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ABSTRACT 

Est imat ion  o f  water  inf low t o  a s u r f a c e  mining ope ra t i on  is a 
necessary  requirement f o r  mine dra inage  design. The wa t e r  i n  a sha l low 
s u r f a c e  mine may o r i g i n a t e  s o l e l y  from a s u r f a c e  sou rce  and from t h e  
atmosphere i n  t h e  form o f  p r e c i p i t a t i o n .  Water i n  deep mining excava t i ons  
below t h e  groundwater t a b l e  may o r i g i n a t e  from a s u r f a c e  sou rce  o r  a s  
a tmospher ic  p r e c i p i t a t i o n  a s  we l l  a s  from t h e  groundwater system. Inf low 
o f  s u r f a c e  water  t o  a mining excavat ion  can be  p r ed i c t ed  by hyd ro log i ca l  
ba lance  i n v e s t i g a t i o n s  o f  a mining catchment. The paper b r i e f l y  d e s c r i b e s  
t h e  hyd ro log i ca l  c y c l e  o f  a mining catchment t oge the r  w i th  t h e  technique  
o f  e s t i m a t i n g  inf low from a s u r f a c e  source .  

The groundwater inf low t o  a mining excavat ion  is mainly a 
consequence o f  t h e  i n t e r a c t i o n  o f  groundwater system, hydrogeologica l  
c h a r a c t e r i s t i c s  o f  t h e  rock mass and t h e  mining geometry. The wa t e r  
inf low regime i s  determined by t h e  i n c i s i o n  o f  one o r  more a q u i f e r s  by t h e  
mining excavat ion  and t h e  r e l a t i v e  hydrogeological c h a r a c t e r i s t i c s  o f  t h e  
va r i ous  a q u i f e r s .  The paper i d e n t i f i e s  va r i ous  p o s s i b l e  flow regimes i n  
t h e  v i c i n i t y  o f  mining excavat ion .  The groundwater inf low can be 
e s t ima t ed  by one  o f  t h e  fo l l owing  techniques: 

- Equivalent  f low approach 
- Two-dimensional flow equa t i ons  
- Numerical techniques  i nco rpo ra t i ng  t h e  F i n i t e  Element 

Method, F i n i t e  Dif ference  Method o r  t h e  Boundary Element 
Method. 



The groundwater inf low equat ions  u se  both  l i n e a r  flow a s  w e l l  a s  
non- l inear  flow cond i t i ons .  The e f f e c t  o f  t u rbu l ence  r e s u l t s  i n  t h e  
r educ t i on  o f  inf low q u a n t i t i e s  because o f  t h e  energy l o s s  i n  t h e  t u r b u l e n t  
flow. The paper o u t l i n e s  t h e  two-dimensional f low technique  o f  e s t i m a t i n g  
groundwater t o  s u r f a c e  mining excavat ions  u s ing  both  s t e ady  s t a t e  and 
t r a n s i e n t  s t a t e  equa t i ons  f o r  unconfined and conf ined aqu i f e r s .  Th i s  
approach provides  a s imple  method o f  p r e d i c t i n g  f i r s t  o r d e r  e s t i m a t e s  o f  
groundwater inf low t o  mining excavat ions  and provides  a f a c t o r  o f  s a f e t y  
by s l i g h t l y  over-es t imat ing  t h e  inflow. 



INTRODUCTION 

The p r e d i c t i o n  o f  w a t e r  i n f l o w s  i n t o  a  s u r f a c e  mine  e x c a v a t i o n  is 

o n e  o f  t h e  many componen t s  i n v o l v e d  i n  mine  d e s i g n  p h a s e .  O p e r a t i o n s  belOk 

t h e  w a t e r  t a b l e  c a n  p o s e  s e v e r a l  o p e r a t i o n a l ,  economic  and  s a f e t y  i m p l i -  

c a t i o n s .  I n f o r m a t i o n  f r o m  p r e d i c t e d  i n f l o w s  c a n  b e  u s e d  f o r  t h e  f o l l o w i n g  

p u r p o s e s ,  ( S i n g h ,  A t k i n s  and  Ngah, 1985) :  

( i )  D e s i g n  o f  a  pumping s y s t e m  

( i i )  D e s i g n  o f  s t o r a g e  f a c i l i t i e s  

(iii) C o n t r o l  o f  w a t e r  p o l l u t i ~ n .  

Wate r  i n f l o w s  i n t o  s u r f a c e  m i n e s  c a n  b e  c o n v e n i e n t l y  d i v i d e d  i n t o  

two s o u r c e s :  

!a) S u r f a c e  w a t e r  ( r u n - o f f )  

( b )  Groundwate r .  

S u r f a c e  w a t e r  o c c u r s  a s  a  d i r e c t  r e s u l t  o f  p r e c i p i t a t i o n  and  

c a t c h m e n t  t r a n s m i s s i o n ,  commonly a n t i c i p a t e d  by  c u t - o f f  d i t c h e s  r u n n i n g  

a r o u n d  t h e  p e r i m e t e r  o f  t h e  mine .  Groundwate r  may e n t e r  t h e  mine  

e x c a v a t i o n  f rom a v a r i e t y  o f  s o u r c e s  (Ngah ,  Reed and  S i n g h ,  1984) :  

( i )  M i n e r a l  b e d s  and  u n d e r g r o u n d  a q u i f e r s  

( i i )  G e o l o g i c a l  and  s t r u c t u r a l  f e a t u r e s  

( i i i)  Abandoned d e e p  mine  w o r k i n g s .  

The  h y d r o l o g i c a l  c y c l e  o f  a  q u a r r y  e n v i r o n m e n t  is  d e t a i l e d  i n  F i g u r e  1 .  

T h i s  p a p e r  d i s c u s s e s  t h e  p r e d i c t i o n  o f  b o t h  s u r f a c e  and  

g r o u n d w a t e r  i n f l o w s ,  d e t a i l i n g  a  number o f  m a t h e m a t i c a l  m o d e l s .  



overland flow 

evapotranspiration 

F i g u r e  1 .  Ca tchmen t  H y d r o l o g i c a l  C y c l e .  

ESTIMATION OF SURFACE WATER INFLOWS TO A MINING EXCAVATION 

Two a p p r o a c h e s  t o  e s t i m a t e  f l o o d  d i s c h a r g e  a r e  u s e d  i n  t h e  U K ,  

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

A n a l y t i c a l  Me thods  

( a )  R a t i o n a l  Method 

I b ) Time- Area  Method 

1 C )  T a n g e n t  Method 

( d )  Young and  P rudhoe  Method 

E r n ~ i r i c a l  Me thods  

( a )  G u i d e l i n e s  o f  t h e  NERC 

F lood  S t u d i e s  R e p o r t  

( b )  P o o t ' s  T h r e e  V a r i a b l e  

E q u a t i o n  

( c )  B r i t i s h  C o a l  Method 



A l l  methods i n v o l v e  t h e  c a l c u l a t i o n  o f  t h e  maximum p o s s i b l e  s t o r m  

f o r  a g i v e n  r e t u r n  p e r i o d  based  o n  m e t e r o l o g i c a l  d a t a  and knowledge o f  

ca tchment  c h a r a c t e r i s t i c s  ( s i z e ,  s l o p e s ,  r e t e n t i o n  c a p a c i t y ,  e t c ) .  

