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ABSTRACT 

Gold mines in South Africa use large volumes of water for 
cooling and other purposes underground. The mines are often 
at great depths, for example 3600 metres below surface 
level. Water piped down the shaft can therefore be at high 
pressures unless a system of pressure reducing dams or 
valves is installed. Modern practice is to utilize the 
high water pressures wherever possible. Examples of the 
use of water pressure include driving turbines for power 
generation, moving ore by means of high pressure jets and 
there is the future possibility of driving mining machinery 
using the water. The operation and analysis of water reti- 
culation systems is complex owing to the complex distribu- 
tion system and the number of possible operating condi- 
tions. Computer programs for the optimum design of such 
distribution systems and for the hydraulic analysis of 
such pipe flow systems have been compiled. The high pres- 
sures also pose problems in the design of pipework and 
equipment. 

WATER REQUIREMENTS IN A TYPICAL SOUTH AFRICAN GOLD MINE 

Gold mines in South Africa can utilize large amounts of 
water. The water is frequently recycled in order to con- 
serve water resources and minimize pumping costs to the 
surface and at the same time prevent pollution due to 
discharge of used water. The water is used underground 
for a variety of purposes. The prime purpose for water 
underground was at one stage for dust suppression after 
blasting and during rock drilling. 

An important use of water nowadays is for cooling purposes 
underground. The geothermal gradient in the South African 
goldfields is typically 12O centigrade kilometre of 
depth. Virgin rock temperatures up to 65BeEentigrade have 
therefore been experienced. Previously air ventilation 



was a d e q u a t e  i n  c o o l i n g  t h e  env i ronmen t  b u t  now t h a t  m ines  
a r e  b e i n g  sunk t o  g r e a t e r  d e p t h s  t h e  c o o l i n g  c a p a c i t y  o f  t h e  
a i r  i s  i n a d e q u a t e .  Owing t o  t h e  h i g h  s p e c i f i c  h e a t  o f  w a t e r  
and  t h e  f a c t  t h a t  w a t e r  i s  r e q u i r e d  unde rg round  f o r  o t h e r  
p u r p o s e s ,  t h e  u s e  o f  w a t e r  f o r  c o o l i n g  i s  becoming common. 
I n  f a c t ,  owing t o  au to -compres s ion ,  a s  a i r  i s  c i r c u l a t e d  a t  
g r e a t e r  d e p t h s  unde rg round  v e r y  l i t t l e  c o o l i n g  e f f e c t  c a n  be  
o b t a i n e d .  Water i s  t h e r e f o r e  o f t e n  u s e d  f o r  c o o l i n g  111. 
Water i s  c o o l e d  i n  r e f r i g e r a t i o n  p l a n t s  e i t h e r  unde rg round  
o r  on  t h e  s u r f a c e .  C o o l i n g  t o w e r s  a r e  a l s o  u s e d  t o  p r e c o o l  
t h e  w a t e r  b e f o r e  f u r t h e r  c h i l l i n g  i n  t h e  r e f r i g e r a t i o n  
p l a n t .  I t  i s  a l s o  p o s s i b l e  t h a t  i n  t h e  f u t u r e  i c e  w i l l  b e  
s e n t  unde rg round  f o r  c o o l i n g  a s  i n d i c a t e d  i n  t h e  Chamber o f  
Mines Annual R e p o r t ,  1981  1 2 1 .  

Mining t a k e s  p l a c e  on  a  number o f  l e v e l s  ( s e e  F i g .  1) and  
t h e  h o i s t i n g  c a p a c i t y  o f  t h e  s h a f t  i s  p r o b a b l y  t h e  main 
l i m i t a t i o n  on t h e  a r e a  o f  work ing  f a c e  i n  any  p a r t i c u l a r  
mine .  L a r g e  mines  have  t y p i c a l  c o o l i n g  r e q u i r e m e n t s  o f  20 
0 0 0  k i l o w a t t s .  T h a t  i s  t h e  amount o f  h e a t  t o  b e  removed 
d u r i n g  min ing  o p e r a t i o n s  f rom any p a r t i c u l a r  work ings  f e e d -  
i n g  one  s h a f t .  The amount o f  w a t e r  t o  be  c i r c u l a t e d  f o r  t h i s  
c o o l i n g  d u t y  may b e  c a l c u l a t e d  a s  fo l l owsd  I f  t h e  w a t e r  i s  
s e n t  unde rg round  a t  ~ O C  and r e t u r n e d  a t  28 C, t h a t  b e i n g  t h e  
maximum t e m p e r a t u r e  recommended, t h e n  

