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ABSTRACT 

An o u t l i n e  is g i v e n  o f  t h e  u s e  o f  t h e  F l o o d  S t u d i e s  R e p o r t  t o  e s t i m a t e  
mean a n d  p e a k  s u r f a c e  w a t e r  f l o w s  a t  a  p r o p o s e d  o p e r l c a s t  m i n e  s i t e  i n  
t h e  B r i t i s h  I s l e s .  W h i l s t  t h i s  is a n  e m p i r i c a l  method  it a p p e a r s  t o  
p r o v i d e  r e a s o n a b l e  o r d e r  o f  m a g n i t u d e  e s t i m a t e s  which  c a n  b e  r e l a t e d  
t o  mine l i f e  a n d  a c c e p t a b l e  l e v e l s  o f  r i s k .  

INTRODUCTION 

The e s t i m a t i o n  o f  q u a n t i t i e s  o f  s u r f a c e - d e r i v e d  w a t e r  a t  p r o p o s e d  
o p e r i c n s t  m i n e s  i s  o f  c o n s i d e r a b l e  i m p o r t a n c e  i n  p r o j e c t  d e s i g n  a n d  
c o s t i n g .  I t  is ,  h o w e v e r ,  s o m e t i m e s  n e g l e c t e d  a n d  o f t e n  t r e a t e d  i n  a  
i ; ~ i p c r f i c i a l  m a n n e r ,  d e s p i t e  t h e  c o s t s  a n d  p r o b l e m s  w h i c h  may a r i s e  i f  
d r s inakge ,  p o l l u t i o n  a n d  f l o o d - p r o t e c t i o n  m e a s u r e s  a r e  i n a d e q u a t e .  I n  
t h c  p a s t  v a r i o u s  m e t h o d s  h a v e  b e e n  u s e d  t o  c a l c u l a t e  f l o o d  r i s k s  i n  
slrrall ~ j n g a u g e d  c a t c h m e n t s  t y p i c a l  o f  s u r f a c e  mine  s i t e s  i n  t h e  B r i t i s h  
I s l e s .  Most  w i d e l y  u s e d  i s  t h e  s o - c a l l e d  ' r a t i o n a l  m e t h o d ' ,  b u t  o t h e r  
t e c h n i q u e s  i n c l u d e  t h e  ' t i m e - a r e a '  a n d  t h e  ' t a n g e n t '  m e t h o d s ;  a  
summary o f  t h e s e  s e v e r a l  a p p r o a c h e s  h a s  b e e n  g i v e n  by Nash ( 1958) [ 11 . 
I n  10'15 t .h r  F l o o d  S t u d i e s  R e p o r t  [2], r e f e r r e d  t o  h e r e a f t e r  a s  FSR, 
d c t p i i  l e d  ? l t c r r i a t i v e  m e t h o d s  b a s e d  o n  t h e  s t a t i s t i c a l  a s s e s s m e n t  o f  
d < ~ t , ~  I'rorn t h r o u g h o i ~ t  t h e  B r i t i s h  I s l e s ;  t h i s  n o t e  o u t l i n e s  t h e  u s e  o f  
such t , e c h n i q u e s  t,o a s s e s s  l i k e l y  s u r f a c e  w a t e r  c o n d i t i o n s  a t  a  
p r ,oposea  o p e n c - a s t  m i n e  i n  I r e l a n d .  

