a n d 
a p p r o v a l s y s t e m in o p e r a t i o n t h r o u g h t he 
Waste Managemen t B r a n c h a n d t h e Water 
Managemen t B r a n c h . We a lso o b v i o u s l y p r o 
v i d e o u r own i n p u t in to t h e mine d e v e l o p m e n t 
r e v i e w p r o c e s s t h a t R a y men t ioned a n d t r y 
to i n f l u e n c e p l a n n i n g a n d d e s i g n of r o c k 
d r a i n s a n d o t h e r d e v e l o p m e n t in t h a t m a n n e r . 
T h a n k y o u . 

C H A I R M A N : 

T h a n k y o u G a r y , I ca l l u p o n T e r r y M a r t i n , 
S e n i o r Geo log i ca l E n g i n e e r w i t h t h e M i n i s t r y 
of 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 . 

T E R R Y M A R T I N : 

I'm a f r a i d I d o n ' t h a v e much to c o n t r i b u t e to 
t he f i r s t q u e s t i o n a b o u t t he b r o a d e r l and use 
of r e s o u r c e p r o t e c t i o n g u i d e l i n e s . I s h o u l d 
j u s t i n t r o d u c e m y s e l f as to w h e r e I f i t i n to 
the a p p r o v a l s p r o c e s s as f a r as t he G o v e r n 
ment is c o n c e r n e d . I w o r k in t he I n s p e c t i o n 
a n d E n g i n e e r i n g B r a n c h and it is my r e s p o n 
s i b i l i t y to a d v i s e t he C h i e f I n s p e c t o r as to 
t h e a p p r o v a l o f m i n i n g s y s t e m s w h i c h w o u l d 
i n c l u d e d u m p s a n d t h e r e is no s p e c i f i c a p 
p r o v a l f o r r o c k d r a i n s as f a r as I'm c o n c e r n 
e d , i t ' s j u s t s i m p l y p a r t of t he d u m p s , so 
t h e r e is no s p e c i f i c p o i n t s t h a t h a v e to be 

a d d r e s s e d f r o m my p o i n t of v i e w to make the 
recommenda t i on f o r a p p r o v a l o f a d u m p . 

C H A I R M A N : 

T h a n k y o u T e r r y , now f o r M u r r a y G a l 
b r a i t h , Rec lama t i on I n s p e c t o r , M i n i s t r y of 
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 . 
M u r r a y 

M U R R A Y G A L B R A I T H : 

T h a n k y o u J a k e . It is p a r t of my d u t i e s as 
a Rec lama t ion I n s p e c t o r to p r o v i d e a d v i c e to 
t h e C h i e f I n s p e c t o r on t h e a p p r o v a l of 
r ec lama t ion p r o g r a m s s u b m i t t e d b y m i n i n g 
c o m p a n i e s . T h e s e a r e s u b m i t t e d u n d e r 
S e c t i o n 7 of t h e M i n e s A c t , f o r r e v i e w b y 
t he Rec lama t ion A d v i s o r y Commi t tee c h a i r e d 
b y t he C h i e f I n s p e c t o r , who t h e n makes a 
recommenda t i on to t h e M i n i s t e r of 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 , on t h e i r 
a p p r o v a l . R o c k d r a i n s h a v e t h e i r a d v a n 
t a g e s a n d d i s a d v a n t a g e s as does t he a l t e r 
n a t i v e d i v e r s i o n s . I w i l l p r o b a b l y be c o m 
m e n t i n g f u r t h e r a l o n g in t he pane l on t h i s . 

C H A I R M A N : 

T h a n k y o u , M u r r a y . 

T h a t t a k e s c a r e of t he R e g u l a t o r y A g e n c i e s 
f o r B r i t i s h C o l u m b i a . We now h a v e t h r e e 
b a s i c q u e s t i o n s to a s k t h e p a n e l . A f t e r 
t h e i r r e s p o n s e we ' l l a s k f o r q u e s t i o n s f r o m 
t h e f l o o r . If y o u w i s h to a s k a q u e s t i o n 
p l ease g i v e y o u r n a m e , e m p l o y e r a n d 
a d d r e s s to t he C h a i r a n d I w i l l g i v e it to 
t he a p p r o p r i a t e p e r s o n I fee l s h o u l d a n s w e r 
t he q u e s t i o n . T h e f i r s t q u e s t i o n i s : "What 
a r e t he b r o a d e r l and u s e a n d r e s o u r c e p r o 
t e c t i o n c o n s i d e r a t i o n s in t he c h o i c e of r o c k 
d r a i n s / v a l l e y f i l l s as a m i n i n g t e c h n i q u e ? " 
M a y b e we wi l l look at f i s h e r i e s f i r s t , G a r y 
A l e x a n d e r . 

G A R Y A L E X A N D E R : 

T h a n k s J a k e , I w o u l d l i k e to b e g i n b y 
s t r e s s i n g the i m p o r t a n c e of t he v a l l e y b o t 
t o m s , t he same v a l l e y s t h a t a r e c a n d i d a t e s 
f o r d u m p s . T h e h a b i t a t f r om a F i s h e r i e s 
p o i n t of v i e w can be c r i t i c a l in t e rms of t he 
s p a w n i n g a n d n u r s e r y a r e a s f o r f i s h . I t 's 
t he k i n d of t h i n g t h a t is u n i q u e a n d t he 
c o n d i t i o n s t h a t make up t h e v a l l e y , t he 
s t r eam h a b i t a t in a v a l l e y , may not be 
f o u n d e l s e w h e r e in t he s t r e a m . I t 's no t 
s i m p l y a q u e s t i o n of t he f i s h b e i n g d i s p l a c e d 
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to a n o t h e r p a r t of t he s t ream if t h a t h a b i t a t 
is l os t . It may be a q u e s t i o n of t ha t p o p u l a 
t i on b e i n g los t e n t i r e l y if t he s t r eam f i l l i n g 
goes a h e a d . Now w h e n I'm c o n c e n t r a t i n g on 
f i s h h e r e o b v i o u s l y I'm r e p r e s e n t i n g t he 
F i s h e r y A g e n c y . It s h o u l d a lso be men t ioned 
t h a t w i l d l i f e a l so h a v e c r i t i c a l h a b i t a t needs 
in t he v a l l e y bo t toms a n d p a r t i c u l a r l y t he 
r i p a r i a n v e g e t a t i o n t ha t e x i s t s in v a l l e y b o t 
toms may be c r i t i c a l to m a i n t a i n i n g p o p u l a 
t i ons of moose , and e l k . H e r e aga in the o v e r 
w i n t e r i n g h a b i t a t may be c r i t i c a l in te rms of 
t he m a i n t e n a n c e of t h a t p o p u l a t i o n . N o w , 
s p e c i f i c a l l y in t e rms of t he impac ts tha t I see 
f r om the F i s h e r i e s p e r s p e c t i v e I t h i n k y o u 
can c l a s s them in t e rms of the i n u n d a t i o n 
e f f ec t of i n f i l l i n g a n d l o s s , t he comple te loss 
of f i s h e r i e s h a b i t a t , a n d t h e n t h e r e is a lso 
t he d o w n s t r e a m impac ts a n d I t h i n k t he 
d o w n s t r e a m impac ts a r e c o n s i d e r a b l e a n d 
s h o u l d be s t r e s s e d . T h e r e is t he impac ts of 
s u s p e n d e d s o l i d s a n d the po ten t i a l f o r a c i d 
d r a i n a g e and t o x i c i t y in f i s h . A n d to an 
e x t e n t y o u h a v e i n d i c a t e d d u r i n g t h i s c o n 
f e r e n c e t h a t y o u can c o n t r o l some of t h e s e 
p r o b l e m s t h r o u g h d e s i g n and c o n s t r u c t i o n of 
r o c k d r a i n s . B u t it is o t h e r t h i n g s t ha t I 
h a v e h e a r d d u r i n g t h i s c o n f e r e n c e t ha t c o n 
c e r n me and t h e s e deal w i t h f o r e x a m p l e ; 
T h e a t t e n u a t i o n a f f ec t on f r e s h e t f lows and 
wha t t h a t m igh t mean in t e rms of t he c h a n n e l 
c o n f i g u r a t i o n d o w n s t r e a m . If y o u h a v e a 
l a r g e c a t c h m e n t a rea a n d y o u a r e i n f l u e n c i n g 
f r e s h e t f l ows wha t does t h a t mean to c h a n n e l 
c h a r a c t e r i s t i c s d o w n s t r e a m . What does it 
mean t o o , in t e r m s of s c o u r i n g , r e p l e n i s h i n g 
s p a w n i n g g r a v e l s f o r f i s h e r i e s ? A l s o , o t h e r 
p r o b l e m s we m igh t l i ke to a d d r e s s wou ld be 
t h e t e m p e r a t u r e a f f e c t : is t h e r e a r e d u c t i o n 
of t e m p e r a t u r e , wa te r t e m p e r a t u r e d o w n 
s t ream of t he r o c k d r a i n and wha t does t h a t 
mean in t e rms of f i s h e r i e s ? 

T h e q u e s t i o n of a b a n d o n m e n t I g a t h e r we a r e 
a d d r e s s i n g in q u e s t i o n s la te r o n . T h a t is a 
s e r i o u s c o n c e r n to f i s h e r i e s . I g u e s s t h a t 
t he po in t is as an a g e n c y w e ' d be l o o k i n g at 
t he impac t of r o c k d r a i n s a n d the a f f e c t s in 
t e r m s o f : 1) t h e v a l u e of t he f i s h e r i e s l o s t ; 
a n d 2) t he a b i l i t y to m i t i ga te o r r e p l a c e in 
k i n d t h a t h a b i t a t t ha t is l os t . B o t h t h o s e 
c o n s i d e r a t i o n s w o u l d d e t e r m i n e o u r a p p r o v a l 
i n p u t in to the p r o c e s s . I s h o u l d j u s t ment ion 
in c o n c l u s i o n t ha t i f we a r e d e a l i n g w i t h 
c r i t i c a l h a b i t a t , h a b i t a t t h a t c a n ' t e a s i l y be 
r e p l a c e d , t h e n t h e r e a r e p r o v i s i o n s in t he 
F e d e r a l F i s h e r i e s A c t , h a b i t a t p r o v i s i o n s , 
t h a t w o u l d c o n t r o l w o r k g o i n g on in t e rms of 
d i s r u p t i o n of f i s h e r i e s h a b i t a t s in t he s t r e a m . 

We w o u l d use t ha t if n e c e s s a r y b u t we 
w o u l d p r e f e r e aga in to i n f l u e n c e c h a n g e s 
e a r l y on in the p l a n n i n g p r o c e s s in t e r m s of 
d e s i g n and of r o c k d r a i n s so t ha t t he 
impact on f i s h e r i e s h a b i t a t w o u l d be m in ima l . 
T h a t ' s t he r e s o u r c e p r o t e c t i o n c o n s i d e r a 
t i o n s f rom a f i s h e r i e s po in t of v i e w . T h e 
who le q u e s t i o n of l and use impac ts of t he 
r o c k d r a i n in t e rms of w i l d l i f e is s u b s t a n t i a l 
a n d s h o u l d n ' t be i g n o r e d . 

C H A I R M A N : 

T h a n k y o u G a r y . 

D W A Y N E B O Y E R : 

O u r c o n c e r n s w o u l d a lso r e v o l v e a r o u n d 
wa te r q u a l i t y f o r c o n s u m p t i v e u s e , domes t i c 
u s e , and i r r i g a t i o n . So in o u r r e l a t i o n s h i p s 
w i t h the Wi ld l i f e B r a n c h , we look at t he 
w a t e r q u a l i t y f o r bo th the f i s h a n d peop le 
u s e . T h e wa te r q u a n t i t y is a lso a f f ec ted as 
w e ' v e seen b y t he r o c k d r a i n s in t h a t in 
t h i s a rea t h e r e is a c o u p l e of p o s i t i v e f a c 
t o r s . If y o u h a v e the damming a f f e c t , t h e 
a t t e n u a t i o n of a f l o o d , wi l l he lp to p r e s e r v e 
f l ows in t he c r e e k s w h i c h t e n d to d r y u p . 
T h i s is a p r o b l e m in i r r i g a t i o n . T h e r e may 
be some p o s i t i v e b e n e f i t s t h e r e a n d a lso w i th 
f l o o d i n g and e r o s i o n of p r o p e r t y , if y o u can 
a t t enua te the p e a k s , i t r e d u c e s f l ood damage 
T h e o t h e r major p r o b l e m o r c o n c e r n we h a v e 
is t he e s t a b l i s h m e n t of p e r m a n e n t wa te r 
c o u r s e s a f t e r t he mine is comp le te ( a l t h o u g h 
d u r i n g is a c o n s i d e r a t i o n ) and we a r e look 
i ng p o s i t i v e l y at t he r o c k d r a i n c o n c e p t if 
we can leave the s t ream at t he v a l l e y b o t 
tom a n d not have to h a n g it o f f t he v a l l e y 
wal l in a d i v e r s i o n d i t c h o r s o m e t h i n g . It 
a l lows the s t ream to ge t i t ' s b a s i c e n e r g y 
down a n d keep it d o w n , and t h a t ' s p o s i t i v e 
f o r u s . 

C H A I R M A N : 

T h a n k y o u D w a y n e 

R A Y C R O O K : 

In t e r m s of rea l t e c h n i c a l r e a c t i o n t he two 
M i n i s t r y of E n v i r o n m e n t peop le h a v e made 
t h e main p o i n t s . I w o u l d l i ke to t h i n k abou t 
i t in a more g e n e r a l way in t e rms of the 
w a y the g o v e r n m e n t makes d e c i s i o n s abou t 
p r o j e c t s . I sa id t h a t t he r e v i e w p r o c e s s 
p r i o r to p e r m i t t i n g leads to t he a p p r o v a l in 
p r i n c i p l e d e c i s i o n a n d a p p r o v a l in p r i n c i p l e 
is g r a n t e d w h e n t h e r e a r e no o u t s t a n d i n g 
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p o l i c y i s s u e s a n d al l t h e t e c h n i c a l i s s u e s a r e 
k n o w n to be r e s o l v a b l e . A n d I t h i n k i t ' s f a i r 
to s a y t h a t f o u r y e a r s a g o , a n y w a y , r o c k 
d r a i n s w e r e a p o l i c y i s s u e . T h e w a y t he r e 
v i e w p r o c e s s w o r k s , each a g e n c y t h a t p a r t i 
c i p a t e s in i t makes i t ' s own d e c i s i o n s a n d so 
r e a l l y we w e r e t a l k i n g a b o u t p r i m a r i l y M i n 
i s t r y of E n v i r o n m e n t a l a g e n c y i n p u t as w e l l . 
A n d f o u r - f i v e y e a r s ago t h e r e w a s n ' t t he 
e x p e r i e n c e in t he p r o v i n c e , i t was c o n s i 
d e r e d q u i t e s t r a n g e t e c h n o l o g y . A n d i t was 
a g e n e r a l p o l i c y q u e s t i o n abou t w h e t h e r t he 
g o v e r n m e n t a g e n c i e s w o u l d w a n t to a l low 
r o c k d r a i n s . Now t h e r e had been a few 
o p e r a t i n g in a more o r less u n o f f i c i a l w a y on 
some d e v e l o p m e n t s p r i o r to t h a t , I do not 
wan t to s u g g e s t t h a t t h e y h a v e n e v e r been 
h e r e b e f o r e . I w o u l d l i k e to t h i n k t h a t r o c k 
d r a i n s a r e m o v i n g o u t of t he rea lm of b e i n g 
a p o l i c y q u e s t i o n in to t h e rea lm of b e i n g a 
t e c h n i c a l q u e s t i o n a n d it becomes a q u e s t i o n 
of w h e t h e r we can come up w i th a s a t i s f a c 
t o r y d e s i g n . We ' ve s t a r t e d p e r h a p s in a 
smal l w a y . We h a v e some s i g n i f i c a n t e x a m p l e s 
t h a t y o u ' v e seen on t he f i e l d t r i p s r e c e n t l y 
t h a t h a v e been a p p r o v e d in r e c e n t y e a r s . 
We ' re s t a r t i n g p e r h a p s s l o w l y b u t d e f i n i t e l y 
b e g i n n i n g to move t o w a r d s a f e e l i n g of 
g r e a t e r comfo r t w i t h them and c e r t a i n l y I g e t 
t he f e e l i n g of much less " a p r i o r i " c o n c e r n 
f r om M i n i s t r y of E n v i r o n m e n t . T h e y a r e more 
i n c l i n e d now to t r e a t i t as a t e c h n i c a l i s s u e 
t h a t t h e y c a n a n a l y z e in some r e a s o n a b l y 
r e a d i l y a v a i l a b l e t e c h n i c a l f r a m e w o r k . A s f a r 
as b r o a d e r l and u s e a n d r e s o u r c e p r o t e c t i o n 
i s s u e s i t s t i l l r ema ins a f a c t t h a t r o c k d r a i n s 
a r e i n c o m p a t i b l e w i t h f i s h e r i e s . If we a r e 
g o i n g to h a v e a major f i s h e r y t h e r e is g o i n g 
to be an i n c o m p a t i b i l i t y t ha t is g o i n g to lead 
to some s o r t o f a w i n n e r / l o s e r s i t u a t i o n . Y o u 
c a n ' t h a v e b o t h , c e r t a i n l y , at t he d r a i n , 
p r o b a b l y a lso u p s t r e a m f rom the d r a i n . Y o u 
c o u l d h a v e a p r o b l e m d o w n s t r e a m as w e l l . 
L i s t e n i n g to some of t h e p a p e r s maybe y o u 
d o n ' t ge t as much of a p r o b l e m d o w n s t r e a m 
as we t h o u g h t b u t c e r t a i n l y t h e r e is a 
g e n e r a l l y i n c o m p a t i b i l i t y at i t a n d u p s t r e a m . 
A n o t h e r i s s u e w h i c h I'm i n c l i n e d to t h i n k as 
s t i l l a p o l i c y i s s u e is a n y s u g g e s t i o n t h a t 
t h e y a re not p e r m a n e n t s t r u c t u r e s . O n e of 
t he r e a s o n s t h a t we a c c e p t r o c k d r a i n s in 
t h e mine d e v e l o p m e n t r e v i e w p r o c e s s is 
b e c a u s e t h e y a r e a l og i ca l a n s w e r to a d i f f i 
c u l t was te d i s p o s a l p r o b l e m . If y o u can use 
t h e m , i f t he s t r e a m s i t u a t i o n is s u i t a b l e , if 
t h e r e is low to n i l f i s h e r y v a l u e s a n d o t h e r 
f o u n d a t i o n c o n d i t i o n s a r e O K a n d w h a t e v e r , 
t h e n it o f t en makes s e n s e to h a v e v a l l e y f i l l s 
r a t h e r t h a n t r y a w k w a r d v a l l e y s i te d u m p s 

a n d s t r e a m d i v e r s i o n s a n d t h i s s o r t of t h i n g . 
A n d we a r e g o i n g a h e a d w i t h the ones w e ' v e 
gone ahead w i t h on t he b a s i s t h a t t h e y a r e 
p e r m a n e n t s t r u c t u r e s . If t h e r e is a n y q u e s 
t i on t h a t w i t h i n a r e a s o n a b l y s h o r t p e r i o d 
of t ime t h e i r p e r f o r m a n c e is g o i n g to s t a r t 
to d e t e r i o r a t e t h e n I w o u l d h a v e to be 
c o n c e r n e d w i t h t h a t . I know at l eas t one 
s p e a k e r made a major p i t c h in t h a t d i r e c t i o n 
d u r i n g t h i s c o n f e r e n c e . I a lso h e a r d t he 
o p p o s i t e a r g u m e n t . B u t to me t h a t r ema ins 
a c r i t i c a l o u t s t a n d i n g q u e s t i o n m a r k . 