A n a l y t i c a l  Methods 

( a )  R a t i o n a l  Method 

The method is  based  on t h e  c o n c e p t  o f  t h e  t i m e  o f  c o n c e n t r a t i o n ,  

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

from t h e  f a r t h e s t  p o i n t  o f  t h e  ca tchment  t o  t h e  g a u g i n g  s t a t i o n .  The peak 

d i s c h a r g e  o c c u r s  a s  t i m e  T from t h e  o n s e t  o f  t h e  s to rm.  

The R a t i o n a l  fo rmula  c a n  be  p r e s e n t e d  a s  (Ngah, 1985):  

where Q = peak f l o w ,  m3s- '  

C = C o e f f i c i e n t  o f  r u n - o f f ,  % 

I = I n t e n s i t y  o f  r a i n f a l l ,  mm/hr d u r i n g  T 

A = Area o f  Catchment,  km2, 

Problems a r i s e  i n  t h a t  C is assumed c o n s t a n t  o v e r  t h e  a r e a  o f  t h e  

ca tchment .  V a r i a t i o n s  i n  C o c c u r  owing t o  t h e  f o l l o w i n g :  

( i )  A t  t h e  o n s e t  o f  r a i n f a l l ,  v i r t u a l l y  a l l  r a i n  is l o s t  a s  

i n f i l t r a t i o n  

( i i )  Run-off c o e f f i c i e n t  changes  w i t h  r a i n f a l l  i n t e n s i t y  

(iii) Flow r e q u i r e s  a bu i ld -up  o f  s t a n d i n g  w a t e r .  

C c a n  v a r y  from 0.05 f o r  f l a t  sandy  a r e a s  t o  0.95 f o r  u rban  

s u r f  a c e s .  



Computation o f  Paramete rs  

( i )  Time o f  c o n c e n t r a t i o n ,  Tc 

Tc is o b t a i n e d  from t h e  Bransby-Will iams formula :  

where  L = Catchment l e n g t h ,  km 

D = Diameter  o f  t h e  c i r c l e  whose a r e a  e q u a l s  t h e  a r e a  o f  t h e  

ca tchment ,  km 

A = Area o f  ca tchment ,  km 
2 

F = F a l l  = c h a n n e l  s l o p e ,  %. 

(ii) I n t e n s i t y  o f  R a i n f a l l ,  ( B i l h a m l s  F o r m u l a ) ,  ( I )  

where N is a s p e c i f i e d  r e t u r n  p e r i o d  i n  y e a r s .  

( i i i)  C o e f f i c i e n t  o f  Run-off ,  ( C )  

D e t e r m i n a t i o n  o f  C is a l a r g e l y  s u b j e c t i v e  e s t i m a t i o n  r e l i a n t  o n  

t h e  e x p e r i e n c e  o f  t h e  e n g i n e e r .  

( b )  The Time-Area Method 

The t ime-area  method is  a n  e x t e n s i o n  o f  t h e  r a t i o n a l  method which 

d e f i n e s  t ime  c o n t o u r s  ( i s o c h r o r i e s ) .  The method is i l l u s t r a t e d  i n  F i g u r e  2.  



Area 

AT 

(b) Time-area curve ( c )  Time-area-concentration curve 

F i g u r e  2. The Time-Area Method. 
( A f t e r  Shaw, 1983) 

0 Time ( T I  Tc 

The f l o w  from e a c h  c o n t r i b u t i n g  a r e a  bounded by two i s o c h r o n e s ,  (T-AT, T)  

i s  e q u a l  t o  t h e  p r o d u c t  o f  t h e  mean i n t e n s i t y  of t h e  e f f e c t i v e  r a i n f a l l  

(i), from T-AT t o  T and t h e  a r e a  A .  



Peak f low is g i v e n  when t h e  e n t i r e  ca tchment  c o n t r i b u t e s  a f t e r  a  

p e r i o d  Tc, i e  

Tc  where n  = - 
AT 

The paramete r  n  t h u s  is e q u i v a l e n t  t o  t h e  number o f  i n c r e m e n t a l  

a r e a s  between s u c c e s s i v e  i s o c h r o n e s .  D i f f i c u l t i e s  a r i s e  i n  t h e  assumpt ion  

o f  un i form r a i n f a l l  i n t e n s i t y  o v e r  t h e  e n t i r e  ca tchment  and d u r i n g  t h e  

e n t i r e  p e r i o d ,  Tc. 

( c )  The Tangent Method 

A g r a p h i c a l  method e n a b l i n g  t h e  r e c o g n i t i o n  o f  p a r t  o f  a  ca tchment  

which is  g i v i n g  g r e a t e s t  d i s c h a r g e ,  ( R e i d ,  1 9 2 7 ;  N o r r i s ,  1 9 4 6 ) .  The 

r a t i o n a l  method assumes t h a t  Q is  e q u a l  t o  t h e  mean i n t e n s i t y  o f  r a i n f a l l  

d u r i n g  Tc, t h e r e f o r e  a  h i g h e r  v a l u e  o f  Q c a n  b e  o b t a i n e d  f o r  a  p a r t  o f  t h e  

ca tchment  t h a n  f o r  t h e  whole.  T h i s  g r a p h i c a l  method is a v a i l a b l e  t o  

c o r r e c t  f o r  t h i s  e f f e c t ,  w h i l s t  n o t  e l i m i n a t i n g  t h e  o r i g i n a l  problem. T h i s  

modi f i i ca t ion  w i l l  n o t  b e  d i s c u s s e d  f u r t h e r .  

( d l  The Young and Prudhoe Method 

Again a  m o d i f i c a t i o n  o f  t h e  R a t i o n a l  Method, which u s e s  B i l h a m ' s  

f o r m u l a  t o  c a l c u l a t e  I.  The r e l e v a n t  f o r m u l a  is a s  f o l l o w s :  

FA . AREA . RB 
Q = 

3.6 T  



w h e r e  FA = a n n u a l  r a i n f a l l  f a c t o r  = 0.00127RA - 0 .321  

R~ = a v e r a g e  a n n u a l  r a i n f a l l ,  mm 

R  = e x p e c t e d  r a i n f a l l ,  mm. 