T h i s  f l o w  i s  t y p i c a l  f o r  a  deep  l e v e l  s h a f t  and  i n  f a c t  i s  
e x c e e d e d  i n  many mines .  Obv ious ly  t h e  w a t e r  r e q u i r e m e n t  w i l l  
b e  r e d u c e d  i f  i c e  were  u s e d  a s  t h e  l a t e n t  h e a t  o f  f u s i o n  o f  
i c e  w i l l  e f f e c t i v e l y  r e d u c e  t h e  s p e c i f i c  h e a t .  T h e r e  a r e  
many p rob l ems  a s s o c i a t e d  w i t h  t h i s  p o s s i b i l i t y  however and 
it i s  n o t  p u r s u e d  h e r e  13 1 . The w a t e r  u s e d  f o r  c o o l i n g  c a n  
a l s o  b e  u s e d  f o r  o t h e r  p u r p o s e s .  

The min ing  o p e r a t i o n s  a l s o  r e q u i r e  w a t e r .  L a r g e  masse s  o f  
o r e  have  t o  b e  moved once  t h e  r o c k  i s  d r i l l e d  and  b l a s t  e d .  
An e f f i c i e n t  method o f  moving t h e  f i n e  b roken  o r e  i s  by 
means o f  w a t e r  j e t s .  High p r e s s u r e s ,  up t o  10  MPa have  been 
u s e d  and t h i s  p r e s s u r e  i s  c u r r e n t l y  g e n e r a t e d  w i t h  pumps. 
Some mines  a r e  c o n s i d e r i n g  u s i n g  a  h i g h  p r e s s u r e  w a t e r  
column t o  s u p p l y  t h e s e  w a t e r  n e e d s .  The re  i s  a l s o  t h e  
p o s s i b i l i t y  o f  d r i v i n g  min ing  mach ines  by  means o f  t h e  h i g h  
p r e s s u r e  w a t e r  a l t h o u g h  t h i s  i d e a  i s  s t i l l  i n  c o n c e p t i o n  
s t a g e .  On t h e  o t h e r  hand ,  a  number o f  mines  have  i n s t a l l e d  
h y d r o e l e c t r i c  t u r b i n e s  a t  t h e  bo t tom o r  a n  i n t e r m e d i a t e  
s t a g e  o f  t h e  s h a f t .  About 40 p e l t o n  wheel  t u r b i n e s  have  been 
o r d e r e d  by  S o u t h  A f r i c a n  g o l d  mines .  Power o u t p u t s  v a r y  
be tween 1000 a n d  5000kW. 