C H A I R M A N : 

T h a n k y o u R a y . 

I'd j u s t l i ke to comment t h a t t h e r e is no 
a l t e r n a t i v e to v a l l e y f i l l s . If y o u c a n ' t h a v e 
them y o u ' r e not g o i n g to h a v e m i n e s , b e 
c a u s e w e ' r e l o o k i n g at d i s p o s a l o f o v e r 150 
mi l l i on b a n k c u b i c me t res p e r y e a r of was te 
mate r ia l i n t h e m ines in t h e K o o t e n a y a r e a . 
We' l l now go on to t h e s e c o n d q u e s t i o n w h i c h 
i s : "What G e o t e c h n i c a l c o n s i d e r a t i o n s a r e 
n e c e s s a r y in r o c k d r a i n d e s i g n a n d c o n 
s t r u c t i o n ? " I'd l i k e to a s k T e r r y to comment 
f i r s t of a l l . 

T E R R Y M A R T I N : 

Well as I i n d i c a t e d to y o u b e f o r e h a n d t h e r e 
a r e r e a l l y n o n e . T h a t ' s t h e a n s w e r in b r i e f . 
T h e y a r e t r e a t e d j u s t as p a r t of t h e d u m p 
a n d w e ' v e p r e p a r e d a d o c u m e n t k n o w n as 
t he M i n e Dump G u i d e l i n e s o r s o m e t h i n g to 
t h a t e f f e c t I'm not s u r e of t he e x a c t t i t l e 
w e ' v e g i v e n i t . T h e s e w e r e p u t o u t in 1985 
I b e l i e v e a n d t h e r e is some e v i d e n c e to i n 
d i c a t e t h a t t h e r e may be a few mines t h a t 
h a v e seen them a n d r e c o g n i z e d t he r e q u i r e 
ments t h a t a r e embod ied in t h e m . T h a t sums 
i t u p . 

C H A I R M A N : 

T h a n k s T e r r y . D a v e g a v e us a p r e t t y good 
t a l k t h i s a f t e r o o n on w h a t is n e c e s s a r y in 
r o c k d r a i n d e s i g n a n d c o n s t r u c t i o n so I'm 
g o i n g to t u r n t h i s o v e r to D a v e a n d let h im 
comment on t h e q u e s t i o n . 

D A V E C A M P B E L L : 

I t h i n k if y o u a r e c o n s i d e r i n g d e v e l o p m e n t 
of a r o c k d r a i n one of t he t h i n g s t h a t y o u 
h a v e to look at i n i t i a l l y is is t h e r e a s o u r c e 
of r o c k t h a t is d u r a b l e , is i t g o i n g to be 
c h e m i c a l l y compa t i b l e a n d i f y o u c a n ' t f i n d 
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t h o s e two t h i n g s t h e n t he s i t u a t i o n g e t s 
p r e t t y t o u g h b e c a u s e t h o s e a r e n e c e s s a r y to 
t he d e s i g n of a r o c k d r a i n . A s s u m i n g t h a t 
t h e r e is d u r a b l e r o c k a v a i l a b l e i t ' s c h e m i c a l l y 
i n e r t y o u ' r e g o i n g to be c o n c e r n e d w i t h r o c k 
s t r e n g t h d e p e n d i n g on t h e h e i g h t of f i d t h a t 
y o u may h a v e o v e r t he r o c k d r a i n . Y o u ' r e 
g o i n g to be c o n c e r n e d w i t h r o c k s i z e a n d 
somet imes t h i s is no t an e a s y t h i n g to a s s e s s 
p r i o r to e i t h e r some q u a r r y i n g o r some m i n 
i n g o p e r a t i o n . T h e r o c k s i z e t h a t ' s p r o d u c e d 
b y t he no rma l b l a s t i n g is g o i n g to be c o n 
t r o l l e d at l eas t to some d e g r e e a n d in some 
c a s e s a s i g n i f i c a n t d e g r e e b y t h e jo in t s p a c 
i n g in t h e r o c k mass a n d t he t h i c k n e s s of 
t h e s e d i m e n t r y u n i t s . E v e n i f y o u m<ake a 
s u r v e y of j o i n t s p a c i n g a n d t h i c k n e s s of 
s e d i m e n t a r y u n i t s y o u may not h a v e t he 
a n s w e r b e c a u s e t h e r e may be some m i c r o 
f r a c t u r e s t ha t w i l l o p e n u p a n d r e d u c e r o c k 
s i z e on b l a s t i n g a n d t h e s e m i c r o - f r a c t u r e s 
may r e d u c e r o c k s i z e s t i l l f u r t h e r in t he 
c o u r s e of t r a n s i t of t he l a r g e b l o c k s d o w n 
t h e face of t he d u m p to the p o s i t i o n w h e r e 
t he r o c k d r a i n is g o i n g to b e . O t h e r f a c t o r s 
t h a t y o u a r e g o i n g to c o n s i d e r a r e g r a d i e n t 
w h i c h in most c a s e s , is g o i n g to be e q u i v a 
len t to t he s t r e a m g r a d i e n t b u t t h e r e mdy be 
c a s e s w h e r e y o u ' r e g o i n g to be c o n s i d e r i n g 
g r a d i e n t s t ha t a r e somewhat s t e e p e r t h a n 
s t r e a m g r a d i e n t s . Y o u ' r e g o i n g to h a v e to 
make an es t imate of v o i d ra t i o b e c a u s e v o i d 
ra t i o a n d r o c k s i z e t o g e t h e r w i t h t he h y 
d r a u l i c g r a d i e n t a r e g o i n g to g o v e r n t h e 
t h r o u g h - f l o w c a p a c i t y of t he d r a i n . R o c k 
s i z e a n d v o i d ra t i o a r e s o m e t h i n g t h a t ' s v e r y 
d i f f i c u l t to g e t . I t h i n k t h e d e s i g n , t h e 
a p p r o a c h t h a t y o u t a k e is t h a t y o u h a v e to 
be c o n s e r v a t i v e , y o u h a v e to be c o n s e r v a t i v e 
w i t h s i z e a n d I t h i n k t h a t y o u s h o u l d assume 
a s i z e somewhat sma l l e r t h a n y o u see at 
e i t h e r e n d of t he d r a i n . R o c k s i z e s a r e 
g o i n g to be somewhat sma l l e r if y o u c o v e r 
t h i s r o c k d r a i n up w i th a n y t h i c k n e s s o f f i l l , 
r o c k s i z e s a r e g o i n g to be somewhat sma l le r 
t h a n y o u see go in to t he d r a i n b e f o r e it g e t s 
c o v e r e d . A t t he same t ime v o i d ra t io is 
p r o b a b l y g o i n g to be somewhat s m a l l e r , so I 
t h i n k t h a t y o u h a v e to be c o n s e r v a t i v e . A n d 
t h e r e is a d e g r e e of c o n s e r v a t i s m in t he t y p e 
of r o c k d r a i n t h a t s f o r m e d b y e n d d u m p i n g 
f r o m t h e c r e s t . T h e p r ime e x a m p l e we saw 
t he o t h e r d a y is t h e West L i n e C r e e k r o c k 
d r a i n . T h e c r o s s s e c t i o n is v e r y g e n e r o u s . 
T h e r e is I t h i n k , a g r e a t dea l of c o n s e r v a 
t i sm in t h a t r o c k d r a i n a n d t h a t ' s no t b y 
d e s i g n . T h a t h a p p e n s to be t h e t y p e of rock 
t h a t C r o w ' s N e s t a r e b l e s s e d w i t h , t h a t ' s 
t h e way i t s e p a r a t e s , t h e d u m p h e i g h t is 

s u c h t h a t t h e r e is a l a r g e amount of m a 
t e r i a l t h a t a c c u m u l a t e s at t he toe of t he 
s l ope a n d t h a t ' s a s i t u a t i o n w h e r e t h e r e is a 
l a r g e c a p a c i t y r e l a t i v e to w h a t we t h i n k is 
g o i n g to be r e q u i r e d a n d I m i g h t say t h a t I 
men t i oned t h a t I t h i n k t h a t r o c k d r a i n has 
c a p a c i t y of s o m e t h i n g l i ke 9 to 12 t imes t he 
a n t i c i p a t e d 2 0 0 - y e a r f l o o d . I'd a lso l i ke to 
make t he p o i n t t h a t in t he e v e n t of t h e 200-
y e a r f l o o d , wha t w i l l p a s s t h r o u g h t h a t r o c k 
d r a i n is g o i n g to be less t h a n t he 2 0 0 - y e a r 
f l ood b e c a u s e t h e r e wi l l be some p o n d i n g on 
t he u p s t r e a m s i d e a n d t he p o n d i n g is g o i n g 
to a t t e n u a t e the c u r v e so e v e n i f y o u w a n t 
ed to ge t t he 2 0 0 - y e a r e v e n t t h r o u g h t he 
r o c k d r a i n , i f y o u w a n t e d , if y o u d e s i g n e d 
t he d r a i n w i t h a c a p a c i t y equa l to t he i n 
s t a n t a n e o u s peak f o r t he 2 0 0 - y e a r e v e n t , 
t h a t peak w o u l d n e v e r go t h r o u g h the d r a i n . 
What w o u l d go t h r o u g h the d r a i n is some
wha t less t h a n . So h a v i n g s a i d t h a t abou t 
t he t y p e of r o c k d r a i n t ha t is d e v e l o p e d b y 
end d u m p i n g f rom the c r e s t , t he o t h e r t y p e 
of r o c k d r a i n is t he one t h a t is f o rmed and 
I t h i n k t ha t t h e r e is a g r e a t dea l less c o n 
s e r v a t i s m in t he r o c k d r a i n t h a t is f o r m e d . 
If t h e r e is no t t h e n t he d r a i n is g o i n g to 
be v e r y e x p e n s i v e . In t he f o r m e d r o c k 
d r a i n a n d I am t a k i n g f o r examp le t he 
f o r m e d r o c k d r a i n t h a t p a r a l l e l s t he rea l 
r o c k d r a i n at S w i f t C r e e k . It has an u p p e r 
b o u n d a r y on i t a n d i t ' s somewhat a n a l a g o u s 
to p u t t i n g a f low of w a t e r t h r o u g h a c u l v e r t 
w h e n y o u ge t w a t e r up to t he top of t he 
c u l v e r t y o u a r e n ' t g o i n g to ge t much more 
t h r o u g h i t . T h a t ' s i t . Whereas t he c a p a c i t y 
of t h e s e r o c k d r a i n s t ha t a re f o r m e d b y 
g r a v i t y s e p a r a t i o n , t he wa te r can r i s e 
me t res i f i t needs t o . T h e r o c k is so p e r 
v i o u s t h e r e is a lot more s a f e t y I t h i n k in 
t h e t y p e of d r a i n t h a t ' s b o r n b y g r a v i t y 
s e p a r a t i o n o r e n d d u m p i n g f rom t h e c r e s t , 
t h a n t h e r e is in t he f o rmed r o c k d r a i n . 

C H A I R M A N : 

T h a n k s v e r y much D a v e . M a y b e F r e d y o u ' d 
l i k e to comment on t ha t q u e s t i o n . 

F R E D C L A R I D G E : 

I j u s t w a n t e d to a d d p e r h a p s a l i t t le on 
h y d r o l o g y in d i s c u s s i n g t he g e o t e c h n i c a l 
c o n s i d e r a t i o n s . A s a G e o t e c h n i c a l E n g i n e e r I 
g e t c a r r i e d away a l i t t le b i t m y s e l f bu t we 
s h o u l d n ' t f o r g e t the h y d r o l o g i s t . F i r s t of 
a l l , I t h i n k t h a t w e ' r e a l l becom ing more 
a n d more c o m f o r t a b l e w i t h the p a r t i c u l a r 
r o c k d r a i n a p p l i c a t i o n s t h a t h a v e been d i s -
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c u s s e d in t h i s s y m p o s i u m . P a r t i c u l a r l y at 
L i n e C r e e k , at F o r d i n g and at B y r o n C r e e k , 
and I t h i n k we s h o u l d remember one t h i n g 
a n d t h a t is t h e r o c k t y p e s a r e q u i t e s i m i l a r . 
T h e r e is a lot o f e x c h a n g e of k n o w l e d g e a n d 
da ta f r om mine to m i n e . What I w o u l d c a u t i o n 
peop le is t h a t i f t h e y go too f a r a f i e l d , p a r 
t i c u l a r l y in to new r o c k s i t u a t i o n s to be c a r e 
f u l . T h e o t h e r c a u t i o n I w o u l d l i ke to m e n 
t i on is t h a t we a re d e a l i n g w i t h f a i r l y smal l 
c a t c h m e n t s in al l of t h e s e r o c k d r a i n s a n d 
t e c h n i c a l l y t h e y a r e , I t h i n k al l less t h a n 15 
s q u a r e k i l o m e t r e s , o b v i o u s l y t h e r e is an 
u p p e r l imit t h a t one w o u l d p r o b a b l y w o u l d 
not wan t to h a v e a v a l l e y f i l l a n d a r o c k 
d r a i n o n . I d o n ' t know wha t t h a t l imit i s , it 
may be a lot h i g h e r t h a n w e ' r e t a l k i n g a b o u t , 
b u t we s h o u l d n ' t e x t r a p o l a t e t he k n o w l e d g e 
f r om the E l k V a l l e y w i t h o u t some c a u t i o n s 
b e i n g a p p l i e d . O n e o t h e r a s p e c t j u s t f o l l o w 
i n g up f r om D a v e ' s comment t h a t t he i n s t a n 
t a n e o u s f low is p r o b a b l y e x c e s s i v e , wha t we 
n o r m a l l y h a v e i n d i c a t e d is a mean d a i l y f low 
in a r o c k d r a i n d e s i g n w h i c h we fee l f a i r l y 
wel l accommodates t he p e a k i n g a n d y o u ' r e 
t a l k i n g a b o u t a r e d u c t i o n to somewhere 
p r o b a b l y in t he 50% of peak f low w h e n y o u 
do t h a t a n d t h a t h e l p s e l im ina te some of t h e 
c o n s e r v a t i s m . J u s t a n o t h e r po in t t h a t I 
t h o u g h t I'd make i s , a n d I men t i oned t h a t 
t h i s m o r n i n g , is t h a t many d r a i n a g e s y s t e m s 
t ha t a d e s i g n e r looks at h a v e to be w o r k a b l e 
f rom the m i n i n g po in t of v i ew a n d it is a b s o 
l u t e l y i m p e r a t i v e t h a t t he m ine r be i n v o l v e d 
w i th t h e g e o t e c h n i c a l e n g i n e e r in t he s y s t e m 
d e s i g n b e c a u s e w h a t e v e r t he g e o t e c h n i c a l 
e n g i n e e r does i f t h e m i n i n g e n g i n e e r does 
not b e l i e v e in i t o r does not p l an to fo l low it 
t h e n i t may not w o r k . 

C H A I R M A N : 

T h a n k y o u F r e d . 

D E R M O T L A N E : 

I g u e s s my o n l y comment f rom i n d s t r y ' s 
s t a n d p o i n t is c a r r y i n g on f rom wha t F r e d 
s a i d , it is i m p o r t a n t to us w h e n we a r e 
c o n s t r u c t i n g t h e s e t h a t we h a v e a good 
m o n i t o r i n g s y s t e m to wa tch t he mate r ia l 
t h a t ' s g o i n g in to make s u r e t ha t as we a r e 
c o n s t r u c t i n g t h e r o c k d r a i n s t ha t t he q u a l i t y 
c o n t r o l is t h e r e and w e ' r e b u i l d i n g them as 
s p e c i f i e d a n d I t h i n k we al l r e c o g n i z e the 
d a n g e r s of p u t t i n g poo r mate r ia l in t h e r e . I 
t h i n k i t is i m p o r t a n t f rom o u r s t a n d p o i n t 
when b u i l d i n g them t h a t we c a n ' t a f f o r d to 
h a v e an a c c i d e n t h a p p e n . B e i n g in Water 

M a n a g e m e n t , D w a y n e w o u l d y o u l i ke to 
comment . 