APPROACH 

T r l  corrunori w ~ t h  many s u r f a c e  mine  s e t , t i n p ; s ,  t h e r e  was n o  s t r e a m -  
; . l i~ i - i r i t~ ,  wit h ~ r ~  o r  r11~3r '  t h e  s i t e  arid c o n s e q u e n t l y  n o  f l o w  r e c o r d s  f o r  
1oc;il  strearrri;. Ariy :;trciam f l o w  r e t  o r d s ,  e v e n  i f  o n l y  o f  a y c ' . a r l s  
d u r i ~ t i o r ~ ,  1mpr3ove  t h e  a c c u r a c y  of' :;urfac.c, w a t e r  p r e d i c t i o n s ;  t h e  FSH 
r.ccomn~r:nds t h a t  :is s o o n  a s  a p o t e n t i a l  ::it(, i s  i d e n t i f i e d  a  programme 
of  :,tr7eam-gaugir~t; s h o ~ ~ l d  be  established. However,  i t  i s  p o s s i b l e  t o  
o b t a i n  r e a s o r ~ a b l e  s t r e a m  d i s c h a r g e  f  if:ur7e:; w i t h o u t  f l o w  r e c o r d s .  The  
FSR o u t l i n e s  t h e  a n a l y s i s  o f  many g a u g e d  c a t c h m e n t s  i n  B r i t a i n  a n d  
1rel ; i r id g i v i n g  c o r r e l a t i o n s ,  b a s e d  o n  s t a t , i s t i c a l  t e s t s ,  b e t w e e n  mean 



a n n u a l  f l o o d  (MAF) a n d  v a r i o u s  c a t c h m e n t  p a r a m e t e r s .  The  MAF is  t h e  
f l o w  r a t e  ( d i m e n s i o n s  L ~ / T )  a t  a n y  p a r t i c u l a r  l o c a l i t y  t h a t  h a s  a  
r e t u r n  p e r i o d  o f  2 . 3 3  y r s .  An e q u a t i o n  r e l a t i n g  MAF t o  m e a s u r a b l e  
c a t c h m e n t  c h a r a c t e r i s t i c s  i s  p r e s e n t e d  i n  t h e  fo rm:  

MAF ( c u m e c s )  = 0 = 0 . 0 1 7 2  A R E A O - ~ '  S T M F R Q O * ~ ~  ~ 1 0 8 5 ~ * ' ~  ~ 0 1 ~ ' ~ ~ ~  
R S M D ' - ~ ~  ( 1  +  LAKE)-^*" 1 .  

T h i s  is t h e  e q u a t i o n  a p p l i c a b l e  t o  I r e l a n d ;  o t h e r  r e g i o n s  h a v e  
d i f f e r e n t  i n i t i a l  c o n s t a n t s  ( i n s t e a d  o f  0 . 0 1 7 2 ) .  The  c a t c h m e n t  
p a r a m e t e r s  a r e  d e r i v e d  as f o l l o w s : -  

AREA = a r e a  o f  c a t c h m e n t ,  i n  km2 
STMFRQ = s t r e a m  f r e q u e n c y ,  i n  j u n c t i o n s  km2 

T h i s  s h o u l d  b e  m e a s u r e d  by c o u n t i n g  c h a n n e l  j u n c t i o n s  o n  a  
1 :25000  map. F o r  s m a l l  c a t c h m e n t s ,  h o w e v e r ,  l a r g e  s c a l e  
maps a r e  n e e d e d  a n d  t h i s  t e n d s  t o  g i v e  e x a g g e r a t e d  estimates. 
Only  t h e  mos t  s i g n i f i c a n t  j u n c t i o n s  s h o u l d  b e  c o u n t e d  i n  
t h e s e  c i r c u m s t a n c e s .  I n  I r e l a n d  t h e  cornb i r ia t ion  o f  man-made 
a n d  n a t u r a l  c h a n n e l s  f u r t h e r  c o m p l i c a t e s  t,hp t a s k .  

S1085  = 10%-85% s l o p e  
T h i s  is f o u n d  by f i r s t  m e a s t ~ r i n g  t,he l e n g t h  o f  t h e  main  s t r e a m  
i n  t h e  c a t c h m e n t .  The  grotind e l e v a t i o n  is t h e n  f o u n d  a t  d i s t -  
a n c e s  o f  10% a n d  85% MSL f rom t h e  d i s c h a r g e  p o i n t  a n d  S 1 0 8 5  i s  
t h e  d i f f e r e n c e  i n  t h e s e  two e l e v a t , i o n s  d i v i d e d  by 0 . 7 5  MSL. 

