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INTRODUCTION 

Ground wate r  problems i n  s u r f a c e  mining have i n c r e a s e d  i n  s i z e  and 
scope o v e r  t h e  p a s t  t h r e e  decades  a s  t h e  economic d e p t h  of  e x c a v a t i o n  
h a s  i n c r e a s e d  and a s  mines have i n c r e a s e d  i n  p h y s i c a l  s i z e  t o  a c h i e v e  
economies o f  s c a l e .  S u r f a c e  mines i n  s t r a t i f i e d  d e p o s i t s  have reached  
300 m i n  d e p t h ,  d e p t h s  o f  up t o  600 m a r e  p r o j e c t e d  and pumping r a t e s  
i n  e x c e s s  o f  70  t o n n e s  o f  wate r  p e r  tonne  o f  m i n e r a l  e x t r a c t e d  a r e  
n o t  uncommon. The d e s i g n  and o p e r a t i o n  o f  pumping sys tems  f o r  s u c h  
d u t i e s  have a s i g n i f i c a n t  e f f e c t  on c a p i t a l  and o p e r a t i n g  c o s t s  a s  
well a s  s e c u r i t y  and t h e i r  management must be i n t e g r a t e d  i n t o  normal 
mining o p e r a t i o n s  t o  a v o i d  i n t e r f e r e n c e  w i t h  m i n e r a l  p roduc t ion .  

F u r t h e r  a r e a s  o f  concern  a r e  t h a t  the e f f e c t s  o f  pumping may e x t e n d  
w e l l  beyond t h e  boundar ies  o f  mining and t h e  r e g i o n a l  e f f e c t s  have t o  
be accounted  f o r  i n  wate r  management p lann ing .  Water q u a l i t y  is an  
i m p o r t a n t  a s p e c t  a n d - p o l l u t i o n  due t o  mine wate r  d i s c h a r g e  i n t o  t h e  
l o c a l  s t r e a m s  and r i v e r s  o f  t h e  ~ i c r t u r a l  d r a i n a g e  sys tems ,  t o g e t h e r  w i t h  
t h e  c o n t r o l  measures involved ,  r e q u i r e  s e r i o u s  s t u d y .  

There is no s h o r t a  e  o f  l i t e r a t u r e  concern ing  t h e  t h e o r e t i c a l  p roper -  
t i e s  o f  a q u i f e r s 1  ? ' s ' and t h e  a u t h o r s  have used t h e s e  a u t h o r i t i v e  
works i n  p l a n n i n g  t h e  s e v e r a l  mine groundwater  c o n t r o l  systems w i t h  
which t h e y  have been a s s o c i a t e d .  There is a l s o  no s h o r t a g e  of  p r a c t i -  
c a l  l i t e r a t u r e  concern ing  wate r -wel l  c o n s t r u c t i o n ,  pump s e l e c t i o n  
and o p e r a t i o n ,  e t c .  There is however a  p a u c i t y  o f  l i t e r a t u r e  concern-  
i n g  t h e  d e s i g n  and o p e r a t i o n  o f  s u r f a c e  mine pumpwell sys tems ,  p a r t i c u -  
l a r l y  f o r  l a r g e  tonnage mines i n  s t r a t i f i e d  d e p o s i t s .  I n  g e n e r a l  
t he  major problems a r e :  

1. Mining above a c o n f i n e d  a q u i f e r .  

2 .  Mining w i t h i n  an unconfined a q u i f e r .  



GROUND WATER PROBLEMS IN SURFACE MINING 

Ground w a t e r  h a z a r d s  

These  a r e  b a s i c a l l y :  

- mine f l o o r  "heave" and s u b s e q u e n t  f l o o d i n g  d a n g e r s ,  due  t o  under -  
l y i n g  a q u i f e r s .  

- " p i p i n g "  v i a  u n s e a l e d  b o r e h o l e s ,  f i s s u r e s ,  c r a c k s  and o t h e r  s m a l l  
a r e a  communicat ion c h a n n e l s .  

- i n c r e a s e d  r i s k  o f  h i g h w a l l  and s p o i l  s l o p e  f a i l u r e s .  

D e t r i m e n t a l  e f f e c t s  o f  wet  o p e r a t i o n s  

A p a r t  f rom t h e  o b v i o u s  h a z a r d s  o f  f l o o d i n g  and bench f a i l u r e ,  e x c e s s -  
i v e  w a t e r  c a n  a l s o  c a u s e  s e r i o u s  o p e r a t i o n a l  d e l a y s  and i n c r e a s e d  
m i n i n g  c o s t s  e .g . :  

- Main tenance  c o s t s  a r e  i n c r e a s e d  due t o  heavy l o a d i n g  c o n d i t i o n s  
w i t h  i n c r e a s e d  wear ,  and l o s s  o f  l u b r i c a n t s  i n  p r o p e l  g e a r .  

- S l o p e  s t a b i l i t y  is reduced  and r i s k  o f  bench f a i l u r e  is i n c r e a s e d  
w i t h  r e s u l t a n t  i n c r e a s e d  r e - h a n d l i n g  and l o s s  o f  r o u t i n e  i n  
p r o d u c t i o n  o p e r a t i o n s .  

- High m o i s t u r e  c o n t e n t  r e s u l t s  i n  i n c r e a s e d  u n i t  w e i g h t  o f  m a t e r i a l  
t o  be e x c a v a t e d  and t r a n s p o r t e d  i n c r e a s i n g  e n e r g y  c o s t s .  

- Haul  r o a d s  a r e  d i f f i c u l t  t o  m a i n t a i n  and t r u c k  r o l l i n g  r e s i s t a n c e  
is i n c r e a s e d .  

- ANFO e x p l o s i v e s  a r e  d e - s e n s i t i s e d  i n  wet  b l a s t  h o l e s  and s p e c i a l  
w a t e r  p r o o f  p a c k i n g  o r  w a t e r  r e s i s t a n t  e x p l o s i v e s  a r e  needed w i t h  
c o n s e q u e n t  i n c r e a s e s  i n  b l a s t i n g  c o s t s .  

- S i l t i n g  o f  d r a i n a g e  c h a n n e l s  and min ing  a r e a s .  

- I n  c o l d  c l i m a t e s  w a t e r  f r e e z e s  t o  some d e p t h  and c a n  a f f e c t  d i g g -  
i n g  pe r fo rmance  and b l a s t i n g  c o s t s .  

T h e r e  is no u n i v e r s a l  method o f  c r e a t i n g  d r y  mining c o n d i t i o n s .  Advan- 
t a g e  h a s  t o  be t a k e n  o f  s u c h  n a t u r a l  d r a i n a g e  f e a t u r e s  t h a t  may be 
p r e s e n t  t o  o p t i m i s e  d r a i n a g e  c o n d i t i o n s ,  e . g .  pe rmeab le  l a y e r s ,  f r a c t u r e  
s y s t e m s  e t c .  Where s o f t  h a u l  r o a d  c o n d i t i o n s  e x i s t ,  any m a t e r i a l  w i t h i n  
t h e  o v e r b u r d e n  s u i t a b l e  f o r  h a u l  r o a d  c o n s t r u c t i o n  s h o u l d  be s e l e c t i v e l y  
mined and s t a c k e d  f o r  c o n s t r u c t i o n  u s e .  

At t h e  B u k i t  Asam mine i n  Sou th  Sumat ra  a  c o m b i n a t i o n  of a  v e r y  wet  
c l i m a t e  w i t h  a  h i g h  m o i s t u r e ,  c l a y - r i c h  o v e r b u r d e n  c r e a t e s  p a r t i c u l a r l y  
d i f f i c u l t  c o n d i t i o n s  f o r  s u r f a c e  min ing .  The s a f e  s l o p e  a n g l e  f o r  
o v e r b u r d e n  b e n c h i n g  is a s  low as  15' t o  17O which a t  a  f u t u r e  mining 
d e p t h  o f  150 meters makes f o r  an  e x c e s s i v e l y  wide p i t .  The c l a y - r i c h  
o v e r b u r d e n  is d i f f i c u l t  t o  e x c a v a t e  and t r a n s p o r t  because  o f  s t i c k i n e s s  
d u r i n g  l o a d i n g  and d i s c h a r g e ,  and t h e r e  is  poor  t r a f f i c a b i l i t y  on  h a u l  



r o a d s .  H y d r o l o g i c a l  s t u d i e s  o v e r  a  l o n g  p e r i o d  were however n o t  h e l p -  
f u l  i n  p r o v i d i n g  s o l u t i o n s  t o  improv ing  d r a i n a g e .  The ove rburden  is 
n o t  f r e e  d r a i n i n g ,  h a s  a  g e n e r a l  low l e v e l  o f  p e r m e a b i l i t y  w i t h  l i t t l e  
open  f i s s u r i n g  and h i g h  c o n t a i n e d  m o i s t u r e .  

The b e s t  o p e r a t i n g  compromise a r r i v e d  a t ,  was t h e  s e l e c t i o n  o f  e q u i p -  
ment s u i t a b l e  f o r  t h e  wet mining c o n d i t i o n s  e .g .  b e l t  c o n v e y o r s ,  
b u c k e t  wheel  e x c a v a t o r s ,  e t c .  p a r t i c u l a r  emphas i s  b e i n g  g i v e n  t o  
s p e c i a l  c l e a n i n g  d e v i c e s .  Even s o  w i t h  t h i s  s e l e c t e d  equ ipment  a  low 
o p e r a t i n g  e f f i c i e n c y  o f  a b o u t  30% had t o  be a l l o w e d  f o r  i n  programming. 

DETERMINING THE GROUNDWATER HAZARD 

An e s s e n t i a l  p r e l i m i n a r y  is a n  a d e q u a t e  knowledge o f  t h e  p h y s i c a l  
n a t u r e  o f  t h e  min ing  h o r i z o n  and i n f o r m a t i o n  c o n c e r n i n g  t h e  p r e s e n c e  o f  
g roundwate r .  E x p e r i e n c e  may j u s t i f y  simply l e t t i n g  t h e  w a t e r  r u n  i n t o  
t h e  e x c a v a t i o n  and t h e n  pumping it o u t ,  a l t e r n a t i v e l y  ma jo r  pumping 
from w e l l s  t o  d e p r e s s  t h e  p i e z o m e t r i c  s u r f a c e  may be n e c e s s a r y .  Geo- 
t e c h n i c a l  i n v e s t i g a t i o n s  a r e  needed t o  d e t e r m i n e  s l o p e  s t a b i l i t y  f a c t o r s  
r e l a t i v e  t o  t h e  ground w a t e r  r eg ime .  

Whether s p e c i a l  g roundwate r  i n v e s t i g a t i o n s  a r e  n e c e s s a r y  w i l l  depend 
upon: 

- C o n d i t i o n s  i n  s i m i l a r  e x c a v a t i o n s  i n  t h e  a r e a .  

- R e s u l t s  o b t a i n e d  from d r i l l i n g ,  e .g .  w a t e r  l e v e l s ,  l o s s  o r  g a i n  i n  
c i r c u l a t i o n ,  s t a b i l i t y  o f  b o r e h o l e  w a l l s ,  e t c .  

- Behav iour  o f  w a t e r  w e l l s  i f  any ,  i n  t h e  a r e a ,  p a r t i c u l a r l y  f l o w i n g  
a r t e s i a n  o r  pumped sub-a r  t e s i a n  we1 1s. 

- The t o p o g r a p h y ,  s t r u c t u r e  and geomorphology o f  t h e  l o c a l i t y ,  p a r -  
t i c u l a r l y  w i t h  r e g a r d  t o  r e c h a r g e  a r e a s .  

- The n a t u r e  o f  t h e  f o r m a t i o n s  and t h e i r  w a t e r  b e a r i n g  p o t e n t i a l .  

- High r a i n f a l l  ( o r  s n o w f a l l )  

The s t r a t a  must be t e s t e d  t o  below t h e  base  o f  t h e  workab le  m i n e r a l  f o r  
t h e  p r e s e n c e  o f  g roundwate r ,  t h e  l o w e r  l i m i t  b e i n g  d e t e r m i n e d  by t h e  
p o s s i b i l i t i e s  o f  heave  and p i p i n g  f rom a  c o n f i n e d  a q u i f e r .  B o r e h o l e s  
c a n  p r o v i d e  communicat ion between a q u i f e r s  and p i e r c e  c o n f i n i n g  b e d s ,  
( w i t h  s e v e r e  consequences  i n  some mines  e n c o u n t e r i n g  unrecorded  and 
unplugged w e l l s ) .  I t  is  d e s i r a b l e  t o  s e a l  a l l  b o r e h o l e s  a f t e r  u s e ,  
w i t h  cemen t ,  c l a y  o r  o t h e r  impermeable  m a t e r i a l ,  u n l e s s  a  p i ezomete r  i s  
t o  be i n s t a l l e d  f o r  m o n i t o r i n g  p u r p o s e s .  