WATER DISTRIBUTION PATTERNS 

When mines  we re  o n l y  sunk t o  a  hundred  m e t r e s  o r  s o  be low 
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t h e  s u r f a c e  t h e  w a t e r  u sed  t o  b e  p i p e d  d i r e c t l y  f rom a  
s u r f a c e  dam t o  t h e  work ings .  As y e a r s  p a s s e d ,  t h e  uppe r  
o r e - c o n t a i n i n g  r e e f s  were worked o u t  and e x c a v a t i o n s  f o l -  
lowed t h e  d i p p i n g  r e e f .  As mines  became d e e p e r  it became 
n e c e s s a r y  t o  b r e a k  t h e  p r e s s u r e s  i n  o r d e r  t o  o p e r a t e  s a f e -  
l y .  Water  was c a s c a d e d  from one  dam t o  a n o t h e r  a t  s u c c e s -  
s i v e l y  l ower  l e v e l s  unde rg round .  A t h r e e - p i p e  s y s t e m  d e v e l -  
oped whereby w a t e r  o v e r f l o w e d  f rom one  dam t o  a n o t h e r  and 
was p i p e d  f rom one  dam down two l e v e l s  t o  s u p p l y  t h e  work- 
i n g s  a t  t h e  l ower  l e v e l .  F i g u r e  2 i l l u s t r a t e s  t h e  s u c c e s -  
s i v e  g e n e r a t i o n s  i n  t h e  d i s t r i b u t i o n  o f  w a t e r  unde rg round  
a n d  a s e n v i s a g e d  p o s s i b l y  i n  t h e  f u t u r e .  I t  may b e  men t ioned  
t h a t  t h e  d i s t a n c e  be tween min ing  l e v e l s  depends  on  t h e  
a n g l e  of  t h e  g o l d - b e a r i n g  s t r a t a  o r  r e e f .  Where t h e  r e e f  
i s  s t e e p  t h e  d i s t a n c e  be tween l e v e l s  may b e  100 m e t r e s  
o r  more.  Where r e e f  d i p  i s  a t  a  s h a l l o w  a n g l e  t h e n  t h e  
d i s t a n c e  be tween l e v e l s  c a n  be  30  t o  60 m e t r e s .  Thus t h e  
w a t e r  p r e s s u r e  a t  t h e  workings  i f  s u p p l i e d  v i a  t h e  t h r e e -  
p i p e  o r  c a s c a d e  sys t em c a n  v a r y .  I n  f a c t  t h e  w a t e r  i s  p i p e d  
h o r i z o n t a l l y  a l o n g  t h e  h a u l a g e  ways and d i s t r i b u t e d  up 
and  down t h e  working  f a c e  s o  t h e  p r e s s u r e  f rom any  p a r t i c u -  
l a r  l e v e l  may v a r y  a c c o r d i n g  t o  t h e  e l e v a t i o n  o f  t h e  work- 
i n g s .  F i g u r e  1 i l l u s t r a t e s  a  t y p i c a l  development  o f  h a u l a g e  
ways,  c r o s s  c u t s  and working  s t o p e s .  

I n  many modern mines  w a t e r  i s  s e n t  down t h e  s h a f t  and  p r e s -  
s u r e  i s  b roken  a t  a  h y d r a u l i c  t u r b i n e .  The t u r b i n e  c a n  
b e  u s e d  t o  g e n e r a t e  e l e c t r i c i t y  o r  t o  d r i v e  a  pump t o  a s -  
s i s t  i n  r e t u r n i n g  w a t e r  t o  t h e  s u r f a c e  o r  t o  w h a t e v e r  l e v e l  
t h e  r e f r i g e r a t i o n  p l a n t  i s  l o c a t e d .  Water c a n  b e  t a k e n  
o f f  t h e  s h a f t  p i p e  a t  v a r i o u s  l e v e l s  and p r e s s u r e - r e d u c i n g  
v a l v e s  c a n  be  u s e d  t o  c o n s t r a i n  t h e  p r e s s u r e s  a t  t h e  work- 
i n g s  and  t o  p r e v e n t  d a n g e r  t o  worke r s .  

With t h e  p o s s i b i l i t y  of  t h e  u s e  o f  t h e  h i g h  p r e s s u r e  w a t e r  
a t  t h e  work ings ,  however ,  it may b e  n e c e s s a r y  t o  e x t e n d  
h i g h  p r e s s u r e  p i p i n g  down t h e  s h a f t  a l o n g  t h e  h a u l a g e  ways 
t o  t h e  work ings .  P r e s s u r e  r e d u c i n g  v a l v e s  may b e  r e q u i r e d  
i n  some p o s i t i o n s  a s  n o t  a l l  u s e r s  r e q u i r e  t h e  same p r e s -  
s u r e .  I n  p a r t i c u l a r ,  i f  w a t e r  i s  c i r c u l a t e d  t h r o u g h  c o o l i n g  
c o i l s  and n o t  s p r a y e d  o n t o  t h e  r o c k  f o r  c o o l i n g ,  t h e n  low 
p r e s s u r e s  a r e  recommended a s  t h e s e  i n v o l v e  complex s y s t e m s  
which  would be  e x t r e m e l y  e x p e n s i v e  i f  d e s i g n e d  t o  o p e r a t e  
a t  h i g h  p r e s s u r e s .  