SOIL = S o i l  I n d e x  
T h i s  is t h e  w e i g h t e d  a v e r a g e  o f  S 1 ,  S2, S?, S 4  arid S5. S  1  t,o 
S 5  r e p r e s e n t  p r o p o r t i o n s  o f  t h e  c a t c h m e n t  a r e a  l y i n g  i n  s o i l  
c l a s s e s  1 t o  5, a s  d e t e r m i n e d  f r o m  T a b l e  1  [2), g i v e n  a t  t h e  
end  o f  t h i s  p a p e r .  T h u s : -  

RSMD = 5 - y e a r  r e t u r n  p e r i o d  I-day a r e a l  r a i n f a l l  i n  mnl, rnir11~:: 
mean s o i l  m o i s t u r e  d e f i c i t , .  
T h e s e  v a l u e s c a n  b e  f o u n d  f r o m  maps g i v e n  i n  t h e  FSR. 

LAKE = P r o p o r t i o r l  o f  c a t c h m e n t  which  d r a i n s  t o  a  l a k e .  
The  a r e a  o f  a n y  l a k e  o r  irnpoliridmf~rrt ( o r l s i d e r e d  mus t  e x c e e d  1% 
o f  i ts  own c a t c h m e n t  a r e a .  

Once MAF h a s  been  e s t i m a t e d ,  s t rparn  f l ood  flows f o r  a n y  s p e c i f i e d  
r e t u r n  p e r l o d  Lan b e  f o u n d  u s l n g  r,ee,loti J J  t , r o w t  h rlJrvP; ,PI  verl l r l  t h (  
FSR . 

I n  d e s i g n i n g  d r a i n a g e  f a c i l i t i e s  i t  i s  1 1 t . c  c.s::ary t,o a:;s..ss hiL?h f  lL)od  
f l o w  r a t e s  c o m n ~ e r i s u r a t e  w i t h  a c c e p t a h  l c l . r ~ ; - l  rlet.r,irti: r ~ l  ,-k arid t ,he 1 i t'r 
o f  t h e  m i n e .  R e t u r n  f l o o d  p e r , i o d ,  r i s k  ,!rid dtx:;ib:r~ 1 i f ' r ~  o f '  . ~ r ~ y  p r o j e c t .  
a r e  r e l a t e d  s t a t i s t i c a l l y  by the, equa t ,  r u r i  : 

r = r i s k  o f  f a i 1 u r . p  o r  e x c - e d a n c e  d i i r l r i , ,  dr:~-ib.-r~ 1 1 f ' f .  
L  = d e s i g n  L i f e  

TD = d e s i g n  ret ,urr i  p F r i n d  



PROPOSED MINING SITE 

I n  o r d e r  t o  a s s e s s  s u r f a c e  w a t e r  f l o w s  t h e  p a r a m e t e r s  o u t l i n e d  above 
had t o  b e  c o l l a t e d  f o r  bo th  e x i s t i n g  c o n d i t i o n s  and f o r  c o n d i t i o n s  t h a t  
would o b t a i n  a t  v a r i o u s  s t a g e s  d u r i n g  mine development .  A l l  s u r f a c e  
mines  s i g n i f i c a n t l y  a l t e r  t h e  b a l a n c e  between d i f f e r e n t  t y p e s  o f  ground 
d u r i n g  min ing  v i z .  u n d i s t u r b e d  l a n d ,  e x c a v a t e d  v o i d ,  s p o i l  dumps, 
r e g r a d e d  m a t e r i a l ,  e t c .  

Using E q u a t i o n  2 a  d e s i g n  r e t u r n  p e r i o d  o f  98 y e a r s  was c a l c u l a t e d  f o r  
t h e  proposed mine a n d ,  f o r  conven i ence ,  a  100-year e v e n t  was u sed  
t h roughou t  t h e  a n a l y s i s  t o  a s s e s s  ex t r eme  s u r f a c e  w a t e r  c o n d i t i o n s .  
T h i s  d e s i g n  r e t u r n  p e r i o d  s a t i s f i e d  t h e  r equ i r emen t  f o r  low r i s k  o f  
exceedance  d u r i n g  t h e  first f i v e  y e a r s  and a  h i g h e r  a c c e p t a b l e  r i s k  
o v e r  t h e  l o n g e r  r e m a i n i n g  p e r i o d  o f  mine  l i f e .  