The met.hod o f  d r i l l i n g  b o r e h o l e s  c a n  mask t h e  p o t e n t i a l  h a z a r d  z o n e s  
due  t o  s e a l i n g  o f  permeable  s t r a t a  by mud f l u s h  f l u i d  and from t h e  need 
t o  c a s e  u n s t a b l e  h o r i z o n s .  G e o p h y s i c a l  methods o f  b o r e h o l e  s u r v e y  s h o u l d  
be used t o  supp lemen t  c o r e  and c u t t i n g ' s  l o g g i n g .  



Mining Above a  Confined A q u i f e r  

Where a  d e p o s i t  is u n d e r l a i n  by a n  a q u i f e r  t h e n  w a t e r  may f l o o d  t h e  mine 
due  t o  e i t h e r  f l o o r  heave o r  t o  p i p i n g .  S l o p e  f a i l u r e ,  p a r t i c u l a r l y  i n  
s p o i l ,  c o u l d  be induced  by s u c h  i n f l o w s .  

F l o o r  heave  r e s u l t s  f rom t h e  imba lance  o f  f o r c e s  where mine e x c a v a t i o n  
r e d u c e s  t h e  c o n t a i n i n g  mass o f  o v e r b u r d e n  below t h e  u p - t h r u s t  p r e s s u r e  
o f  t h e  c o n t a i n e d  a q u i f e r .  The phenomena o f  heave may r e s u l t  i r l  t e n s i o n  
c r a c k s  d e v e l o p i n g  i n  t h e  mine f l o o r  t h b s  providing a  p a s s a g e  f o r  a q u i f e ~  
w a t e r  t o  f l o o d  t h e  mine. 

F l o o d i n g  may s t i l l  o c c u r  above t h e  l e v e l  o f  h e a v e ,  due  t o  p i p i n g .  T h i s  
c a n  o c c u r  where communicat ion e x i s t s  between t h e  a q u i f e r  and t h e  l e v e l  
o f  e x c a v a t i o n  t h r o u g h  g e o l o g i c a l  discontinuities o r  o l d  b c r e h o l e s .  
P o s s i b l e  w a t e r  s e e p a g e  f rom t h e  a q u i f e r  i n t o  t h e  b a s e  o f  t h e  s p o i l  bank 
is o f  s p e c i a l  i m p o r t a n c e .  T h i s  may a l s o  c c c u r  i n  a  pumpwell c o n t r o l l e d  
s y s t e m  a s  t h e  wells aremoved f o r w a r d  w i t h  t h e  advance  o f  t h e  min ing  
b e n c h e s ,  t h u s  a l l o w i n g  t h e  p i e z o m e t r i c  l e v e l  t o  r i s e  under  t h e  s p o i l ,  
w i t h  t h e  p o s s i b i l i t y  l e a k a g e  i n t o  t h e  s p o i l  i f  t h e  c o n f i n i n q  l a y e r  is  
b r e a c h e d .  

The d r a i n a g e  p rob lems  c a n  become corriplex where m u l t i p l e  a q u i f e r s  and 
f r a c t u r e d  a q u i t a r d s  a r e  p r e s e n t .  The p i e z o m e t r i c  h e a d s  c a n  be d i f f e r e n t  
f o r  e a c h  a q u i f e r  under  u n d i s t u r b e d  c o n d i t i o n s  and t h e  c o m p l e x i t y  o f  t h e  
problem i n c r e a s e s  w i t h  t h e  number o f  v a r i a b l e s .  A t h o r o u g h  hydraqeo-  
l o g i c a l  i n v e s t i g a t i o n  is  r e q u i r e d  t o  d e f i n e  t h e  problem f o r  p r a c t i c a l  
o p e r a t i o n a l  c o n t r o l .  

Mining W i t h i n  An Unconfined A q u i f e r  

Depending on  t h e  s e v e r i t y  of t h e  ground w a t e r  problem and on  bench 
s t a b i l i t y  f a c t o r s  r e l a t i n g  t o  r o c k  t y p e ,  o v e r b u r d e n  d r a i n a g e  c a n  be 
e f f e c t e d  by a  r a n g e  o f  s y s t e m s :  

( a )  The w a t e r  c a n  be a l lowed  t o  s e e p  i n t o  t h e  mine,  n a t u r a l l y  o r  v i a  
s l o p e  t o e  h o l e s ,  and be char rne l l ed  l r ~ t o  sumps f o r  pumpinq f rom t h e  
mine. 

( b )  The o v e r b u r d e n  c a n  be d r a i n e d  by pumpwells a round  o r  w i t h i n  t h e  
mine.  

I n  some s p e c i a l  c a s e s  l o c a l i s e d  i n f l o w  c a n  be c o n t r o l l e d  by s u r f a c e  
s t r e a m  d i v e r s i c n  and/or  l i n i . ~ g  o f  wa te rways  and by v a r i o u s  f o r m s  o f  
impermeable  c u t - o f f  b a r r i e r s .  

The f i r s t  o p t i o n  ( a )  is  t h e  most economica l  s o l u t i o n  f o r  low i n f l o w s  
and s t a b l e  g round  and r e q u i r e s  l i t t l e  p l a n n i n g  c o n t r o l  b u t  c a n  have  
s e v e r e  s l o p e  s t a b i l i t y  c o n s e q u e n c e s  i n  c l a y - r i c h  o r  p o o r l y  c o n s o l i d a t e d  
ovezburden .  

The d a n g e r s  o f  i n r u s h  of w a t e r  and bench f a i l u r e s ,  e t c .  must be e l i m -  
i n a t e d  by p r e p l a n n i n g ,  b a s e d  on  s y s t e m a t i c  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 s  and c o n t r o l  measures .  I n  l i m e s t o n e  f o r m a t i o n s  and  i n  some l e n -  
t i c u l a i  d e p o s i t s ,  t h e  l o c a l i s e d  r i s k  o f  mud f i l l e d  c a v i t i e s  o r  under -  
g r o ~ n d  b o d i e s  o f  w a t e r  h a s  t o  be a l l o w e d  f o r  i n  mine d e s i g n  and s a f e t y  



p l a n n i n g .  

S l o p e  f a i l u r e  due  t o  s a t u r a t e d  ground c o n d i t i o n s  c r e a t e s  a problem 
s i n c e  t h e  p o r e  p r e s s u r e  o f  ground w a t e r  i i ~  o v e r b u r d e n  r e d u c e s  t h e  
s a f e  s l o p e  a n g l e .  I n  a  d e e p  s u r f a c e  mine t h e  f l a t t e r  s l o p e  a n g l e s  
needed f o r  bench s t a b i l i t y  c a n  s u b s t a n t i a l l y  1-ncrease  t h e  s t r i p p i n g  
r a t i o  and mining c o s t s .  

The fo rm and e x t e n t  o f  ground w a t e r  c o n t r o l  adop ted  is a n  e n g i n e e r i n g  
d e s i g n  d e c i s i o n  based on  c r i t e r i a  i n  which s a f e t y  and e f f i c i e n c y  a r e  t h e  
paramount  f a c t o r s .  The economic b e r i e f i t s  o f  d r y  working may however 
r e c o u p  t h e  s y s t e m  c o s t .  The use  o f  pumpwell s y s t e m s  g e n e r a l l y  p r o v i d e  
t h e  b e s t  s o l u t i o n  where  s e v e r e  g roundwate r  c o n d i t i o n s  e x i s t .  F i g u r e  1 
i l l u s t r a t e s  t h e  t y p i c a l  p r o c e d u r e  f d r  t h e  d e s i g n  o f  a  pumpwell s y s t e m .  

MAJOR PUMPING TESTS 

I t  is  w e l l  known t h a t  t h e  f i e l d  d e t e r m i n a t i o n  o f  p e r m e a b i l i t y  c a n  p r o v i d e  
e r r o n e o u s  r e s i l l t s  and t h a t  t h e  d e s i g n  o f  l a r g e  s c a l e  s u r f a c e  mine d e -  
w a t e r i n g  s y s t e m s  u s i n g  pumpwells s h o u l d  n o t  be based  on s i n g l e  pump 
tests. N e v e r t h e l e s s  f o r  l a r g e  s t r a t i f i e d  d e p o s i t s ,  s i n g l e  pump tests 
a r e  e s s e n t i a l  t o  p r o v i d e  v a l u e s  f o r  1 ,  t h e  t r a n s m i s s i b i l i t y  and S ,  t h e  
c o e f f i c i e n t  o f  s t o r a g e  o f  a q u i f e r s ,  upon which p a r a m e t e r s  major  pumping 
t e s t s  c a n  be d e s i g n e d .  These p r e l i m i n a r y  t e s t s  a r e  comprehens ive ly  
d i s c u s s e d  e l s e w h e r e 7 .  

Where a  g round  wa te r  problem 1:; ~ n d l c a t e d  t h e  e x t e n t  of  t l ie  min ing  
h a z a r d  and t h e  p o s s i b l e  a d v e r s e  c o n s e q u e n c e s  o f  t h e  r e s u l t a n t  mine 
d e w a t e r i n g  on  t h e  env i ronment  h a s  t o  be e v a l u a t e d .  The e x t e n t  o f  s u c h  
t e s t s  h a s  t o  be a s s e s s e d  on s i t e - s p e c i f l c  f a c t o r s  i n c l u d i n g :  

- Mine e x c a v a t i o n  d i m e n s i o n s  
- A q u i f e r  d i m e n s i o n s  and a r e a l  e x t e n t  
- L i t h o l o g i e s  o f  t h e  mining h o r i z o n  
- H y d r o l o q i c a l  c h a r a c t e r i s t i c s  o f  each s t r e a m  

L a r g e - s c a l e  m u l t i  pump t e s t s  have  t o  be c a r e f u l l y  p l anned  i f  t h e y  e r e  t o  
be s u c c e s s f u l l y  conduc ted  t o  p r o v i d e  r e l i a b l e  measurements .  I t  i s  p r e f  - 
e r a b l e  t c  l o c a t e  t h e  t e s t  s i t e  n e a r  t h e  p r o j e c t e d  i n l t l a l  e x c a v a t i o n  
s o  t h a t  t h e  w e l l s  may be used l a t e r  f o r  min ing  p u r p o s e s .  A l l  t h e  w e l l s  
must be t .horoughly d e v e l o p e d  and t e s t e d  and a l l  o t h e r  p r e p a r a t i o n s  com- 
p l e t e d  b e f o r e  t h e  t e s t s  commence, t h e n  no pumping shou ld  be c a r r i e d  o u t  
f o r  a  p r e - t e s t  p e r i o d  s o  t h a t  t h e  p i e z o n e t r l c  s u r f a c e  may r e s u m  t h e  
" u n d i s t u r b e d "  l e v e l .  

I t  is  u s e f u l  t o  c a r r y  o u t  t e s t s  i n  p r o g r e s s i v e  s t a q e s  t o  v e r i f y ,  t h a t  t h e  
t o t a l  drawdown a t  e a c h  s t a g e  is  e q u a l  t o  t h e  i r icrernental  sun) o f  t h o  draw- 
downs when e a c h  pumping w e l l  is  t a k e n  s e p a r a t e l y ,  t o  e s t a b l i s h  t h e  
" p r i n c i p l e  o f  s u p e r p o s i t i o n "  ( F i g u r e  2 )  s i n c e  t h i s  is fundarrtental t o  t h e  
d e s i g n  o f  g roundwate r  c o n t r o l  s y s t e m s .  The p r i n c i p l e  o f  s u p e r p o s i t i o n  
o f  pumping e f f e c t  is t r u e  i n  t i m e  and s p a c e ,  p r o v i d i n g  t h a t  t h e  a q u i f e r  
d o e s  n o t  s u f f e r  a  permanent  " s e t "  o r  d e f o r m a t i o n  a f t e r  pumpinq h a s  
commenced. 

lhe mass o f  d a t a  accumula ted  d i r r inq  pumpinq t e s t s  c a n  p r e s e n t  a fo rmid-  
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d e p t h  r e q u i r e d .  S e v e r a l  pumps 
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CONFIRM PRINCIPLE OF SUPERPOSITION 
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s = drawdown/uni t  o f  pumping 
r a t e  



Figure 2 .  The P r l n c l p l c  o f  " S u p e r p o s l t l o r l "  



a b l e  problem of p r o c e s s i n g  i n t o  a  c o n v e n i e n t  form f o r  i n t e r p r e t a t i o n  
and f o r  s u b s e q u e n t  u s e  i n  p l a n n i n g  o f  a  g roundwate r  c o n t r o l  sys t em.  
Ihe p r e s e n t  d a y  a v a i l a b i l i t y  o f  compute r s  however g r e a t l y  f a c i l i t a t e s  
i n t e r p r e t a t i o n  o f  r e s u l t s .  