The p o s s i b i l i t y  o f  c l o s e d  w a t e r  d i s t r i b u t i o n  c i r c u i t s  i s  
t h e r e f o r e  r emo te  a l t h o u g h  c a r e f u l  i n v e s t i g a t i o n s  may r e v e a l  
t h a t  w a t e r  c o u l d  b e  r e t u r n e d  i n  a  more e f f i c i e n t  manner 
t h a n  a t  p r e s e n t  a t  some mines .  Most mines  d r a i n  t h e  work- 
i n g s  a t  e a c h  l e v e l  and s end  t h e  w a t e r  t o  t h e  l o w e s t  l e v e l  
where  it i s  p u r i f i e d  by s e t t l i n g  b e f o r e  b e i n g  pumped back 
t o  t h e  s u r f a c e  o r  t o  t h e  r e f r i g e r a t i o n  p l a n t .  The p o s s i b i l i -  
t y  o f  pumping t h e  w a t e r  back  f rom i n d i v i d u a l  l e v e l s  i s  
b e i n g  c o n s i d e r e d  a l t h o u g h  t h e  c o s t  of  pumps and  a u x i l i a r y  
equipment  w i l l  i n c r e a s e .  A number o f  p o s s i b l e  w a t e r  r e c i r c u -  
l a t i o n  p a t t e r n s  i s  t h e r e f o r e  i l l u s t r a t e d  i n  F i g u r e  2 .  
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I t  must b e  b o r n e  i n  mind t h a t  t h e  d i ag ram i s  a  c o n s i d e r a b l e  
s i m p l i f i c a t i o n  o f  t h e  r e a l  s y s t e m  a s  i n v a r i a b l y  t h e  w a t e r  
d i s t r i b u t i o n  p a t t e r n  w i l l  d e v e l o p  on  a  day- to-day b a s i s  a s  
t h e  mine development  p r o c e e d s .  As d i f f e r e n t  r e e f s  a r e  worked 
a n d  f a u l t s  a n d  dykes  f r e q u e n t l y  d i s p l a c e  t h e  r e e f  i n  
u n e x p e c t e d  p a t t e r n s ,  and  t h e  pay  o f  t h e  r e e f  c a n  v a r y  
c o n s i d e r a b l y  f rom p o i n t  t o  p o i n t ,  t h e  working  p a t t e r n  c a n n o t  
b e  d e f i n e d  w i t h  g r e a t  a c c u r a c y  a t  t h e  i n i t i a l  s t a g e .  I t  i s  
t h e r e f o r e  f o u n d  t h a t  t h e  w a t e r  d i s t r i b u t i o n  p a t t e r n  i s  
e x t e n d e d  and  a l t e r e d  a s  min ing  p r o c e e d s .  

COMPUTER STUDIES I N  WATER DISTRIBUTION UNDERGROUND 

A number o f  s t u d i e s  have  r e c e n t l y  been  c o m p l e t e d  i n  t h e  
f i e l d  o f  o p t i m i z i n g  t h e  d i s t r i b u t i o n  o f  w a t e r  i n  g o l d  mines .  
These  a r e  s t i l l  a t  a  f a i r l y  academic  l e v e l  and  t h e  a p p l i c a -  
t i o n  t o  new a n d  e x i s t i n g  g o l d  mines  w i l l  b e  a  b i g  t a s k .  