C o n d i t i o n s  before m i n i n g  

Dur ing  e x p l o r a t i o n  and g e o t e c h n i c a l  s i te  i n v e s t i g a t i o n s ,  walkover  
s u r v e y s  were c a r r i e d  o u t  t o  l o c a t e  w a t e r s h e d s ,  d i t c h e s  and a r e a s  o f  
s t a n d i n g  w a t e r .  Combined w i t h  a  r e v i e w  o f  a v a i l a b l e  maps and p l a n s ,  
t h e s e  s u r v e y s  e n a b l e d  t h e  w a t e r s h e d s  a round  and w i t h i n  t h e  s i te  t o  b e  
i d e n t i f i e d ,  t o g e t h e r  w i t h  major  s t r e a m  c h a n n e l s .  Equal  a t t e n t i o n  was 
g i v e n  t o  a r e a s  o u t s i d e  t h e  mine from which r u n o f f  m igh t  e n t e r  t h e  site. 
I n  common w i t h  many B r i t i s h  mines ,  much o f  t h e  d r a i n a g e  was e f f e c t e d  
by hedgerow d i t c h e s ,  w i t h  r e l a t i v e l y  few n a t u r a l  c h a n n e l s ,  most o f  
which had been l o c a l l y  deepened and s t r a i g h t e n e d  t o  i n c r e a s e  f l o w  r a t e s .  
The re  was a  l a r g e  p e a t  bog i n  t h e  c e n t r e  o f  t h e  s i te ,  t h rough  which 
much o f  t h e  a r e a  d r a i n e d .  The s i te  and i ts r e l a t e d  e n v i r o n s  comprised  
1.4 km2 and was d i v i d e d  i n t o  t h r e e  c a t c h m e n t s ,  one  ma jo r  and two mino r ,  
which were  a n a l y s e d  s e p a r a t e l y .  Wi th in  each  ca t chmen t ,  t h e  a v a i l a b l e  
maps and p l a n s  were used  t o  e s t i m a t e  s t r e a m  f r e q u e n c y ,  ground s l o p e  
and a r e a s  of  ' l a k e ' .  The p e a t  bog was model led  a s  a  ' l a k e '  s i n c e  it 
was expec t ed  t o  have  a  s i m i l a r  e f f e c t  on f l o o d  peaks  p a s s i n g  t h e  
ca t chmen t  d i s c h a r g e  p o i n t ;  such a  ' l a k e 1  i n  t h e  sy s t em g e n e r a l l y  
t e n d s  t o  r e d u c e  and a t t e n u a t e  f l o o d  peaks .  S o i l  and r a i n f a l l  param- 
e t e r s  were d e r i v e d  from maps and t a b l e s  i n  t h e  FSR. 

The e m p i r i c a l  e q u a t i o n  g i v e n  above (Equa t i on  1 )  was used  t o  o b t a i n  t h e  
mean a n n u a l  f l o o d  f o r  t h e  p r i n c i p a l  c a t chmen t  w i t h i n  t h e  s i t e ;  pred-  
i c t e d  f l o w s  from t h e  two minor c a t chmen t s  were  n e g l i g i b l e .  A f i g u r e  
o f  18m3/min was o b t a i n e d  f o r  t h e  mean a n n u a l  f l o o d .  Using growth 
c u r v e s  i n  t h e  FSR, t h e  100-year r e t u r n  p e r i o d  f l o o d  was found t o  b e  
34m3/min. These  f i g u r e s  bo th  r e p r e s e n t  f l o o d  p e a k s  - i . e .  o f  i n s t a n -  
t a n e o u s  d u r a t i o n .  By e x t r a p o l a t i o n ,  and u s i n g  t a b l e s  f o r  f a c t o r s  o f  
low r e t u r n  p e r i o d s  g i v e n  i n  FSR supp l emen t s ,  t h e  30-day d u r a t i o n  
6-month r e t u r n  p e r i o d  ' f l o o d 1  was found t o  b e  c  1.3m3/min. T h i s  v a l u e  
was t a k e n  t o  r e p r e s e n t  t h e  mean monthly  d i s c h a r g e  which o c c u r s  on 
a v e r a g e  t w i c e  a  y e a r .  