RB is  c a l c u l a t e d  f rom B i l h a m ' s  f o r m u l a  f o r  t h e  d u r a t i o n  T  f o r  a  

s e l e c t e d  r e t u r n  p e r i o d  o f  N y e a r s .  T  is  computed a s  f o l l o w s :  

where  L : c a t c h m e n t  l e n g t h ,  km 

Y = w h e r e  Z = r i s e  f rom t h e  o u t f a l l  t o  t h e  a v e r a g e  u p s t r e a m  d i v i d e .  
z 

F i g u r e  3  i n d i c a t e s  a  method o f  d e t e r m i n i n g  Tc f r o m  t h e  p r o d u c t  o f  

L  a n d  Y .  The f o r m u l a  i s  w i d e l y  a p p l i c a b l e ,  b u t  i f  a  c a t c h m e n t  c o n t a i n s  a  

s i g n i f i c a n t  a r e a  o f  p e r m e a b l e  s t r a t a  s u c h  a s  s a n d ,  g r a v e l  o r  c h a l k ,  AREA i s  

r e p l a c e d  by  AL w h e r e  AL is  t h e  a r e a  o f  t h e  c a t c h m e n t ,  (km2!, c o v e r e d  by 

impermeab le  d e p o s i t s .  

Catchment length x slope number, i.e. LY 

F i g u r e  3.  D e t e r m i n a t i o n  o f  Time o f  C o n c e n t r a t i o n ,  T ,  f rom t h e  
P r o d u c t  o f  Ca tchmen t  L e n g t h ,  L, and  S l o p e  Number, Y. 

( a f t e r  Young and  P rudhoe ,  1 9 7 3 )  



U n i t  Hydrograph  T h e o r y  

The c a s e s  s o  f a r  d i s c u s s e d  a r e  p a r t i c u l a r  e x a m p l e s  o f  t h e  

a p p l i c a t i o n  o f  t h e  U n i t  Hydrograph  Theory .  The  u s e  o f  t h e  t h e o r y  i n v o l v e s  

t h e  f o l l o w i n g :  

( i )  A s s e s s m e n t  o f  t o t a l  p r e c i p i t a t i o n  o v e r  a  c a t c h m e n t  a r e a  i n  

a  s u i t a b l y  s h o r t  t i m e  i n t e r v a l ,  T .  

( i i )  S e p a r a t i o n  o f  t h i s  t o t a l  f r o m  e f f e c t i v e  p r e c i p i t a t i o n ,  i e  

t h e  d e t e r m i n a t i o n  o f  l o s s .  

( i i i )  O b t a i n i n g  t h e  t i m e  d i s t r i b u t i o n  o f  t h e  volume o f  e f f e c t i v e  

p r e c i p i t a t i o n  a c c o r d i n g  t o  t h e  u n i t  h y d r o g r a p h  o r  i t s  

e q u i v a l e n t ,  t h e  d i s t r i b u t i o n  g r a p h .  

( i v )  The s u p e r p o s i t i o n  o f  a l l  h y d r o g r a p h s  s o  o b t a i n e d  and  o f  

b a s e  f l o w ,  s u i t a b l y  d i s p l a c e d  i n  t i m e .  

E v a p o r a t i o n  

Other .  me thods  e x i s t  wh ich  c o r i s i d e r  e v a p o r a t i o n  and  evapo-  

t r a n s p i r a t i o n  e f ' f 7 e c t s ,  P e ~ ~ m n n ' s  E v a p o r n t i q n  For rn~ j l a  and T h o r n w a i t e s  evapo-  

t r a n s p i r a t i o n  f o r m u l a e  heinp ~ x m p l e s ,  t h e s e  w i l l  n o t  b e  c o n s i d e r e d  i n  t h i s  

p a p e r  b u t  a r e  w e l l  d e t , n i l e d  i n  h :v .d roqeo lcg ica  t e x t s ,  (Ngah ,  1 9 8 5 ) .  

EMPIRICAL APPROACHES 

E m p i r i c a l  me thods  a r e  b a s e d  o n  s a t i s f a c t o r y  s t a t i s t i c a l  r e c o r d s .  

R e i ; u l t s  f rom o n e  c a t c h m e n t  c a n  b e  e x t r a p o l a t e d  i r ,  s p a c e  and  t i m e  t o  

a n o t h e r .  The mos t  i m p o r t a n t  t e c h n i q u e  is t h a t  o u t l i n e d  by t h e  G u i d e l i n e s  

o f  t h e  N a t i o n a l  E n v i r o m e r t  and  R e s e a r c h  C o u n c i l  (NERC), F lood  S t u d i e s  

R e p o r t  (FSR) ( 1 9 7 5 ) .  F i g u r e  4 i l l u s t r a t e s  t h e  d e s i g n  f l o o d  p r o c e d u r e ,  

i ~ d i c a t i n g  f o u r  s c e n a r i o s :  
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Figure 4. Design Flood Estimation Procedure. 
(After Sutcliffe, 1978)  
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( i )  where r e c o r d s  e x i s t  i n  e x c e s s  o f  25 y e a r s  o l d  

( ii) 1 0  - 25 y e a r s  

( i i i )  3 - 10 y e a r s  

( i v )  no r e c o r d s  e x i s t .  

E s t i m a t e s  s h o u l d  be  made by more t h a n  one  method, i f  p o s s i b l e  and 

a compar i son  of  t h e  r e s u l t s  made. I n  s u r f a c e  min ing  env i ronments  i t  is 

common f o r  s c e n a r i o  ( i v )  t o  a p p l y ,  i e  no r e c o r d s  have been k e p t .  

E s t i m a t i o n  o f  Mean Annual Flood from Catchment C h a r a c t e r i s t i c s  

T h i s  method g i v e s  a p r e l i m i n a r y  e s t i m a t e  o f  Mean Annual F lood ,  

(MAF(Q)) ,  when no r e c o r d s  a r e  a v a i l a b l e .  The ca tchment  c h a r a c t e r i s t i c s  

r e q u i r e d  a r e  a s  f o l l o w s  ( J a c k s o n  and Walton,  1 9 8 3 ) :  

Catchment 
P a r a m e t e r  

Area 

S t r e a m  

Length 

S t ream 

S l o p e  

S t ream 

Frequency 

No t a t i o n  Uni t  
( FSR 

AREA 

MSL 

D e r i v a t i o n  

km2 D i r e c t l y  from a v a i l a b l e  p l a n s  

min = 0 .038  b2, max = 9868 km2 

km D i r e c t l y  measured from p l a n s  

min = 0 .27  km, max = 238.75 km 

S1085 m/ km Ground e l e v a t i o n  o b t a i n e d  from 

p l a n s  a t  10 and 85% o f  MSL from 

gauging  p o i n t  

rnin : 0 .19 ,  max = 117.78 m / b  

STMFRQ Junc t ions /km2 A c o u n t i n g  t a s k ,  a r t i f i c i a l  

c h a n n e l s  i g n o r e d .  Only s i g n i -  

f i c a n t  f u n c t i o n s  counted  

min = 0.01 , max = 7 .54  

Junc t ion /km2 



S o i l  

Index 

Lake 

Index 

LAKE 

Urban URBAN 

Development 

Net 1 day RSMD 

r e t u r n  f o r  a 

5 yea r  r e t u r n  

per iod ,  minus 

mean s o i l  

mois ture  

d e f i c i t  

Weighted average  o f  t h e  5 c l a s s  o f  

s o i l  types ,  S1 - S5 

0.15S1 + 0.3S2 + 0.4S3 + 0.4584 + 0.5'35 
S O I L  = 

81 + S2 + S3 + S4 + S5 

C l a s s i f i c a t i o n  o f  S o i l s  g iven i n  

Table 1.  