O p t i m i z a t i o n  o f  p i p e  s i z e s  

A  s t u d y  by Grosman 14 1 c o n c e n t r a t e d  on t h e  o p t i m i z a t i o n  o f  
t h e  d i s t r i b u t i o n  o f  w a t e r  unde rg round  c o n s i d e r i n g  d i f f e r e n t  
w a t e r  q u a l i t y  r e q u i r e m e n t s  f o r  v a r i o u s  u s e s .  The w a t e r  
c i r c u l a t e d  unde rg round  i s  f r e q u e n t l y  of  poo r  q u a l i t y  owing 
t o  p o l l u t i o n  by  s u l p h i d e s  and o t h e r  m i n e r a l s  i n  t h e  o r e .  The 
p o s s i b i l i t y  o f  u s i n g  d i f f e r e n t  s o u r c e s  o f  w a t e r  f o r  
d i f f e r e n t  u s e s  was t h e r e f o r e  i n v e s t i g a t e d .  A l though  d u p l i -  
c a t e  d i s t r i b u t i o n  ne tworks  may b e  r e q u i r e d  t h i s  method o f  
w a t e r  r e t i c u l a t i o n  may be  economic  i f  h i g h  q u a l i t y  w a t e r  i s  
r e q u i r e d  f o r  c e r t a i n  u s e s .  I n  p a r t i c u l a r ,  i f  h i g h  p r e s s u r e  
w a t e r  i s  u s e d  f o r  d r i v i n g  mach ine ry  o r  f o r  o i l - i n -  w a t e r  
e m u l s i o n s  t h e n  t h e  p o s s i b i l i t y  i s  r e a l .  Grosman u s e d  l i n e a r  
programming and  n o n - l i n e a r  programming f o r  o p t i m i z i n g  
d i s t r i b u t i o n  p a t t e r n s .  He found  t h a t  t h e  c o s t  o f  h i g h  q u a l -  
i t y  w a t e r  was enormous and s h o u l d  b e  a v o i d e d  where pos-  
s i b l e .  

Ano the r  s t u d y  c o n c e n t r a t e d  on t h e  d e s i g n  o f  t h e  v e r t i c a l  
p i p e l i n e  down t h e  s h a f t  o f  a  t y p i c a l  g o l d  mine .  B e r n s t e i n  
151 u s e d  dynamic programming t o  o p t i m i z e  t h e  s i z e  of  t h e  
v e r t i c a l  p i p e  c o n s i d e r i n g  v a r i o u s  p o s s i b l e  u s e s  of  t h e  
p r e s s u r e  unde rg round .  Not o n l y  d i d  he  c o n s i d e r  t h e  i n c r e a s e  
i n  t e m p e r a t u r e  o f  w a t e r  due  t o  e n e r g y  d i s s i p a t i o n ,  b u t  a l s o  
t h e  l o s s  i n  p o s s i b l e  power g e n e r a t i o n  o r  u s e  o f  w a t e r  f o r  
d r i v i n g  mach ine ry  unde rg round  i f  p i p e s  were t o o  s m a l l .  These  
r e s u l t s  showed e s s e n t i a l l y  t h a t  f r i c t i o n  l o s s e s  s h o u l d  b e  
minimal  i n  a  t y p i c a l  sy s t em a s  t h e  v a l u e  o f  t h e  power 
p o t e n t i a l  was s o  h i g h  i n  t h e  f a c e  o f  r i s i n g  e l e c t r i c a l  power 
c o s t s .  Both  B e r n s t e i n  and  Grosman c o n s i d e r e d  a  s t e a d y - s t a t e  
s y s t e m  i n  o r d e r  t o  s i m p l i f y  t h e i r  a n a l y s i s .  

S i m u l a t i o n  o f  w a t e r  q u a l i t y  d e t e r i o r a t i o n  

H o l t o n  161, on  t h e  o t h e r  hand,  c o n s i d e r e d  a n  u n s t e a d y  s t a t e  
sy s t em.  He s i m u l a t e d  t h e  w a t e r  d i s t r i b u t i o n  i n  a  t y p . i c a l  
g o l d  mine u s i n g  d i f f e r e n t i a l  e q u a t i o n s  o f  s t o r a g e  a n d  f l ow .  



H i s  s t u d y  c o u l d  i n c o r p o r a t e  two  o r  more p a r a m e t e r s .  Tha t  
i s ,  he  was n o t  o n l y  a b l e  t o  s t u d y  v a r i a t i o n s  i n  f low r a t e s  
b u t  a l s o  v a r i a t i o n s  i n  w a t e r  q u a l i t y .  I n  p a r t i c u l a r  h i s  
s t u d y  may be used  f o r  optimum management o f  d i s t r i b u t i o n  
sys t ems  i n  o r d e r  t o  improve w a t e r  q u a l i t y .  I t  i s  p o s s i b l e  
h i s  s t u d y  may be used  f o r  wa te r  t e m p e r a t u r e  s i m u l a t i o n s  
a s  w e l l .  