The mean monthly  d i s c h a r g e  c o u l d  b e  checked u s i n g  a  ' t h e o r e t i c a l '  
method based on l o c a l  c l i m a t o l o g i c a l  d a t a .  T h i s  d a t a  was o b t a i n e d  
from two s o u r c e s .  R a i n f a l l  i n f o r m a t i o n  was a v a i l a b l e  f o r  s t a t i o n s  
10-12 km away and s i n c e  r a i n f a l l  p a t t e r n s  were n o t  l i k e l y  t o  v a r y  
s i g n i f i c a n t l y  o v e r  t h i s  d i s t a n c e ,  t h i s  d a t a  was u sed  w i t h o u t  a l t e r a t i o n .  
O the r  m e t e o r o l o g i c a l  i n f o r m a t i o n  on  wind,  s u n s h i n e ,  f r o s t ,  snow and 
r e l a t i v e  humid i t y  were o n l y  a v a i l a b l e  f o r  a  s t a t i o n  25 km from t h e  mine ,  



b u t  b e i n g  t h e  o n l y  d a t a  a v a i l a b l e  t h e s e  f i g u r e s  were  u sed  w i t h o u t  
a l t e r a t i o n .  The monthly  e v a p o t r a n s p i r a t i o n  from t h e  s i t e  was t h e n  
c a l c u l a t e d  u s i n g  S e r r a ' s  s i m p l i f i c a t i o n  o f  T h o r n t h w a i t e ' s  Method 3 . 
F o r  e a c h  month ,  e v a p o t r a n s p i r a t i o n  l o s s e s  were s u b t r a c t e d  f rom t h e  
monthly  p r e c i p i t a t i o n  t o  g i v e  a  ' n e t 1  r a i n f a l l  f i g u r e .  Assuming no 
i n f i l t r a t i o n ,  t h e  mean monthly  d i s c h a r g e  was found t o  be  c  0.7m3/min, 
w i t h i n  a  r a n g e  o f  0-2.3m3/min. W h i l s t  t h e  uppe r  p a r t  o f  t h e  r a n g e  was 
s l i g h t l y  h i g h e r  t h a n  t h e  e m p i r i c a l  f i g u r e ,  p o s s i b l y  due  t o  t h e  f a c t  
t h a t  s t o r a g e  i n  t h e  p e a t  and i n f i l t r a t i o n  were  bo th  i g n o r e d  i n  t h e  
' t h e o r e t i c a l 1  a n a l y s i s ,  t h e  r e s u l t s  compared f a v o u r a b l y .  

C o n d i t i o n s  d u r i n g  m i n i n g  

S i n c e  t h e  c h a r a c t e r  o f  ground s u r f a c e s  a r e  s u b s t a n t i a l l y  a l t e r e d  by 
min ing  o p e r a t i o n s ,  p a t t e r n s  o f  s u r f a c e  w a t e r  r u n o f f  w i l l  b e  a f f e c t e d .  
Two p r i n c i p a l  c a t e g o r i e s  o f  l a n d  were c o n s i d e r e d :  f i r s t l y  l a n d  o u t s i d e  
t h e  e x c a v a t i o n ,  most o f  which w i l l  be  e i t h e r  u n a f f e c t e d  o r  cove red  
w i t h  v e g e t a t e d  low a n g l e  s p o i l  h e a p s ,  and s e c o n d l y ,  t h e  e x c a v a t i o n  
a r e a  i t s e l f .  The p l a n t  y a r d / p r o c e s s i n g  a r e a  was t r e a t e d  a s  a  sub-  
s e c t i o n  o f  t h e  e x c a v a t i o n  a r e a .  