The propor t ion  o f  t h e  catchment 

which d r a i n s  through a l a k e  o r  

r e s e r v o i r .  Any body l e s s  than 1% 

o f  t he  a r e a  dra ined is discounted .  

Propor t ion  o f  catchment i n  a b u i l t  

up a r ea .  Values i n  t h e  range of  0 

- 0.808. 

(mm Index o f  catchment r a i n f a l l .  

Values i n  t h e  range o f  15.6 mm - 
117.5 rmn. Evaluated from FSR. 

The f i n a l  equat ion  is obta ined by a mu l t i - r eg r e s s iona l  a n a l y s i s  

from catchments w i th  s a t i s f a c t o r y  records :  

This  is an average countrywide equa t i on ,  however, r eg iona l  

m u l t i p l i e r s  may be used i n s t ead  of  0.0201 !Figure 5 ) .  For t h e  Thames, Lee 

and Essex r eg ions  t h e  equat ion  can be a l t e r e d  to :  



1, very hi*; 2, hi*; 3 ,  moderate; 4, l a ;  5 ,  very lo*. 
Uplmd peat and peaty s o i l s  are  i n  Class 5 .  

Urban areas a r e  v r l a s s i f i e d .  

Table 1 Classification of Soils  by Winter Rain Acceptance Rate 
from Soil Survey Data 

(reproduced from FSR (1975))  

Drainage 
Class 

1 

2 

3 

+ 

Wpth 
t o  

impema- 
bl e 

layer 
(cm) 

> 80 

80 - 80 

< 40 

> 80 

40 - 80 

< 40 

> 80 

40 - 80 

> 40 

I 

Slope C l a s v s  

>a0 0 - 2 O  2 - 80 

Permeability rates above impermeable layers  

( 1 )  
Rapid 

( 2 )  
Med. 

1 

2 

( 3 )  
Slow 

I 2- 
1 

( 1 )  
Rapid 

3 

( 1 )  
Rapid 

4 

2 

( 2 )  
Med. 

b 

( 2 )  
Med. 

3 

( 3 )  
Slow 

( 3 )  
Slow 

4 

3 A 

3 

I 



Northern Scot land 

Central region 

e and thames 

South West 

F i g u r e  5.  M u l t i p l i e r s  f o r  R e g i o n a l  E q u a t i o n s .  

Once t h e  mean f l o o d  C i  is e s t i m a t e d ,  t h e  maximum f l o o d  OT c a n  b e  

o b t a i n e d  o v e r  a  s e l e c t e d  r e t u r n  p e r i o d  u s i n g  F i g u r e  6.  

P o o t ' s  T h r e e  V a r i a b l e  E q u a t i o n  

P o o t s  ( 1  979) e v o l v e d  a  model  b e s t  f i t t e d  t o  s m a l l  r u r a l  c a t c h m e n t s ,  

From FSR, AREA, S O I L  and  RSMD w e r e  c h o s e n  a s  t h e  m o s t  i m p o r t a n t  p a r a m e t e r s ,  

and  a  r e g r e s s i o n  e q u a t i o n  e v o l v e d  a s :  



2 The method is b e s t  a p p l i e d  t o  c a t c h m e n t s  < 20 lan . 

I - Northern Scotland 2 - Southern Scotland 3 - North East England 
4 - Severn Trent 5 - East Anglia 6 - Thames, Lee Essex 
7 - South Coast 8 - South West England 9 - Wales 
10 - North West England I I - Ireland 

F i g u r e  6.  Regiona l  Curve Showing Average D i s t r i b u t i o n  o f  ~ / b .  
( A f t e r  NERC, 1975) 

The B r i t i s h  Coal  Technique  

B r i t i s h  Coa l  u t i l i s e  a combina t ion  of  t h e  R a t i o n a l  Method and t h e  



g u i d e l i n e s  o f  t h e  FSR, t o  c a l c u l a t e  run-of f  from t i p s ,  e t c  (NCB, 1982). 

The b a s i c  r a t i o n a l  f o r m u l a  e x i s t s :  

where Q = peak f l o w ,  l /s  

A = ca tchment  a r e a ,  ha  

C = run-of f  c o e f f i c i e n t  

I = r a i n f a l l  i n t e n s i t y ,  mm/hr. 

C c a n  be  o b t a i n e d  from a nomogram, F i g u r e  7 ,  from a knowledge o f  

s o i l  t y p e  and ground  s l o p e .  Once a g a i n  t h e  t i m e  o f  c o n c e n t r a t i o n  must be 

de te rmined ,  Tc. T h i s  is s p l i t  i n t o  two components: 

Te t h e  t i m e  o f  o v e r l a n d  f l o w  t o  d r a i n a g e  sys tem ( d i t c h )  

Td t h e  t i m e  o f  channe l  f l o w  v i a  d i t c h  t o  g a u g i n g  s t a t i o n .  

T c a n  be  de te rmined  from t h e  f o l l o w i n g  e q u a t i o n  (Ragan and Duru, 

1972) : 

where L = l e n g t h  o f  o v e r l a n d  f l o w  

n = Manning roughness  c o e f f i c i e n t  ( T a b l e  2 )  

I = r a i n f a l l  i n t e n s i t y ,  mm/hr 

S = o v e r l a n d  f l o w  s l o p e .  

T h i s  e q u a t i o n  must  be  s o l v e d  i t e r a t i v e l y  a s  T is a f u n c t i o n  o f  I. 