Ihe d u r a t i o n  of  t h e  t e s t  a g a i n  depends  upon l o c a l  c o n d i t i o n s .  A s i n g l e  
pump t e s t  o f  a  conf i r l ed  a q u i f e r  w i l l  d e m o n s t r a t e  c o n d i t i o n s  w i t h i n  a  
few l lou r s  f rom t h e  s t a r t  o f  pumping a l t h o u g h  a  d u r a t i o n  o f  2 t o  3 d a y s  
LS p r e f e r a b l e .  A ma jo r  multl-pump test s h o u l d  be c o n t i n u e d  f o r  between 
i 9  d a y s  and one  month t o  o b s e r v e  any a q u i f e r  d e p l e t i o n  e f f e c t s .  Water 
t a b l e  ( u n c o n f i n e d )  a q u i f e r s  u s u a l l y  have s l o w  y i e l d  c h a r a c t e r i s t i c s  
m d  t e s t s  s h o u l d  he of  l o n g e r  d u r a t i o n  t h a n  t h o s e  f o r  c o n f i n e d  a q u i f e r s .  

Pumping Rate  and T e s t  D u r a t i o n  

I he  s e l e c t i o n  o f  pumping r a t e  and d u r a t i o n  f o r  a  t e s t  is  d e p e n d e n t  on  
t h e  a s s e s s m e n t  of l o c a l  h y d r o l o g i c a l  c o n d i t i o n s  and min ing  r i s k  f a c t o r s .  
I r l  c o n d i t i o n s  o f  low p e r m e a b i l i t y ,  w i t h  a  l i m i t e d  zone o f  h y d r a u l i c  
i n f l u e n c e  and no c o n f l i c t  o v e r  w a t e r  r i g h t s ,  t he r ,  a  drawdown o f  a b o u t  
2U?; o f  t h e  r e q u i r e d  d e p r e s s i o n  may be c o n s i d e r e d  a n  a d e q u a t e  test. For  
d e e p  s u r f a c e  mines  i n  h i g h l y  pe rmeab le  z o n e s ,  hav ing  a n  a r e a  o f  i n f l u e n c e  
f a r  e x c e e d i n g  t h e  min ing  a r e a ,  a  ma jo r  test  s i m u l a t i o n  t o  t h e  f i n a l  
drawdown may be needed.  Such c o n d i t i o n s  c o u l d  r e q u i r e  e v a l u a t i o n  f o r  
p o s s i b l e  a q u i f e r  a n o m a l i e s  o v e r  s a y  70% o f  t h e  a r e a  o f  drawdown i n f l u e n c e  
f o r  a  f u l l  c o n t r o l  s y s t e m  t o  e n s u r e  t h a t  e x t r a p o l a t i o n  o f  r e s u l t s  would 
t~c? w i t h i n  a n  a c c e p t a b l e  r a n g e  o f  a c c u r a c y .  

tiecjional A q u i f e r  Flows 

A g e n e r a l  u n d e r s t a n d i n g  o f  t h e  a q u i f e r  s t r u c t u r e  is needed t o  a s s i s t  
I n  h y d r o l o i j i c a l  impac t  p l a n n i n g .  S e v e r a l  t e c h n i q u e s  are a v a i l a b l e  
~ n c l u d i n g  r a d i o a c t i v e  t r a c e r ,  c h e m i c a l  t r a c e r ,  t e m p e r a t u r e  p r o f i l i n g  
and c o n v e n t i o n a l  w a t e r  t a b l e  maFping7. 

O b s e r v a t i o n  W e l l s  f o r  Major Pump T e s t s  

k\ s e l e c t e d  number o f  e x p l o r a t i o n  b o r e h o l e s  s h o u l d  be d e v e l o p e d ,  and 
i r ~ s t a l l e d  w i t h  p i e z o m t e r s  o r  s t a n d - p i p e s  f o r  w a t e r  l e v e l  o b s e r v a t i o n .  
t o r  a  major  t e s t  t h e  w e l l  l o c a t i o n s  s h o u l d  be s e l e c t e d  t o  p r o v i d e  a  f u l l  
c i r c l e  c o v e r  o f  6 t o  8 r a d i a l  lines o f  o b s e r v a t i o n  a round  t h e  pumpwells .  
t a c h  l i n e  s h o u l d  have 2 t o  3 b o r e h o l e s .  For  s m a l l e r  tests a t  l e a s t  
one o b s e r v a t i o n  w e l l  s h o u l d  be l o c a t e d  up f l o w  and a  f u r t h e r  w e l l  down- 
f l o w  o f  t h e  t e s t  s i t e .  Where pumpwells o n l y  p a r t i a l l y  p e n e t r a t e  a n  
a q u i f e r  t h e n  o b s e r v a t i o n  w e l l s  c l o s e r  t h a n  a  d i s t a n c e  e q u i v a l e n t  t o  
a b o u t  h a l f  t h e  f u l l  a q u i f e r  t h i c k n e s s  a r e  l i k e l y  t o  be i n f l u e n c e d  by 
rron- l inear  f l o w  t o  t h e  pumpwell. T h i s  r e s u l t s  i n  a  l o c a l i s e d  i n c r e a s e  
I n  drawdown n e a r  t h e  pumpwell which i r ~ v a l i d a t e s  t h e  r e a d i n g s  w i t h i n  the 
l u n e .  I n  q e n e r a l  o b s e r v a t i o n  w e l l s  w i t h i n  1 0  t o  50 m e t r e s  from a  s i n g l e  
pcrrnpwel! q i v e  s a t i s f a c t o r y  r e a d i n g s .  For  a  multi-pump t e s t  100  m e t r e s  
from the n e a r e s t  w e l l  may be more a p p r o p r i a t e .  

For t h i c k  m u l t l - l a y e r e d  a q u i f e r s  it is  i m p o r t a n t  t o  measure  any e f f e c t s  
o f  p a r t  l a 1  penetration of  t h e  a q u i f e r  by t h e  pumpwell.  The l o c a l i s e d  
p r e s s u r e  l o s s  i n  t h e  upper  s t r a t u m  c a n  be i n c o r p o r a t e d  i n t o  t h e  mine 
c o n t r o l  scheme t o  r e d u c e  o v e r a l l  pumping. For  s u c h  c o n d i t i o n s  t h e  o b s e r -  
\tat l o r )  w e l l s  s h o u l d  be I r ~ s t a l l e d  t o  measure p r e s s u r e  c h a n g e s  a t  two o r  



t h r e e  d e p t h  h o r i z o n s  i n  t h e  a q u i f e r .  

A number o f  o b s e r v a t i o n / e x p l o r a t o r y  b o r e  h o l e s  s h o u l d  be d e s i g n a t e d  
a s  m o n i t o r i n g  h o l e s ,  l o c a t e d  i n  key  a r e a s  where t h e y  c a n  c o n t i n u e  t o  
f u n c t i o n  t h r o u g h o u t  t h e  l i f e  o f  t h e  mine. 

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

Type o f  a q u i f e r :  Conf ined  a q u i f e r s  r e a c t  q u i c k l y  t o  pumping 
and e f f e c t s  c a n  be measured o v e r  a  wide a r e a .  
Unconfined a q u i f e r s  r e a c t  s l o w l y  due  t o  
s t o r a g e  y i e l d  e f f e c t s  and t h e  cone  o f  d e p r e -  
s s i o n  p r o p o g a t e s  s l o w l y .  

T r a n s m i s s i b i l  i t v :  A h igh ly -pe rmeab le  a q u i f e r  w i l l  p roduce  a  wide 
f l a t  c o n e  o f  d e p r e s s i o n  w h i l e  a n  a q u i f e r  o f  
low p e r m e a b i l i t y  w i l l  have  a  d e e p e r  s m a l l e r  
r a d i u s  c o n e  o f  d e p r e s s i o n .  

P l a n n e d  Pumping R a t e s :  The e x t e n t  o f  t h e  cone  o f  d e p r e s s i o n  is pro -  
p o r t i o n a l  t o  pumping r a t e  on  a  l o g  r a t i o .  

S t r a t i f i c a t i o n :  T h i s  c a n  c r e a t e  v e r t i c a l  c h a n g e s  i n  p r e s s u r e  
l o s s  d u e  t o  pumping. O b s e r v a t i o n  p o i n t s  
s h o u l d  be l o c a t e d  a t  a  r a n g e  o f  d e p t h s  t o  
measure  t h i s  v e r t i c a l  g r a d a t i o n .  

T e s t  Ar rangement s  

The l o c a t i o n  of pumpwell t e s t s  h a s  t o  t a k e  a c c o u n t  o f  s i t e - s p e c i f i c  
c o n d i t i o n s .  I n  r e l a t i v e l y  low p e r m e a b i l i t y  a r e a s  a  number o f  s i n g l e  
pump tests o v e r  t h e  i n i t i a l  min ing  a r e a  may be r e q u i r e d  t o  d e t e r m i n e  
l a t e r a l  c h a n g e s  i n  p e r m e a b i l i t y  and v a r i a t i o n s  i n  t h e  v e r t i c a l  perm- 
e a b i l i t y  p r o f i l e .  For  h i g h l y  pe rmeab le  c o n d i t i o n s ,  r e q u i r i n g  a  m u l t i -  
pump t e s t  t o  a t t a i n  a  r e p r e s a n t a t i v e  drawdown, t h e  main test  s h ~ u l d  be 
p r e c e e d e d  by s i n g l e  pump tests t o  d e t e r m i n e  t e s t  d e s i g n  f a c t o r s  
( F i g u r e  1 ) .  Pump t e s t s  o t h e r  t h a n  s m a l l  s c a l e  p r o v i n g  t e s t s  c o n d u c t e d  
d u r i n g  e x p l o r a t i o n ,  a r e  n o r m a l l y  pump-out tes ts  a t  c o n s t a n t  flow. 
An exception may be i n  l o w  permsability z o n e s  where  c o n s t a n t  drawdown 
tests c a n  b e  more e a s i l y  c o n t r o l l e d  t o  a v o i d  t h e  b o r e h o l e  w a t e r  l e v e l  
d r o p p i n g  t o  t he  pump i n l e t  l e v e l .  

I n  c o n f i n e d  a q u i f e r  c o n d i t i o n s  a n  i m p o r t a n t  p r o p o r t i o n  o f  t o t a l  draw- 
down is a c h i e v e d  d u r i n g  t h e  f i r s t  few h o u r s  o f  pumping. 

T h i s  i n i t i a l  tes t  p e r i o d  p r o v i d e s  a  b a s e  f o r  t h e  a n a l y s i s  o f  s u b s e q u e n t  
a q u i f e r  a n o m a l i e s  and n e e d s  t o  b e  c a r e f u l l y  r e c o r d e d .  To a d e q u a t e l y  
measure  t h e  i n t i a l  r a p i d  drawdown p h a s e  a  nun~ber  o f  key o b s e r v a t i o n  
h o l e s  n e a r  t o  t h e  pumping g r i d  s h o u l d  be e q u i p p e d  w i t h  c o n t i n u o u s  
r e c o r d e r s  and o b s e r v e r s  s h o u l d  a l s o  be s t a t i o n e d  a round  t h e  pumping 
g r i d  a t  a s  many w e l l s  a s  p c s s i b l e  t o  measure  w a t e r  l e v e l s  a t  s h o r t  
i n t e r v a l s .  The tiwe i n t e r v a l  f o r  r e a d i n g  key  o b s e r v a t i o n  h o l e s  s h o s : l d  
be a p p r o x i m a t e l y :  



Elapsed  time Keadinq I n t e r v a l  

0-10 mins  
10-30 mins  
30-60 mins  
1 t o  2 h o u r s  
3  t o  4 h o u r s  
4 t o  8 h o u r s  
9 t o  1 6  h o u r s  

1 7  t o  24 h o u r s  
Day 2 
Day 3  
Day 4 onwards  

30  s e c s  
1 minu te  
5  m i n u t e s  

1 0  m i n u t e s  
1 5  m i n u t e s  
30  m i n u t e s  
1 hour  
2 h o u r s  
4 h o u r s  
8 h o u r s  

D a i l y  

When t h e  pumping phase  o f  a  m u l t i - s t a g e  test is c o m p l e t e  a  s i m u l t a n e o u s  
s w i t c h - o f f  o f  pumps p r o v i d e s  a  p o s i t i v e  check  on  r e s u l t s  by measurement 
o f  t h e  r e c o v e r y  o f  w a t e r  l e v e l s .  The s c h e d u l e  o f  w a t e r  l e v e l  o b s e r v a -  
t i o n s  s h o u l d  be s i m i l a r  t o  t h e  s t a r t - u p  programme. 