D W A Y N E B O Y E R : 

J u s t m a y b e a w o r d on t h e l i c e n s e s t h a t we 
h a v e i s s u e d so f a r , a n d it p e r t a i n s to t he 
q u e s t i o n . Why we w o u l d h a v e i s s u e d t h e s e 
l i c e n s e s i f we had a n y c o n c e r n s a b o u t t he 
l o n g e v i t y of t h e r o c k d r a i n ? I t h i n k t he 
d i s c u s s i o n s of t he p r e v i o u s g e n t l e m e n h a v e 
j u s t h i t on t he f a c t t h a t t he j u s t i f i c a t i o n f o r 
l i c e n s i n g is in t he g e n e r o u s i t y in t he c r o s s 
s e c t i o n s . T h e ones w e ' v e i s s u e d y o u s t a n d 
a n d look down 100-150 me t res to t he bot tom 
of t he v a l l e y a n d t h e r e is a l i t t le c r e e k y o u 
can h a r d l y s e e . So t h e s e c o n s e r v a t i s m s 
a l low us to p r o c e e d a n d i s s u e t h e s e a p 
p r o v a l s . If t h e who le dam was to b r e a k 
down al l t h e r o c k w o u l d b r e a k down a n d 
y o u d o n ' t h a v e t he h y d r a u l i c c a p a c i t y . F r e d 
C l a r i a g e has j u s t men t i oned on t he B y r o n 
C r e e k one y o u h a v e e n o u g h vo lume u p 
s t ream to c o n t a i n f i v e y e a r s of d i s c h a r g e 
t h a t ' s j u s t a p o i n t on t h a t . B u t a l so as a 
c a u t i o n on e x t e n d i n g t h i s i n f o r m a t i o n , t h e r e 
i s , has been t a l k o r d i s c u s s i o n s abou t 
c r e a t i n g f o r m e d d r a i n s b e n e a t h c o a r s e who le 
r e f u s e . Now w e ' r e t a l k i n g a b o u t a d r a i n 
t h a t has to f u n c t i o n as a d r a i n , it d o e s n ' t 
h a v e a m u l t i p l e o r g e n e r o u s c r o s s s e c t i o n , 
so we h a v e to d e p e n d on i t s l o n g e v i t y a n d 
i t ' s f l o w - t h r o u g h c a p a b i l i t y in to t he f a r 
f u t u r e so t he q u e s t i o n s a r e s t i l l not 
a n s w e r e d b e c a u s e i t ' s no t a l a r g e e n d 
d u m p e d f i l l . A n d a lso I w o u l d j u s t a l l u d e to 
a q u e s t i o n t h a t p r o b a b l y I c a n ' t a n s w e r . It 
is a b o u t d i s c h a r g e of t he e q u i v a l e n t to t he 
2 0 0 - y e a r f l o o d . Its common d e s i g n p r a c t i c e 
f o r s p i l l w a y s f o r dams b u t we a lso c o n s i d e r 
t he dam has to be sa fe u n d e r t he p r o b a b l y 
max imum f l ood so I t h i n k t h a t d e s e r v e s 
c o n s i d e r a t i o n h e r e . A r e we t a l k i n g a b o u t an 
e q u i v a l e n t d e s i g n ? S h o u l d we be d e s i g n i n g 
f o r t he p r o b a b l e max imum f lood as we l l? 

C H A I R M A N : 

T h a n k y o u Wayne 

B O B W E L S H : 

We a r e a d d r e s s i n g Q u e s t i o n #3, is t ha t 
r i g h t ? What is y o u r o p i n i o n on t he q u e s t i o n 
of l o n g - t e r m p e r m a n e n c y of r o c k d r a i n s in 
r e l a t i on to t he m i g r a t i o n of f i n e s a n d the 
d u r a b i l i t y of r o c k u s e d ? W e l l , t h i s may not 
be the a p p r o p r i a t e p l ace to b r i n g some of 
t h e s e c o n c e r n s u p . T h e r e a r e some t h i n g s 
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I 've j o t ted d o w n I've been w o n d e r i n g 
t h r o u g h o u t t he p r o c e s s of t h e c o n f e r e n c e . 
O b v i o u s l y as a f o r e i g n e r , a f l a t - l a n d e r in 
e s s e n c e , I 've seen some d i f f e r e n t c o n d i t i o n s 
h e r e t h a n I u s u a l l y see in t he a p p l i c a t i o n s . 
In a way t h i s is a good tes t c a s e f o r us to 
look at b e c a u s e we h a v e b u i l t in f a c t o r s in 
o u r d e s i g n w h i c h I see in v a r y i n g amoun ts 
h e r e b u t i ts no t a l o c k e d - i n s y s t e m in t he 
r e g u l a t o r y a p p a r a t u s as we h a v e in t he 
S t a t e s as I see i t . T h e r e a re some c o n 
s i d e r a t i o n s in o u r r e g u l a t i o n s t ha t a r e i n 
c l u d e d in some f i l l s I 've seen h e r e a n d 
o t h e r s t h a t I 've no t . O n e of t he i s s u e s is 
g r a d i n g of t he s u r f a c e of t he f i l l to lower 
a n g l e s be low t h e a n g l e of r e p o s e and t ha t is 
to a l low r e v e g e t a t i o n . A g a i n t e r r a c i n g the 
s u r f a c e of the f i l l s , p a r t i c u l a r y l a r g e r f i l l s 
f o r w a t e r d r a i n a g e c o n t r o l on the s u r f a c e . 
A n o t h e r i s s u e is t h e use of d i v e r s i o n d i t c h e s 
a r o u n d the p e r i m e t e r of the f i l l a g a i n w i t h 
t he idea of c o n t r o l l i n g t he f low of s u r f a c e 
wa te r o v e r a n d in to t he f i l l . A n d a n o t h e r 
i s s u e w h i c h a p p e a r s to be dea l t w i t h is 
f o u n d a t i o n p r e p a r a t i o n in t he u n d e r d r a i n 
p h a s e i t s e l f . A n d one c o n c e r n I h a v e p e r s o n 
a l l y r e g a r d l e s s of g e o g r a p h i c a r e a is t he use 
of a h i g h e n o u g h p e r c e n t a g e of d u r a b l e r o c k 
w i t h i n t he f i l l t h a t not o n l y c o v e r s u n d e r 
d r a i n ma te r i a l s b u t a lso t h r o u g h o u t t he f i l l . 
I g u e s s b e i n g in a f e d e r a l a g e n c y we t e n d to 
t h i n k in t e rms of t he w o r s t c a s e , b u t I can 
see s i t u a t i o n s w h e r e y o u can p o s s i b l y h a v e a 
h i g h e r l eve l s l ope f a i l u r e w h i c h can come 
down a n d a c t u a l l y smo the r y o u r u n d e r d r a i n 
in le t a n d t h a t ' s w h y we h a v e t he c o n c e r n of 
no t o n l y good r o c k down low in t he f i l l b u t 
a lso a good q u a l i t y r o c k at h i g h e r l eve l s in 
t he f i l l as w e l l . A n d a lso c o n t r o l l i n g t he 
amount of wa te r t h a t ' s i n f i l t r a t i n g in to t h e 
f i l l , p a r t i c u l a r l y a l ong po ten t i a l f a i l u r e s u r 
f a c e s . I t h i n k D a v e C a m p b e l l w h o ' s s i te box 
model of t he f i l l s h o w e d y o u c o u l d d e v e l o p 
t h e s e l a y e r s of f i n e s w h i c h a r e pa ra l l e l to 
t he s lope a n d to me y o u h a p p e n to wet t h o s e 
s u r f a c e s it a p p e a r s to be a f a i r l y good 
f a i l u r e p l a n e . A n o t h e r c o n c e r n I 've had j u s t 
in l i s t e n i n g t h r o u g h o u t t he p a s t few d a y s is 
t h e e f f ec t of h u m i d i t y l e ve l s w i t h i n t h e f i l l 
w i t h t he c o n s t a n t o r i n t e r m i t t e n t f low of 
w a t e r t h r o u g h o u t t he f i l l s . Now wha t is t h a t 
d o i n g to t h e s t r u c t u r e of t h e r o c k a n d t h e 
f i l l . P e r h a p s t h e a l t e r n a t i n g of w e t t i n g a n d 
d r y i n g , w h a t ' s t h a t d o i n g to t h e i n t e g r i t y of 
t h e r o c k . J u s t some t h o u g h t s , l i ke I s a y in 
some c a s e s t h e y a p p e a r to be a d d r e s s e d , 
o t h e r cases n o t . I h a v e n ' t r e a c h e d a n y s o l u 
t i o n s in my own m i n d , I t h i n k in t he S t a t e s 
w i t h the r e g u l a t o r y s i t u a t i o n we h a v e , t h e s e 

f a c t o r s a r e f i l l e d i n . He re it a p p e a r s to be a 
new e n o u g h p r a c t i c e w h e r e w e ' r e s t i l l in a 
s ta te of f l u x . A n d now we a r e g o i n g to be 
w a t c h i n g t h i s s i t u a t i o n v e r y c l o s e l y i n d e e d , 
a n d I t h i n k i t ' s v e r y i n t e r e s t i n g . 

C H A I R M A N : 

T h a n k y o u B o b 

D A V E C A M P B E L L : 

I'd l i ke to comment on the s u g g e s t i o n t h a t 
t he f i n e m a t e r i a l , t he l a y e r e d mate r ia l t h a t ' s 
p a r a l l e l to the dump face is a po ten t i a l 
s h e a r s u r f a c e . Ma te r i a l c o m p r i s i n g t h o s e 
f i n e l a y e r s , m i n e r a l o g i c a l l y is abou t t he 
same as the mate r ia l in the r e s t of t he dump 
G e t t i n g it wet does not c h a n g e i t ' s f r i c t i o n 
a n g l e and when y o u ge t a n y s i g n i f i c a n t 
d e p t h be low the s u r f a c e of t he d u m p , the 
w a t e r is no t u n d e r p o s i t i v e p r e s s u r e it is 
u n d e r n e g a t i v e p r e s s u r e a n d t h a t a d d s 
a p p a r e n t c o h e s i o n w h i c h does c o n t r i b u t e to 
s t a b i l i t y . Y o u r p o i n t ' s wel l t a k e n b u t I 
d o n ' t t h i n k t h a t i ts a p p l i c a b l e in t h i s c a s e . 

C H A I R M A N : 

T h a n k s D a v e 

T h e Pane l is open f o r q u e s t i o n s f r om the 
f l o o r . 

R a l p h M c G i n n , M i n i s t r y of E n e r g y , Mines 
a n d P e t r o l e u m R e s o u r c e s , V i c t o r i a . I jo t ted 
d o w n a few t h i n g s w h i c h I t h i n k somebody 
on t he pane l c o u l d i n d i c a t e the impor tance 
of o r t he need f o r d u r i n g d e s i g n and c o n 
s t r u c t i o n a n d one of t h o s e t h i n g s had to do 
w i t h t he c o o p e r a t i o n be tween t he m in ing 
c r e w and the p l a n n e r in r e l a t i on to the 
b l a s t i n g p a t t e r n t h a t ' s u s e d w h i c h d e t e r 
mines t he s i z e of t he mate r ia l and the 
p o w d e r f a c t o r t h a t ' s u s e d . A n o t h e r t h i n g 
was I d i d n ' t h e a r a n y b o d y t a l k abou t f o u n 
da t i on i n v e s t i g a t i o n p r i o r to d e s i g n and 
c o n s t r u c t i o n . I'd l i ke to see how impor tan t 
y o u c o n s i d e r t h a t i s . T h e c r e s t h e i g h t , how 
i m p o r t a n t is t he c r e s t h e i g h t f o r c o n s t r u c 
t i on of an e n d d u m p e d d r a i n , is i t impor 
t a n t to h a v e i t 30 me t res up o r 60 metres 
u p o r 150 m e t r e s . T h e u p s t r e a m face of the 
v a l l e y f i l l , s h o u l d t h e r e be a n y spec ia l 
p r e c a u t i o n t a k e n t h e r e , s h o u l d we a s s u r e 
t h a t t he c o a r s e r ma te r ia l at t h a t ups t ream 
face has a l i t t l e h i g h e r e l e v a t i o n t h a n it 
does t h r o u g h o u t t h e r e s t of t he d u m p . A n d 
snow on t he d u m p s u r f a c e w h i c h is dumped 
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o v e r and p o s s i b l y s c o u r e d d o w n a n d a r e a s 
w h e r e we h a v e a h i g h leve l of snow fa l l how 
i m p o r t a n t is t h a t in i ts e f f e c t s in t h e d r a i n ? 
M o n i t o r i n g of t h e d u m p i t s e l f , i f y o u h a v e a 
f a i l u r e a n d s i g n i f i c a n t amount of f i n e ma te r ia l 
f r om the t op r u n s d o w n in to t h a t d r a i n y o u 
may h a v e a p r o b l e m of w h e r e y o u ' r e g o i n g to 
p l ace t h e d r a i n . What leve l of m o n i t o r i n g 
w o u l d y o u h a v e on t h e d u m p , at t h e d u m p 
i t se l f ? A t w h a t movement r a t es w o u l d y o u 
c o n s i d e r s h u t t i n g t h e d u m p down b e c a u s e 
y o u fe l t t he movement m i g h t lead to f a i l u r e 
a n d j e o p a r d i z e y o u r d r a i n ? J u s t one more 
p o i n t , and t h a t has to do w i th d u m p i n g 
ra tes p e r me t re o r c r e s t l e n g t h , how i m p o r 
t a n t is t h a t on t he s t a b i l i t y of t he d u m p ? 

C H A I R M A N : 

Is t h a t a l l R a l p h ? W e l l , I g u e s s we ' l l s t a r t 
o f f b y a s k i n g D w a y n e , Dermot o r Rob to 
comment on t he f i r s t o n e , w h i c h is c o o p e r a 
t i on of t he mine c r e w a n d the b l a s t i n g a n d 
wha t is t h e p o w d e r f a c t o r ? Wha t ' s y o u r 
e x p e r i e n c e . 

R O B N I C H O L S : 

R e g a r d i n g t he p o w d e r f a c t o r a n d t he c o o p e r 
a t i o n . T y p i c a l l y of t h e mines a r o u n d h e r e 
t he e n g i n e e r i n g d e p a r t m e n t is i n t ima te l y 
i n v o l v e d w i t h t he d e s i g n of t he b l a s t p a t 
t e r n s so t h a t t h e y do h a v e most of t he 
c o n t r o l o v e r wha t is d r i l l e d a n d b l a s t e d a n d 
t he s i z e of ma te r ia l p r o d u c e d . Now t h e s i z e 
of mate r ia l p r o d u c e d is no t g o i n g to be 
g o v e r n e d b y a r o c k d r a i n t y p i c a l l y . Y o u a r e 
g o i n g to g o v e r n it b y t h e e q u i p m e n t y o u a re 
m i n i n g i t w i t h a n d w h a t e v e r s u i t s t h a t 
e q u i p m e n t is wha t y o u ' r e g o i n g to g e t . What 
y o u h a v e to c o n s i d e r w h e n y o u a r e l o o k i n g 
at f o r m i n g a r o c k d r a i n f r om n a t u r a l s e g r e 
ga t i on y o u ' v e go t to know a s i z e g r a d a t i o n of 
t he t y p i c a l b l a s t e d m a t e r i a l . 

D E R M O T L A N E : 

I d o n ' t t h i n k I can a d d much more to wha t 
Rob j u s t s a i d . I can j u s t say f rom my e x p e r 
ience t h a t w e ' v e done at t he o p e r a t i o n w h e r e 
I'm e m p l o y e d , w e ' v e u s e d the normal o p e r a t 
i ng p r o c e d u r e s a n d w e ' v e t a k e n a d v a n t a g e of 
t h o s e to b u i l d r o c k d r a i n s t r u c t u r e s . We 
h a v e n ' t had to g e t i n to cus tom b l a s t i n g o r 
s u c h t h i n g s a n d i t ' s f a i r l y o b v i o u s t h a t we 
min im ize f r a c t u r e to t he leve l as Rob s a i d , 
w h e r e we can h a n d l e i t w i t h t he e q u i p m e n t . 
We h a v e no i n t e n t i o n of m a k i n g d u s t ou t o f 
t ha t s t u f f . It j u s t c o s t s us m o n e y . So 

a g a i n , t h e m i n i n g e q u i p m e n t r e a l l y l imi ts 
w h a t we can do in t e r m s of m a k i n g t he 
b l o c k s l a r g e a n d we o b v i o u s l y d o n ' t make 
them a n y sma l l e r t h a n we h a v e t o . B l a s t i n g 
is o p t i m i z e d as much as p o s s i b l e . 

C H A I R M A N : 

T h e n e x t i tems - - f o u n d a t i o n , c r e s t h e i g h t , 
u p s t r e a m face of t h e v a l l e y f i l l , snow on 
d u m p s u r f a c e s . D a v e c o u l d y o u r e s p o n d ? 

D A V E C A M P B E L L : 

A s f a r as f o u n d a t i o n i n v e s t i g a t i o n s g o , it 
maybe w a s n ' t men t i oned b e c a u s e i t ' s so 
common. C e r t a i n l y i f y o u ' r e g o i n g to b u i l d a 
r o c k f i l l o v e r a d r a i n a g e c o u r s e , t h a t r o c k 
f i l l is a d u m p , t h e toe of i t w i l l become t he 
r o c k d r a i n , t h e f o u n d a t i o n i n v e s t i g a t i o n s 
h a v e to be c a r r i e d o u t , s t a b i l i t y a n a l y s i s 
made a n d y o u wan t to be r e a s o n a b l y c o n f i 
d e n t t h a t t h e d u m p is g o i n g to rema in 
s t a b l e . I w o u l d be t h e f i r s t to admi t t ha t 
y o u c o u l d be c a u g h t o u t , somet imes t h i n g s 
c a n d e v e l o p a n d f a i l u r e s do o c c u r t h a t y o u 
d o n ' t e x p e c t to o c c u r a n d t h e y o c c u r u n d e r 
c o n d i t i o n s t h a t y o u may no t h a v e a n t i c i 
p a t e d . 

T h e s e d u m p s h a v e lower f a c t o r s of s a f e t y 
t h a n a r e common in e n g i n e e r i n g p r a c t i c e , 
somet imes y o u ge t a f a i l u r e . Now I d o n ' t 
know if a n y o n e p o i n t e d it o u t w h e n we we re 
l o o k i n g at t he West L i n e C r e e k d u m p , t h e r e 
is a f a i l u r e t h e r e t h a t has o c c u r r e d r e c e n t l y . 
T h e r e was a lso some s l i d e d e b r i s in t he 
bot tom of t he d r a i n a g e c o u r s e , as a r e s u l t 
o f a f a i l u r e t h a t o c c u r e d on t he 4 th of J u l y , 
1982. I d o n ' t t h i n k t h a t t h a t p r e v i o u s 
f a i l u r e in a n y w a y d e t r a c t s f r o m the f u n c 
t i on of t h a t d r a i n . T h e f a i l u r e o c c u r r e d 
n e a r t he u p s t r e a m l imi t a n d it is p r o b a b l y 
g o i n g to be r e s p o n s i b l e f o r r a i s i n g the 
w a t e r leve l in t h e d r a i n in t h e u p s t r e a m 
r e g i o n . B u t t he w a t e r s u r f a c e in the West 
L i n e C r e e k r o c k d r a i n is g o i n g to be c o n 
t r o l l e d be low t h a t p o i n t p r i m a r i l y b y the 
g r a d i e n t a l o n g t he d r a i n a g e c h a n n e l and the 
d e b r i s f low t h a t w e n t d o w n t he d r a i n a g e 
c h a n n e l as a s l ope j u s t a b o u t t he same as 
t he o r i g i n a l d r a i n a g e c o u r s e . A n d when t he 
wa te r g e t s d o w n to t h e d o w n s t r e a m toe c o n 
d i t i o n s t h e r e a r e not g o i n g to re la te to wha t 
h a p p e n e d in t h e u p s t r e a m p o r t i o n b e c a u s e it 
is so f a r r e m o v e d . I w o u l d v e n t u r e to say 
t h a t y o u c o u l d p u t in some f a i r l y p r e c i s e 
i n s t r u m e n t a t i o n a n d y o u c o u l d n ' t d e t e c t t he 
d i f f e r e n c e be tween one a n d t he o t h e r . Now 
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t he f a i l u r e t h a t had o c c u r r e d r e c e n t l y c e r 
t a i n l y i t ' s g o i n g to do s o m e t h i n g to t he wa te r 
l eve l in t he d r a i n . T h e d u m p is g o i n g to go 
f u r t h e r d o w n s t r e a m b u t a g a i n I t h i n k w i t h i n 
t he toe r e g i o n of t h e d u m p , we d o n ' t wan t to 
h a v e a n o t h e r one of t h o s e . B u t i t ' s not g o i n g 
to h a v e a s i g n i f i c a n t impac t on t he f u n c t i o n 
of t he d r a i n . 