T is f i r s t  e s t i m a t e d  and a v a l u e  o f  I o b t a i n e d  f o r  a g i v e n  r e t u r n  p e r i o d  

( F i g u r e  8 ) .  Values  o f  Te and I a r e  t e s t e d  i n  e q u a t i o n  ( 11 )  u n t i l  a  f i n a l  

v a l u e  o f  T is o b t a i n e d .  The t ime  o f  f l o w  i n  t h e  c u t - o f f  d i t c h / c h a n n e l  is 

computed f o r  Mannings e q u a t i o n :  



F i g u r e  7 .  Nomogram t o  Determine t h e  Run-Off C o e f f i c i e n t .  
( A f t e r  NCB, 1982) 

Smooth c o n c r e t e  channe l  . . . . . . . . . . . . . . . . . . . .  0 .013  

S p o i l ,  e a r t h  o r  masonry channe l  . . . . . . . . . . . . . . .  0 .020  

S h o r t  g r a s s  . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 .030  

Clean ,  s t r a i g h t  n a t u r a l  s t r e a m  . . . . . . . . . . . . . . .  0.030 

Clean ,  wind ing  n a t u r a l  s t r e a m  . . . . . . . . . . . . . . .  0 .040  

Overgrown s t r e a m  o r  channe l  . . . . . . . . . . . . . . . .  0.100 

Table  2  Manning roughness  c o e f f i c i e n t s  (NCB, 1982)  



w h e r e  V = v e l o c i t y  o f  f l o w ,  m/s  

R = a r e a  + p e r i m e t e r  o f  d i t c h  

S = s l o p e  o f  d i t c h  

n  = Manning r70ughness  c o e f f i c i e n t .  

F i g u r e  8, R a i n f a l l  I n t e n s i t y  v s .  S to rm D u r a t i o n  v s .  R e t u r n  P e r i o d .  



P r e d i c t i o n  o f  Groundwater  I n f l o w s  i n t o  S u r f a c e  E x c a v a t i o n s  

I n t e r a c t i o n s  between A q u i f e r  Type, A q u i f e r  C h a r a c t e r i s t i c s ,  Flow Regime and 

Mininn Excava t ion  

The c o m p l e x i t y  o f  t h e  r e l a t i o n s h i p  between a q u i f e r  t y p e ,  a q u i f e r  

c h a r a c t e r i s t i c s ,  f l o w  regime and min ing  e x c a v a t i o n  o f t e n  c o m p l i c a t e s  mine 

w a t e r  i n f l o w  p r e d i c t i o n .  The f l o w  reg ime depends  on t h e  t y p e  o f  c o n d u c t i n g  

medium. I n  a n  u n c o n s o l i d a t e d  s e d i m e n t a r y  sequence  where g roundwater  move- 

ment is through  i n t e r - g r a n u l a r  pore -spaces ,  f l o w  is e s s e n t i a l l y  l i n e a r .  On 

t h e  o t h e r  hand,  i n  a rock  sequence  i n  which i t  is t h e  s e c o n d a r y  p r o c e s s e s  

l i k e  f r a c t u r i n g  and  f a u l t i n g  t h a t  p r o v i d e  t h e  c o n d u c t i n g  medium, f l o w  is 

predominant ly  n o n - l i n e a r .  S u r f a c e  min ing  e x c a v a t i o n  s e r v e s  a s  a n a t u r a l  

g roundwater  d i s c h a r g e  p o i n t .  Near t h e  e x c a v a t i o n ,  t h e r e  is i n v a r i a b l y ,  a 

v e r t i c a l  component o f  f l o w  and h i g h  h y d r a u l i c  g r a d i e n t  which o f t e n  l e a d s  t o  

t u r b u l e n t  f l o w  and n e g a t e s  a n a l y s i s  by D a r c y l s  Law. Non- l inear  f l o w  

e q u a t i o n s  a r e  t h e r e f o r e  v a l i d .  The r a t e  o f  i n f l o w  is g e n e r a l l y  computed 

from e q u a t i o n s  which r e l a t e  t h e  h y d r a u l i c  head l o s s  i n  and f l o w  o f  ground- 

w a t e r  th rough  t h e  porous  g e o l o g i c a l  s t r a t a .  P r i o r  knowledge o f  a q u i f e r  

h y d r a u l i c  c h a r a c t e r i s t i c s  and p i t  geometry is n e c e s s a r y .  The a q u i f e r  

p a r a m e t e r s  a r e  o b t a i n e d  from d e t a i l e d  h y d r o g e o l o g i c a l  i n v e s t i g a t i o n  o f  t h e  

mine s i t e  and p i t  geometry from t h e  mine p l a n .  

A n a l y t i c a l  Approaches f o r  S u r f a c e  !dine Water I n f l o w  P r e d i c t i o n  

The a n a l y t i c a l  approaches  f o r  e s t i m a t i n g  groundwater  i n f l o w  t o  

s u r f a c e  min ing  e x c a v a t i o n s  a r e  based o n  drawdown t h e o r y  and c a n  be  b r o a d l y  

grouped  i n t o  two a s  f o l l o w s :  

( a )  E q u i v a l e n t  Well Approach 

T h i s  approach  assumes t h a t  d e w a t e r i n g  o f  t h e  s u r f a c e  mine is 

c a r r i e d  o u t  by u s e  o f  a n  imaginary  pumping-out b o r e h o l e  ( f u l l y  p e n e t r a t i n g  

t h e  e n t i r e  s a t u r a t e d  t h i c k n e s s  o f  t h e  a q u i f e r )  from which w a t e r  is pumped 

o u t  a t  a un i form d i s c h a r g e  r a t e  i n  o r d e r  t o  lower  t h e  p i e z o m e t r i c  l e v e l  o f  



t h e  a q u i f e r  t o  below t h e  min ing  h o r i z o n  a t  t h e  mine boundary.  I n p u t  

p a r a m e t e r s  f o r  e q u a t i o n s  deve loped  i n  t h i s  approach  a r e  a q u i f e r  c h a r a c t e r -  

i s t i c s  ( T r a n s m i s s i v i t y ,  P e r m e a b i l i t y ,  S t o r a g e - C o e f f i c i e n t  and  Leakage 

F a c t o r )  and  mine geometry.  Normally t h e  mine e x c a v a t i o n  is e n v i s a g e d  a s  a 

l a r g e  d i a m e t e r  w e l l .  Where t h e  mine h a s  t h e  s h a p e  o f  a s q u a r e  o r  r e c t a n g l e ,  

a s  is t h e  c a s e  i n  most  s t r i p  mines ,  t h e n ,  a n  e q u i v a l e n t  r a d i u s  f o r  t h e  w e l l  

is c a l c u l a t e d  u s i n g  t h e  e q u a t i o n  g i v e n  by (Mansur and  Kaufman, 1962) :  

where Y = l e n g t h  o f  t h e  mine,  m 

W = w i d t h  o f  t h e  mine,  m 

r = e q u i v a l e n t  r a d i u s ,  m. 