I n  g e n e r a l  t h e  u s e  of  compute r s ,  p a r t i c u l a r l y  micro-com- 
p u t e r s ,  may p rove  a  v a l u a b l e  t o o l  i n  minimizing o p e r a t i n g  
c o s t s  and improving t h e  d e s i g n  of  w a t e r  d i s t r i b u t i o n  p a t -  
t e r n s  underground.  F u t u r e  s t u d i e s  may i n t r o d u c e  p r o b a b i l i t y  
a n a l y s i s  f o r  t h e  d e s i g n  of  e x t e n d i n g  d i s t r i b u t i o n  sys t ems .  
Tha t  i s ,  due t o  t h e  u n p r e d i c t a b l e  o r e  y i e l d s  o r  c o s t  o f  
g o l d  i n  t h e  f u t u r e  t h e  comple te  d i s t r i b u t i o n  p a t t e r n  c a n n o t  
be  p l a n n e d  p r e c i s e l y  be fo rehand  b u t  may have t o  be b a s e d  
on a  most p r o b a b l e  c o s t  f u n c t i o n .  

HYDRAULIC ANALYSIS OF WATER DISTRIBUTION SYSTEMS 

The w a t e r  d i s t r i b u t i o n  sys t em can  a l s o  be  t r e a t e d  a s  a  
t y p i c a l  p i p e  network s u b j e c t  t o  f r i c t i o n  head l o s s e s  and 
t r a n s i e n t  p r e s s u r e  v a r i a t i o n s .  I t  i s  o f t e n  a  c o m p l i c a t e d  
t a s k  t o  d e t e r m i n e  t h e  f l o w  r a t e s  i n  d i f f e r e n t  p i p e s  which 
a r e  l i n k e d  i n  a  network.  The i n t r o d u c t i o n  o f  p r e s s u r e  b reak-  
i n g  dams and  p r e s s u r e  r e d u c i n g  v a l v e s  c o m p l i c a t e s  t h e  is-  
s u e .  The head  l o s s e s  a r e  a l s o  known t o  i n c r e a s e  w i t h  t i m e  
owing t o  t h e  d e t e r i o r a t i o n  o f  t h e  i n n e r  s u r f a c e s  o f  t h e  
p i p e s .  C o r r o s i o n  and s c a l i n g  c a n  r a p i d l y  r e d u c e  t h e  h y d r a u l -  
i c  c a p a c i t y  of  t h e  p i p e s  a l t h o u g h  modern p r a c t i c e  i s  t o  
c o a t  t h e  p i p i n g  w i t h  epoxy i n t e r n a l l y .  Computer programs 
have been  deve loped  t o  a n a l y s e  such sys t ems .  

Water hammer 

I n  a d d i t i o n  t o  t h e  s t e a d y - s t a t e  f l o w  problem t h e r e  i s  t h e  
problem o f  t r a n s i e n t  p r e s s u r e s  g e n e r a t e d  by c l o s i n g  v a l v e s  
o r  o p e r a t i n g  pumps i n  t h e  sys tem.  Water hammer p r e s s u r e s  
can  b e  h i g h  owing t o  t h e  h i g h  v e l o c i t i e s  i n  many o f  t h e  
p i p e s .  The w a t e r  hammer p r e s s u r e  which can  t y p i c a l l y  b e  
1 5 0  metres p r e s s u r e  head  p e r  1 met re  p e r  second  of  v e l o c i t y  
may i n  f a c t  be  many hundreds  of  m e t r e s  head i f  t h e  f l o w  
i n  any  p i p e  i s  s t o p p e d  i n s t a n t a n e o u s l y .  Fo r  s a f e t y  r e a s o n s  
v a l v e s  have t o  o p e r a t e  f a i r l y  r a p i d l y  a l t h o u g h  t h i s  i s  
i n  c o n t r a d i c t i o n  t o  t h e  r equ i remen t  f o r  minimizing w a t e r  
hammer p r e s s u r e s .  Var ious  p o s s i b l e  o p e r a t i n g  c o n d i t i o n s  
can  t h e r e f o r e  be s t u d i e d  u s i n g  a  computer  s i m u l a t i o n  p ro -  
gram. A s o - c a l l e d  g l o b a l  h y d r a u l i c  a n a l y s i s  program can  
be used  t o  s i m u l a t e  any  p o s s i b l e  o p e r a t i n g  c o n d i t i o n .  I n  
t h a t  way c l o s i n g  t i m e s  o f  a u t o m a t i c  v a l v e s  c a n  be s e l e c t e d  
from a  number of  t r i a l  s i m u l a t i o n s .  High v e l o c i t i e s ,  t y p i -  
c a l l y  5 t o  10 m e t r e s  a  second ,  a r e  a l s o  a s s o c i a t e d  w i t h  
p i p e s  f e e d i n g  t u r b i n e s .  The s p e a r  v a l v e  f e e d i n g  a  hydro- 
e l e c t r i c  t u r b i n e  can  i n  f a c t  be s h u t  v e r y  q u i c k l y  b u t  t h e  
t i m i n g  c a n  be  c o n t r o l l e d  and a  d e s i r a b l e  c l o s i n g  t i m e  c a n  
be recommended. Again t h e  wa te r  hammer a n a l y s i s  program 