E l e c t r i c i t y  S u p p l i e s  

Power s u p p l i e s  c a n  be a  problem f o r  l a r g e  tests i n  r emote  a r e a s .  I n  t h e  
c a s e  o f  t h e  N e y v e l i  g roundwate r  i n v e s t i g a t i o n s ,  S o u t h  I n d i a ,  a  5 MW 
packaged power s t a t i o n  was e r e c t e d  f o r  t h e  tests; t h i s  s t a t i o n  l a t e r  
p r o v i d e d  power f o r  i n i t i a l  mine deve lopment .  

Water  Q u a l i t y  Sampl ing  

Water  s a m p l e s  s h o u l d  b e  c o l l e c t e d  b o t h  d u r i n g  t h e  t e s t s  and a t  i n t e r v a l s  
o f  n o t  l e s s  t h a n  3  months d u r i n g  e x p l o r a t i o n  a c t i v i t i e s .  A n a l y s i s  o f  
t h e s e  s a m p l e s  p e r m i t s  t h e  q u a l i t y  o f  d i s c h a r g e d  w a t e r  and its e f f e c t s  
o n  n a t u r a l  s u r f a c e  w a t e r s  t o  be examined,  a s  w e l l  a s  i n f l u e n c i n g  pump 
s e l e c t i o n  and w e l l  e q u i p p i n g .  

Flow Ra te  Measurements  

The a c c u r a t e  d e t e r m i n a t i o n  o f  t h e  pumping r a t e  d u r i n g  a  test is e s s e n -  
t i a l .  U s u a l l y  t h e  f l o w  r a t e  is measured f rom e a c h  pump and w i t h  m u l t i -  
pump t e s t s  t h e  a g g r e g a t e  t o t a l  f l o w  is a l s o  measured t o  s e r v e  a s  a 
c h e r k .  

The f o l l o w i n g  methods c a n  be used7 .  

1. Uee n o t c h  and h o r i z o n t a l  w e i r s  f o r  open  c h a n n e l s -  

2 .  The D a l l  Flow Tube 

I. O r i f i c e  P l a t e s  

A I  I I I I ; I ~  be f i t t e d  w i t h  r e c o r d i n g  d e v i c e s .  

11('111:i 2 : I I I ~  3 a r e  used i n  p i p e  s y s t e m s .  Both a r e  e x t r e m e l y  p o r t a b l e  
cl11~1 I I : , , .~  (11 wt)r.rc a l a r g e  number o f  s i n g l e  pump t e s t s  a r e  t o  be c a r r i e d  
n l l t  



PUMPWELL CONSTRUCTION AND INSTALLATION 

Well c a p a c i t y  and d e s i g n  depend upon t h e  f o l l o w i n g  i n t e r a c t i v e  f a c t o r s ,  

- Well y i e l d  tests 
- Rock t y p e  and d e g r e e  o f  cementa t ion  
- Sand p a r t i c l e  s i z e  d i s t r i b u t i o n  
- Optimum pumping r a t e  f o r  groundwater  c o n t r o l  - Water q u a l i t y / w e l l  s c r e e n  c o r r o s i o n  f a c t o r s  
- Thickness  o f  t h e  s a t u r a t e d  h o r i z o n s  
- Pump s e l e c t i o n  
- Well l o c a t i o n ,  temporary o r  permanent? - Well f i l t e r  o r  g r a v e l  pack c o n s t r u c t i o n ?  

For major dewate r ing  schemes i n  l a r g e  mines i n  s t r a t i f i e d  d e p o s i t s ,  w e l l  
d i a m e t e r s  r a n g e  from 0.30 m t o  1.80 m and d e p t h s  c a n  be a s  g r e a t  a s  
500 m. 

Well D r i l l i n g  

Most major a q u i f e r s  i n  s t r a t i f i e d  d e p o s i t s  occur  i n  r e l a t i v e l y  weak 
format ions .  For t h e  l a r g e  d i a m e t e r  w e l l s  r e q u i r e d  f o r  e f f e c t i v e  ground- 
water  c o n t r o l ,  reverse circulation drilling is most effective. For 
s t r o n g e r  f o r m a t i o n s  and f o r  w e l l s  o f  l e s s  t h a n  0.30 m d iameter  s t a n d a r d  
r o t a r y  methods a r e  used. 

The d e p t h  l i m i t  o f  t y p i c a l  r e v e r s e  c i r c u l a t i o n  r i g s  us ing  a  c e n t r i f u g a l  
pump and a  150 mm d iameter  d r i l l  p i p e  is 125-175 m. For g r e a t e r  d e p t h s  
a i r  i n j e c t i o n  ("Air L i f t " )  is used and w e l l s  a s  deep  a s  500 m c a n  be 
d r i l l e d ,  u s i n g  d r i l l  p i p e s  o f  0.15 m d i a .  ( sha l low h o l e s )  t o  0.30 m d i a .  
(deep  h o l e s )  w i t h  water  c i r c u l a t i o n  r a t e s  vary ing  from 75 R / s  t o  300R/s. 
Drag and r o l l e r  b i t  t y p e s  a r e  used w i t h  d r i l l  c o l l a r  s t a b i l i z e r s .  The 
v o l u m e t r i c  r a t i o ,  c i r c u l a t i n g  water  t o  f r e e  a i r  d e l i v e r e d ,  is 1.4 : 1 
t o  1.7 : 1, w i t h  average  v e l o c i t i e s  i n  t h e  d r i l l  p ipe  from 3-4 m / s .  
The s o l i d s  c o n t e n t  is about  7%, e q u i v a l e n t  t o  1 3 0 t  o f  c u t t i n g s / h ,  
r e q u i r i n g  a  200 kW compressor ( 2 0  m3/min a t  20 b a r s ) .  The compressed 
a i r  is  conduc ted  down t h e  d r i l l  p i p e  th rough  a  s e p a r a t e  a i r  p i p e ,  and 
is i n j e c t e d  j u s t  above t h e  b i t .  For deep w e l l s  compressed a i r  may be 
i n j e c t e d  a t  s e v e r a l  hor izons .  

The advantages  o f  r e v e r s e  c i r c u l a t i o n  d r i l l i n g  a r e :  

- Large w e l l s  can be d r i l l e d  i n  one pass .  A h i g h  ascending  v e l o c i t y  
is main ta ined  i n  t h e  d r i l l  p ipe  t o  r a i s e  t h e  c u t t i n g s  r e g a r d l e s s  
of  w e l l  d iameter .  

- Untrea ted  water  c a n  be used a s  t h e  d r i l l i n g  f l u i d  i n  s u b - a r t e s i a n  
c o n d i t i o n s ,  though a  d e n s i f v i n g  medium is  needed f o r  f u l l  a r t e s i a n  
c o n d i t i o n s ,  e  .g.  b a r y t e s .  

- The borehole  w a l l s  a r e  suppor ted  by t h e  d r i l l i n g  f l u i d  and t h e  low 
downward v e l o c i t y  does  no t  e r o d e  t h e  borehole  w a l l s .  Except f o r  
a  s u r f a c e  s t o o l  p i p e ,  c a s i n g  of  t h e  w e l l  d u r i n g  d r i l l i n g  is n o t  
r e q u i r e d .  



- C u t t i n g s  a s  l a r g e  a s  1 5 0  mm c a n  be r a i s e d  t h r o u g h  a  0 .30m-  d i a .  d r i l l  
p i p e .  

- Sampling o f  d r i l l  c u t t i n g s  is a c c u r a t e  a s  t h e  m a t e r i a l  r e a c h e s  t h e  
s u r f a c e  q u i c k l y  w i t h  v e r y  l i t t l e  mix ing .  

D r i l l i n g  F l u i d  

For  c o n v e n t i o n a l  r o t a r y  d r i l l i n g  it may be n e c e s s a r y  t o  u s e  d r i l l i n g  
mud. Impor ted  muds u s u a l l y  c a u s e  minimal  a q u i f e r  p e n e t r a t i o n ,  t h e r e b y  
r e d u c i n g  w e l l  deve lopment  p rob lems .  

The c i r c u l a t i n g  w a t e r  o f  w e l l s  d r i l l e d  by t h e  r e v e r s e  c i r c u l a t i o n  method 
is  r e - c y c l e d  t h r o u g h  s e t t l e m e n t  p i t s  and is r e t u r n e d  r e l a t i v e l y  f r e e  
o f  s o l i d s  t o  t h e  w e l l ,  a l t h o u g h  some mud c o n t a m i n a t i o n  f rom t h e  c u t t i n g s  
c a n  o c c u r .  I n  g e n e r a l  t h i s  c o n t a m i n a t i o n  d o e s  n o t  s e r i o u s l y  a f f e c t  t h e  
p e r m e a b i l i t y  o f  t h e  zone  o f  t h e  a q u i f e r  s u r r o u n d i n g  t h e  w e l l .  

D i f f i c u l t i e s  c a n  a r i s e  i n  some c l a y  f o r m a t i o n s  which  t e n d  t o  s w e l l  w i t h  
w a t e r  a b s o r p t i o n  and t o  c a v e  d u r i n g  w e l l  c o n s t r u c t i o n  For  s u c h  c o n d i -  
t i o n s  n a t u r a l  o r  s y n t h e t i c  p o l y m e r i c  a d d i t i v e s  may be used  t o  i n c r e a s e  
v i s c o s i t y  and  r e d u c e  w a t e r  p e n e t r a t i o n  o f  t h e  c l a y s .  I n  some s p e c i a l  
c a s e s  t h e  u s e  of  b i o - d e g r a d a b l e  muds c a n  be r e q u i r e d  and  t h e  u s e  o f  
p o l y p h o s p h a t e s  may be needed t o  d i s p e r s e  c l a y  p a r t i c l e s .  

I n  s p e c i a l  c o n d i t i o n s  s u c h  a s  i n  f r a c t u r e d  r o c k  a q u i f e r s  where no w e l l  
s t a b i l i t y  p rob lems  e x i s t ,  it is somet imes  p o s s i b l e  t o  d r i l l  w i t h  
a q u i f e r  i n f l o w  w a t e r .  T h i s  a v o i d s  c o n t a m i n a t i o n  o f  t h e  a q u i f e r  b u t  i s  
o n l y  a p p l i c a b l e  i n  s t a b l e  g round .  

Foam d r i l l i n g  is  n o t  g e n e r a l l y  a p p l i c a b l e  i n  w a t e r  well d r i l l i n g  

WELL INSTALLATION 

Pumpwell c o n s t r u c t i o n  must e n s u r e  t h a t  a q u i f e r  s a n d s  a r e  n o t  t r a n s m i t t e d  
i n t o  t h e  w e l l  and  its s u r r o u n d i n g  z o n e ,  t o  a v o i d  damage t o  t h e  pump and 
t o  r e d u c e  p e r m e a b i l i t y .  The two main t y p e s  o f  w e l l  c o n s t r u c t i o n  a r e :  

1. F i l t e r  Wells 

- g r a d e d  g r a v e l  pack  w i t h  a  s l o t t e d  s c r e e n  p i p e  
- r e s i n - b o n d e d  g r a v e l  f i l t e r  s c r e e n  
- w i r e  wound s c r e e n s  

2 .  Y o n - f i l t e r  w e l l s  w i t h  a  l a r g e  d i a m e t e r  where t h e  f l o w  v e l o c i t y  a t  
t h e  a q u i f e r  i n t e r f a c e  is s u f f i c i e n t l y  low t o  a v o i d  d i s t u r b a n c e  o f  
i n - s i t u  s a n d  p a r t i c l e s .  A s i m p l e  s l o t t e d  s c r e e n  p i p e  s u r r o u n d e d  
by a  c o a r s e  g r a v e l  pack is used  f o r  s u p p o r t  o f  t h e  w a l l s  o f  t h e  
w e l l .  T h i s  s y s t e m  c a n  b e  v e r y  s u c c e s s f u l  i n  weak f o r m a t i o n s  f o r  
l a r g e  d i a m e t e r  w e l l s  and is most e c o n o m i c a l  f o r  s h o r t  l i f e  w e l l s ,  
e  .g. w i t h i n  a n  a d v a n c i n g  p i t .  