Dudley ( 1 9 7 2 )  d i s c u s s e d  v a r i o u s  methods o f  a p p r o x i m a t i n g  a mine 

model t o  a n  e q u i v a l e n t  c y l i n d r i c a l  w e l l  and e s t i m a t i n g  i n p u t  p a r a m e t e r s  f o r  

t h e  e q u i v a l e n t  w e l l  model. The n o t a t i o n s  used  i n  t h e  e q u a t i o n s  i n  t h i s  

approach  a r e  d e f i n e d  a s  f o l l o w s :  

l e a k a g e  f a c t o r  (m) = ( K L L f / k f ) '  

drawdown (m) = (H - h )  

o r i g i n a l  h e i g h t  o f  w a t e r  t a b l e  o r  p i e z o m e t r i c  s u r f a c e  above mine 

l e v e l  (m) 

p i e z o m e t r i c  head a t  a s p e c i f i c  p o i n t  i n  t i m e  ( m )  

c o e f f i c i e n t  o f  p e r m e a b i l i t y  o f  t h e  a q u i f e r  (m/d) 

p e r m e a b i l i t y  o f  t h e  a q u i t a r d  (m/d) 

Hantush-Jacob w e l l  f u n c t i o n  f o r  s t e a d y  s t a t e  l e a k y  a q u i f e r  

( d i m e n s i o n l e s s )  

n a t u r a l  l o g a r i t h m  

t h i c k n e s s  o f  t h e  a q u i f e r  b e i n g  dewate red  (m) 

t h i c k n e s s  o f  t h e  a q u i t a r d  (m) 

r e c h a r g e  c o e f f i c i e n t  = u n i t y  f o r  f u l l  r e c h a r g i n g  sys tem and z e r o  

when t h e r e  is no r e c h a r g e  ( d i m e n s i o n l e s s )  

e q u i v a l e n t  mine r a d i u s  = r a d i u s  at which drawdown is r e q u i r e d  (m) 



r a d i u s  o f  w e l l  ( m )  

e f f e c t i v e  r a d i u s  o f  i n f l u e n c e  o f  t h e  d e w a t e r i n g  w e l l  ( m )  

s t o r a g e  c o e f f i c i e n t  o f  a q u i f e r  ( d i m e n s i o n l e s s )  

e l a s p e d  t ime  ( d l  

KL = T r a n s r n i s s i v i t y  o f  t h e  a q u i f e r  (m2/d) 

l i n e a r  t r a n s m i s s i v i t y  (m2/d) 

t u r b u l e n t  t r a n s m i s s i v i  t y  (m2/d 

$ / ( T , ) " ~  (m2/d) 

T h e i s  w e l l  f u n c t i o n  

r 2 s / 4 ~ t  ( d i m e n s i o n l e s s )  

Jacob-Lohnan w e l l  f u n c t i o n  ( d i m e n s i o n l e s s )  

T t / s r 2  ( d i m e n s i o n l e s s )  

Hantush w e l l  f u n c t i o n  ( d i m e n s i o n l e s s ) .  

F i g u r e  9 i l l u s t r a t e s  a  f r i c t i o n l e s s  imaginary  w e l l  w i t h  e q u i v a l e n t  

mine r a d i u s ,  r ,  which f u l l y  p e n e t r a t e s  a  c o n f i n e d  a q u i f e r  o f  p e r m e a b i l i t ' y ,  

K ,  and  t h i c k n e s s ,  L. I f  R is t h e  r a d i u s  o f  i n f l u e n c e  o f  t h e  w e l l ,  t h e n  a n  

i n f i n i t e  s o u r c e  o f  w a t e r  u n d e r  head H e n t e r s  t h e  w e l l  h o r i z o n t a l l y  i f  t h e  

w e l l  is b e i n g  pumped o u t  a t  a c o n s t a n t  r a t e  Q t c ~  r e d u c e  t h e  head by D. 

T a b l e  3 o u t l i n e s  t h e  a p p r o p r i a t e  i n f l o w  p r e d i c t i o n  e q u a t i o n s  u n d e r  s t a t e d  

f l o w  reg imes  and  a q u i f e r  t y p e s .  

F i g u r e  9. E q u i v a l e n t  Well Approach f o r  S u r f a c e  Mine Water 
I n f l o w  P r e d i c t i o n .  
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T a b l e  3 A p p r o p r i a t e  E q u a t i o n s  f o r  Water  I n f l o w  P r e d i c t i o n  
( e q u i v a l e n t  well a p p r o a c h )  

Flow regime 

 ine ear, steady-state 

Linear, steady-state 

Linear, steady-state 

Linear, t ransient  s t a t e  

Linear, t r m s i e n t  s t a t e  

Non-Linear, steady-state 

b l i n e a r ,  t ransient-s ta te  

Aquifer type 

Confined 

Leaky 

Unconfined 

Leaky 

Confined 

Confined 

confined 

Equation Remarks 

Q =22&- Ln(R/r)- 2 
(14) After 

Peterson ( 1957) 

2nTD 
Q =  - 

Ko(r/B) (15) After Hntush 

and Jacob 

Q = ""* - h21 (16) Modified 
En Wr 

w i t ' s  equation 

Q =  4"'0 
W(u,rA) 

(17) After Hntush 

Q = Z I T D U ~ )  (18) After 

Jacob-Ldman 

D = Q kn(R/r)/ZT + p2(f3-r)/4lI2~ 2 ~ r  (19) 

D = Q I  Y ( u ) T ~ ~  + p2(f3-r)/4h$ (20) 



( b )  Two-dimensional Groundwater  I n f l o w s  

Recen t  r e s e a r c h  h a s  w i t n e s s e d  m a j o r  deve lopments  i n  t h e  a p p l i c a t i o n  

o f  two-dimensional  f l o w  e q u a t i o n s  t o  t h e  d e t e r m i n a t i o n  o f  s t e a d y  s t a t e  and 

t r a n s i e n t  drawdown i n  l a r g e  e a r t h  e x c a v a t i o n s  (McWhorter, 1981; Nguyen and 

R a u d k i v i ,  1 9 8 3 ) .  

When a s u r f a c e  mine works below t h e  w a t e r  t a b l e ,  g roundwater  f l o w s  

from t h e  i n c i s e d  a q u i f e r  i n t o  t h e  e x c a v a t i o n .  Flow reg ime is e s s e n t i a l l y  

two-dimensional .  Remote from t h e  e x c a v a t i o n ,  f l o w  is l i n e a r  b u t  n e a r  t h e  

e x c a v a t i o n  t h e r e  is v e r t i c a l  component o f  f l o w  a?d f l o w  is n o n - l i n e a r .  T h i s  

s i t u a t i o n  makes an e x a c t  a n a l y t i c a l  s o l u t i o n  u s i n g  t h e  e q u i v a l e n t  w e l l  

method v e r y  approx imate .  The approach  is advantageous  i n  t h a t  i t  is o f t e n  

c o m p a t i b l e  w i t h  t h e  q u a n t i t y  and q u a l i t y  o f  h y d r o g e o l o g i c a l  d a t a  a v a i l a b l e .  