A s f a r as d u m p h e i g h t g o e s , t he d u m p 
h e i g h t has to be s u c h t h a t y o u ge t s e g r e g a 
t i on a n d t h e vo lume of mate r ia l at t he toe 
t h a t ' s g o i n g to do t h e job t h a t y o u n e e d . I 
t h i n k b y s e l e c t i v e d u m p i n g t h a t , y o u m igh t 
use the b e s t q u a l i t y r o c k y o u ' v e go t in t he 
u p s t r e a m r e g i o n a n d i n c r e a s e t h e h e i g h t at 
w h i c h t he p e r m e a b l e zone e x t e n d s a b o v e t he 
in le t of t he d r a i n . A s f a r as w i n t e r c o n s t r u c 
t i on g o e s , i t m i g h t not be a p p r o p r i a t e to i n 
c o r p o r a t e a lot of snow at t he bot tom of t h e 
d r a i n . In t h e c a s e f o r examp le at t he S w i f t 
C r e e k R o c k d r a i n , i t was c o n s t r u c t e d in t he 
w i n t e r t ime . B u t t h e r e is no s t a b i l i t y p r o 
b lem b e c a u s e t h e toe a d v a n c e d on to t h e 
o t h e r s i d e a n d t h e toe h a d a h i g h d e g r e e of 
s u p p o r t . T h e r e ' s no p o s s i b i l i t y t h a t t h e face 
of t he d u m p was g o i n g to f a i l . I d o n ' t t h i n k 
t h e r e is a n y m o r e snow le f t t h e r e , i t s d i s a p 
p e a r e d . I t 's p o s s i b l e t h a t snow in t he r o c k 
d r a i n may h a v e c o n t r i b u t e d a smal l amount to 
t he d e f o r m a t i o n s t h a t h a v e o c c u r r e d on t he 
s u r f a c e of t he c r o s s - o v e r f i l l . I d o n ' t t h i n k 
t h e y h a v e i n c r e a s e d t he d e f o r m a t i o n s s i g n i f i 
c a n t l y . Mos t of t he d e f o r m a t i o n s t h a t h a v e 
o c c u r r e d t h e r e a r e t he r e s u l t o f compac t i on 
of t he was te r o c k u n d e r se l f w e i g h t . I'll let 
i t go at t h a t . 

D A V E C A M P B E L L : 

I t h i n k I know t h e mine w h i c h m igh t h a v e 
i n s p i r e d some of M r . M c G i n n ' s q u e s t i o n s b u t 
I d o n ' t say a n y m o r e . A s f a r as b l a s t i n g 
e f f e c t s t h e r e ' s no d o u b t t h a t i n c r e a s e d b l a s t 
i n g can i n c r e a s e t h e f r a g m e n t a t i o n b u t I 
d o n ' t fee l t h a t is a s e r i o u s p r o b l e m . I fee l 
t h e s e r i o u s p r o b l e m c a n be w h e r e r o c k j u s t 
n a t u r a l l y d e g r a d e s in to f i n e s a n d i t ' s d o u b l y 
i m p o r t a n t w h e r e a d r a i n a g e c o u r s e mus t 
s e r v e as a r o c k d r a i n t h a t o n l y h i g h q u a l i t y 
r o c k be p l a c e d in t h a t a r e a of a d u m p a n d I 
t h i n k j u s t a b o u t e v e r y mine has e n o u g h 
f l e x i b i l i t y s u c h t h a t i t c a n a r r a n g e to p u t 
h i g h q u a l i t y r o c k in to t h e k e y a r e a s . A n d 
in t h a t r e s p e c t i t is i m p o r t a n t to keep a 
n u m b e r of d u m p f a c e s o p e n at one t ime to 
g i v e t he m i n e r s t h e f l e x i b i l i t y to d u m p poo r 
r o c k w h e r e i t ' s no t g o i n g to do a n y damage 
if i t s h o u l d fa i l a n d k e e p t h e good r o c k 

w h e r e i t is r e a l l y n e e d e d . O n t he s u b j e c t of 
c r e s t h e i g h t , I t h i n k t he f e e l i n g t h a t we 
d e v e l o p e d t h i s m o r n i n g Rob m igh t wan t to 
comment on b u t t he p r e f e r r e d h e i g h t of 
d u m p f o r max imum s e g r e g a t i o n is in t he 
o r d e r of 30 met res f o r t he ma te r i a l s in t he 
E l k R i v e r . I j u s t wan t to f i n i s h up wha t I 
had to s a y as f a r as snow o v e r a dump 
s u r f a c e , t h e r e is no q u e s t i o n , if a n y a r e a 
of poo r r o c k w i th h i g h f i n e s has snow in i t 
we h a v e seen c a s e s w h e r e snow has been 
t r a p p e d o v e r a summer w i t h o u t me l t i ng a n d 
t h e n we fee l i t has r a p i d l y t h a w e d , u s u a l l y 
a f t e r a r a i n p e r i o d , a n d in t h a t case y o u 
h a v e r e a l l y an e x c e s s of w a t e r a n d y o u can 
h a v e a s u d d e n and c a t a s t r o p h i c f a i l u r e . So 
a g a i n t he a d v i c e I w o u l d g i v e if y o u ' r e 
w o r r i e d a b o u t t ha t s i t u a t i o n d e v e l o p i n g , y o u 
c a n ' t n e c e s s a r i l y p r e v e n t t he snow f r o m 
b l o w i n g o v e r a c r e s t a n d a c c u m u l a t i n g . If 
y o u a r e w o r r i e d a b o u t t h e e f f e c t s n e x t 
summer t h e n i t ' s a b s o l u t e l y i m p e r a t i v e to 
keep the r o c k as c o a r s e as p o s s i b l e a n d 
min im ize t he p o s s i b i l i t y of e x c e s s p r e s s u r e s 
d e v e l o p i n g . T h e o t h e r a s p e c t , poo r mate r ia l 
a n d t h e l im i t i ng ra te in t e rms of ra te of 
d u m p i n g p e r met re of c r e s t l e n g t h p e r 
24 h o u r s , some n u m b e r s h a v e been s u g 
g e s t e d , 100-150 b a n k e d c u b i c me t res p e r 
me t re p e r 24 h o u r s as b e i n g a l im i t i ng r a t e , 
b u t I t h i n k t h a t ' s j u s t a v e r y g e n e r a l g u i d e 
l i ne a n d in some c a s e s t h a t maybe f a r too 
h i g h w h e n o t h e r f a c t o r s a r e p r e s e n t . A n d 
in o t h e r s i t u a t i o n s it may be too low. T h a t ' s 
j u s t a fee l t h a t w e ' v e d e v e l o p e d . Rob y o u 
may w a n t to comment y o u r s e l f on t h e l im i t i ng 
h e i g h t of d u m p b e c a u s e I t h i n k t h a t ' s v e r y 
i m p o r t a n t f o r max imum s e g r e g a t i o n . 

R O B N I C H O L S : 

O K t h a t ' s s o m e t h i n g I r e a l l y h a v e n ' t mea 
s u r e d b u t in my l i t t l e t r u c k a n d s h o v e l 
e x p e r i m e n t w h e n y o u look at t he po ten t i a l 
e n e r g y , t he p a r t i c l e s in t he g r a v e l s t u d y 
a n d compare them w i th t he po ten t i a l e n e r g y 
of ac tua l was te d u m p f r a g m e n t s I es t ima ted 
f o r my l ong s l ope an e q u i v a l e n t h e i g h t of 
an ac tua l d u m p w o u l d be a b o u t t h i r t y m e t r e s . 
A n d f o r my s h o r t s l ope i t w o u l d be a b o u t 15 
me t res a n d as y o u saw t h e r e was a s i g n i f i 
c a n t , somewhat s i g n i f i c a n t r e d u c t i o n in 
s e g r e g a t i o n in t he s h o r t s l ope f r om the long 
s l ope a n d j u s t f r om wha t I've seen f rom 
a r o u n d t he v a l l e y I w o u l d s a y t h a t in a 
30 me t re h i g h d u m p y o u w o u l d be g u a r a n t e e d 
of good s e g r e g a t i o n . A n y t h i n g less t h a n t h a t 
y o u w o u l d g e t s e g r e g a t i o n , y e s , b u t it 
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p r o b a b l y w o u l d n ' t be as good as in e x c e s s of 
30 m e t r e s . 

C H A I R M A N : 

I t h i n k R a l p h , a l l d u m p s a r e m o n i t o r e d , t h e y 
a l l , I g u e s s h a v e v a r i o u s p r a c t i c e s . It m igh t 
t a k e a wh i l e to go in to t he de ta i l on each 
o n e , I wou ld s u g g e s t t h a t y o u c o u l d ge t t h a t 
i n fo rma t i on o f f them l a t e r . T h e d u m p i n g 
r a t e s , I t h i n k we al l know t h a t if y o u r 
d u m p i n g ra te is i n c r e a s e d t he c h a n c e s of 
f a i l u r e at y o u r c r e s t i n c r e a s e s a n d I t h i n k 
al l compan ies a r e aware t h a t t he d u m p i n g 
ra tes h a v e to be l ooked at a n d a n y s i g n s of 
movement f rom y o u r m o n i t o r i n g y o u move 
e l s e w h e r e to d u m p . A r e t h e r e a n y o t h e r 
q u e s t i o n s f r om the f l o o r . 

Q U E S T I O N F R O M T H E F L O O R : 

M y name is M a r k S t r o s h e r , w i t h t he M i n i s t r y 
of E n v i r o n m e n t in t h e Waste Managemen t 
B r a n c h in C r a n b r o o k . T h e d e s i g n c o n s i d e r a 
t i o n s t h a t y o u h a v e been s p e a k i n g o f , as I 
see i t , come m a i n l y f r o m the i n d u s t r y a n d 
c o n s u l t a n t s and t he " w h a t i f" q u e s t i o n s a r e 
posed ma in l y f r om t h e r e g u l a t o r y p e o p l e . A s 
M r . C a m p b e l l has p o i n t e d o u t , some of t h e s e 
d e s i g n c o n s i d e r a t i o n s a r e c o n s e r v a t i v e a n d 
a r e d e s i g n e r b u i l t in to t he s y s t e m and some 
a r e b y l u c k . O n t he o t h e r h a n d on t he r e g u 
l a t o r y s i d e f r om wha t I'm h e a r i n g , a n d f rom 
wha t I know of t he s y s t e m , t he d e s i g n c o n 
s i d e r a t i o n s a r e minimal a n d c a u s e a lot of 
u n e a s i n e s s on t h e g o v e r n m e n t s i d e . I g u e s s 
t h a t ' s p a r t of t he r eason f o r t h i s s y m p o s i u m 
of c o u r s e . What I'd l i ke to ge t some f e e d b a c k 
o n , is w h e r e do we go f rom h e r e a n d wha t 
m igh t be n e e d e d f o r t h e e f f i c i e n t r e v i e w , 
a p p r o v a l and c o n s t r u c t i o n of r o c k d r a i n s a n d 
t h i s is f rom t h e p o i n t of v i ew of i n d u s t r y 
e s p e c i a l l y a n d I'd be i n t e r e s t e d in some of 
t he f e e d b a c k t h a t m igh t s o r t of ge t t h i s in a 
more s t a n d a r d i z e d l i g h t a n d make it more of 
a s c i e n c e as o p p o s e d to an a r t a n d s o r t of 
c o n s o l i d a t e the v a r i o u s p o i n t s of v i ew t h a t 
we h a v e h e r e . 

C H A I R M A N : 

T h a n k y o u M a r k , I t h i n k y o u ' r e g e t t i n g 
in to p r o b a b l y t h e n e x t q u e s t i o n . B u t I 
s h o u l d te l l y o u t h a t t h e r e is a commit tee 
g e t t i n g t o g e t h e r t omor row m o r n i n g , a smal l 
commi t tee , to r e v i e w t he p r o c e e d i n g s t h a t 
h a v e gone on h e r e , a n d make r e c o m m e n d a 
t i o n s on w h e r e we go f r om h e r e and h o p e 
f u l l y t h o s e recommenda t i ons can be p u t in 
t he p r o c e e d i n g s . Is t h a t O K ? 

C h a r l i e y o u h a v e a q u e s t i o n ? 

M y name is C h a r l i e R i p l e y , I'm a p r i v a t e 
c i t i z e n a n d I h a v e come h e r e as a r e t i r e d 
c i v i l e n g i n e e r w i t h e x t e n s i v e e x p e r i e n c e in 
t h e s t o r a g e dams f i e l d a n d I w o u l d l i k e to 
make a c o u p l e of o b s e r v a t i o n s i f I m a y , 
J a k e . F i r s t l y , i t ' s been a w o n d e r f u l e x p e r i 
ence f o r me. I h a v e a q u e s t i o n t h a t r e l a t es 
to g e o t e c h n i c a l c o n s i d e r a t i o n s . I'd l i ke to 
make t h e o b s e r v a t i o n t h a t C h u c k B r a w n e r 
y e s t e r d a y g a v e an e x c e l l e n t o u t l i n e of g e o 
t e c h n i c a l c o n s i d e r a t i o n s as t h e y w o u l d re la te 
to t h e s e d u m p s a n d t he d r a i n s as I w o u l d 
see t h e m . M y c o m m e n t s , t he r eason I go t 
up to make a few c o m m e n t s , is t ha t I t h i n k 
t h a t , as D r . C h a p p e l l has i n d i c a t e d , t h a t 
t h e r e is c o n s i d e r a b l e e x p e r i e n c e in t he s t o r 
age dams f i e l d t h a t r e l a t es to t h i s and I 
t h i n k i t ' s b e i n g u t i l i z e d . I w o u l d l i ke to 
d r a w a t t e n t i o n to t h i s , f r om my o b s e r v a t i o n s . 
O n e is t h a t t h e r e is g r e a t comfo r t in a new 
a r e a as f a r as t he e n g i n e e r i n g g o e s , as long 
as t he o b s e r v a t i o n a l me thod is u s e d . Now 
al l t h e g e o t e c h n i c a l e n g i n e e r s p r e s e n t 
u n d e r s t a n d the o b s e r v a t i o n a l m e t h o d . It 
r e q u i r e s p r o c e e d i n g w i t h a d e s i g n on the 
b a s i s of t he b e s t a s s e s s m e n t of t he i n f o r m a 
t i on c o n f o r m i n g to a c c e p t e d e n g i n e e r i n g 
p r a c t i c e . Where y o u ' r e on t h e l e a d i n g e d g e 
of t e c h n o l o g y , y o u can s t ep b e y o n d t he 
b o u n d s of p r e c e d e n t as long as y o u , a c c o r d 
i n g to t he o b s e r v a t i o n a l m e t h o d , a n t i c i p a t e 
some of t he " w h a t i f s " , a n d i f t h e y h a p p e n , 
y o u h a v e d e v e l o p e d some c o n c e p t of d e a l i n g 
w i t h t h e m . Now f o r t h o s e who a r e i n t e r e s t e d 
a n d a r e n ' t g e o t e c h n i c a l e n g i n e e r s , t h e r e is 
an e x c e l l e n t p a p e r p r e p a r e d b y R a l p h P e c k , 
in w h i c h he o u t l i n e s the o b s e r v a t i o n a l 
method a n d s t ep b y s t e p t h e r e q u i r e m e n t s 
to h a v e to use i t . Now it r e l y s l a r g e l y in 
t a k i n g a s t ep f o r w a r d on m o n i t o r i n g . Now 
w i t h r e g a r d to t h e s e s l i d e s t h a t may come 
d o w n , s u p p o s i n g a s l i d e comes d o w n in one 
of t h e s e r o c k d r a i n s d e v e l o p e d b y s e g r e g a 
t i on r a t h e r t h a n t he p l a c e d o n e . B y the 
t h e o r y of the o b s e r v a t i o n method t h a t w o u l d 
r e q u i r e u n d e r t a k i n g a " w h a t i f i t h a p p e n s " 
p r o c e d u r e a n d c a r r y i n g on w i t h the d r a i n . 
T h e o b s e r v a t i o n a l me thod r e q u i r e s t h e n a 
p r e - t h o u g h t a s s e s s m e n t of wha t y o u wi l l d o , 
a n d wha t t he c o n s e q u e n c e s m igh t b e , a n d 
how y o u c o u l d make c o r r e c t i o n s . F rom wha t 
I h a v e seen h e r e , I h a v e t he f e e l i n g t ha t if 
t ha t is f o l l o w e d , t h a t if some a n t i c i p a t o r y 
t h o u g h t is g i v e n , e v e n t u a l i t i e s can c e r t a i n l y 
be dea l t w i t h . A f t e r t he " w h a t i f " has o c c u r 
r e d t h e r e a r e w a y s of g e t t i n g a r o u n d and 
e n s u r i n g t he c o n t i n u i t y of t h e d r a i n in t he 
c o n t i n u i n g c o n s t r u c t i o n . T h a t ' s j u s t an 



o p i n i o n t h a t I h a v e g a t h e r e d f r o m t h i s 
b r i e f l y . T h e one t h i n g t h a t I fee l t h a t t h e r e 
may be some d i g r e s s i o n f r om t h i s o b s e r v a 
t i ona l m e t h o d , w h i c h is e s s e n t i a l l y b e i n g 
f o l l o w e d , is w i t h r e s p e c t to t h e m o n i t o r i n g in 
t he e a r l y s t a g e s a n d t h r o u g h t he w o r k , 
w h e r e it can be c o n v e n i e n t l y done w i t h r e 
s p e c t to use of p i e z o m e t e r s o r o b s e r v a t i o n 
we l l s in to t he d r a i n to know b e t t e r wha t t he 
w a t e r l e ve l s a r e . A n d I t h i n k t h a t t h a t is 
s o m e t h i n g t h a t s h o u l d be c o n s i d e r e d . T h a n k 
y o u . 