Land o u t s i d e  t h e  e x c a v a t i o n  a r e a  was t r e a t e d  e m p i r i c a l l y ,  u s i n g  t h e  
FSR method o u t l i n e d  above.  C l e a r l y ,  s i n c e  t h i s  is based on catchment, 
c h a r a c t e r i s t i c s ,  c a t chmen t  b o u n d a r i e s  and c h a r a c t e r s  had  t o  be  r e d e f i n e d .  
Thus ,  g e n e r a l  d r a i n a g e  p a t t e r n s  had t o  be  assumed f o r  t h e  mine s i t e .  
E s s e n t i a l l y  t h i s  c o n s i s t e d  o f  c o n t i n u i n g  n a t u r a l  d r a i n a g e  where  r e l e -  
v a n t  p l u s  c u t - o f f  d i t c h e s  a round  t h e  c r e s t  o f  t h e  e x c a v a t i o n ,  a t  t h e  
b a s e  o f  t h e  o u t - o f - p i t  s p o i l  h e a p s ,  and a l o n g  h a u l  r o a d s .  S i l t a t i o n  
l a g o o n s  and pumps were l o c a t e d  a s  n e c e s s a r y .  With t h e  p a t t e r n  o f  mlne 
d r a i n a g e  t h u s  d e f i n e d ,  e m p i r i c a l  calculations were  c a r r i e d  o u t  a s  
p r e v i o u s l y  f o r  e a c h  ca t chmen t  s o  a s  t o  d e r i v e  t h e  mean annua l  and 
100-year  f l o o d  f l o w s ,  and t o  e s t l m a t e  t h e  s i z e  o f  v a r i o u s  l a g o o n s .  

W h i l s t  t h e  e x c a v a t i o n  a r e a  was a  w e l l - d e f i n e d  ca t chmen t  i t  proved 
d i f f i c u l t  t o  s e l e c t  a p p r o p r i a t e  p a r a m e t e r s  f o r  e m p i r i c a l  a n a l y s i s .  
Excava t ed  and s p o i l  s l o p e s  were  c o n s i d e r a b l y  s t e e p e r  t h a n  n a t u r a l  
s l o p e s ,  t h e r e  was no 'main s t r e a m '  w i t h i n  e x c a v a t i o n ,  and i t  was 
d i f f i c u l t  t o  q u a n t i f y  s o i l  m o i s t u r e  d e f i c i t  o r  w i n t e r  r a i n  a c c e p t a n c e  
p o t e n t i a l .  I t  was t h e r e f o r e  c o n s i d e r e d  a p p r o p r i a t e  t o  u s e  ' t h e o r e t -  
i c a l '  methods ,  s i m i l a r  t o  t h a t  employed f o r  t h e  pre-mining s t a g e .  
I n s t e a d  o f  s u b t r a c t i n g  e v a p o t r a n s p i r a t i o n ,  o n l y  e v a p o r a t i o n  was 
c o n s i d e r e d ,  t h e r e  b e i n g  no  v e g e t a t i o n  i n  t h e  e x c a v a t i o n  a r e a .  Evap- 
o r a t i o n  was c a l c u l a t e d  u s i n g  Penman's e q u a t i o n ,  f o r  which a  nomogram 
i s  a v a i l a b l e  131. It was a l s o  assumed t h a t  20% o f  t h e  n e t  r a i n f a l l  
would i n f i l t r a t e  i n t o  t h e  s u r f a c e .  T h i s  i s  a n  a r b i t r a r y  b u t  commonly 
quo t ed  f i g u r e  [ 4 ]  f o r  a  b a r e  r ock  o r  low p e r m e a b i l i t y  s u r f a c e  s o i l s ,  
and is  o f t e n  u sed  f o r  h y d r o l o g i c a l  a s s e s s m e n t s  o f  r e c l a m a t i o n  s i t e s  
i n  B r i t a i n .  A d e s i g n  c h a r t ,  s u c h  a s  t h a t  u sed  by t h e  N.C.B.  i n  
e s t i m a t i n g  t i p  d r a i n a g e ,  may be  used  t o  d e t e r m i n e  t h e  r u n o f f  c o e f f i c -  
i e n t ,  and  hence  i n f i l t r a t i o n ,  by r e f e r e n c e  t o  ground s l o p e ,  s u r f a c e  
c o m p o s i t i o n  and v e g e t a t i o n  c o v e r  [51. 