However, under  c e r t a i n  c o n d i t i o n s  t h e  s i m p l i f i e d  f l o w  a s s u m p t i o n s  become 

i n v a l i d .  The c o n d i t i o n s  i n c l u d e  t h e  f o l l o w i n g :  Near t h e  s e e p a g e  p l a n e ,  a t  

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

i m p e r v i o u s  boundary.  

The n o t a t i o n s  used  i n  t h e  two-dimensional  f l o w  approach  a r e  d e f i n e d  

a s  f o l l o w s :  

t o t a l  f l o w  r a t e  from b o t h  e x c a v a t i o n  f a c e s  (m3/d) 

h y d r a u l i c  c o n d u c t i v i t y  o f  t h e  g e o l o g i c  f o r m a t i o n  (m/d) 

l e n g t h  o f  t h e  c u t  o r  h i g h w a l l  (m) 

r a d i a l  d i s t a n c e  ( r a d i u s  o f  i n f l u e n c e )  o f  t h e  p i t  o n  s u r r o u n d i n g  

p i e z o m e t r i c  l e v e l  (m) ;  u s u a l l y  assumed t o  b e  e q u a l  t o  3H 

u n d i s t u r b e d  w a t e r  t a b l e  e l e v a t i o n  o r  s a t u r a t e d  t h i c k n e s s  o f  

a q u i f e r  above min ing  f o o t w a l l  (m) 

dynamic w a t e r  t a b l e  a t  a  d i s t a n c e  X from t h e  e x c a v a t i o n  f a c e  

(m) 

drawdown (H-h) a t  a  d i s t a n c e  X from e x c a v a t i o n  f a c e  (m) 

drawdown a t  e x c a v a t i o n  f a c e  (m) 

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

T = t r a n s m i s s i v i t y  o f  a q u i f e r  (mc/d) 

w = T/S = h y d r a u l i c  d i f f u s i v i t y  

L = t h i c k n e s s  o f  a q u i f e r  b e i n g  dewate red .  



A summary o f  two-dimensional approaches can be g iven a s  follows: 

Condi t ions  

( 1 ) Linear,  Steady S t a t e  

Unconfined a q u i f e r  

( 2 )  Linear,  Steady S t a t e  

Confined a q u i f e r  

( 3 )  .Linear, Steady S t a t e  

k a k y  a q u i f e r  

( 4 )  Linear,  T rans i en t  S t a t e  

Confined a q u i f e r  

( 5 )  Linear,  P a n s l e n t  S t a t e  

Leaky a q u i f e r  

Equation 

Q = 2 T  LL'K ' 
E D ~ Y  B = I F !  

... (23) 

where e r f c  is t h e  complimentary e r r o r  f unc t i on .  

Modified Two-dimensional Flow Approach 

McWhorter (1981) app l i ed  t h e  concept  o f  succe s s ive  s t e ady  s t a t e s  

flow t o  p r e d i c t  s u r f a c e  mine inf low from a conf ined a q u i f e r  i n c i s e d  by 

mining excavat ion  a s  shown i n  Figure  10. Th i s  approach assumes t h a t  t h e  

v a r i a t i o n  o f  p iezometr ic  head (drawdown) w i t h  t ime corresponds  t o  t h e  s t e ady  



F i g u r e  10. I n f l o w  from a Conf ined  A q u i f e r  I n c i s e d  by S u r f a c e  
Min ing  Excava t ion .  

( A f t e r  McWhorter, 1981 ) 

Ground surface I 

s t a t e  i n s t a n t a n e o u s  drawdown caused  by a p a r t i c u l a r  r a t e  o f  g roundwater  

i n f l o w .  P a r t  o f  t h e  a q u i f e r  n e a r  t h e  e x c a v a t e d  f a c e  becomes unconf ined  

w h i l e  remote  f rom t h e  e x c a v a t e d  f a c e  t h e  a q u i f e r  remains  unconf ined .  The 

r a t e  o f  i n f l o w  o n  t h e  h i g h w a l l  f a c e  p e r  u n i t  l e n g t h  is g i v e n  a s  f o l l o w s :  

, I 
, , P - -  

7 -' 
/ /  f / I /  , / /  'lo, ' l , ! ' . ~  , , , , , ,  

Aquifer f I I>* 
I 4  \ ' ' ' ' ' ' ' ' ' ' L ' R ; I ; L k ; $  
I 

where  A = (0 .083  S T L ~  + O.25ST HO2 + 0.25 ST $ L I ~  
Y 

Ru = TL/2q = I n t e r v a l  i n  which a q u i f e r  is unconf ined  

Rc = TH /q = Length o f  t h e  d e p r e s s e d  p a r t  o f  t h e  c o n f i n e d  a q u i f e r .  

Highwall 

pit floor 

T h i s  e q u a t i o n  c a n  be  modi f ied  t o  p r e d i c t  i n f l o w  t o  a s u r f a c e  mine 

where t h e  l e n g t h  o f  t h e  p i t  i n c r e a s e s  w i t h  t i m e  by c o n s i d e r i n g  t h e  f l o w  f ron  

d i f f e r e n t  i n c r e m e n t s  o f  exposed f a c e .  The t o t a l  d i s c h a r g e  t o  t h e  mine from 

b o t h  s i d e s  o f  t h e  e x c a v a t i o n  a f t e r  t i m e  I t 1  a t  which t h e  p i t  c e a s e s  t o  

e l o n g a t e  is g i v e n  by t h e  f o l l o w i n g  e q u a t i o n :  

-R- 



where Y1 = average  r a t e  of  e l onga t i on  o f  t h e  p i t ,  m/d 

Y = maximum l eng th  o f  t h e  p i t ,  m 

y/y = per iod  dur ing  which t h e  p i t  is advancing, d. 
1 

S i m i l a r l y ,  t h e  d ischarge  from two s i d e s  o f  t h e  excavat ion  a f t e r  

e l onga t i on  has  ceased  is given by: 

The advantage o f  t h i s  approach is t h a t  i t  cons ide r s  t h e  e f f e c t  o f  

t ime and f a c e  advance on t h e  inf low quan t i t y .  

Comparison o f  Equivalent  Well and Two-dimensional Approaches 

The s imp le s t  comparison between t h e  two approaches can be made 

u s ing  equa t i ons  f o r  l i n e a r ,  s t e ady  s t a t e  f low i n  a l e aky  aquifers.  The 

r e l e v a n t  equa t i ons  u s ing  s t anda rd  n o t a t i o n  a r e  a s  fo l lows:  

4 n TDw 
Equivalent  we l l  approach, Q = - 

W(u,r/B) 

T 
Two-dimensional approach, Q = 2 - Dw Y 

B 



Consider inf lows i n t o  a p i t  1000 m l ong  w i th  an open c u t  width  of 

25 m. 