C H A I R M A N : 

T h a n k y o u v e r y m u c h C h a r l i e , a p p r e c i a t e 
y o u r comments a n d I t h i n k t h a t we al l s h o u l d 
t a k e a look at wha t o u r m o n i t o r i n g is g o i n g 
to b e . 

B R I A N C H A P P E L L : 

T h i s q u e s t i o n is b a s i c a l l y to D a v e a n d t h e 
gene t l eman on t he e n d t h e r e a n d p o s s i b l y 
t he o t h e r s , w e ' v e n o t i c e d in some of t he 
dams t h a t we h a v e b u i l t a n d aga in n o t i c e d on 
t he t r i p s t h a t w e ' v e been on t h a t t he dam 
toe is t he p r o b l e m , t he toe d r a i n , and to 
s t a b i l i z e y o u ' d t a k e a lot of c a r e of t h a t , i t 
is b a s i c a l l y y o u r s t i f f e s t p a r t of y o u r who le 
s t r u c t u r e . Now I'm l o o k i n g at t h i s as a 
s t r u c t u r e . T h e s t r u c t u r e as a who le is on an 
a n g l e , 5 , 9 d e g r e e s , w h a t e v e r , w e ' v e h a d 
f a i l u r e s at 5 a n d 9 d e g r e e s , so i t ' s not ou t 
of t he rea lms of s l i p a n d t h i n g s l i ke t h a t . 
T h e t h i n g is t h a t y o u ' r e p u t t i n g t he loose 
d u m p e d r o c k , i t ' s go t a lot of d e f o r m a b i l i t y , 
i t s t a r t s to d e f o r m a n d it s h i f t s i ts load 
t h r o u g h a r c h i n g a n d t h e n it s t a r t s to t h r o w 
i ts load on to t he t o e . A n d w h e n t h e toe t h e n 
s t a r t s r e c e i v i n g t h i s load it s t a r t s to show 
d i s t r e s s a n d t h e n t h e o b s e r v a t i o n a l c h a r a c t e r 
i s t i c s come i n . So y o u ' v e go t a b e a u t i f u l 
t e c h n i q u e b u t t h e r e is t h i s p r o b l e m . 

D A V E C A M P B E L L : 

T h a t ' s i n t e r e s t i n g t h a t y o u s h o u l d ment ion 
t h a t t he load s h i f t s to t he t o e . I 've been 
o b s e r v i n g d u m p s f o r q u i t e some t ime , l ook 
i n g at e v i d e n c e of d e f o r m a t i o n on a f ace a n d 
o f t en t h a t ' s no t e a s y to s e e . L i g h t c o n d i 
t i o n s h a v e to be r i g h t to see p a t t e r n s a n d 
t h a t ' s g e n e r a l l y wha t y o u see a r e p a t t e r n s . 
I 've come to t he c o n c l u s i o n t h a t one of t he 
common modes of d e f o r m a t i o n is j u s t wha t 
y o u h a v e i n d i c a t e d in t h a t t h e s t a b i l i t y o f 
t he who le d u m p face d e p e n d s on t he s t a 
b i l i t y of t he toe r e g i o n a n d if y o u can ho ld 

t he toe r e g i o n s t a b l e t he who le d u m p ' s f ace 
wi l l remain s t a b l e , at least y o u wi l l not 
h a v e a f a i l u r e . A s f a r as t he s t a b i l i t y of 
t h e toe w h e r e t h e s e r o c k d r a i n s e x i t , I 
t h i n k t h a t wha t we h a v e to do is to do 
f l ood r o u t i n g a n a l y s e s . We h a v e to make the 
b e s t es t imate t h a t we can as to w h e r e t h e 
p h r e a t i c s u r f a c e m igh t b r e a k ou t on t he 
d o w n s t r e a m t o e . I t h i n k t h a t t he method of 
c o n t r o l l i n g i t , m a k i n g s u r e t h a t t ha t rema ins 
s t a b l e , is p lacement of c o a r s e r o c k f i l l e t s 
a n d b y t he w a y , I t h i n k t ha t t h e s e f i l l e t s 
s h o u l d c o n s i s t of r o c k s t h a t a r e p i c k e d u p 
i n d i v i d u a l l y . T h a t ' s not an e a s y t h i n g to 
d o . T h e commonest method of g o i n g to p i c k 
r o c k , y o u ' r e g o i n g to f i n d i t at t he dump 
toe s o m e p l a c e , t he commonest method is w i th 
a f r o n t - e n d l o a d e r , b u t it is d i f f i c u l t to 
p i c k u p a l a r g e p iece of r o c k w i t h a f r o n t -
e n d l oade r a n d not ge t some smal l s t u f f 
w i t h i t a n d I t h i n k t h i s f i l l e t , a n d t h i s is 
my f e e l i n g , I t h i n k t he f i l l e t s h o u l d be as 
d e v o i d of smal l s i z e s as it is p r a c t i c a l to 
p r o d u c e . 

N O N A M E : 

M y comment w o u l d be t h e r e is a d i f f e r e n t 
e lement of r i s k d u r i n g c o n s t r u c t i o n of a 
d u m p d o w n s t r e a m . T h e r e is a h i g h e r p o s 
s i b i l i t y of a f a i l u r e o c c u r r i n g b e c a u s e y o u 
c a n n o t c o n t r o l wha t goes in to t he dump and 
I t h i n k t he po in t t h a t was made is e x c e l l e n t 
as many f a i l u r e s do o c c u r , b u l g i n g at t he 
t o e , w a t e r p r e s s u r e s , poo r m a t e r i a l s , a re 
t h e c a u s e s , h o w e v e r , w h e n it comes to 
f o r m i n g t he u l t imate d o w n s t r e a m s l o p e , t he 
mine has a lot of c o n t r o l how t h a t is g o i n g 
to be d o n e . It can o f t en s h a p e t he d u m p , it 
can p u t in a n u m b e r of be rms at an o v e r a l l 
s l o p e , w h a t e v e r t h a t is t h a t ' s c o n s i d e r e d to 
be s t a b l e , and i t a lso has t he c o n t r o l o v e r 
t he r o c k t h a t goes in t h e r e . So t h e r e is 
f l e x i b i l i t y to c o n s t r u c t some th i ng t ha t wi l l 
rema in s t a b l e f o r h o p e f u l l y , as l ong as a n y 
one c a r e s . 

C H A I R M A N : 

So t he q u e s t i o n of p e r m a n e n c y - - wha t is 
p e r m a n e n t , n o t h i n g , I g u e s s to d e f i n e p e r 
manen t as s o m e t h i n g t h a t rema ins c o n s t a n t l y 
t h e same. We al l know tha t n a t u r e is s u c h 
t h a t i t k e e p s w o r k i n g a n d n o t h i n g is p e r m a 
n e n t . B u t t he d e g r e e of p e r m a n e n c e I g u e s s 
is wha t we a r e l o o k i n g a t . So t he t h i r d 
q u e s t i o n is "What is y o u r o p i n i o n on the 
q u e s t i o n of l ong te rm p e r m a n e n c y of r o c k 
d r a i n s in r e l a t i on to m i g r a t i o n of f i n e s and 
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t h e d u r a b i l i t y of r o c k u s e d ? " I'm g o i n g to 
a s k members of t h e pane l f o r t h e i r o p i n i o n s 
on t h i s q u e s t i o n . I d o n ' t know if e v e r y b o d y 
wan t s to comment b u t I'll s t a r t o f f w i t h 
P r o f e s s o r L a w s o n h e r e . 

P R O F . L A W S O N : 

T h a n k y o u J a k e . D e p s i t e t he f a c t t h a t I'm 
t h e o n l y one p r e s e n t who can n e i t h e r s p e a k 
e n g l i s h o r f r e n c h I've go t t h r e e comments 
to make on t h i s q u e s t i o n . T h e f i r s t r e l a tes 
to t he p r e s e n t a t i o n y e s t e r d a y a f t e r n o o n b y 
my fe l low academic P r o f e s s o r B r a w n e r . I t 's a 
g r e a t p i t y t h a t h e ' s no t p r e s e n t at t h i s 
s e s s i o n t h i s a f t e r n o o n so t h a t we c o u l d 
e n g a g e in some of t he d i s c u s s i o n s t h a t he 
made . He m a d e , y e s t e r d a y , s e v e r a l v e r y 
g e n e r a l i z e d a d v e r s e comments abou t t he use 
of r o c k d r a i n s , as y o u wi l l r e c a l l . H i s s t a t e 
ment a b o u t t h e h i g h v e l o c i t i e s of t h r o u g h 
d r a i n s made it c l e a r to me t h a t he had not 
had s i g n i f i c a n t e x p e r i e n c e w i t h f l o w - t h r o u g h 
r o c k f i l l . F o r e x a m p l e , D a v e C a m p b e l l a n d 
o t h e r s t o d a y , h a v e s h o w n q u i t e c o n v i n c i n g l y 
I t h i n k , t h a t t he v e l o c i t i e s t h a t one g e t s 
t h r o u g h a r o c k d r a i n a r e somewhere be tween 
p o i n t 15 a n d p o i n t 4 met res p e r s e c o n d . 
T h o s e a r e a b o u t t he n o r m . A n d t h a t in f a c t 
if y o u h a v e i n c r e a s e d f l ows as D a v e C a m p b e l l 
i n d i c a t e d , y o u s i m p l y i n c r e a s e y o u r c r o s s -
sec t i ona l a r e a . Y o u r v e l o c i t i e s d o n ' t c h a n g e 
too m u c h . T h a t ' s j u s t a comment I t h i n k t h a t 
needs c l e a r i n g up a n d i t ' s a p i t y , as I s a i d , 
t h a t P r o f e s s o r B r a w n e r w a s n ' t h e r e to e i t h e r 
r e f u t e t h a t o r make comment on i t . M y 
s e c o n d comment is to do w i th m o n i t o r i n g a n d 
b e a r s ou t wha t C h a r l i e s a i d a s h o r t t ime ago 
a n d t h i s is s i m p l y a p lea t h a t I w o u l d m a k e . 
A p lea to i n s t a l l some p iezomete r we l l s o r 
p i ezome te r s of a n y d e s c r i p t i o n b u t it seemed 
to me t h a t t he we l l s t h a t we saw t he o t h e r 
d a y , a r e p r e t t y s imp le and p r e t t y r o b u s t , 
to a n s w e r a n y po ten t i a l c r i t i c s of t he f u t u r e 
in r e l a t i on to r o c k d r a i n s . S i m p l y an o b s e r 
va t i ona l method a n d it seems to me t h a t as 
a n d w h e n a r o c k f i l l becomes s t a b i l i z e d and 
t h e r e is no c h a n c e of a n y o t h e r r o c k s h u r t l 
i n g in to i t , i t w o u l d n ' t be too d i f f i c u l t , once 
e v e r y few mon ths p e r h a p s , to i n s t a l l a 
p i e z o m e t e r . A n y w a y , t h a t ' s j u s t a p lea t ha t 
I wou ld m a k e . M y t h i r d comment r e l a t es 
more p a r t i c u l a r l y to t he q u e s t i o n t h a t ' s been 
p o s e d and re l a tes p a r t i c u l a r l y I g u e s s to 
m i g r a t i o n of f i n e s , some th i ng I 've g o n e on 
a b o u t al l w e e k . I'd l i ke to r e f e r to D a v e 
C a m p b e l l ' s a b s o l u t e l y e x c e l l e n t p r e s e n t a t i o n 
b e f o r e co f fee w h e r e he dea l t w i t h t h i s and 
o t h e r i s s u e s . A n d I'd l i ke to s a y f o r a s t a r t , 

t h a t in r e l a t i o n to t h e s e d i m e n t t h a t m igh t 
come in to t h e r o c k d r a i n f r om u p s t r e a m , h i s 
s u g g e s t i o n , I c o m p l e t e l y a g r e e w i t h , t ha t 
e v e n i f t h e w o r s t comes to t he w o r s t a n d 
t h e r e is a s e d i m e n t b u i l d up y o u m igh t 
a lmost r e g a r d i t as a b u i l d up b e h i n d an 
i n b u i l t s p i l l w a y d a m , a t h i n g I was t a l k i n g 
a b o u t at t h e b e g i n n i n g of my p r e s e n t a t i o n . 
A n d wha t w o u l d h a p p e n i f t h e r e was a b u i l d 
u p is t h a t t he f l ow w o u l d s i m p l y go o v e r 
t h e t o p , fa l l f r e e l y t h r o u g h t h e r o c k f i l l 
a n d c a r r y on as u s u a l . So t h a t I d o n ' t b e 
l i eve it is of a n y rea l g r e a t c o n c e r n u n l e s s 
y o u h a v e t r e m e n d o u s sed imen t loads w h i c h 
o f c o u r s e in t he smal l c a t c h m e n t s y o u ' r e 
d e a l i n g w i t h u s u a l l y i s n ' t t he case I w o u l d 
s u g g e s t . T h e o t h e r q u e s t i o n a b o u t m i g r a t i o n 
of f i n e s r e l a tes to t he g r a d i n g c u r v e w h i c h 
is on t he o v e r h e a d . I t h o u g h t t ha t D a v e 
e x c e l l e n t l y e x p r e s s e d a n d s a t i s f i e d one of 
my q u e r i e s a b o u t t he m i g r a t i o n of f i n e s 
d o w n t h r o u g h t h e b a n k b y i l l u s t r a t i n g wha t 
h a p p e n s in r e l a t i on to c u r v e s A a n d B 
w h e r e he s a i d t h e y w e r e r e a l l y a c t i n g l i ke a 
f i l t e r a n d in t h a t r e s p e c t I am q u i t e s a t i s 
f i e d t h a t y o u h a v e go t an e f f e c t i v e f i l t e r if 
t h a t ' s t h e s o r t o f g r a d i n g y o u h a v e on y o u r 
b a n k . M y o n l y q u e r y now a n d I can now 
p u t i t q u i t e f i r m l y to D a v e I s u p p o s e , 
w o u l d be t he ta i l e n d of c u r v e F wha t 
h a p p e n s to t h a t ? T h e bot tom r i g h t h a n d 
s i d e of c u r v e F . 

D A V E C A M P B E L L : 

I d i d n ' t i n v e s t i g a t e w h a t h a p p e n s to t he e n d 
of c u r v e F in t he m o d e l . C u r v e F I t h i n k is 
somewhat f i n e r t h a n c u r v e F w o u l d be if 
y o u wen t a b o u t s a m p l i n g t he toe r e g i o n of 
t he dump b e f o r e it was c o v e r e d . What we 
h a v e to go on I t h i n k i s , f o r e x a m p l e , what 
we see in t he S w i f t C r e e k R o c k D r a i n , v e r y 
c o a r s e m a t e r i a l . It does c o n t a i n some f i n e s , 
w h e n I s a y f i n e s , t h e y a r e sma l l e r t h a n t he 
normal 1/2 me t re to met re s i z e r o c k t ha t 
makes up t he p r e d o m i n a n t s i z e of t ha t d r a i n . 
Some of t h o s e p i e c e s , t he sma l l e r p i e c e s , a re 
s h a t t e r f r a g m e n t s . L a r g e b l o c k s come down 
w i t h c o n s i d e r a b l e e n e r g y , and p a r t of t ha t 
e n e r g y is u s e d up in s m a s h i n g t h e m s e l v e s , 
a n d s m a s h i n g the b l o c k s t h a t t h e y impac t o n . 
A f t e r we c o v e r up t h e d r a i n , I t h i n k we 
h a v e go t a f u r t h e r r e d u c t i o n in s i z e . I t h i n k 
t h a t wha t we see at t h e base of #1 s p o i l , 
t h e r e is an o p p o r t u n i t y w h e r e a spo i l is 
b e i n g t a k e n a p a r t , i t ' s no t e a s y to ge t i n f o r 
m a t i o n , b e c a u s e i t ' s a m i n i n g o p e r a t i o n , t he 
e x c a v a t i o n ' s done w i t h a s h o v e l , i t e x c a v a t e s 
a n e a r l y v e r t i c a l f a c e . Whi le p r o d u c t i o n is 
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g o i n g on ma te r i a l f a l l s d o w n , y o u d o n ' t h a v e 
t he o p p o r t u n i t y w i t h e v e r y s h o v e l f u l l to see 
wha t t he base of a was te r o c k f i l l is l i k e . We 
a r e not y e t to t he p o i n t w h e r e t h a t e x c a v a 
t ion is c r o s s i n g t he d r a i n a g e c o u r s e w h i c h 
fo rms the main d r a i n b u t n e v e r t h e l e s s , t he 
s i n g l e p h o t o g r a p h t h a t I d i d show I t h i n k 
i n d i c a t e s t ha t in t he f i e l d , c u r v e F d o e s n ' t 
h a v e a lot of f i n e ma te r ia l in i t . 

C H A I R M A N : 

T h a n k s D a v e , I'll j u s t t o s s t h i s m i c r o p h o n e 
down the t ab l e a n d i f a n y o n e wan t s to c o m 
ment p lease d o . 