Well Cas ing  

A s b e s t o s  cement  c a s i n g ,  which is e a s i l y  c u t  by e x c a v a t o r s  is p r e f e r r e d ,  



but  i n  remote a r e a s  up t o  30% o f  a s b e s t o s  cement c a s i n g  p i p e s  c a n  be 
damaged i n  t r a n s i t  and s t e e l  c a s i n g  is t h e n  p r e f e r r e d .  Th is  is g e n e r a l l y  
most e c o n o m i c a l l y  manufactured on s i t e  from f l a t  s h e e t s ,  u s i n g  bending 
r o l l s  and a  seam welder .  

Asbes tos  cement c a s i n g  must be f i t t e d  w i t h  s p e c i a l  c o u p l i n g s  f o r  s u s -  
pended i n s t a l l a t i o n .  I n  deep  submerged w e l l s  t h e  c a s i n g  may be wrapped 
w i t h  s ty rofoam t o  c r e a t e  buoyancy and reduce  t e n s i l e  s t r e s s e s  i n  t h e  
cou.pl ings d u r i n g  i n s t a l l a t i o n .  

Well S c r e e n s  

Severe  a b r a s i o n  from sand  p a r t i c l e s  c a n  cause  s e r i o u s  damage t o  pump 
trim and b e a r i n g s .  Screen  s l o t  d imens ions  and g r a v e l  f i  l t e r  g r a d i n g  
must s u i t  l o c a l  s i t e  c o n d i t i o n s  a s  de te rmined  from p a r t i c l e  s i z e  d i s t r i b -  
u t i o n  t e s t s .  

Well d i a m e t e r  and d e p t h ,  s c r e e n  l e n g t h ,  and w e l l  development  p r o c e d u r e s ,  
e t c .  must a l s o  be dec ided  from s i t e  c o n d i t i o n s .  

Chemical and b a c t e r i a l  a n a l y s e s  o f  wa te r  sampled d u r i n g  pump t e s t i n g  i.s 
needed i n  some a r e a s .  Water may c o r r o d e  c a s i n g s  and s c r e e n s  i f  improper  
m a t e r i a l s  a r e  i n s t a l l e d  where t h e  w a t e r  has  a  low pH f a c t o r  o r  c o n t a i n s  
hydrogen s u l p h i d e ,  h i g h  t o t a l  d i s s o l v e d  s o l i d s ,  c h l o r i d e s  o r  e x c e s s i v e  
d i s s o l v e d  g a s e s .  Also,  w e l l  p lugg ing  c a n  r e s u l t  from c a r b o n a t e s ,  i r o n ,  
manganese and b a c t e r i a .  Treatment  may be n e c e s s a r y  f o r  long  l i f e  w e l l s  
t o  c o n t r o l  i n c r u s t a t i o n ,  and w e l l  c o n s t r u c t i o n  m a t e r i a l s  may have t o  
w i t h s t a n d  a c i d i z i n g ,  c h l o r i n a t i o n ,  t r e a t m e n t  w i t h  b i o c i d e s  and o t h e r  
chemica l s .  I n  long  l i f e  w e l l  i n s t a l l a t i o n s  s t a i n l e s s  s t e e l ,  p l a s t i c ,  
monel o r  b r a s s  a r e  used i n s t e a d  o f  s t e e l  s c r e e n s  and c a s i n g s ,  where r e -  
q u i r e d ,  t o  c o u n t e r  c o r r o s i o n .  

S t e e l  is  commonly used f o r  w e l l  s c r e e n s  where c o r r o s i o n  is no t  a  
problem o r  f o r  s h o r t  l i f e  w e l l s .  The s c r e e n s  may be open s l o t t e d  o r  
b r i d g e  s l o t t e d ,  s l o t  open ings  r a n g i n g  from 3 t o  6 mm wid th  depending on  
g r a v e l  pack s i z e  g r a d i n g .  The percen tage  opening i n  t h e  s c r e e n  is 
approx imate ly  25%. A bonded f i l t e r  is formed by res in -bonding  g r a v e l  
t o  t h e  s c r e e n ,  a  graded g r a v e l  pack is formed around t h e  s c r e e n  i n  mesh 
b a s k e t s  and w i r e  wound s c r e e n s  a r e  formed by winding s u i t a b l e  wi re  s e c -  
t i o n s  around t h e  s c r e e n .  These a r e  u s u a l l y  m a n u f a c t u r e r s  p r o p r i e t a r y  
i t e m s .  

N o n - f i l t e r  w e l l s  a r e  formed by p l a c i n g  a  l o o s e ,  g raded-grave l  pack i n  
t h e  a n n u l u s  around t h e  s c r e e n .  The g r a v e l  s i z e  is based on a  s c r e e n i n g  
f a c t o r  which w i l l  r e t a i n  80-907; o f  t h e  a q u i f e r  s a n d s ,  i . e .  a  s c r e e n i n g  
f a c t o r  o f  4-5. Th is  g r a v e l  is p l a c e d  th rough  a  50 mm d iamete r  conduc tor  
p i p e  lowered from t h e  s u r f a c e  and p r o g r e s s i v e l y  withdrawn a s  t h e  g r a v e l  
is poured.  The g r a v e l ,  t y p i c a l l y  2 mm t o  5 mm s i z e  is f l u s h e d  down t h e  
conduc tor  p i p e  w i t h  wa te r  t o  p r e v e n t  b r i d g i n g .  

Before p l a c i n g  t h e  g r a v e l  pack t h e  w e l l  h a s  t o  be c l e a n e d  o f  c u t t i n g s  
and cement pumped down a  s m a l l  d i a m e t e r  p i p e  t o  s e a l  t h e  base o f  t h e  w e l l .  
A f t e r  comple t ing  t h e  p l a c i n g  o f  t h e  g r a v e l  pack ,  a  f u r t h e r  cement s e a l  is 
pumped i n  above t h e  pack t o  p r e v e n t  l o s s  o f  p e r m e a b i l i t y  from c l a y  i n -  
f i l t r a t i o n  from above t h e  pack. The s c r e e n  is f i t t e d  w i t h  c e n t r a l i s e r s .  



For f i l t e r  w e l l s  t h e  annula r  $+ace between t h e  b o r e h o l e  and f i l t e r  is 
f i l l e d  w i t h  washed s i z e d  g r a v e l  a s  f o r  t h e  n o n - f i l t e r  well. 

Asbes tos  s c r e e n s  a r e  used i n  West Germany, t h e s e  c o n s i s t  o f  a p i e r c e d  
asbestos-cement  c a s i n g  of  t h e  same d iameter  a s  t h e  ' w e l l  c a s i n g ,  c o a t e d  
w i t h  a 30 mm t h i c k  resin-bonded,  g raded  f i l t e r .  

I n  t h e  A u s t r a l i a n  brown c o a l  mines,  wi re  wound s c r e e n s  w i t h  3mm s l o t  
open ings  a r e  used,  back f i l l e d  w i t h  4 t o  5 mm g r a v e l .  The use o f  mi ld  
s t e e l  c a s i n g  was d i s c o n t i n u e d  because  of  c o r r o s i o n  problems and a s b e s t o s  
cement c a s i n g s  a r e  now used. D i f f i c u l t i e s  were a l s o  encounte red  i n  dev- 
e l o p i n g  w e l l s  w i t h  resin-bonded f i l t e r s  and w i r e  wound s c r e e n s  a r e  now 
used.  

Well s c r e e n s  made w i t h  p o l y e t h y l e n e  have been manufactured i n  r e c e n t  
y e a r s  b u t  a r e  l i m i t e d  i n  use due t o  t h e  low s t r e n g t h  o f  t h e  m a t e r i a l ,  
r i g i d  P.V.C. is  a f u r t h e r  a l t e r n a t i v e .  A c u r r e n t  development is t h e  
use o f  g l a s s  f i b r e  s c r e e n s .  Many t y p e s  of g l a s s  f i b r e s  a r e  hydroscopic  
and i f  s e v e r e d  e n d s  a r e  exposed from c u t t i n g  o r  damage d u r i n g  emplace- 
ment, w e l l  c o l l a p s e  cou ld  r e s u l t .  F u r t h e r  development o f  f i b r e s  and 
moulded s c r e e n  d e s i g n s  a r e  be ing  made. 

Scope e x i s t s  f o r  f u r t h e r  improvement i n  w e l l  s t a b i l i s a t i o n  and s c r e e n i n g  
t e c h n i q u e s .  

Pumpwell Development 

During w e l l  development t h e  a q u i f e r  is induced t o  f low i n t o  t h e  well 
c a r r y i n g  r e s i d u a l  d r i l l i n g  mud and f i n e  sand t o  e s t a b l i s h  a permeable 
and s t a b l e  i n t e r f a c e  between well and a q u i f e r .  T h i s  f l u s h i n g  procedure  
is  r e q u i r e d  s i n c e  d r i l l i n g  d i s t u r b s  t h e  s t r u c t u r e  o f  t h e  immediate 
a q u i f e r  around t h e  w e l l  c i rcumference  and t e n d s  t o  b lock  c h a n n e l s  th rough  
which wate r  would f low and may be compounded by d r i l l i n g  mud contamina-  
t i o n .  

Methods commonly used f o r  w e l l  development a r e 7  : 

- Surge p lunger  
- Compressed a i r  backwashing 
- Air l i f t  pumping 
- I n t e r m i t t e n t  pumping 

Some w e l l s  a r e  unable t o  y i e l d  t h e  p r o j e c t e d  pumping r a t e  a f t e r  d r i l l i n g  
f o r  r e a s o n s  of  mud s e a l ,  f i l t e r  damage o r  l o c a l i s e d  low p e r m e a b i l i t y  e t c .  
Surge development us ing  c l a y  d i s p e r s a n t s  o r  a c i d  i n j e c t i o n  may improve 
y i e l d  b u t  a l lowance  s h o u l d  be made f o r  1 0  t o  20% s p a r e  w e l l s  i n  a mine 
dewate r ing  system. 

Well Completion Schedule 

The d r i l l i n g  r a t e  f o r  a 1200 rnm d i a m e t e r  w e l l  is about  50 m p e r  8 hour 
s h i f t .  A t y p i c a l  schedule  f o r  comple t ing  a 300 m deep w e l l  is: 



S h i f t  No. 

S i t e  P r e p a r a t i o n  
Well  D r i l l i n g  
Well I n s t a l l a t i o n  
G r a v e l  Pack ing  

Well c o m p l e t e  i n  30 s h i f t s  

O b s e r v a t i o n  Wells 

A p r e r e q u i s i t e  o f  pumping t e s t  e v a l u a t i o n  and t h e  o p e r a t i o n  o f  a  mine 
d e w a t e r i n g  s y s t e m  is t h e  p r o v i s i o n  of  a n  a d e q u a t e  number o f  o b s e r v a t i o n  
w e l l s  a round  t h e  pumping w e l l s .  Such b o r e h o l e s  a r e  i n s t a l l e d  w i t h  a  
v a r i e t y  o f  p i e z o m e t e r s  f o r  s i n g l e  and m u l t i p l e  measurements  o f  a q u i f e r ( s )  
p r e s s u r e s .  D i s c o n t i n u e d  pumpwells may a l s o  be used where a v a i l a b l e .  

D i a m e t e r s  o f  o b s e r v a t i o n  w e l l s  v a r y  f rom 75 mm t o  200 mm, t h e  l a r g e r  
s i z e s  b e i n g  needed f o r  a u t o m a t i c  r e c o r d e r s  o r  m u l t i - p i e z o m e t e r  i n s t a l l -  
a t i o n .  

The d r i l l i n g  o f  o b s e r v a t i o n  w e l l s  c a n  be c a r r i e d  o u t  by r o t a r y  d r i l l s  
u s i n g  a i r ,  w a t e r  o r  mud f l u s h .  It i s  i m p o r t a n t  t h a t  the w e l l s  a r e  
c l e a n e d  a f t e r  d r i l l i n g  t o  e n s u r e  good h y d r a u l i c  communica t ion  w i t h  t h e  
a q u i f e r .  The methods employed need n o t  be a s  r e f i n e d  a s  f o r  pumpwells.  