C o n s i d e r a t i o n  was g i v e n  t o  t h e  q u e s t i o n  o f  r u n o f f  and i n f i l t r a t i o n ,  
f rom i n - p i t  s p o i l .  The p e r m e a b i l i t y  o f  t h i s  s p o i l  was e s t i m a t e d  t o  b? 
i n  t h e  r a n g e  o f  lo-' t o  m/s ;  t r a v e l  t i m e s  o f  i n f i l t r a t i n g  r a i n  
w a t e r  t h rough  a  20m h i g h  i n - p i t  s p o i l  dump c o u l d  t h e r e f o r e  v a r y  from 
a  few h o u r s  t o  a  few days .  Consequen t l y ,  d u r i n g  p e r i o d s  o f  ' no rma l '  



r a i n f a l l ,  w a t e r  was c o n s i d e r e d  t o  f l ow  c o n t i n u o u s l y  t h rough  s p o i l  
p i l e s  w i t h  a  t ime  l a g  o f  up  t o  s e v e r a l  days .  However f o r  l o n g e r  
p e r i o d s  most o f  t h e  r a i n  f a l l i n g  on any i n - p i t  s p o i l  p i l e  w i l l  s e e p  
o u t  o f  i ts b a s e  and t h e  r e s i d e n c e  t i m e  o f  w a t e r  w i t h i n  t h e  s p o i l  p i l e  
may be  i g n o r e d .  A 20% a l l owance  was made f o r  n e t  i n f i l t r a t i o n ,  t o  
r e p r e s e n t  w a t e r  h e l d  i n  t h e  p a r t i a l l y - s a t u r a t e d  s p o i l .  Du r ing  s t o r m s ,  
which a r e  u s u a l l y  o f  l e s s  t h a n  a  d a y ' s  d u r a t i o n ,  t h e r e  w i l l  be 
v i r t u a l l y  no e v a p o r a t i o n ,  and c o n s i d e r a b l e  q u a n t i t i e s  o f  w a t e r ,  
e s t i m a t e d  a t  80"/o,will  r u n o f f  i n t o  t h e  p i t -  Of t h e  20% t h a t  i n f i l t r a t e s  
any t h a t  s e e p s  t h rough  t h e  i n - p i t  s p o i l  and o u t  a t  i t s  base  w i l l  
p robab ly  e n t e r  t h e  p i t  some days  l a t e r ,  a f t e r  t h e  end o f  t h e  s t o rm .  
The n e t  r e s u l t  w i l l  b e  t o  s l i g h t l y  a t t e n u a t e  t h e  e f f e c t s  o f  t h e  s t o r m  
w i t h i n  t h e  e x c a v a t i o n ,  however f o r  t h e  pu rpose s  o f  c a l c u l a t i r i g  d e p t h s  
o f  p i t  f l o o d i n g  during storms, w a t e r  s e e p i n g  t h rough  i n - p i t  s p o i l  may 
be  i g n o r e d .  

A s i m i l a r  a n a l y s i s  was c a r r i e d  o u t  f o r  proposed a r e a s  o f  h a r d - s t a n d i n g  
t o  be u sed  f o r  a p l a n t  ya rd  and f o r  m i n e r a l  p r o c e s s i n g .  These  a r e a s  
were  v e r y  s m a l l  and cou ld  n o t  be  s e n s i b l y  model led  u s i n g  e m p i r i c a l  
methods .  