c a n  be  u sed  t o  l i m i t  t h e  p r e s s u r e  f l u c t u a t i o n s  a n d  t h e r e b y  
minimize  t h e  c o s t  o f  p i p i n g  and v a l v e s .  

The computer  program i s  b a s e d  on  t h e  method o f  c h a r a c t e r i s -  
t i c s  171. The program h a s ,  however,  a  number o f  innova-  
t i o n s .  The p i p e  ne twork  c a n  b e  v e r y  s i m p l y  d e s c r i b e d  by 
m e r e l y  number ing  t h e  nodes  a t  which v a r i o u s  p i p e s  j o i n .  

Any combina t ion  of  p r e s s u r e  r e d u c i n g  v a l v e s  o r  pumps c a n  
be  s p e c i f i e d  a s  w e l l  a s  t h e  open ing  and c l o s i n g  d u r a t i o n  
and  t i m e  f o r  t h e  v a l v e s .  The program i s  t h e r e f o r e  a b l e  
t o  recommend t h e  maximum o r  minimum o p e r a t i n g  t i m e s .  

The same program c a n  be  u s e d  t o  d e t e r m i n e  s t e a d y - s t a t e  
f l o w s  i n  an  open d i s t r i b u t i o n  sys t em.  By s p e c i f y i n g  which 
v a l v e s  a r e  open i n  t h e  g l o b a l  program and  s t a r t i n g  w i t h  
any  r e a s o n a b l e  h e a d s  a t  t h e  nodes  t h e n  t h e  h y d r a u l i c  damp- 
i n g  i s  s u f f i c i e n t  t o  r e d u c e  t h e  f l o w s  t o  p r a c t i c a l l y  s t e a d y -  
s t a t e  c o n d i t i o n s  a f t e r  a  few i t e r a t i o n s .  V a l v e s  may t h e n  
b e  c l o s e d  a f t e r  s t e a d y - s t a t e  f l o w s  a r e  a t t a i n e d .  An impor t -  
a n t  p o s s i b i l i t y  h a s  been s t u d i e d  i n  some mines  u s i n g  t h i s  
p r i n c i p l e .  Fo r  example ,  t h e  p o s s i b i l i t y  o f  a  b u r s t  i n  a  
h i g h  p r e s s u r e  p i p e  h a s  been i n v e s t i g a t e d  and  a n  a u t o m a t i c  
e x c e s s  f l o w  c o n t r o l  v a l v e  c l o s e d  when a  h i g h  f l o w  i s  d e t e c -  
t e d .  The e n t i r e  b u r s t  and  a u t o m a t i c  shut-down p r o c e d u r e  
h a s  been s i m u l a t e d  w i t h  t h e  program and  t h e  c l o s i n g  t i m e  
o f  t h e  a u t o m a t i c  c o n t r o l  v a l v e s  t h u s  s p e c i f i e d .  A l t e r n a t i v e -  
l y  w a t e r  hammer p r o t e c t i o n  methods  c a n  be  u s e d ,  s u c h  a s  
r e l e a s e  v a l v e s  o r  a c c u m u l a t o r s  ( 8 1 .  