Nota t ion  and Values 

T = t r a n s m i s s i v i t y  o f  a q u i f e r  = 10  m2/day 

Dw = drawdown a t  excavat ion  f a c e  = 50 m- 

B = leakage  f a c t o r  = 500 m 

Y = l e n g t h  o f  c u t  = 1000 m 

W = width o f  c u t  = 25 m 

S = s t o r a g e  capac i t y  o f  a q u i f e r  = 1 . 7  x 1 o ' ~  (d imens ion l e s s )  

W(u 1) = Hantush Well f unc t i on ,  ob t a inab l e  from hydrogeologica l  t a b l e  'B 
( Kruseman and DeRidder, 1 979 ) 

r2s 
where u = - 

4Tt 

t = t ime e l apsed ,  ( d a y s ) ,  say  100 days.  

Determining r: r = C ( Y . w ) '  
ll 

r2s 1 0 0 . 6 6 2 . 1 . 7 x 1 0 - 3  
Determining u: u = - =  

4Tt 4 x 10 x 100 



From hydrogeologica l  t a b l e s  : w ( u , i )  = 3.48 

Calcu l a t i on  by equ iva l en t  we l l  method thus  g ive s :  

Ca l cu l a t i on  by two-dimensional method g ives :  

The two-dimensional approach can t hus  be s een  n o t  on ly  i n  t h i s  case 

t o  be a s imp le r  method t o  u se  than  t h e  equ iva l en t  we l l  method, i t  a l s o  

provides  a f a c t o r  o f  s a f e t y  by e s t ima t i ng  inf lows t o  be s l i g h t l y  h igher .  

Care must be  taken i n  u s ing  both  approaches t o  de f i ne  parameters 

a ccu ra t e ly .  Values o f  parameters such a s  R may d i f f e r  f o r  t h e  two 

approaches owing t o  s l i g h t l y  d i f f e r e n t  d e f i n i t i o n s .  

L imi t a t i ons  o f  Two-dimensional Flow Equations 

The fo l l owing  assumptions i m p l i c i t  i n  gene ra l  two-dimensional flow 

equa t i ons  f o r  s u r f a c e  mine-water inf low p r e d i c t i o n  p l ace  s e r i o u s  l i m i t a t i o n s  

t o  t h i s  approach. 

The excavat ion  is made i n s t an t aneous ly .  



- Drawdown i n  t h e  mining e x c a v a t i o n  is i n s t a n t a n e o u s  a l o n g  

t h e  e n t i r e  l e n g t h  o f  exposed f a c e .  I n  p r a c t i c e ,  a 

g r a d u a l l y  i n c r e a s i n g  l e n g t h  o f  exposed a q u i f e r  is s u b j e c t e d  

t o  t h e  p r e s c r i b e d  drawdown a s  t h e  p i t  advances w i t h  t ime. 

It h a s  t h e r e f o r e  necessary  t o  c o n s i d e r  t h e  f low from 

d i f f e r e n t  increments  of  t h e  exposed f a c e .  Otherwise ,  t h i s  

r e s u l t s  i n  t h e  p r e d i c t i o n  o f  e x c e s s i v e l y  h igh  i n f l o w  

q u a n t i t i e s .  

- That  an  a q u i f e r  is conf ined  throughout  is n o t  n e c e s s a r i l y  

t r u e .  An i n i t i a l l y  conf ined  a q u l f e r  w i l l  become unconfined 

i n  t h e  immediate v i c i n i t y  o f  t h e  p i t ;  t h e  s t o r a g e  

c o e f f i c i e n t  i n  t h e  unconfined zone is much g r e a t e r  than  i n  

t h e  c o n f i n e d  zone. 

Numerical Methods 

It is beyond t h e  scope  o f  t h i s  work t o  d e a l  w i t h  numer ica l  methods 

i n  d e t a i l .  Many numer ica l  c a l c u l a t i o n s  have been r e p o r t e d  w i t h i n  t h e  

mining  and water  e n g i n e e r i n g  l i t e r a t u r e .  The a p p l i c a t i o n  o f  f i n i t e  

d i f f e r e n c e ,  f i n i t e  element and boundary e lement  techniques  p r e d i c t  t h e  

l i k e l y  q u a n t i t i e s  o f  inf low,  e l u c i d a t e  t h e  p a t t e r n  o f  water  movement and 

i d e n t i f y  r e g i o n s  where f low r a t e s  a r e  p a r t i c u l a r l y  l a r g e .  Flow c a l c u l a -  

t i o n s  u s i n g  mainframe computer packages a r e  q u i c k  and cheap t o  perform, 

making i t  p o s s i b l e  t o  a n a l y s e  water  problems a s s o c i a t e d  w i t h  s e v e r a l  

s c e n a r i o s .  Many o f  t h e  problems a s s o c i a t e d  w i t h  a n a l y t i c a l  s o l u t i o n s  c a n  

be  overcome u s i n g  numer ica l  methods, changes i n  p e r m e a b i l i t y ,  a q u i f e r  

t h i c k n e s s  and e x c a v a t i o n  dimensions,  b e i n g  amongst t h e  parameters  which c a n  

be  i n c o r p o r a t e d  i n t o  such  models. 

CONCLUSIONS 

The paper  h a s  a t tempted  t o  d e t a i l  t h e  v a r i o u s  methods a v a i l a b l e  t o  

p r e d i c t  mine w a t e r  i n f l o w s  from s u r f a c e  and groundwater s o u r c e s  i n t o  an 



open e x c a v a t i o n .  I t  is  s t r e s s e d  t h a t  g r e a t  c a r e  h a s  t o  b e  used  when 

a p p l y i n g  t h e  e q u a t i o n s  p r e s e n t e d  t o  r e a l - l i f e  problems.  A thorough  

knowledge o f  t h e  g r o u n d w a t e r / s u r f a c e  w a t e r  sys tem is r e q u i r e d  s o  t o  e n a b l e  

r e a l i s t i c  e s t i m a t e s  t o  be ach ieved .  A n a l y t i c a l  e q u a t i o n s  s u c h  a s  

e q u i v a l e n t  w e l l  and two-dimensional  a p p r o a c h e s  p r o v i d e s  q u i c k  f i r s t  o r d e r  

e s t i m a t e s  f o r  u s e  i n  a f i e l d  s i t u a t i o n .  The two-dimensional  approach  h a s  

been shown t o  g i v e  a s l i g h t l y  l a r g e r  i n f l o w  f o r  t h e  same c o n d i t i o n s  a s  t h e  

e q u i v a l e n t  w e l l  method,  t h u s  a f a c t o r  o f  s a f e t y  is  i n t r o d u c e d .  Numerical  

t e c h n i q u e s  p r o v i d e  powerfu l  p r e d i c t i v e  t o o l s  a b l e  t o  model a number o f  

s c e n a r i o s  e f f i c i e n t l y .  Consequent ly  t h e y  a r e  p a r t i c u l a r l y  v a l u a b l e  d u r i n g  

mine d e s i g n .  
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