O b s e r v a t i o n  w e l l s  may be l e f t  uncased  i n  compe ten t  s t r a t a ,  i n s t a l l e d  
w i t h  p i e z o m e t e r  p i p e s  t h e n  g r a v e l  f i l l e d .  P a c k e r  tests o f  i n d i v i d u a l  
h o r i z o n s  may be c a r r i e d  o u t  o n  u n l i n e d  s e c t i o n s  o f  b o r e h o l e s ,  where 
r e q u i r e d  f o r  p e r m e a b i l i t y  p r o f i l i n g .  

Where f r i a b l e  g round  n e c e s s i t a t e s  c a s i n g  a s  d r i l l i n g  p r o c e e d s ,  t h e  w e l l  
c o m p l e t i o n  p r o c e d u r e  must i s o l a t e  t h e  a q u i f e r  t e s t  h o r i z o n  from t h e  
r e s t  o f  t h e  b o r e h o l e .  A number o f  o p t i o n s  a r e :  

- Unl ined  t e s t  s e c t i o n ,  c a s e d  above 
- G r a v e l  f i l l e d  t e s t  s e c t i o n  c a s e d  above 
- P e r f o r a t e d  c a s i n g  i n  t h e  test  s e c t i o n ,  c a s e d  above 
- F u l l y  c a s e d  b o r e h o l e ,  open a t  bot tom ( c a v i t y  w e l l )  

O b s e r v a t i o n  w e l l s  i n  low p e r m e a b i l i t y  zones  s h o u l d  be f i t t e d  w i t h  s m a l l  
d i a m e t e r  p i e z o m e t e r s  t o  r e d u c e  r e s p o n s e  l a g  ( t i m e  t o  d r a i n  b o r e h o l e ) .  

I n  t e s t s  o f  m u l t i p l e  a q u i f e r s  when w a t e r  l e v e l  ( p r e s s u r e - l e v e l s )  a r e  
r e q u i r e d  f rom a number o f  h o r i z o n s  t h i s  c a n  be a c h i e v e d  by i n s t a l l i n g  
p i e z o m e t e r  p i p e s  t o  e a c h  h o r i z o n  i n  t h e  b o r e h o l e .  I t  is p o s s i b l e  t o  
i n s t a l l  two p i p e s  i n  a  150  mm d i a m e t e r  w e l l  and up t o  s i x  i n  a  r e v e r s e  
c i r c u l a t i o n  d r i l l e d  w e l l .  I t  is i m p o r t a n t  t h a t  e a c h  h o r i z o n  w i t h i n  t h e  
b o r e h o l e  is s e a l e d  from a d j a c e n t  h o r i z o n s .  

PUMP SELECTION 

To min imise  pumping c a p a c i t y  t h e r e  c o u l d  be c o n s i d e r a b l e  advan tage  i n  
u s i n g  pumps o f  d i f f e r e n t .  head and c a p a c i t y  i n  e a c h  b o r e h o l e ,  but  



s t a n d a r d i s a t i o n  of  pump t y p e  and c a p a c i t y  h a s  o b v i o u s  overwhelming 
a d v a n t a g e s  i n  l i m i t i n g  s p a r e s ,  ma in tenance  c o s t s  and well p r e p a r a t i o n .  
The d e c i s i o n  o n  head and c a p a c i t y  must b e  made a f t e r  t h e  r e s u l t s  o f  t h e  
ma jo r  pump tes t  a r e  known. There  a r e  a d v a n t a g e s  i n  u s i n g  a  few l a r g e  
c a p a c i t y  pumps b u t  t h e s e  u s u a l l y  r e q u i r e  l a r g e r  d i a m e t e r  w e l l s  and  
r e s u l t  i n  e x c e s s  drawdown c l o s e  t o  t h e  pumps. I n v a r i a b l y  some compro- 
mise is  n e c e s s a r y .  

There  a r e  two  pump t y p e s  i n  u s e  f o r  b o r e h o l e  i n s t a l l a t i o n :  

( a )  s u b m e r s i b l e  pumps, and  

( b )  s h a f t - d r i v e n  t u r b i n e  pumps. 

The s u b m e r s i b l e  pump is a  m u l t i - s t a g e  c e n t r i f u g a l  pump c o u p l e d  t o  a n  
e l e c t r i c  motor  i n  t h e  same as sembly  and o p e r a t e s  under  w a t e r .  I t  is 
a  v e r y  compact  u n i t  and s u p p l i e d  w i t h  power t h r o u g h  a  c a b l e  f rom t h e  
s u r f a c e .  The s h a f t - d r i v e n  t u r b i n e  pump c o n s i s t s  o f  a  c e n t r i f u g a l  pump 
down the pumpwell,  which is c o n n e c t e d  t o  a  s h a f t  d r i v e n  a t  t h e  s u r f a c e ,  
t h e  s h a f t  column c a n  be e i t h e r  o i l  o r  w a t e r  l u b r i c a t e d .  

S u b m e r s i b l e  Pumps 

T h e  s u b m e r s i b l e  pump h a s  a d v a n t a g e s  i n  m i n i n g  o p e r a t i o n s  where  pumpwe l l s  
h a v e  o n l y  a  s h o r t  u s e f u l  l i f e ,  t h e  c o m p a r a t i v e  e a s e  o f  i n s t a l l a t i o n  and 
remova l  e n a b l i n g  pumps t o  be t r a n s f e r r e d  f rom one pumpwell t o  a n o t h e r  
i n  a  m a t t e r  o f  h o u r s  r a t h e r  t h a n  weeks. Pumphouses a r e  n o t  r e q u i r e d  o n  
t h e  s u r f a c e  w i t h  t h i s  t y p e  o f  i n s t a l l a t i o n  and l i t t l e  ma in tenance  is 
n e c e s s a r y .  P e r i o d i c  o v e r h a u l s  a r e  r e q u i r e d  b u t  t h e s e  may be phased t o  
c o i n c i d e  w i t h  t h e  time when t h e  pumpwell is t o  be abandoned.  A common 
problem is t h e  a b r a s i o n  o f  t h e  pump work ing  p a r t s  due t o  p a r t i c l e s  i n  
pumped w a t e r .  E x c e s s i v e  f o r e i g n  m a t t e r  i n  t h e  w a t e r  c a n  a l s o  c a u s e  
b e a r i n g  and i n s u l a t i o n  f a i l u r e s .  O the r  c a u s e s  o f  i n s u l a t i o n  f a i l u r e  
a r e  h i g h  w a t e r  t e m p e r a t u r e  r e q u i r i n g  s p e c i a l  i n s u l a t i o n ,  and f r e q u e n t  
s w i t c h i n g .  

Well  pumps r e q u i r e  no p r iming  s i n c e  t h e  s u c t i o n  is  c o n t i n u a l l y  sub-  
merged and a u t o m a t i c  o p e r a t i o n  is  p o s s i b l e ,  t h i s  is a n  advankage i n  
r e g i o n s  where  power f a i l u r e s  a r e  common a s  s t and-by  power s u p p l i e s  c a n  
be s w i t c h e d  on  and t h e  pump w i l l  s t a r t  i m m e d i a t e l y .  

The s u b m e r s i b l e  t y p e  i s  n o t  a s  r o b u s t  i n  c o n s t r u c t i o n  a s  t h e  s h a f t -  
d r i v e n  pump and r e q u i r e s  g r e a t e r  c a r e  i n  t r a n s p o r t a t i o n  and i n s t a l l a -  
t i o n .  The p e r i o d  between o v e r h a u l s  is s h o r t e r  and t h e  u n i t s  u s u a l l y  
have a  s h o r t e r  working l i f e .  The c a p i t a l  c o s t s  o f  s u b m e r s i b l e  u n i t s ,  
i n c l u d i n g  t h e  pumping s y s t e m  and  i n s t a l l a t i o n  c o s t s ,  a r e  g e n e r a l l y  
lower  t h a n  f o r  a  comparab le  s h a f t - d r i v e n  t y p e .  

P a r t i c l e s  o f  sand  suspended  i n  t h e  w a t e r  t o  be pumped from a  w e l l  may 
damage t h e  i m p e l l o r s  o f  t h e  pump i n  t i m e  and t h i s  m a t e r i a l  s h o u l d  n o t  
be a l l o w e d  t o  e n t e r  t h e  pump chamber .  A p o s s i b l e  s o l u t i o n  is t o  con-  
s t r u c t  a  c i r c u l a r ,  open-ended s h r o u d  a round  t h e  i n l e t  t o  t h e  pump which 
w i l l  l ower  t h e  wa te r  v e l o c i t y  i n t o  t h e  pump, r e d u c i n g  t h e  e n t r y  o f  t h e  
l a r g e r  p a r t i c l e s .  



The pumps n o r m a l l y  used a r e  o f  s m a l l  d i a m e t e r s  m u l t i - s t a g e  c e n t r i f u g a l  
d e s i g n .  I n  the m a j o r i t y - o f  c a s e s  no s p e c i a l  l i n i n g s  a r e  r e q u i r e d  a s  
no a b r a s i v e  m a t e r i a l  s h o u l d  be p r e s e n t  i n  t h e  w a t e r .  The c h e m i c a l  
c o n t e n t  o f  t h e  w a t e r  may however i n f l u e n c e  t h e  t y p e  o f  l i n i n g s  
r e q u i r e d .  The n o n - r e t u r n  v a l v e  may b e  i n s t a l l e d  a t  t h e  t o p  o f  t h e  
w e l l  t o  s i m p l i f y  ma in tenance .  

The m o t o r s  a r e  o f  t h r e e  p h a s e ,  s q u i r r e l  c a g e ,  i n d u c t i o n  motor  d e s i g n ,  
h a v i n g  a  s m a l l  d i a m e t e r  and a  l o n g  c o r e ,  w i t h  a  s t a r  c o n n e c t e d  w i n d i n g  
t o  r e d u c e  t h e  number o f  j o i n t s .  The i n s u l a t i o n  is  s p e c i f i c a l l y  d e s i g n -  
e d  f o r  u n d e r w a t e r  o p e r a t i o n .  Bo th  p l u g  c o u p l e r s  and v u l c a n i s e d  j o i n t s  
may b e  used  f o r  c o n n e c t i n g  t h e  s u p p l y  c a b l e  t o  t h e  moto r .  P l u g  c o u p l e r :  
have o b v i o u s  a d v a n t a g e s  where pumpwell l i f e  is s h o r t  b u t  t h e  a u t h o r s  
e x p e r i e n c e  i s  t h a t  v u l c a n i s e d  j o i n t s  a r e  more r e l i a b l e .  The i n s u l a t i o n  
r e s i s t a n c e s  o f  s u b m e r s i b l e  pump m o t o r s ,  measured f rom t h e  s u r f a c e ,  a r e  
o f t e n  u n a c c e p t a b l y  low by normal  s t a n d a r d s  b u t  still o p e r a t e  s a t i s f a c t -  
o r i l y .  

S h a f t - D r i v e n  T u r b i n e  Pump 

O i l - l u b r i c a t e d  s h a f t i n g  is u s u a l l y  p r e f e r r e d  t o  t h e  w a t e r - l u b r i c a t e d  
s y s t e m  b e i n g  s u p e r i o r  i n  b o t h  l u b r i c a t i o n  and s t a b i l i t y .  I n  e x t r e m e  
c o l d  c l i m a t e s  t h e  u s e  o f  w a t e r - l u b r i c a t i o n  is  f u r t h e r  l i m i t e d  by t h e  
n e c e s s i t y  f o r  p r e - l u b r i c a t i o n  p r i o r  t o  s t a r t i n g .  T h i s  r e q u i s e s  a  t a n k  
o f  w a t e r  which must  be k e p t  f rom f r e e z i n g  t o  b e  p e r m a n e n t l y  s i t e d  
c l o s e  t o  t h e  w e l l .  When o i l - l u b r i c a t i o n  is employed t h e  d r i v e  s h a f t  is 
e n c l o s e d  w i t h i n  a n  o i l - f i l l e d  t u b e  which r u n s  f rom t h e  t o p  o f  t h e  pump 
t o  t h e  d i s c h a r g e  head.  Every 1 . 5  m a p p r o x i m a t e l y  t h e  t u b e  is c o n n e c t e d  
by b ronze  b u s h i n g s  which s e r v e  a s  b e a r i n g  s u r f a c e s  f o r  t h e  s h a f t .  The 
s h a f t  is l u b r i c a t e d  i n  t h e s e  s e c t i o n s  by t h e  a d d i t i o n  o f  o i l  when t h e  
pump is i n s t a l l e d .  O i l  is added a t  a  r a t e  o f  a p p r o x i m a t e l y  one  d r o p  p e r  
second  t o  t h e  column s o  a s  t o  c o v e r  l o s s e s  and p r o v i d e  a  c o n s t a n t  o i l  
b a t h  f o r  t h e  s h a f t .  