D W A Y N E B O Y E R : 

Some of t he a n s w e r s h a v e been p r o v i d e d on 
t h i s , e s p e c i a l l y t he m i g r a t i o n of f i n e s , b u t 
d u r a b i l i t y o f r o c k is s t i l l a q u e s t i o n . A n d 
I'm j u s t b r a i n s t o r m i n g , t a l k i n g w i t h peop le 
a r o u n d h e r e , I t h i n k i n v e s t i g a t i n g the 
n a t u r a l o c c u r r e n c e s of r o c k d r a i n s may be a 
way of g o i n g b u t t h a t may be s o m e t h i n g i m 
p r a c t i c a l . I'm not a g e o l o g i s t b u t t h e r e ' s a 
lot of t a l u s s l opes a r o u n d t h a t may h a v e t he 
o r d e r of m a g n i t u d e of l o a d i n g of r o c k s t h a t 
c o u l d be c a r b o n d a t e d a n d e x a m i n e d . I t 's 
j u s t a s u g g e s t i o n . A n d I 've t a l k e d to a 
c o u p l e of peop le who know of n a t u r a l l y 
f o r m e d r o c k d r a i n s . M o u n t a i n s w h i c h g a v e 
w a y and c o v e r e d v a l l e y f l o o r s a n d t he r i v e r s 
a r e g o i n g t h r o u g h . T h a t m igh t a lso a n s w e r 
some q u e s t i o n s . I g u e s s one o t h e r q u e s t i o n 
o r c o n c e r n t h a t we h a v e as M i n i s t r y of E n 
v i r o n m e n t , s e e i n g how w e ' r e t a l k i n g a b o u t 
d u m p s , is w e ' r e s e e i n g a r e l a t i v e l y l a r g e 
amount of s l i v e r f a i l u r e s in t he e a r l y s t a g e s 
of t he d u m p . I hope t h a t t h e s e won ' t h a p 
pen u n t i l l a te r s t a g e s of t he d u m p s w h e r e 
y o u ' r e p r o g r e s s e d to t he p o i n t w h e r e one of 
t h e s e f a i l u r e s w i l l i n n u n d a t e the s e t t l i n g 
p o n d s a n d the s t r u c t u r e s of t he f r o n t to 
r e t a i n t he mud f l o w . A n d maybe at t h a t 
p o i n t t he d u m p i n g can be c o n t r o l l e d to a 
p o i n t w h e r e the d u m p i t se l f is p r o g r e s s e d 
so t ha t t h e s e s l i v e r f a i l u r e s w i l l be less 
f r e q u e n t . I w o n d e r i f someone can comment 
to t h a t i f t h e y wan t p l e a s e . 

C H A I R M A N : 

D i d n ' t ge t much a c t i o n at t ha t e n d of t he 
t ab l e I'll t r y t h i s . I'll s e n d it d o w n to y o u 
F r e d a n d w o r k b a c k f r om t h e r e . 

F R E D C L A R I D G E : 

I a g r e e w i t h D w a y n e ' s comment as t he dump 
r e a c h e s i ts u l t imate g e o m e t r y t h a t more c a r e 
has to be t a k e n in wha t goes in to t he dump 
a n d p r o v i d i n g t he p l a n n i n g is done wel l in 
a d v a n c e , t he mine s h o u l d not h a v e a g r e a t 
dea l o f d i f f i c u l t y in e n s u r i n g a f a v o u r a b l e 
g e o m e t r y a n d f a v o u r a b l e r o c k goes in to t he 
f i n a l d o w n s t r e a m face a n d if t h e r e is a 
s e d i m e n t p o n d immed ia te ly be low t he d u m p 
a n d c l e a r l y t h e r e has to be s p e c i a l e f f o r t 
p u t to t h a t e n d . What e f f o r t and e x p e n s e 
is p u t in to t he end of c o n s t r u c t i o n has a 
g r e a t dea l to do w i th t he r i s k e lement a t 
t a c h e d to a f a i l u r e . A smal l sed imen t p o n d , 
s u c h as the ones at L i ne C r e e k , p r o b a b l y 
w o u l d not be a c a t a s t r o p h y e v e n if a f a i l u r e 
d i d r e a c h one of t he p o n d s . Whereas in o u r 
v i e w , f a i l u r e , a major f a i l u r e , r e a c h i n g the 
B y r o n C r e e k sed imen ta t i on p o n d c o u l d c a u s e 
an o v e r - t o p p i n g a n d a s u d d e n re lease of 
w a t e r w h i c h is not a c c e p t a b l e . So I wou ld 
a d v o c a t e in as p r e c i s e a f a s h i o n as p o s s i b l e 
a r i s k a n a l y s i s be done at v a r i o u s s t a g e s of 
d u m p c o n s t r u c t i o n and s e n s i b l e j u d g m e n t s 
be made b a s e d on t h a t as to wha t d e g r e e of 
c o s t a n d p l a n n i n g s h o u l d go in to d u m p c o n 
s t r u c t i o n . 

R O B N I C H O L S : 

I g u e s s my o n l y comment f rom the I n d u s t r y 
p o i n t of v i e w is t ha t we wan t the r o c k d r a i n 
to las t as long as we a r e g o i n g to be t h e r e 
a n d b e y o n d t h a t we wan t to p l a y b y the 
r u l e s , so w h a t e v e r t he r u l e s a re we wan t to 
k n o w , t h e m . 

D E R M O T L A N E : 

I t h i n k my comments a r e r e a l l y R o b ' s 
t h o u g h t s in some r e s p e c t . I b e l i e v e t h a t the 
g o a l p o s t s h a v e not y e t been c l e a r l y e s t a b 
l i s h e d f o r r o c k d r a i n s . I s u s p e c t a l a r g e 
r e a s o n f o r t ha t is t ha t none of us h a v e 
e v e n been f o r c e d to dea l w i t h t h e s e t ime 
f r ames b e f o r e t h i s t y p e of s t r u c t u r e . I t h i n k 
in p a r t i c u l a r some of t he c o n c e r n s s h o u l d 
re la te to t he loca t ion of t he s t r u c t u r e . Fo r 
examp le if we look at S w i f t C r e e k , t h e r e we 
h a v e a smal l e m b a n k m e n t f i l l a c r o s s t h e lower 
e n d of a c r e e k c h a n n e l . I w o u l d s u g g e s t to 
y o u t h a t t h e c o n c e r n s in t h a t d u m p f o r 
l o n g e v i t y may be d i f f e r e n t f rom a dump 
w h i c h is b u i l t h i g h e r u p in t h e d r a i n a g e a n d , 
f o r e x a m p l e , c o v e r s t he u p p e r two t h i r d s of 
t h e d r a i n a g e b a s i n . I t h i n k t h a t t he c o n s i 
d e r a t i o n s may be d i f f e r e n t f o r t h a t t y p e of 
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r o c k d r a i n . So a g a i n , g o a l p o s t s h a v e to be 
c l e a r l y e s t a b l i s h e d a n d I w o u l d s u g g e s t t h a t 
we d o n ' t look at t h i n g s in t e r m s of 10 ,000 
y e a r s , a mi l l i on y e a r s , I t h i n k w e ' r e g e t t i n g 
b e y o n d t h e rea lm of wha t we can p o s s i b l y 
e x t r a p o l a t e . I t h i n k we h a v e to look at more 
r e a s o n a b l e l im i ts a n d I h a v e my own t h o u g h t s 
on t h o s e l im i ts b u t I'm s u r e o t h e r s h a v e 
d i f f e r e n t t h o u g h t s . I h a v e some o t h e r t h i n g s 
to o f f e r on t h i s Q u e s t i o n 3 in r e l a t i on to 
m i g r a t i o n of f i n e s . Not b e i n g an e n g i n e e r I 
h a v e to o f f e r some p r a c t i c a l c o n s i d e r a t i o n s 
f r om o b s e r v a t i o n s I h a v e made . I h a v e been 
v e r y i n v o l v e d in r o c k d r a i n s a n d e n g i n e e r i n g 
I 've l e a r n e d a b i t a n d I g u e s s m i g r a t i o n of 
f i n e s I u s u a l l y look a r o u n d , b e i n g a b i o l o g i s t 
I g u e s s I a l w a y s look at n a t u r e and I h a v e 
o b s e r v e d , a n d I t h i n k y o u ' v e al l o b s e r v e d 
some n a t u r a l s i t u a t i o n s w h i c h can lead u s to 
some p r e t t y g e n e r a l c o n c l u s i o n s a b o u t t h e 
m i g r a t i o n s of f i n e s . I d o n ' t know if many of 
y o u h a v e seen g r a v e l o p e r a t i o n s b u t I 've 
seen q u i t e a few a n d one of t he t h i n g s I 've 
seen f a i r l y o f t e n is f i n e s i l t l a y e r d e p o s i t e d 
b y t he a l l u v i a l p r o c e s s , l y i n g o v e r a l a y e r of 
c o a r s e c l ean g r a v e l and t h a t has o b v i o u s l y 
been t h e r e f o r a long p e r i o d of t ime a n d i t s 
been s u b j e c t to p r e c i p i t a t i o n w h i c h is r e a l l y 
t he major f a c t o r we a r e l o o k i n g at h e r e in 
r o c k d r a i n s a n d t he p o s s i b l e v i b r a t i o n of 
f i n e s down t h r o u g h t h i s , w e l l , i n to t he r o c k 
d r a i n , I b e l i e v e , w a t e r is the v e c t o r t h a t we 
a re t a l k i n g a b o u t . So t h e r e is a p e r s o n a l 
o b s e r v a t i o n I h a v e made and I t h i n k it o f f e r s 
some p r a c t i c a l c o n c l u s i o n s to t h a t po ten t i a l 
f o r m i g r a t i o n of f i n e s . Some o t h e r o b s e r v a 
t i o n s on t he long t e rm n a t u r e of r o c k 
d r a i n s . I d o n ' t t h i n k we can t a k e c r e d i t f o r 
i n v e n t i n g r o c k d r a i n s . I b e l i e v e t h a t i f 
a n y o n e ' s t a k e n a h a r d look a r o u n d we ' l l see 
t h a t t h e y ' r e n a t u r a l p h e n o m e n o n . T h e y e x i s t 
a r o u n d us j u s t t h a t we r e a l l y h a v e n ' t l ooked 
c l o s e l y at t h e m . I p e r s o n a l l y know of 
s e v e r a l e x a m p l e s of w a t e r f l o w i n g t h r o u g h 
b r o k e n r o c k a n d u n d o u b t e d l y t h o s e s t r u c 
t u r e s h a v e been in p l ace f o r t h o u s a n d s of 
y e a r s . Some of them f rom the g l a c i a t i o n 
w h i c h is a f a i r p e r i o d p a s t . T h e r e a r e t h r e e 
local examp les t h a t I know of t ha t I 've been 
to in t he a r e a , a n d some of them h a v e 
s i g n i f i c a n t f l ows m o v i n g t h r o u g h t h e m . A n d 
so I g u e s s my p e r s o n a l o b s e r v a t i o n b a s e d 
on t h a t i s , t h a t I s u s p e c t t h a t t h e y h a v e 
some good po ten t i a l f o r b e i n g l ong te rm 
s t r u c t u r e s a n d I w o u l d s u g g e s t t h a t maybe 
we c o u l d look at some of t h o s e t h i n g s o r 
maybe t h e r e is some t h i n g s we can l e a r n 
f r om l o o k i n g at some n a t u r a l s i t u a t i o n s to 
g i v e us an idea of t ime f rame b e c a u s e none 

of t he s t r u c t u r e s w e ' v e b u i l t h a v e been 
a r o u n d t h a t l o n g . T h a t ' s a l l I 've go t to s a y . 

D A V E C A M P B E L L : 

I fee l t h a t I 've k i n d of made my p i t c h on 
t h e m i g r a t i o n of f i n e s a n d c o u l d n ' t a d d 
a n y t h i n g b e t t e r I t h i n k t h a n wha t Dermot 
has j u s t a d d e d . R e g a r d i n g d u r a b i l i t y o f 
r o c k , we h e a r d a p a p e r y e s t e r d a y w h i c h I 
t h i n k t h e a u t h o r s admi t t h a t t e s t s to d e t e r 
mine t h e d u r a b i l i t y o f r o c k n e e d s some more 
r e s e a r c h . What we h a v e now is not t h a t 
s a t i s f a c t o r y . We t a l k a b o u t t he o b s e r v a t i o n a l 
me thod t h a t C h a r l i e was t a l k i n g a b o u t 
r e f e r s to wha t do y o u d o , wha t a r e t he 
c o n t i n g e n c i e s a n d y o u mon i t o r w h a t ' s g o i n g 
on so t h a t y o u know w h e t h e r y o u ' r e a l r i g h t 
o r w h e t h e r y o u s h o u l d go to t he c o n t i n 
g e n c y t h a t y o u h a v e in m i n d . I t h i n k 
a n o t h e r o b s e r v a t i o n a l me thod is wha t does 
t he f i e l d h a v e to s a y . O f t e n t h e s e r o c k s 
t h a t w e ' r e p l a n n i n g to i n c o r p o r a t e w i t h i n 
r o c k d r a i n s a r e c l i f f f o r m i n g members a n d 
o f t en y o u can f i n d e v i d e n c e o f w h e r e t he 
c l i f f may h a v e f a i l e d no t t h r o u g h some 
i n a d e q u a c y in t he s t r e n g t h of t h e r o c k b u t 
s i m p l y b l o c k s h a v e pee led o f f on jo in t 
s u r f a c e s a n d t h e y ' v e t u m b l e d down a n d 
t h e y may h a v e been in p l a c e f o r a long t ime . 
S i m p l y b y g o i n g a n d l o o k i n g at t h o s e b l o c k s 
can te l l y o u s o m e t h i n g q u i t e s i g n i f i c a n t 
a b o u t d u r a b i l i t y o f t h e r o c k t h a t y o u p lan 
to u s e . 

C H A I R M A N : 

T h a n k y o u g e n t l e m e n . I m i g h t make one 
comment I t h i n k we s h o u l d a lso look at some 
of t h o s e a r e a s w h i c h h a v e been rec la imed 
a n d r e s l o p e d . Some of them at Wes ta r h a v e 
been t h e r e f o r c l o s e to 15 y e a r s . T h o s e 
r e s l o p e d a r e a s h a v e been r e v e g e t a t e d . T h e r e 
has been no e r o s i o n t h e r e , no p r o b l e m s w i t h 
w a t e r p e r c o l a t i n g t h r o u g h , a n d I t h i n k t h a t 
t e l l s u s s o m e t h i n g a b o u t t h e mate r ia l w h i c h 
we a re d e a l i n g w i t h a n d we s h o u l d p r o b a b l y 
be l o o k i n g at t h o s e a r e a s t oo . 

M U R R A Y G A L B R A I T H : 

O n e of t he o t h e r s p e a k e r s men t i oned t h a t in 
t h e e v e n t of t he d r a i n p l u g g i n g a n d the 
w a t e r coming u p a n d o v e r t h e t op of t he dam 
it w o u l d s t i l l f u n c t i o n a d e q u a t e l y , b u t t he 
t h o u g h t of a l l t h a t w a t e r com ing o v e r t he top 
of t he dam a n d m e s s i n g u p al l t h a t n i ce 
rec lama t ion a n d w o r k i n g i t ' s w a y t h r o u g h the 
dam and c a r r y i n g t he f i n e s f u r t h e r down and 
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d o w n s t r e a m , is k i n d of d i s t a s t e f u l to a 
rec lama t ion i n s p e c t o r . I was t h i n k i n g t h a t 
w i t h C h a r l i e R i p l e y h e r e , who has a g r e a t 
dea l of e x p e r i e n c e w i t h dams a n d s p i l l w a y s 
c o u l d he comment on t he p r a c t i c e of f i l l 
b e i n g s t o p p e d s h o r t of t h e b a n k o p p o s i t e t h e 
d u m p , c r e a t i n g a n o t c h w h i c h w o u l d ac t as a 
s p i l l w a y sec t i on? 

C H A R L I E R I P L E Y : 

No comment 

P R O F . L A W S O N : 

I'd made a v e r y b r i e f comment on p a s s i n g , 
a n d t h a t is t h a t if in f ac t t h e r e is an 
a c c u m u l a t i o n of sed imen t on t he u p s t r e a m 
s i d e , n e x t t ime t h e sed imen t becomes 
e x p o s e d y o u ' d d r e d g e i t o u t . 

C H A I R M A N : 

T h a n k s J a c k . We h a v e a few m inu tes a n d a 
few comments f r om the a u d i e n c e . What is 
y o u r o p i n i o n on the q u e s t i o n of l ong t e rm 
p e r m a n e n c y of r o c k d r a i n s in r e l a t i o n to 
m i g r a t i o n of f i n e s a n d t he d u r a b i l i t y of r o c k 
u s e d . A n y o n e wan t to make commen ts . D a v e . 

D A V E S E L L A R S : 

T h a n k y o u J a k e , my name is D a v e S e l l a r s 
f r om K l o h n L e o n o f f , t h e q u e s t i o n t h a t I 
t h i n k r e a l l y has to be a d d r e s s e d is how 
long is t he d e s i g n l i fe of t h e s e s t r u c t u r e s ? 
A n d if we a r e c o n s i d e r i n g r o c k d r a i n to be 
a p e r m a n e n t s t r u c t u r e , and t h a t is t he 
o p i n i o n I u n d e r s t a n d of t h e M i n i s t r y of 
E n v i r o n m e n t , t h e n r e a l l y y o u ' r e t a l k i n g 
abou t an i n f i n i t e d e s i g n l i f e . A n d , y o u 
k n o w , as e n g i n e e r s we d o n ' t u s u a l l y h a v e 
m u c h e x p e r i e n c e w i t h d e s i g n i n g s t r u c t u r e s 
w i t h an i n f i n i t e d e s i g n l i f e , b u t t h e r e has 
been some t h o u g h t g i v e n to i t p a r t i c u l a r l y 
in t he U n i t e d S t a t e s w i t h a b a n d o n m e n t p l a n s 
f o r m i n e s . A n d one of t h e c o n s i d e r a t i o n s 
t h a t ' s g i v e n is to t he d e s i g n f l o o d . Now 
w h e n y o u a r e l o o k i n g at a d e s i g n f l ood f o r 
a p a r t i c u l a r s t r u c t u r e , y o u look at t he p r o 
b a b i l i t y o f t h a t f l ood o c c u r r i n g w i t h i n t he 
d e s i g n l i fe of t h a t s t u c t u r e . Now if y o u r 
s t r u c t u r e has a d e s i g n l i fe of s a y , 50 y e a r s , 
t h e n y o u can p r o b a b l y g e t away w i th the 
2 0 0 - y e a r f l ood as a r e a s o n a b l e f l ood t h a t ' s 
o n l y go t a v e r y low p r o b a b i l i t y o f o c c u r 
r e n c e d u r i n g t h e d e s i g n l i f e . B u t i f y o u 
h a v e i n f i n i t e d e s i g n l i fe t h e n t h e p r o b a b i l i t y 
of a p r o b a b l e max imum f l ood o c c u r r i n g is 

