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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 
S u i t e 3 0 1 , 1000 - 8 A v e n u e SW 
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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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E a s t e r n T e c h n i c a l C e n t e r 
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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 -

19 



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 
S u r f a c e M i n i n g Rec lama t ion a n d E n f o r c e m e n t , 
a n d M r . D . M . G a l b r a i t h of t he M i n i s t r y o f 
E n e r g y , M i n e s a n d P e t r o l e u m R e s o u r c e s in 
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 . 

R E F E R E N C E S 

C o d e of F e d e r a l R e g u l a t i o n s , 1985, 30 C F S 
P a r t 700 to E n d : U . S . G o v e r n m e n t P r i n t i n g 
O f f i c e , W a s h i n g t o n . 

C o a s t a l S t a t e s E n e r g y C o . , 1979, S k y l i n e 
M ine Pe rm i t A p p l i c a t i o n : F o r p u b l i c i n s p e c ­
t i on at t h e O f f i c e of S u r f a c e M i n i n g R e c l a m ­
a t ion a n d E n f o r c e m e n t , D e n v e r , C o l o r a d o ; 
a n d t h e D i v i s i o n of O i l , G a s a n d M i n i n g , 
S a l t L a k e C i t y , U t a h . 

C o d e of C o l o r a d o R e g u l a t i o n s , 1980, R e g u l a ­
t i o n s of t he C o l o r a d o M i n e d L a n d R e c l a m a ­
t i on B o a r d f o r Coa l M i n i n g : M i n e d L a n d 
Rec lamat ion D i v . , C o l o r a d o D e p t . o f N a t u r a l 
R e s o u r c e s . 

C o l o w y o Coa l C o . , 1981 , C o l o w y o M ine P e r ­
mit A p p l i c a t i o n : F o r p u b l i c i n s p e c t i o n at t he 
O f f i c e 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 , D e n v e r , C o l o r a d o ; a n d t he 
C o l o r a d o M i n e d L a n d Rec lamat ion D i v i s i o n , 
D e n v e r , C o l o r a d o . 

C T L / T h o m p s o n , I n c . , 1979, C o n s u l t a t i o n 
S l o p e S t a b i l i t y C o l o w y o S t r e e t e r C a n y o n 
F i l l , n e a r M e e k e r , C o l o r a d o : F o r O f f i c e of 
S u r f a c e M i n i n g , J o b N o . 5368. 

E n e r g y F u e l s C o r p . , 1979, Pe rm i t A p p l i c a ­
t i on f o r t h e E c k m a n P a r k a n d E n e r g y M ines 
N o . 1 & 2 : F o r p u b l i c i n s p e c t i o n at t he 
O f f i c e 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 , D e n v e r , C o l o r a d o ; a n d t he 
C o l o r a d o M i n e d L a n d Rec lama t ion D i v i s i o n , 
D e n v e r , C o l o r a d o . 

G o l d e r A s s o c i a t e s , 1986, S l o p e S t a b i l i t y 
A n a l y s e s E x c e s s S p o i l f r o m B o x C u t s L i t t l e 
M i d d l e C r e e k T r a c t : F o r , C o l o r a d o Y a m p a 
Coa l C o m p a n y , R o u t t C o u n t y , C o l o r a d o , 
863-2010 . 

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, 
S u b m i t t a l of D r a i n a g e P l a n a n d S l o p e S t a b ­
i l i t y f o r Rec lamat ion f o r C o n v u l s i o n C a n y o n 
M i n e , A C T / 0 4 1 / 0 0 2 , N o . 2 N o . 3 , and N o . 
14 , S e v i e r C o u n t y , U t a h : F o r , S o u t h e r n 
U t a h Fue l C o . , J o b N o . E83 -2022 . 



S o u t h e r n U t a h F u e l C o . , 1 9 8 0 , C o n v u l s i o n 
C a n y o n M i n e P e r m i t A p p l i c a t i o n : F o r p u b l i c 
i n s p e c t i o n at t h e O f f i c e of S u r f a c e M i n i n g 
R e c l a m a t i o n a n d E n f o r c e m e n t , D e n v e r , 
C o l o r a d o ; a n d t h e D i v i s i o n o f O i l , G a s a n d 
M i n i n g , S a l t L a k e C i t y , U t a h . 

U t a h P o w e r a n d L i g h t C o . , 1 9 8 5 , R e v i s e d 
D e e r C r e e k M i n e P e r m i t A p p l i c t i o n : F o r p u b ­
l i c i n s p e c t i o n at t h e O f f i c e of S u r f a c e M i n i n g 
R e c l a m a t i o n a n d E n f o r c e m e n t , D e n v e r , 
C o l o r a d o ; a n d t h e D i v i s i o n o f O i l , G a s a n d 
M i n i n g , S a l t L a k e C i t y , U t a h . 

U t a h U n d e r g r o u n d M i n i n g C o d e , 1 9 8 2 , C o a l 
M i n i n g a n d R e c l a m a t i o n P e r m a n e n t P r o g r a m : 
U t a h D i v i s i o n o f O i l , G a s a n d M i n i n g . 
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