C losed  pump i m p e l l o r s  a r e  u s u a l l y  used  b u t  f o r  c a s e s  where  a b r a s i o n  is  
h i g h  semi-open t y p e s  may be p r e f e r r e d .  These  t e n d  t o  b e  less e f f i c i e n t  
and d i f f i c u l t  t o  a d j u s t .  When l i t t l e  a b r a s i v e  m a t e r i a l  is p r e s e n t  i n  
t h e  pumped w a t e r ,  r e l a t i v e l y  c h e a p  b ronze  pump i m p e l l o r s  c a n  be used .  
I f  a b r a s i o n  is a problem c a s t - i r o n ,  e n a m e l l e d  i m p e l l o r s  may be used t o  
i n c r e a s e  l i f e .  These a r e  h i g h e r  i n  c o s t  and t h e r e  is  a t e n d e n c y  f o r  t h e  
enamel  t o  f l a k e .  S p e c i a l  a l l o y s  and wear r e s i s t a n t  f e a t u r e s  a r e  p r o v i d -  
e d  by most  m a n u f a c t u r e r s  t o  d e a l  w i t h  s p e c i f i c  p rob lems .  

I t  h a s  been  found  by e x p e r i e n c e  t h a t  t h e  i n c l u s i o n  o f  e x t r a - s t r e n g t h  
d i f f u s e r  c o n e s ,  bowl s t a b i l i s e r s  and i m p e l l o r s  w i t h  e x t r a  l o n g  s k i r t s  
h e l p  overcome some o f  t h e  p rob lems  a s s o c i a t e d  w i t h  a b r a s i v e  m a t e r i a l .  

S h a f t - d r i v e n  t u r b i n e  pumps a r e  best s u i t e d  t o  l o n g  l i f e  w e l l s .  

Main tenance  F a c i l i t i e s  

Where l a r g e  numbers o f  pumps a r e  i n  s t x v i c e ,  e s p e c i a l l y  i n  r e m o t e l y -  
l o c a t e d  mines  s p e c i a l i s e d  pump m a i n t e n a n c e  a n d  tes t  f a c i l i t i e s  a r e  
~ ~ c e d e d .  These  i n c l u d e  pump r e b u i l d  f a c i l i t i e s ,  wh ich  o f t e n  must b e  
c.:irrled o u t  w i t h  t h e  pump s h a f t  i n  t h e  v e r t i c a l  p o s i t i o n ;  s u b m e r s i b l e  



pump motor rewind f a c i l i t i e s  i n v o l v i n g  a  l ong  shop as each phase o f  the  
motor winding must be "pul led" through tunne l  s l o t s  i n  the  s t a t o r ;  
f a c i l i t i e s  f o r  l o a d  t e s t i n g  o f  t h e  pumps and spec ia l i sed  hand l ing  f a c i l -  
i t i e s .  

Pumps awai t ing  i n s t a l l a t i o n  o r  s e r v i c i n g  must normal ly be s tored v e r t i -  
c a l l y  and must n o t  be exposed t o  s u n l i g h t  as t h i s  can damage the motor 
wind-ings. 

The whole area o f  pump maintenance, t e s t i n g  and hand l ing  requ i res  d e t a i l  
ed a t t e n t i o n  and the personnel i nvo l ved  must be c a r e f u l l y  t r a i n e d  
atherwise ser ious  damage t o  both  pumps and motors can a r i se .  

PUMPWELL SYSTEM DESIGN AND OPERATIONS 

The bas ic  requirements o f  a  pumpwell system are: 

1. To depress the piezometr ic sur face (o r  the  water t a b l e )  t o  t he  
r e q u i r e d  s ~ f e  l e v e l .  Over-depression a t  any p o i n t  r e s u l t s  i n  
increased pumping costs.  

2. To have the  f a c i l i t y  t o  advance as the  mine excavat ion  advances. 

3. P rov i s i on  o f  a d d i t i o n a l  pumping capac i ty  t o  cover i n d i v i d u a l  w e l l  
f a i l u r e s ,  y i e l d  def ic?encies,  e t c .  

4 .  Prov i s i on  o f  stand-by power t o  cover e l e c t r i c i t y  supply outages. 

The s-r  Curve 

From the  major pump t e s t  a  drawdown d is tance per u n i t  o f  pumping r a t e  
aga ins t  r a d i a l  d is tance from the pumpwell curve ( s - r )  can be p l o t t e d  
(F igure  3 ) .  The u n i t  o f  pumping r a t e  i s  usua l l y  taken as the  pumping 
r a t e  o f  the  se lec ted pump. Fcr p re l im ina ry  exercises t o  l oca te  pump- 
we l l s  t he  authors found a  scale c a l i b r a t e d  i n  drawdown t o  be most con- 
venient.  A d d i t i o n a l l y  t o  reduce a r i t hme t i c ,  groups o f  pumpwells can be 
considered as a  s i n g l e  w e l l  as f o l l ows :  

4 pumpwells on a  30 m square g r i d  w i t h  one observat ion  w e l l  100 m 
from corner we l l ,  pumping r a t e  f o r  each w e l l  4500 !L/min. 

Wel l  
3  

Wel l  
4 

Wel l  
2 

We 11 Observation 
1 0 

measured rad ius  

Weighted mean rad ius  ( r m )  

Q l o g  rm = Q l o g  rl + 4 l o g  r2 + O l o g  r -  + O l o q  r 
3 4 
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F i g u r e  3 .  The  s - r Curve 

r = 79.7 m a t  a  pumping r a t e  o f  4  x 4500 1800  R/min. 

For  s m a l l  p r o j e c t s  i n  r e l a t i v e l y  un i fo rm a q u i f e r  geomet ry ,  a n a l y t i c a l  
and/or  s e m i - g r a p h i c a l  s o l u t i o n s  c a n  be used ,  b u t  f o r  more complex 
c o n d i t i o n s  and p a r t i c u l a r l y  where  t h e  e f f e c t  o f  mine pumping h a s  t o  be 
f o r e c a s t  f o r  a q u i f e r s  of  l a r g e  a r e a l  e x t e n t ,  compute r  p r e d i c t i o n  c a n  b e  
used .  

Models a r e  a v a i l a b l e  i n  two b a s i c  t y p e s ,  t h e  f i n i t e - e l e m e n t  model and 
t h e  f i n i t e - d i f f e r e n c e  model,  e .9 .  A q u i f e r  F i n i t e  Element  Model (AQUIFEM) 
d e v e l o p e d  by M a s s a c h u s e t t s  I n s t i t u t e  o f  Technology and a  F i n i t e  ( l i f fer-  
e n c e  model (GW)  deve loped  by S h e i r ~ b r a u n ,  Braunkohlenweke. Many o t h e r  
models  e x i s t .  

I n  one  f r e q u e n t l y  adop ted  a p p r o a c h  t o  t h e  problem t h e  a q u i f e r  is assum- 
e d  t o  be s u b d i v i d e d  i n t o  l i n e a r  non-uniform s p a c e d  a c u t e  t r i a n g l e s  ( a  
s y s t e m  which a l l o w s  f o r  i r r e g u l a r  o r i e n t e d  a n o m a l i e s  t o  be i n c o r p o r a t e d ) .  
D a r c y ' s  l aw o r  a  d e r i v a t i o n  is  a p p l i e d  t o  c a l c u l a t e  p a r t i a l  f low r a t e s  
i n  t h e  network.  C o n t i n u i t y  e q u a t i o n s  d e s c r i b e  node t o  node w a t e r  t r a n s -  
f e r  r a t e s  and h v d r a u l i c  p a r a m e t e r s .  R e s u l t s  a r e  p r e s e n t e d  a sequ i -po ten -  
t i a l  l i n e s  ( c o n t o u r s  o f  p i e z o m e t r i c  s u r f a c e ) .  Such programmes c a n  s i m -  
u l a t e  o n e ,  two and t h r e e  d i m e n s i o n a l  p r o j e c t i o n s  o f  drawdown c o n d i t i o n s .  
l h e  c o n c i n u i n g  drawdown w i t h  t i m e  e f f e c t  of' pumping is r e p r e s e n t e d  by a 
d l s c r e  t e  s e r i e s  o f  q u a s i - s t e a d y  s t a t e  f l o w  c o n d i t i o n s .  



The usp o f  such models enables the planning engineers t o  observe the 
optimum deuelopmrrt a f  the cone o f  d ~ p r e s s i o n  due t o  pumping by simu- 
l a t i n g  the e f f e c t s  o f  varying pumpwell pat terns and ra tes  o f  pumping. 
However the  more saphisticaked the programme the higher the q u a l i t y  and 
quant i ty  o f  data required, which incceases the extent  and cost o f  inves- 
t i ga t ions .  A f u l l  study i s  not always j u s t i f i e d  as order o f  magnitude 
estimates are o f ten  adequate f o r  many mine hydro log ica l  systems. A 
desk top computer i s  usual ly  s u f f i c i e n t l y  adequate f a c i l i t y  f o r  day t o  
day cont ro l .  

Pump Locat ion 

To achieve the most economic pumping r a t e  the pumps should be located as 
near as possible t o  the po in ts  o f  maximum drawdown. The maximum drawdown 
f o r  a confined aqui fer  i s  i nva r iab ly  required a t  the lowest po in t  o f  the 
excavation, but  the choice o f  t h i s  l oca t ion  i s  constrained by: 

(a) the pumpwells would impede mining operations, 

(b) the l i f e  o f  the wel ls  would be very short ,  and 

( c )  i f  catastrophic f looding occurred, the pump e l e c t r i c a l  con t ro l  
equipment would be inundated, rendering the pump useless. 

I t  i s  usual ly  necessary t o  compromise by d r i l l i n g  wel ls  and i n s t a l l i n g  
pumps on upper benches ( w i t h  less  resu l tan t  drawdown a t  the po in ts  where 
maximum depression i s  required).  As the bench face advances the pump 
i s  withdrawn and the we l l  blanked o f f  j u s t  below the l e v e l  o f  the next 
lower bench. The i n t e r n a l  diameter o f  the casing may be reduced t o  
locate the blank. A marker o f  d i s t i n c t i v e l y  dyed s o i l  i s  dropped i n t o  
the w e l l  f o r  easy i d e n t i f i c a t i o n  and the upper p a r t  o f  the we l l  back 
f i l l e d  (Figure 4). 

Asbestos cement casing may be l e f t  i n - s i t u  and cu t  down i n  the normal 
excavator operation, but s t e e l  casing must be cu t  j u s t  above the blank 
by a casing cu t te r  f i x e d  t o  the end o f  a d r i l l  rod, and the casing 
withdrawn f o r  fu tu re  use. The w e l l  i s  then re-establ ished on the next 
lower bench when excavation has s u f f i c i e n t l y  advanced, by excavating 
around the casing, extending i t  t o  above the bench surface, removing 
the blank and r e - i n s t a l l i n g  the pump. 

End bench we l l s  are general ly l ess  e f f e c t i v e  i n  avoiding excess draw- 
down but  have much longer l i f e  and do not impede mining operation. 
Because o f  t h i s  i t  i s  o f ten  advantageous t o  use la rge  numbers o f  end 
bench wal ls.  

The amount o f  depression o f  piezometric surface must be determined by: 

- r a t e  of recovery o f  the piezometric surface when pumping i s  i n t e r -  
u ~ t e d  

- the " l i m i t  l i n e  o f  heave" below the p i t  f l o o r  

- p lus  a su i tab le  allowance usual ly  20 per cent. 
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Where t h e  p i e z o m e t r i c  s u r f a c e  must  be d e p r e s s e d  below t h e  upper  s u r f a c e  
o f  t h e  a q u i f e r ,  i .e. the upper  p a r t  o f  t h e  a q u i f e r  w i l l  be d e w a t e r e d ,  
it is i m p o r t a n t  t h a t  t h e  s - r c u r v e  be o b t a i n e d  from pump tests t h a t  
a c h i e v e  t h e  f u l l  r e q u i r e d  drawdown. 