a c t u a l l y a c e r t a i n t y . So r e a l l y , p h i l o s o p h i 
c a l l y , i f y o u a r e g o i n g to c o n s i d e r i t a 
p e r m a n e n t s t r u c t u r e , y o u ' r e g o i n g to 
c o n s i d e r it has an i n f i n i t e d e s i g n l i fe and 
y o u h a v e to r e a l l y at leas t look at wha t t he 
c o n s e q u e n c e s of a p r o b a b l e max imum f l ood 
o c c u r i n g a r e . Not n e c e s s a r i l y d e s i g n t he 
ac tua l d r a i n to c o n v e y t h e p r o b a b l e m a x i 
mum f l ood b u t at leas t look at t h e c o n s e 
q u e n c e s . Now j u s t to c a r r y on f r o m t h a t I 
t h i n k t h e r e is no q u e s t i o n t h a t t h e r e is 
g o i n g to be sed imen t a c c u m u l a t i o n at t he 
i n le t o f a n y r o c k d r a i n t h a t is c o n s t r u c t e d . 
A n d t h i s has been d e m o n s t r a t e d at t he 
S w i f t C r e e k r o c k d r a i n a n d it is not j u s t 
g o i n g to be bed load b u t it w i l l a lso be 
s u s p e n d e d load b e c a u s e the v e l o c i t i e s in t he 
p o n d u p s t r e a m of t he d r a i n a r e lower t h a n 
t h e v e l o c i t i e s in t he d r a i n . A n d I a g r e e 
w i t h D a v e C a m p b e l l t h a t o n l y v e r y f i n e 
mate r ia l w i l l a c t u a l l y p a s s in to t he d r a i n . 
T h i s c r e a t e s two p r o b l e m s f o r a p e r m a n e n t 
s t r u c t u r e one is t h e r e is a po ten t i a l f o r 
s e d i m e n t s t a r v a t i o n d o w n s t r e a m w i t h c o n s e 
q u e n t e r o s i o n . Now in most of t he cases 
w e ' v e l ooked at on smal l c a t c h m e n t s t h a t ' s 
p r o b a b l y not g o i n g to be a p r o b l e m b u t i f 
we s t a r t b u i l d i n g r o c k d r a i n s in l a r g e r 
c a t c h m e n t s t h e n I t h i n k t h a t is some th i ng 
t h a t has to be c o n s i d e r e d . B u t a more 
s e r i o u s c o n s i d e r a t i o n re l a tes to an a c c u m u 
la t ion of sed imen t in t he long t e r m . Now al l 
t h e w a t e r e n g i n e e r s know t h a t t he u l t imate 
f a te of a n y r e s e r v o i r is t h a t i t w i l l u l t i m a t e 
l y f i l l c o m p l e t e l y w i t h sed imen t and t ha t t he 
w a t e r s u p p l y dam is g o i n g to be a b a n d o n e d , 
i t ' s n o r m a l l y b r e a c h e d , a n d t h e n n a t u r e is 
a l l owed to t a k e i ts c o u r s e . Now I know t h e r e 
is g o i n g to be a c c u m u l a t i o n of sed imen t in 
t he v e r y , v e r y l ong t e r m . T h a t a c c u m u l a t i o n 
of sed imen t c o u l d be q u i t e e x t r e m e and I 
t h i n k we s h o u l d be l o o k i n g a t , f o r a b a n d o n 
ment d e s i g n , at wha t w i l l h a p p e n if t ha t 
v a l l e y f i l l is o v e r t o p p e d . Now it c o u l d be 
t h a t as P r o f e s s o r L a w s o n p o i n t s o u t , t ha t we 
can ge t away w i t h t he f a c t t ha t i t w i l l j u s t 
ac t l i ke a f l o w - t h r o u g h r o c k s p i l l w a y . B u t 
t h a t ' s no t n e c e s s a r i l y t r u e b e c a u s e n e a r t h e 
t op of t he d u m p w e ' r e g e t t i n g in to t he f i n e r 
ma te r ia l b e c a u s e t he c o a r s e s e g r e g a t i o n 
o c c u r s at t he bot tom of t h e d u m p . N o w , t h i s 
i s n ' t n e c e s s a r i l y g o i n g to be a p r o b l e m f o r 
d e s i g n b u t I t h i n k i ts j u s t s o m e t h i n g t h a t 
has to be l ooked a t . J u s t one las t t h i n g I'd 
l i k e to s a y is t h a t t h e s e r o c k d r a i n s a n d 
v a l l e y f i l l s do o c c u r in n a t u r e as Dermot was 
p o i n t i n g o u t . T h e r e ' s one t h a t I'm aware of 
t h a t is v e r y , v e r y l a r g e . I t 's in n o r t h w e s 
t e r n B . C . I t 's a m a s s i v e s l i d e a b o u t the s i z e 

198 



of t he Hope S l i d e a n d i t has v e r y , v e r y 
c o a r s e mate r ia l a t t h e toe w i t h l a r g e b o u l d e r s 
up to a b o u t 5 me t res in d i ame te . A n d i t has 
f o r m e d a p o n d b e h i n d t h e s l i d e w h i c h 
e x t e n d s a b o u t 1-2 k i l o m e t r e s , i t ' s r e a l l y a 
l a k e . Now the f low ou t of t h i s l ake a n d t he 
c a t c h m e n t a r e a is a b o u t 20 s q u a r e k i l o m e t r e s , 
so i t ' s q u i t e a c o n s i d e r a b l e c a t c h m e n t a r e a . 
In t he w i n t e r t ime y o u ge t a b o u t 1-2 c u b i c 
m e t r e s / s e c o n d of f l ow t h r o u g h t he r o c k f i l l 
b u t t h e n d u r i n g s p r i n g r u n o f f w i t h h i g h e r 
f l o w s , t he p o n d r i s e s a n d in f a c t t he r o c k 
f i l l is o v e r t o p p e d b e c a u s e t he c a p a c i t y of t he 
c l o w - t h r o u g h r o c k f i l l p o r t i o n it c a n n o t 
c o n v e y more t h a n a b o u t 1-2 c u b i c m e t r e s / 
s e c o n d . In l o o k i n g at t h i s k i n d of p h e n o m e 
non one w o n d e r s w h e t h e r maybe t h a t is t he 
u l t imate fa te of a v a l l e y f i l l . T h a n k y o u . 

C H A I R M A N : 

T h a n k s v e r y much D a v e . It is now 4 : 4 5 , I 
t h i n k R o g e r has a s u m m a r y to d o . I w i l l 
make a s h o r t s u m m a r y a n d s a y t h a t we h a v e 
c o v e r e d of f a g r e a t dea l d u r i n g t h e s e two 
d a y s of t e c h n i c a l s e s s i o n s . We 've a s k e d a n d 
a n s w e r e d a n u m b e r of q u e s t i o n s , t h e r e a r e 
s t i l l q u e s t i o n s t h a t a r e u n a n s w e r e d b u t I 
t h i n k we can al l go ou t of h e r e f e e l i n g t ha t 
we know a lot more a b o u t r o c k d r a i n s t h a n 
we d i d w h e n we came i n . A n d I t h i n k we 
c o u l d a s k a n u m b e r of q u e s t i o n s a n d look at 
a n u m b e r of t h i n g s w h i c h we d i d no t maybe 
t h i n k a b o u t b e f o r e a n d I t h i n k w e ' v e g a t h e r 
ed good k n o w l e d g e a n d we fee l t h a t , w h e n 
y o u c o n s i d e r p e r m a n e n c y y o u know n o t h i n g 
is r e a l l y p e r m a n e n t w h e n y o u look at t he 
p h y s i o g r a p h y of t he e a r t h . We can look a t , 
f o r e x a m p l e , t he t a i l i n g s dam at L o r n e x 
w h i c h w o u l d be o v e r 500 fee t h i g h at t he 
f i n a l a n a l y s i s . Is t h a t p e r m a n e n t ? Who 's to 
s a y . It was d e s i g n e d w i th t he b e s t k n o w 
ledge and t e c h n i c a l e x p e r t i s e w h i c h we h a v e 
a v a i l a b l e at t h i s p o i n t in t ime . So I t h i n k 
we ' l l be l o o k i n g at r o c k d r a i n s in y e a r s to 
come and s a y i n g "we l l we know a lot more 
abou t them b u t we c a n ' t s a y w i th c e r t a i n t y , 
t h a t i t ' l l be sa fe in p e r p e t u i t y " . R o g e r , 
w o u l d y o u c a r e to comment a n d sum u p 
h e r e . Y o u go t some w o r d s of w isdom to s a y . 
B e f o r e I l eave I'd l i ke to t h a n k al l t he pane l 
members f o r p a r t i c i p a t i n g in t h i s pane l a n d 
I a p p r e c i a t e t h e i r comments a n d the c o m 
ments f r o m the a u d i e n c e w h i c h d i d n ' t ge t 
much c h a n c e to comment . 

R O G E R B E R D U S C Q 

T h a n k s v e r y much J a k e . I t h i n k J a k e d i d 

an e x c e l l e n t j o b . I t h i n k a n y o n e in t he 
a u d i e n c e w i l l r e c o g n i z e t h i s was d i f f i c u l t f o r 
many r e a s o n s . We t r i e d to c o n d e n s e s e v e r a l 
d a y s w o r t h of o b s e r v a t i o n s bo th ou t in t he 
f i e l d a n d t e c h n i c a l p r e s e n t a t i o n s . I t h i n k we 
p r o b a b l y t r i e d to c o n d e n s e t h e e x p e r i e n c e 
of a t r u l y i n t e r n a t i o n a l g r o u p of e x p e r t s 
on a r a t h e r new t e c h n o l o g y a n d I t h i n k we 
h a v e d o n e it v e r y w e l l , c o n s i d e r i n g t h e t ime 
t h a t we h a d to do i t i n . I'd l i ke to t h a n k 
al l of t he peop le on t he p a n e l , p a r t i c u l a r l y 
t h i s a f t e r n o o n , a n d t he s p e a k e r s e a r l i e r . 
A g a i n I t h i n k t h e t e c h n i c a l s e s s i o n s h a v e 
been a b s o l u t e l y f i r s t c l a s s t h r o u g h o u t a n d 
a l s o , t he p a r t i c i p a t i o n f r om the g r o u p has 
been e x c e l l e n t as wel l a n d t h a t of c o u r s e , 
makes t h i n g s e v e n b e t t e r as we go a l o n g . 
We ' ve h e a r d many p r o s a n d c o n s on f l o w -
t h r o u g h r o c k d r a i n s a n d as J a k e men t i oned 
I b e l i e v e w e ' v e a n s w e r e d many more q u e s 
t i o n s t h e n w e ' v e le f t u n a n s w e r e d . We t h e r e 
f o r e , can c o n s i d e r o u r s e l v e s to be s u c c e s s 
f u l , v e r y much s o . We a lso can c o n s i d e r 
o u r s e l v e s s u c c e s s f u l in t h a t we h a v e le f t 
o u r s e l v e s some job s e c u r i t y , w e ' v e le f t a 
b i g job to be d o n e , a n d t h a t ' s not b e i n g 
h i g h l y u n i n t e l l i g e n t as w e l l . We 've h e a r d 
some p e s s i m i s m , w e ' v e h e a r d some op t im ism 
a n d I t h i n k t h o s e of us t h a t w o r k e d on t he 
p u l l i n g t o g e t h e r o f t h e s y m p o s i u m d e s i g n e d 
a s u b s t a n t i a l amount of t h a t in to t he s y s t e m 
b e c a u s e we t r i e d to g i v e as much of a 
b a l a n c e as we c o u l d . A t t he same t ime no 
one has been led b u t we r e c o g n i z e a g a i n t h a t 
peop le a r e i n d i v i d u a l s w i t h v a r y i n g o p i n i o n s . 
When I t h i n k of t he p e s s i m i s m a n d t r y to 
p u t it i n to p e r s p e c t i v e , someone h e r e e a r l i e r 
t o d a y r e m i n d e d me of s o m e t h i n g t h a t is v e r y 
r e l e v e n t , v e r y , v e r y , r e l e v e n t a n d I'm s u r e 
many of y o u in c r o w d c a n re la te to t h i s . I'm 
r e m i n d e d of t he p e s s i m i s m not so many y e a r s 
ago in t he late 60s t h a t we h e a r d abou t l and 
r e c l a m a t i o n . I r emember v e r y , v e r y d i s t i n c t l y 
s i t t i n g a n d l i s t e n i n g to so c a l l e d e x p e r t s , 
s a y t h a t we c o u l d n ' t g r o w v e g e t a t i o n on mine 
s l o p e s . It c o u l d n ' t be done o v e r 6 ,000 f e e t . 
We c o u l d n ' t do t h i s , we c o u l d n ' t do t h a t . 
T r e m e n d o u s p e s s i m i s m a n d I t h i n k al l of 
y o u t ha t h a v e a n y t h i n g to do w i th t ha t 
p a r t i c u l a r f i e l d of e x p e r t i s e r e c o g n i z e the 
g a i n s t h a t w e ' v e made in t h a t a rea and aga in 
t r y to p u t t h a t in to p e r s p e c t i v e a n d c o n s i d e r 
wha t h a p p e n e d t h e r e . I t h i n k w e ' r e at t ha t 
s t a g e w i th t h i s p a r t i c u l a r t e c h n o l o g y as w e l l . 
I'm r e m i n d e d a lso t h a t t he d e f i n i t i o n of an 
e x p e r t , as I 've h e a r d i t , is t h a t X is a has 
b e e n , a n d a s p u r t is a d r i p u n d e r p r e s s u r e . 
So y o u h a v e to keep t h a t in m ind as wel l 
somet imes . We mus t c o n s i d e r t he c o n c e r n s 
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a n d p r o b l e m s t h a t we h a v e h e a r d h e r e t o d a y 
as c h a l l e n g e s , no t as e x c u s e s to g r i n d t h i n g s 
to a ha l t and s t o p , t h r o w o u r h a n d s up in 
t he a i r . T h e y a r e c h a l l e n g e s . E v e r y o n e of us 
in t h i s room has a v e r y good reason f o r 
b e i n g h e r e and r e a l l y in f ac t f l o w - t h r o u g h 
r o c k d r a i n s r e a l l y do r e p r e s e n t a s u b s t a n t i a l 
c h a l l e n g e to u s . We mus t p r o c e e d w i th 
c a u t i o n , w i t h e x p e r t i s e as it can be g a i n e d 
f rom many d i f f e r e n t s o u r c e s , w i t h r e s e a r c h -
r e s e a r c h t h a t is d i r e c t e d f r om a g r o u p s u c h 
is c o l l e c t e d h e r e t o d a y . I c a n ' t t h i n k of a n y 
o t h e r way to p u t t o g e t h e r a b e t t e r g r o u p of 
peop le t h a t a r e q u a l i f i e d to do wha t we h a v e 
to d o . T h e y ' r e r i g h t h e r e , we d o n ' t h a v e to 
go l o o k i n g , t h e y ' r e r i g h t h e r e . T h e peop le 
r e p r e s e n t e d h e r e a r e f r om i n d u s t r y , f r om 
g o v e r n m e n t , t he academic w o r l d and t ha t 
r e a l l y a g a i n , t he c r o s s sec t i on is wha t we 
h a v e to h a v e . So we h a v e been h a n d e d the 
c h a l l e n g e a n d l e t ' s s o l v e it c o l l e c t i v e l y . We 
h a v e many o p p o r t u n i t i e s to do t h a t . L e t ' s do 
it r i g h t . We h a v e the o p p o r t u n i t y . 
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SYMPOSIUM PARTICIPANTS 

M r . C h a r l e s R i p l e y 
C o n s u l t i n g E n g . 
5011 H i l a r i e P lace 
V i c t o r i a , B . C . 
(604) 658-8007 

M r . Len S k a k u m 
P i t G e n . Fo reman 
A f t o n O p e r a t i n g C o r p . 
B o x 937 
K a m l o o p s , B . C . 
(604) 374-5022 

M r . P . Z i e m k i e w i c z 
D i r . R e e l . R e s e a r c h 
A l b e r t a E n e r g y 
10909 J a s p e r A v e n u e 
E d m o n t o n , A l b e r t a T 5 J 3M8 
(403) 427-8042 

M r . L a r r y B r o c k e 
C h a i r m a n 
A l b e r t a E n v i r o n m e n t 
9820-106th S t . 
E d m o n t o n , A l b e r t a 
(403) 422-2636 

M r . D . Beddome 
R e e l . O f f i c e r 
A l b e r t a E n v i r o n m e n t 
P . O . B o x 2924 
E d s o n , A l b e r t a TOE 0P0 
(403) 723-8231 

M r . R . G . K i l l am 
A m a x of C a n a d a L im i ted 
1600-1066 W H a s t i n g s S t 
V a n c o u v e r , B . C . V 6 E 3X1 
(604) 689-0451 

M r . R u s s C r o u s e 
A t l a n t a G o l d C o r p o r a t i o n 
16-3001 S . R o o s e v e l t 
B o i s e , I daho , U S A 83750 
(208) 384-9203 

M r . G r e g M c K i l l o p 
M g r . M i n . D e v . 
B . C . M i n i s t r y o f E n e r g y M ines 
1114 L a b r a d o r P lace 
V i c t o r i a , B . C . V 8 X 4G7 
(604) 727-7641 

M r . C O . B r a w n e r 
P r e s i d e n t 
B r a w n e r E n g i n e e r i n g L t d . 
780 G r e e n w o o d Road 
W V a n c o u v e r , B . C . V 7 S 1X7 
(604) 922-3717 

M r . R . R . B r o w n 
E n v i r o n . S u p t . 
B r e n d a M i n e s L t d . 
P . O . B o x 420 
P e a c h l a n d , B . C . V 0 H 1X0 
(604) 763-3220 

M r . J . P a t e r s o n 
Bu l lmoose O p e r a t i n g C o r p . 
P . O . B o x 500 
T u m b l e r R i d g e , B . C . 
(604) 242-5221 

M r . A r q u i m i d e s P e r e z 
M ine E n g i n e e r 
B y r o n C r e e k C o l l i e r i e s 
B o x 2625 
F e r n i e , B . C . VOB 1M0 
(604) 423-6657 

M r . B i l l K o v a c h 
E n v . T e c h n o l o g i s t 
B y r o n C r e e k C o l l i e r i e s 
B o x 1960 
S p a r w o o d , B . C . VOB 2G0 
(604) 562-2837 

M r . Rob N i c h o l s 
E n g i n e e r i n g S u p . 
B y r o n C r e e k C o l l i e r i e s 
B o x 1960 
S p a r w o o d , B . C . VOB 2G0 
(604) 562-2837 

M r . F . N . A g n e w 
M a n a g e r 
Coa l A s s o c i a t i o n of C a n a d a 
3 0 1 , 100-8 th A v e SW 
C a l g a r y , A l b e r t a T 2 P 3M7 
(403) 262-1544 

M r . J im L a n t 
C r o w s N e s t R e s o u r c e s 
P . O . B o x 2003 
S p a r w o o d , B . C . VOB 2G0 
(604) 425-2555 
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M r . Malco lm R o s s 
S u p e r v i s o r 
C r o w s N e s t R e s o u r c e s L im i ted 
5 2 5 - 3 r d A v e n u e SW 
C a l g a r y , A l b e r t a T 2 P 3 Y 9 
(403) 232-2509 