W h i l s t  t h e  g e n e r a l  p r i n c i p l e s  o f  s i t e  d r a i n a g e  were l i k e l y  t o  remain  
t h e  same t h roughou t  t h e  l i f e  o f  t h e  mine ,  t h e  r e l a t i v e  p r o p o r t i o n s  o f  
wa t e r  coming from w i t h i n  and o u t s i d e  a n  e x c a v a t i o n  would change  a s  t h e  
s i z e  o f  t h e  e x c a v a t i o n  i n c r e a s e d .  The t o t a l  amount o f  w a t e r  d i s c h a r g e d  
from s i t e  would i n c r e a s e  w i t h  t i m e ,  a s  more l a n d  was c l e a r e d  and 
excava t ed .  Ana ly se s  were t h e r e f o r e  c a r r i e d  o u t  f o r  t h e  s i t e  d u r i n g  
' e a r l y 1  and ' l a t e 1  s t a g e s  o f  mine development .  A t  t h i s  s t a g e  i n  t h e  
c a l c u l a t i o n s  groundwater  components were added t o  t h e  s u r f a c e  w a t e r  
f l ows .  I t  was found t h a t  i n  a d d i t i o n  t o  t h e  main s i l t a t i o n  l agoon  
two s u b s i d i a r y  l a g o o n s  were r e q u i r e d ,  one  a t  t h e  p l a n t  ya rd  which 
would form a pumping r e s e r v o i r ,  and one  a s  a  f l o o d - p r o t e c t i o n  measure  
t o  p r e v e n t  l a r g e  volumes  o f  f l o o d  w a t e r  e n t e r i n g  t h e  e x c a v a t i o n .  Whi l s t  
t h e  main s i l t a t i o n  l agoon  was de s igned  t o  c a r r y  t h e  normal  d i s c h a r g e  
from t h e  s i t e ,  i t  would have  been imprac t , i c a l  i f  de s igned  t o  c a r r y  
f l o o d  f l o w s ,  which would be p e r m i t t e d  t o  bypas s  t h e  lagoon sy s t em.  
However, a l l  d i t c h e s  were de s igned  t o  c a r r y  f l o o d  w a t e r ,  and i n - p i t  
pump c a p a c i t y  was s p e c i f i e d  such  t h a t  d u r i n g  t i m e s  o f  f l o o d i n g ,  w a t e r  
i n  t h e  p i t  c o u l d  be k e p t  t o  a c c e p t a b l e  l e v e l s .  Flow c h a r t s  shown i n  
F i g u r e s  1 and 2 i l l u s t r a t e  t h e  w a t e r  r o u t i n g  proposed f o r  t h e  mine s i t e ;  
t h e y  i l l u s t r a t e  t h e  s i z e  o f  d i s c h a r g e  f i g u r e s  o b t a i n e d ,  and t h e  d i f f e r -  
e n c e s  between f l o o d  and normal c o n d i t i o n s .  

SUMMARY 

A p r e l i m i n a r y  approach t o  t h e  q u a n t i f i c a t i o n  o f  s u r f a c e  w a t e r  f l ow  on 
s m a l l  ungauged ca t chmen t s ,  such a s  a r e  commonly found a t  B r i t i s h  
o p e n c a s t  mines  h a s  been d e s c r i b e d .  I t  s h o u l d  be  app rec i a t , ed ,  however,  
t h a t  t h e  methods u s e d ,  e s p e c i a l l y  t h e  e m p i r i c a l  FSR method,  r e l y  
h e a v i l y  on s t a t i s t i c s  and when a p p l i e d  t o  v e r y  s m a l l  c a t chmen t s  a r e  
a t  t h e  l i m i t  o f  t h e i r  r e l i a b i l i t y .  These  methods canno t  be d i r e c t l y  
employed o u t s i d e  t h e  B r i t i s h  I s l e s .  E x t e n s i v e  r e s u l t s  a r e  n o t  y e t  
a v a i l a b l e  t o  d e t e r m i n e  t h e  accu racy  o f  t h e  p r e d i c t i o n s  a l t h o u g h  s i m i l a r  
methods  a p p e a r  t o  have  been u s e f u l  i n  s m a l l  c i v i l  e n g i n e e r i n g  p r o j e c t s  
'61. F i g u r e s  deduced from such  c a l c u l a t i o n s  a r e  b e s t  r e g a r d e d  a s  o r d e r  
o f  magn i t ude  e s t i m a t e s .  A s  s u c h ,  however,  t h e y  a r e  more sound ly  based  
t h a n  many c u r r e n t  e s t i m a t e s  u sed  i n  t h e  e x t r a c t i v e  i n d u s t r i e s .  
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TABLE 1 

Winter rain acceptance indices: 1, very high; 2 ,  high; 3, moderate ; 
4, low ; 5, very l o w .  Upland peat and peaty soils are in Class 5 .  
Urban a r e  as are unclassified. 

The classification of soils by wirit,rr rain acc~pt,ance rate from soil 
survey data. 
From: Flood Studies Report 121 
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