The c o n d i t i o n s  i n  a n  u n c o n f i n e d  a q u i f e r  a r e  more complex a s  t h e  forma-  
t i o n  is d e w a t e r e d  d u r i n g  pumping and a  l o n g e r  t i m e  s c a l e  a p p l i e s .  The 
pumpwell s y s t e m  c a p a c i t y  i s  t h a t  r e q u i r e d  t o  lower  t h e  w a t e r  t a b l e  t o  
t h e  b a s e  of  t h e  pe rmeab le  zone b u t  t h i s  c a n n o t  be a c h i e v e d  i n  p r a c t i c e .  
Doub l ing  t h e  pumping r a t e  o f  a w e l l  may more t h a n  d o u b l e  t h e  drawdown 
c l o s e  t o  t h e  w e l l  due  t o  l o c a l  r educed  s a t u r a t e d  t h i c k n e s s  b u t  a t  l a r g e r  
d i s t a n c e s  f rom t h e  w e l l  t h e  d e p r e s s i o n  o f  t h e  w a t e r  t a b l e  p r o c e e d s  more 
s l o w l y .  Overburden  d r a i n a g e  w e l l s  s h o u l d  be l o c a t e d  ahead  o f  t h e  min ing  
b e n c h e s  w i t h  a  p a t t e r n  and s p a c i n g  t h a t  a l l o w s  a d e q u a t e  t ime  f o r  d e w a t e r -  
i n g  . 

S p o i l  Bank D r a i n a g e  

Where t h e  n a t u r e  o f  t h e  s p o i l  f rom t h e  o v e r b u r d e n  e x c a v a t i o n  is n o t  
f r e e  d r a i n i n g  t h e  s p o i l  bank d e s i g n  must min imise  ground o r  r a i n  w a t e r  
i n f i l t r a t i n g  t h e  bank and p r o v i d e  d r a i n a g e  r e l i e f  t o  a v o i d  b u i l d  up o f  
h y d r a u l i c  p r e s s u r e  w i t h i n  t h e  bank.  S e v e r e  bench f a i l u r e s  and s u b s t a n -  
t i a l  l i q u i f i e d  mud f l o w s  c a n  o c c u r  f rom p o o r l y  d r a i n e d  banks  l e a d i n g  t o  
l o s s  o f  p r o d u c t i o n  and i n  some c a s e s  l o s s  o f  l i f e .  The f o l l o w i n g  f a c t o r s  
a r e  n e c e s s a r y  f o r  s t a b l e  bank c o n d i t i o n s .  

- Water  s h o u l d  n o t  be t r a p p e d  i n  t h e  bank by t h e  dumping l a y o u t .  

- The f l o o r  o f  t h e  dumping a r e a  s h o u l d  be k e p t  f r e e  o f  w a t e r  by 
c h a n n e l s  and pumping s t a t i o n s  where n e c e s s a r y .  

- U n d e r l y i n g  a q u i f e r s  where  p r e s e n t  m u s t  be d e p r e s s u r i s e d  w i t h i n  t h e  
c u r r e n t  and r e c e n t  dumping z o n e ,  by s p o i l  bank pumpwells where 
p r a c t i c a l .  

- Overburden  a q u i f e r s  s h o u l d  be s e a l e d  t o  p r e v e n t  i n g r e s s  o f  w a t e r  
i n t o  t h e  s p o i l  bank by s e l e c t i v e  dumping o f  c l a y  o r  o t h e r  means. 

- I n s t a l l a t i o n  o f  a d e q u a t e  main and a u x i l i a r y  pumping s t a t i o n s  o n  t h e  
f l o o r  o f  mine. 

- P r o v i s i o n  o f  a n  underbank  o r  c o r e  o f  bank r o c k  d r a i n s  where approp-  
r i a t e .  

- D r a i n i n g  and /o r  r emova l  o f  any  weak f l o o r  m a t e r i a l ,  i f  r e q u i r e d .  

- S e l e c t i v e  dumping t o  p r o v i d e  t h e  most s u i t a b l e  s p o i l  m a t e r i a l  f o r  
t h e  b a s e  o f  t h e  s p o i l  bank. 

- S u r f a c e  d r a i n a g e  s h o u l d  d i v e r t  w a t e r  away from t h e  dumping a r e a ,  
t h e  s p o i l  s u r f a c e  t o  be g r a d e d  t o  a l l o w  q u i c k  r u n - o f f  o f  r a i n  
f a l l i n g  w i t h i n  t h e  s p o i l  a r e a ,  S p o i l  s h r i n k a g e  c r a c k s  s h o u l d  be 
dozed  o v e r  a t  r o u t i n e  i n t e r v a l s .  



- N a t u r a l  c l a y  may be dumped t o  p r e v e n t  s e e p a g e  o r  t o  r e - e s t a b l i s h  
a n  a q u i c l u d e .  T h i s  is a  b a s i c  r e q u i r e m e n t  where min ing  removes 
t h e  a q u i c l u d e  o f  a n  a q u i f e r .  

The u s e  o f  s p o i l  bank pumpwells  d e p e n d s  on  t h e  n a t u r e  o f  t h e  s p o i l ,  t h e  
method of  dumping and c o n s o l i d a t i o n  r a t e .  S p o i l  bank pumpwells  have  
been  s u c c e s s f u l  i n  N e y v e l i ,  Sou th  I n d i a .  The a u t h o r s  have  o b s e r v e d  
m a s s i v e  s p o i l  f a i l u r e s  i n  Greece ,  U . K .  and e l s e w h e r e  due  t o  f a i l u r e  t o  
d e p r e s s u r i z e  u n d e r - l y i n g  a q u i f e r s  o f  s p o i l  banks .  

P ipe  Sys tems  

The w a t e r  d i s c h a r g e  p i p e  s y s t e m s  a r e  r e l a t i v e l y  s i m p l e  b u t  e v e n  w i t h  
h i g h  f l o w  v e l o c i t i e s  l a r g e  d i a m e t e r  p i p e s  ( u p  t o  400 mm d i a )  a r e  
common. These p i p e s  r e q u i r e  a d e q u a t e  h a n d l i n g  and w e l d i n g  f a c i l i t i e s .  
The main c o l l e c t o r  p i p e s  a r e  f i t t e d  w i t h  "Chr i s tmas  t r e e "  v a l v e  m a n i f o l d s  
and t h e  a v a i l a b i l i t y  o f  c l o s u r e  p i e c e s ,  bends ,  "qu ick"  c o u p l i n g s ,  e t c .  
e n s u r e  t h a t  pumps c a n  be c o n n e c t e d  i n t o  t h e  c o l l e c t i n g  s y s t e m  w i t h  a  
minimum OF c u t t i n g  and we ld ing .  

S tandby  E l e c t r i c i t y  S u p p l i e s  

S tandby  e l e c t r i c i t y  s u p p l i e s  s h o u l d  be l o c a t e d  a s  n e a r  a s  p o s s i b l e  t o  
t h e  equ ipment  t o  be s u p p l i e d .  D i e s e l - g e n e r a t o r s  a r e  u s u a l l y  t h e  most 
c o n v e n i e n t  method o f  p r o v i d i n g  s u c h  s u p p l i e s .  S tandby  d i e s e l - g e n e r a t o r s  
l o c a t e d  on  mine b e n c h e s  impede t h e  movement o f  mining equ ipment .  The 
b e s t  a l t e r n a t i v e  is t o  l o c a t e  t h e  d i e s e l  g e n e r a t o r s  a s  n e a r  a s  p o s s i b l e  
on  t h e  s u r f a c e  w i t h  c a b l e  c o n n e c t i o n s  t o  t h e  pumps. Each g roup  o f  
pumps i s  s u p p l i e d  s e p a r a t e l y  and a l s o  c o n n e c t e d  t o  t h e  s t a n d b y  s u p p l y .  
Cab le  s y s t e m s  a r e  i n h e r e n t l y  r e l i a b l e  and i n t r o d u c e  l i t t l e  e x t r a  r i s k .  
The s t a n d b y  g e n e r a t o r s  a r e  n o r m a l l y  s t a r t e d  by a n  u n d e r - v o l t a g e  r e l a y  
a f t e r  a  time d e l a y  o f  a b o u t  f i v e  s e c o n d s .  The pumps would a l s o  t r i p  
on  u n d e r - v o l t a g e  and a r e  a r r a n g e d  t o  r e - s t a r t  a t  i n t e r v a l s  n o t  l e s s  t h a n  
1 0  s e c o n d s  a p a r t  t o  a v o i d  t h e  t o t a l  s t a r t i n g  c u r r e n t  i n r u s h  b e i n g  
imposed on  t h e  g e n e r a t o r .  When ma ins  power is  r e s t o r e d ,  a u t o m a t i c  
changeover  c a n  be e f f e c t e d .  F i g u r e  5 shows a  t y p i c a l  s y s t e m .  

THE EFFECTS OF MINE DRAINAGE 

R e g u l a t i o n s  g o v e r n i n g  t h e  a b s t r a c t i o n  o f  g roundwate r  and t h e  u s e  o f  
s u r f  a c e  w a t e r s  o r  their d i v e r s i o n  a r e  i n t e n d e d  t o  p r o t e c t  t h e  hydro-  
l o g i c a l  b a l a n c e  w i t h i n  a  r e g i o n ,  An e n v i r o n m e n t a l  s e n s i t i v i t y  h a s  
d e v e l o p e d  o v e r  t h e  p a s t  few d e c a d e s  t o  t h e  impac t  of mining on  w a t e r  
r e s o u r c e s .  These p rob lems  a r e  d e a l t  w i t h  i n  d e t a i l  e l s e w h e r e 8  , 9  b u t  
t h e  main c o n s e q u e n c e s  a r e  b r i e f l y :  

- s e v e r e  c h a n g e s  t o  t h e  g roundwate r  r eg ime  

- d i s c h a r g e  o f  c o n t a m i n a t e d  mine w a t e r  

- e r o s i o n  and s e d i m e n t a t i o n  p rob lems  

- s u b s i d e n c e  due  t o  g roundwate r  e x t r a c t i o n  
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- s u r f a c e  w a t e r  d r a i n a g e  p a t t e r n  changes .  

These i t e m s  r e q u i r e  d e t a i l e d  c o n s i d e r a t i o n .  

CONCLUSIONS 

t'umpwell d r a i n a g e  s y s t e m s  , ~ s e d  i n  l a r g e  s u r f a c e  mines  i n v o l v e  c o n s i d -  
e r a b l e  i n v e s t i g a t i o n  and e n g i n e e r i n g  d e s i g n  i f  t h e y  a r e  t o  be econom- 
i c a l l y  e f f e c t i v e .  Such s y s t e m s  must be c o m p a t i b l e  w i t h  t h e  method o f  
min ing  a d o p t e d  and must  b e  f u l l y  i n t e g r a t e d  w i t h  mining o p e r a t i o n s  a t  
t h e  p l a n n i n g  s t a g e .  The s e c u r i t y  o f  t h e  mine is o f t e n  l a r g e l y  depen-  
d e n t  on  t h e  c o n t i n u o u s  and e f f e c t i v e  o p e r a t i o n  o f  t h e  pumpwell s y s t e m  
and e x t r e m e l y  r e l i a b l e  s y s t e m s  a r e  e s s e n t i a l .  

O f t e n  t h i s  i n v o l v e s  l a r g e  c a p i t a l  and o p e r a t i n g  e x p e n d i t u r e s  t h a t  c a n  
have a  s i g n i f i c a n t  e f f e c t  o n  t h e  v i a b i l i t y  o f  a  p r o j e c t ,  t h e r e b y  
j u s t i f y i n g  t h e  i n - d e p t h  considerations t h a t  a r e  needed.  The o r g a n i s a -  
t i o n  o f  t h e  o p e r a t i o n s  r e q u i r e s  h i g h  l e v e l s  of t e c h n i c a l  competence 
and m a n a g e r i a l  s k i l l .  O f t e n  i n n n o v a t i o n  and o c c a s i o n a l l y  i m p r o v i s a t i o n  
a r e  e s s e n t i a l  i n g r e d i e n t s  i n  t h e  d e s i g n  and o p e r a t i o n  o f  pumpwell mine 
d r a i n a g e  s y s t e m s .  The whole s u b j e c t  c r o s s e s  t h e  b o u n d a r i e s  o f  g e o l o g y ,  
h y d r o l o g y ,  mechan ica l  and e l e c t r i c a l  e n g i n e e r i n g  a s  w e l l  a s  mining 
e n g i n e e r i n g .  
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