M r . B r e n t D e n s m o r e 
C r o w s N e s t R e s o u r c e s L t d . 
P . O . B o x 2003 
S p a r w o o d , B . C . VOB 2G0 
(604) 425-2555 

M r . G e r r y R e e v e s 
C r o w s N e s t R e s o u r c e s L t d . 
P . O . B o x 2003 
S p a r w o o d , B . C . VOB 2G0 
(604) 425-2555 

M r . K e n G l i n z 
C r o w s N e s t R e s o u r c e s L t d . 
P . O . B o x 2003 
S p a r w o o d , B . C . VOB 2G0 
(604) 425-2555 

M r . R o g e r Wi l l iams 
C r o w s N e s t R e s o u r c e s L t d . 
P . O . B o x 2003 
S p a r w o o d , B . C . VOB 2G0 
(604) 425-2555 

M r . T e d H a n n a 
C r o w s N e s t R e s o u r c e s L t d . 
P . O . B o x 2003 
S p a r w o o d , B . C . VOB 2G0 
(604) 425-2555 

M r . Don T o w n s e n d 
C r o w s N e s t R e s o u r c e s L t d . 
P . O . B o x 2003 
S p a r w o o d , B . C . VOB 2G0 
(604) 425-2555 

M r . M a r k West 
C r o w s N e s t R e s o u r c e s L t d . 
P . O . B o x 2003 
S p a r w o o d , B . C . VOB 2G0 
(604) 425-2555 

M r . B a r r y L a w l e y 
B i o . T e c h . 
D e p t . of F i s h e r i e s & O c e a n s 
229 P r . J o h n Way 
N a n a i m o , B . C . V 9 T 4L4 
(604) 756-7266 

M r . E r n e s t Mahadeo 
E n e r g y R e s . C o n s e r v a t i o n B o a r d 
640 F i f t h A v e SW 
C a l g a r y , A l b e r t a T 2 P 3G4 
(403) 297-8311 

M r . P e r i M e h l i n g 
E n v i r o n m e n t a l E n g . 
E n v i r o n m e n t C a n a d a 
3 r d F l o o r , K a p i l a n o 100 
W. V a n c o u v e r , B . C . V 7 T 1A2 
(604) 666-2199 

M r . M a r k W. F i s h e r 
M ine E n g i n e e r 
E q u i t y S i l v e r M ines L t d . 
B o x 1450 
H o u s t o n , B . C . V 0 J 1Z0 
(604) 845-7799 

M r . R . D . M c C o s h 
F . D . M c C o s h R e s o u r c e C o n s u l t . 
15 Temp lemon t D r . NW 
C a l g a r y , A l b e r t a T 1 Y 4Z5 
(413) 

M r . Deab i A . H l a d y 
Wi l d l i f e T e c h . 
M i n i s t r y of E n v i r o n m e n t & P a r k s 
106 -5 th A v e n u e S 
C r a n b r o o k , B . C . V 1 C 2G2 
(604) 426-1450 

M r . R o g e r B e r d u s c o 
F o r d i n g Coa l L t d . 
P . O . B o x 100 
E l k f o r d , B . C . VOB 1H0 
(604) 865-2271 

M r . Ron J o n e s 
F o r d i n g Coa l L t d . 
P . O . B o x 100 
E l k f o r d , B . C . VOB 1H0 
(604) 865-2271 

M r . Don G u g l i e l m i n 
M ine E n g i n e e r 
F o r d i n g Coa l L t d . 
P . O . B o x 100 
E l k f o r d , B . C . VOB 1H0 
(604) 865-2271 

M r . R o b i n G o l d 
M ine E n g i n e e r 
F o r d i n g Coa l L t d . 
P . O . B o x 100 
E l k f o r d , B . C . VOB 1H0 
(604) 865-2271 
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M r . D o u g K e n n e d y 
E n g i n e e r , P l a n n i n g 
F o r d i n g Coa l L t d . 
P . O . B o x 100 
E l k f o r d , B . C . VOB 1H0 
(604) 865-2271 

M r . M i los S t e p a n e k 
P r i n c . C o n s u l t a n t 
G e o - E n g i n e e r i n g L t d . 
8903 -33 rd A v e . NW 
C a l g a r y , A l b e r t a 
T 3 B 1M2 
(403) 250-8850 

M r . D . B . C a m p b e l l 
P r i n c i p a l 
G o l d e r A s s o c i a t e s 
224 W 8th A v e n u e 
V a n c o u v e r , B . C . 
(604) 879-9266 

M r . A l i s t a i r K e n t 
S e n i o r E n g i n e e r 
G o l d e r A s s o c i a t e s 
224 W 8th A v e n u e 
V a n c o u v e r , B . C . 
(604) 879-9366 

M r . G a r y B . G o u l d 
S e n . M ine E n g i n e e r 
G r e g g R i v e r R e s o u r c e s L t d . 
B a g S e r v i c e 5000 
H i n t o n , A l b e r t a TOE 1B0 
(403) 692-3967 

M r . M a r l i n M u r p h y 
E n v i r o n m e n t a l i s t 
G r e g g R i v e r R e s o u r c e s L t d . 
B a g S e r v i c e 5000 
H i n t o n , A l b e r t a TOE 1B0 
(403) 692-3967 

M r . D a v i d S e l l a r s 
M a n a g e r 
K l o h n Leono f f L t d . 
10180 S h e l l b r i d g e Way 
R i c h m o n d , B . C . V 6 X 2W7 
(604) 273-0311 

M r . A n d r e w M . Whale 
I n s p . of M ines 
M . E . M . P . R . , I n s p . B r a n c h 
P . O . B o x 1290 
F e r n i e , B . C . VOB 1M0 
(604) 423-6884 

M r . E . J . Ha l l 
Rec lama t i on I n s p e c t o r 
M . E . M . P . R . , I n s p . B r a n c h 
B o x 7438 
F o r t S t . J o h n , B . C . V 1 J 4M9 
(604) 787-3450 

M r . J . W . R o b i n s o n 
I n s p . of M i n e s 
M . E . M . P . R . , I n s p . B r a n c h 
2569A K e n w o r t h Road 
N a n a i m o , B . C . V 9 T 4P7 
(604) 755-2486 

M r . D . L . F l y n n 
I n s p . of M i n e s 
M . E . M . P . R . , I n s p . B r a n c h 
B a g 5000, 3793 A l f r e d A v e 
S m i t h e r s , B . C . V 0 J 2N0 
(604) 847-7386 

M r . B r y a n H . Good 
M ines I n s p e c t o r 
M . E . M . P . R . , I n s p . B r a n c h 
B o x 5000, 3793 A l f r e d A v e . 
S m i t h e r s , B . C . V 0 J 2N0 
(604) 847-7390 

M r . R a l p h n W. M c G i n n 
M g r . I n s p . S e r v i c e s 
M . E . M . P . R . , I n s p . B r a n c h 
R m . 105, 525 S u p e r i o r S t . 
V i c t o r i a , B . C . V 8 V 1T7 
(604) 387-3781 

M r . R a y m o n d C r o o k 
M g r . P r o j e c t E v a l . 
M . E . M . P . R . , M i n . P o l i c y B r a n c h 
R m . 121 , 525 S u p e r i o r S t 
V i c t o r i a , B . C . V 8 V 1X4 
(604) 387-3787 

M r . R . A . F y l e s 
M g r . I n s p c . S e r . 
M . E . M . P . R . , I n s p . B r a n c h 
R m . 105 , 525 S u p e r i o r S t 
V i c t o r i a , B . C . V 8 V 1 X 4 
(604) 387-3781 

M r . V . E . Dawson 
C h i e f I n s p . , M ines 
M . E . M . P . R . , I n s p . B r a n c h 
R m . 105, 525 S u p e r i o r S t 
V i c t o r i a , B . C . V 8 V 1 X 4 
(604) 387-3781 
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M r . R . T . M a r t i n 
S r . G e o t e c h . I n s p . 
M . E . M . P . R . , I n s p . B r a n c h 
R m . 105, 525 S u p e r i o r S t 
V i c t o r i a , B . C . V 8 V 1X4 
(604) 387-3781 

M r . D . M . G a l b r a i t h 
Rec lama t ion I n s p . 
M . E . M . P . R . , I n s p . B r a n c h 
R m . 105, 525 S u p e r i o r S t 
V i c t o r i a , B . C . V 8 V 1X4 
(604) 387-3781 

M r . D a v i d P a r s o n s 
MOE C o o r d . , M D R P 
M i n . of E n v i r o n m e n t 
777 B r o u g h t o n S t 
V i c t o r i a , B . C . V 8 V 1 X 5 
(604) 387-9674 

M r . T e r r y J o h n s o n 
S a f e t y D i r e c t o r 
M i n i n g A s s o c i a t i o n of B . C . 
860-1066 W H a s t i n g s S t 
V a n c o u v e r , B . C . V 6 E 3X1 
(604) 681-4321 

M r . J o h n E . B r e n n e r 
R o a d s S u p e r v i s o r 
M . E . M . P . R . , I n s p . B r a n c h 
R m . 105 , 525 S u p e r i o r S t 
V i c t o r i a , B . C V 8 V 1X4 
(604) 387-3781 

M r . M a r k S t r o s h e r 
P . E n g . 
M i n i s t r y of E n v i r o n m e n t & P a r k s 
1617 B a k e r S t 
C r a n b r o o k , B . C . V 1 C 1 B 4 
(604) 426-1475 

M r . R o l a n d W. Gr imm 
T e c h n i c i a n 
M i n i s t r y of E n v i r o n m e n t & P a r k s 
1617 B a k e r S t 
C r a n b r o o k , B . C . V 1 C 1 B 4 
(604) 426-1475 

M r . J o h n H . D y c k 
R e g . Water M a n a g e r 
M i n i s t r y of E n v i r o n m e n t & P a r k s 
310 Ward S t 
N e l s o n , B . C . V 1 L 5S4 
(604) 354-6370 

M r . Dwa in B o y e r 
E n g . S e c t i o n Head 
M i n i s t r y of E n v i r o n m e n t & P a r k s 
310 Ward S t r e e t 
N e l s o n , B . C . V 1 L 5S4 
(604) 354-6372 

M r . Uwe F i n e r g 
H e a d , A l l o c . S e c . 
M i n i s t r y of E n v i r o n m e n t & P a r k s 
1011-4 th A v e 
P r i n c e G e o r g e , B . C . V 2 L 3H9 
(604) 565-6435 

M r . L a r r y G a r i n g e r 
E n g i n e e r 
M i n i s t r y of E n v i r o n m e n t & P a r k s 
B a g 5000, 3726 A l f r e d A v e 
S m i t h e r s , B . C . V 0 J 2N0 
(604) 847-7289 

M r . Norman R i n g s t a n d 
C o o r . L a n d U s e 
M i n i s t r y of E n v i r o n m e n t & P a r k s 
777 B r o u g h t o n S t 
V i c t o r i a , B . C . V 8 V 1X5 
(604) 387-9673 

M r . Y e n o n Fe l lman 
H y d r a u l i c E n g i n e e r 
M i n i s t r y of E n v i r o n m e n t & P a r k s 
765 B r o u g h t o n S t 
V i c t o r i a , B . C . V 8 V 1 X 5 
(604) 387-9453 

M r . B r i a n A n d e r s o n 
N o r a n d a M ines L t d . - - B e l l M ine 
P . O . B o x 1000 
G r a n i s l e , B . C . V 0 J 1W0 
(604) 697-2201 

M r . A l a n S t e w a r t 
V i c e P r e s i d e n t 
P i t e a u A s s o c i a t e s E n g . L t d . 
4 0 8 - K a p i l a n o 100 
W. V a n c o u v e r , B . C . V 7 T 1A2 
(604) 926-8551 

M r . F . B . C l a r i d g e 
D i r e c t o r 
P i t e a u E n g i n e e r i n g L t d . 
206 , 1615-10 th A v e SW 
C a l g a r y , A l b e r t a T 3 C 0J7 
(403) 244-6415 
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M r . Bo E l g b y 
Q u i n t e t t e Coa l L t d . 
B o x 1500 
T u m b l e r R i d g e , B . C . VOC 2W0 
(604) 242-3221 

M r . J . H . H . C h a m b e r l i n 
Q u i n t e t t e Coa l L t d . 
B o x 1500 
T u m b l e r R i d g e , B . C . VOC 2W0 
(604) 242-3221 

M r . Pete S h e e h a n 
S r . M ine E n g i n e e r 
S m o k e y R i v e r Coa l L im i ted 
P . O . B o x 2000 
G r a n d e C a c h e , A l b e r t a TOE 0 Y 0 
(403) 827-3711 

M r . D a v e Smi th 
P r i n c i p a l 
T h u r b e r C o n s u l t a n t s L t d . 
200-1445 W G e o r g i a S t 
V a n c o u v e r , B . C . V 6 G 2 T 3 
(604) 684-4384 

M r . R . A . W e l s h , J r . 
G e o l o g i s t 
U . S . O f f i c e of S u r f a c e M i n i n g 
10 P a r k w a y C e n t e r 
P i t t s b u r g h , P A , U S A 15220 
(412) 937-2877 

M r . D a v e C l i n e 
R e c . H y d r o l o g i s t 
U t a h D i v . o f O i l , G a s & M i n i n g 
3 T r i a d C e n t e r , S u i t e 350 
S a l t L a k e C i t y , U t a h 84180 
(801) 538-5340 

M r . R i c k S u m m e r s 
R e c . H y d r o l o g i s t 
U t a h D i v . of O i l , G a s & M i n i n g 
3 T r i a d C e n t e r , S u i t e 350 
S a l t L a k e C i t y , U t a h 84180 
(801) 538-5340 

M r . R . J . H i l l i s 
C h i e f , E n v . C o n . 
U t a h M ines L t d . 
B o x 370 
P o r t H a r d y , B . C . VON 2P0 
(604) 949-6326 

M r . W . A . H o g a n 
P r o d u c t i o n s S u p t . 
U t a h M ines L t d . 
B o x 370 
P o r t H a r d y , B . C . VON 2P0 
(604) 949-6326 

M r . K e n R e i p a s 
G e o t e c h n i c a l E n g . 
Wes ta r M i n i n g L t d . 
P . O . B o x 2000 
S p a r w o o d , B . C . VOB 2G0 
(604) 425-8134 

M r . J . N u f f i e l d 
D i r . G e n . E n g i n . 
Wes ta r M i n i n g L t d . 
P . O . B o x 2000 
S p a r w o o d , B . C . VOB 2G0 
(604) 425-8300 

M r . S t e v e L i t t l e 
Wes ta r M i n i n g L t d . 
P . O . B o x 2000 
S p a r w o o d , B . C . VOB 2G0 
(604) 425-8334 

M r . Don P a r s o n s 
Wes ta r M i n i n g L t d . 
P . O . B o x 2000 
S p a r w o o d , B . C . VOB 2G0 
(604) 425-8300 

M r . P y a r a S . L o t a y 
P r i n c i p a l E n g i n e e r 
Wes ta r M i n i n g L t d . 
P . O . B o x 2000 
S p a r w o o d , B . C . VOB 2G0 
(604) 425-8334 

M r . W . A . M c L a r e n 
P r e s i d e n t 
Wes te rn C a n a d a H y d r a u l i c L a b . 
1186 P i p e l i n e R d . 
P o r t C o q u i t l a m , B . C . V 3 B 4S1 
(604) 464-7277 

M r . B r i a n C h a p p e l l 
B u r e a u of M i n e r a l R e s o u r c e s 
13 C o l l i n g r i d g e S t 
W e s t o n , C a n b e r r a , A u s t r a l i a 

M r . R o b e r t s T h o m p s o n 
P r e s i d e n t 
C T L T h o m p s o n I nc . 
1971 West 12th A v e 
D e n v e r , C O , U S A 80204 
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M r . Dermot L a n e 
Rec lama t ion O f f i c e r 
F o r d i n g Coa l L t d . 
P . O . B o x 100 
E l k f o r d , B . C . VOB 1H0 

M r . J a c k L a w s o n 
P r o f e s s o r of C N I A 
U n i v e r s i t y of M e l b o u r n e 
41393 B a r k e r s R o a d 
M e l b o u r n e , A u s t r a l i a 3101 

M r . J . D . V e n t u r a 
C i v i l E n g i n e e r 
U S O f f i c e of S u r f a c e M i n i n g 
T e n P a r k w a y C e n t e r 
P i t t s b u r g h , P A , U S A 15220 

M r . L o u i s Hamm 
M i n i n g E n g i n e e r 
U S O f f i c e of S u r f a c e M i n i n g 
1020-15th S t r e e t 
D e n v e r , C O , U S A , 80202 

M r . Tom W a t e r l a n d 
P r e s i d e n t 
M i n i n g A s s o c i a t i o n of B . C . 
860-1066 W H a s t i n g s S t 
V a n c o u v e r , B . C . V 6 E 3X1 

M r . R i c h a r d B o o t h 
I n s p . of M i n e s 
M . E . M . P . R . , I n s p . B r a n c h 
P . O . B o x 1290 
F e r n i e , B . C . VOB 1M0 

D r . J o h n E r r i n g t o n 
S r . Rec lama t ion I n s p . 
M . E . M . P . R . , I n s p . B r a n c h 
R m . 105, 525 S u p e r i o r S t 
V i c t o r i a , B . C . V 8 V 1X4 

D r . D i c k Lew is 
I n s p e c t o r of M ines 
M . E . M . P . R . , I n s p . B r a n c h 
1652 Q u i n n S t r e e t 
P r i n c e G e o r g e , B . C . V 2 N 1 X 3 

M r . A r t O ' B r y a n 
R e c l a m . I n s p e c t o r 
M . E . M . P . R . , I n s p . B r a n c h 
310 Ward S t r e e t 
N e l s o n , B . C . V 1 L 5S4 

M r . G e n e M i c k l e s o n 
W e s t a r M i n i n g L t d . 
P . O . B o x 2000 
S p a r w o o d , B . C . VOB 2G0 

M r . J o h n D i c k 
M i n i s t r y of E n v i r o n m e n t & P a r k s 
777 B r o u g h t o n S t 
V i c t o r i a , B . C . V 8 V 1 X 5 

M r . J a c q u e s G o u r d o u 
T e c h m i n e m e t I n g e n i e r i e 
1, A v e n u e A l b e r t E i n s t e i n 
B . P . 106 
78191 T r a p p e s C e d e x , F r a n c e 
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