PIPES AND EQUIPMENT 

Owing t o  t h e  e x t r e m e  p r e s s u r e s  and t h e  a g g r e s s i v e  e n v i r o n -  
ment unde rg round  s p e c i a l  equipment  may have  t o  b e  deve lop -  
e d .  The p r e s s u r e s  a r e  a t  t h e  l i m i t s  o f  p r e s e n t  t e c h n o l o g y  
w i t h  r e s p e c t  t o  p i p e  a u x i l i a r y  equ ipmen t .  The h i g h  p r e s -  
s u r e s  c a n  s t r e s s  t h e  p i p e  w a l l s  t o  t h e i r  l i m i t s  and  h i g h e r  
g r a d e s  o f  s t e e l  a r e  b e i n g  u s e d  e a c h  y e a r .  Owing t o  t h e  
d i f f i c u l t y  o f  we ld ing  and n o r m a l i z i n g  t h e  s t e e l  unde rg round  
p i p e  j o i n t i n g  i s  a  major  problem.  I n  p a r t i c u l a r  s i n c e  t h e  
p i p e  h a s  f r e q u e n t l y  t o  be s l u n g  a s  l a y i n g  p r o c e e d s ,  t h e  
positions o f  j o i n t s  and e lbows  a r e  f r e q u e n t l y  unknown. 
T h e r e f o r e  s u p p o r t s  and  f i t t i n g s ,  such  a s  e lbows  a n d  t e e s ,  
have  t o  be  r e a d i l y  a v a i l a b l e  o r  f a b r i c a t e d  i n  s i t u .  

The p r o t e c t i o n  o f  s t e e l  a g a i n s t  c o r r o s i o n  i s  a n o t h e r  p ro -  
blem. Owing t o  t h e  humid warm env i ronmen t  and  t h e  h i g h  
d i s s o l v e d  s a l t  c o n t e n t  o f  t h e  w a t e r ,  p i p e s  c a n  f r e q u e n t l y  
c o r r o d e  t h r o u g h  i n  a  few y e a r s  u n l e s s  p r o t e c t e d .  Ga lvan i -  
z i n g  h a s  met w i t h  l i t t l e  s u c c e s s  a s  h a s  s t a n d a r d  p a i n t  
p r o t e c t i o n .  Epoxy c o a t i n g s  a r e  t h e r e f o r e  b e i n g  i n v e s t i g a t e d  
a s  p a r t  o f  a  ma jo r  s t u d y  i n t o  c o r r o s i o n  r e s i s t a n t  c o a t i n g s  
by t h e  R e s e a r c h  O r g a n i z a t i o n  o f  t h e  Chamber o f  Mines .  The 
a d d i t i o n  o f  c o r r o s i o n  i n h i b i t i o n  c h e m i c a l s  i s  o f t e n  expen-  
s i v e  and  i n e f f e c t i v e  i n  t h e  l a r g e  d i s t r i b u t i o n  s y s t e m s  
e n c o u n t e r e d .  Lime i s  f r e q u e n t l y  added t o  i n c r e a s e  t h e  pH 



of the water and desalination of the water is being consid- 
ered. The economic costs to the mining industry of corrosion 
are, however, enormous. 

Valves for the control of the high pressure water are also 
expensive and cumbersome. Isolating valves are available but 
these should never be used for flow control at the pressures 
discussed. Control valves from the oil industry have been 
considered but the cavitation characteristics with water are 
likely to be more of a problem and it is possible that new 
valves will have to be developed in the future for the high 
pressures envisaged. 

Centrifugal pumps can only operate at heads exceeding 1500 
m if the motor speed exceeds 3000 r.p.m. Rapid wear is 
experienced at higher speeds owing to the poor quality 
water. It is therefore necessary to install a booster pump 
station at higher levels. Hydro-electric turbines are also 
limited in the head with which they can operate owing pri- 
marily to the high velocities at the periphery of the 
blades. It is possible that positive displacement machinery 
may have to be used with the high pressure water. 

The high water pressures possible in deep level gold mines 
in South Africa therefore pose challenging problems to the 
industry and engineering profession in South Africa. The 
coordination by the South African Chamber of Mines Research 
Organization of the various engineering disciplines in 
environmental control, equipment design and hydraulic 
analysis, as well as water purification and materials 
science will be an exciting challenge. It is possible that 
new equipment and new uses for the high pressure water will 
develop with time and the gradual mechanization of the 
mining industry will be an added stimulus. 
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