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Mary South African Gdld Mines a re  geologically i n  proximity t o  the  Transvaal 
Dolomites. T h i s  geo log ica l  u n i t  is k a r s t i c  i n  many areas and is very 
extensive. Very large volures of grand water can be found i n  the dolanites,  
and have given r i s e  t o  major dewatering problems on t h e  mines. Hitherto, 
the gewral philosophy on the  mines has been t o  accept these large  i n f l m s  
i n t o  t h e  mine, and then t o  punp out £ran urdergraxd a t  a suitably cowenient 
level.  

The dolomites  c o n s t i t u t e  a ground water  control area which means t h a t  
Govermnt  prmiss ion is required t o  do anything with ground water within 
t h e  dolomite.  When t h e  f i r s t  major inflows occurred, the  mines s tar ted 
h t e r i n g  the dalanites and i n  many areas  induced sinkholes, with signif i- 
c a n t  l o s s  of l i f e  and bui ldings .  The n e t t  r e s u l t  is t h a t  mines have 
t o  pump l a r g e  q u a n t i t i e s  of water o u t  of t h e  mine b u t  recharge i n t o  
t h e  dolomite t o  maintain water levels.  IXlring the  pst 2 years a nlnnber 
of investigations have been c a r r i e d  o u t  t o  reduce t h e  very high c o s t s  
of dewatering. On one mine t h e  cos t  of removing 130 x 103 m3/day is 
about 1 x 106 ~and/mnth.  

The hydrogeologic model for  the  dolanites is ~w r8asoMhly a1 ~ r s t o c d .  
It shws that surfaoe wells t o  a depth of up t o  150 m can withdraw signif i- 
c a n t  q u a n t i t i e s  of water and reduce t h e  amount t h a t  has t o  be p m p d  
£ran considerable depth with s ignif icant  saving i n  pumping c o s t s .  Such 
a system has a number of a d d i t i o n a l  advantages such as removing sane 
of the  large  volume of water f ram t h e  underground working environment 
and providing a system tha t  can be used f o r  controlled surface dewatering 
should it be required. 

The Gold Mines of the  West Rand near  Johannesburg, South Af r i ca ,  mine 
gold  bear ing r e e t s  f r an  quar tz i tes  a t  depths of up t o  4000m below ground 
surface. The gold  bear ing s t r a t a  a r e  ove r l a in  by Ventersdorp l ava ,  
and Transvaal  dolomite. The dolanites a r e  highly ka r s t i c  i n  sane areas 
and mntain large volumes of water. They a r e  divided i n t o  various canpart- 
ments by a s e r i e s  of nor th  south  and e a s t  west dykes. When a dyke is 
intersected or when mining a c t i v i t i e s  cause the 'protective'  V e n t e r s d o r ~  



lava t o  break, or when the  protective layer af Ventersdorp lava is atsent, 
large volumes of water can flaw into the mines. 

Lowering of the  water t a b l e  i n  t h e  dolomites, due t o  mine dewatering, 
has resulted i n  major settlenent and sinkhole problans. 

This places the m i n e s  i n  a dilarana. If water levels  a re  t o  be maintained, 
then pumping £ran underground must be cm~ensa ted  by a r t i f i c i a l  recharge. 
The constant  recycl ing can resu l t  i n  flushing out of the f issures  with 
resultant continuous increase in punping ra tes  and costs. 

The other  a l t e r n a t i v e  is t o  dewater t h e  compartment which can resul t  
in dimage t o  e x i s t i n g  s t r u c t u r e s  and incur  l a r g e  costs .  The l a t t e r  
is s t r i c t l y  controlled by Government t o  avoid such problems. 

This paper discusses some of these problems with a suggestion f o r  an 
dl ternative approach which a u l d  save significant costs. 

Gold is mined extensively in  conglanerates i n  the pre-Cambrian quartzites 
a t  the edge of the Witwatersrand basin on the  West Rand. These sediments 
are unconf ormably overlain by andesite lava of the Ventersdorp supergroup. 
These a r e  i n  turn overlain by up t o  1200 metres of pre-Cambrian dolanite. 
Outliers of karoo sediments occupy depressions i n  the dolanite. 

The dolomite is divided i n t o  ground water compartments by intrusive 
dykes and ground water s p i l l s  £run one compartment t o  the  next  through 
spr ings  on t h e  dyke contacts ,  although many springs have dried up due 
t o  mining impact on the ground water. 

A l o c a l i t y  plan is shown i n  Fig 1 and a general plan of t h e  geology 
and ground water ccn~partrnents is shown i n  Fig 2. 

Mean Annual Precipi tat ion (MAP) is about 750mm. Studies  of recharge 
t o  ground water a r e  cur ren t ly  being undertaken but estimates t o  date 
a re  general ly  about 10% of MAP. Unt i l  dis turbance by mining became 
significant,  most of the recharge was discharged naturally throqh various 
springs. Table 1 lists sane spring discharges for sane canprtrnents. 

Comprtznent 

Gemsbokfontein 
Venterspst 
Bank 1 502 
Oberholzer 1 471 55,9 
Turf ontein 1 417 1817 

Solution weathering i n  the do lan i tes  is extensive i n  t h e  a rea ,  t o  t h e  
point  where major sink holes have resulted i n  loss  of l i f e  and property. 
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FIGURE 2 LOCALIN OF MAIN SPRINGS AND DOLOMITE COMPAf3NlENTS 
WEST RAND DOLOMITES 
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For th i s  reason, dewatering of the do lmi tes  has becme a sensitive issue. 

'Ihe vdunes of water i n  storage i n  the dolanites, a re  very large. Schwartz 
and Midgley (1975) estimated 2,2 x 106 M1 i n  starage in the bark ccmprtment 
prior t o  dewatering. 

The main water bearing features a re  tensional features, generally p r a l l e l  
t o  the dykes. These features are  often zones of closely spaced fractures, 
ra ther  than s i n g l e  fea tures .  Solut ion weathering has widened these 
features, though they are  often f i l l e d  with weathering products. 

Fig 3 shows a cross-sect ion of t h e  general concept of weathering i n  
the dolmite. Most of the ground water s torage i n  the  d o l m i t e  is  i n  
a f a i r l y  relatively thin zone a£ about 10 t o  20 metres. 

When dcilcmite water drains dam into the mines, it must be through occasional 
individual  t ens ion  f e a t u r e s  which penetrate  the f u l l  thickness of the 
dolanite. 

It is well  known t h a t  sane of the mines a re  'wet' and others a re  'dry'. 
Doornfontein and Libanon mine have not experienced major water problems , 
y e t  they a r e  heavi ly faul ted.  It is apparent tha t  the fau l t s  i n  these 
cases are  gouge f i l l e d  and cannot t ransni t  water easily. Adjacent mines 
can have very significant problems. West Driefontein and Blyvooruitzicht 
pumped 170 megalitres Fer day (Ml/day) from the  Oberholzer compartment 
i n  1963. In  1968 a major sudden inrush of 16 Ml/hour nearly closed 
West Driefontein mine. Venterspost has  had l a r g e  water problems and 
Western a r e a s  GM has pumped s t e a d i l y  increasing q u a n t i t i e s  up about 
130 Ml/day i n  1984. 

Wolmarans and Guise-Brawn (1978) described an investigation in to  one 
a€ the major tensional fau l t s  a t  East Driefontein and shmed the fol lming 
features : - 

1 Cavities a re  limited t o  the vadose zone and tha t  p r t  i n  the fireatic 
zone where hydraulic forces a re  operative. The pH of the dolanite water 
below t h i s  level varies between 7,3 and 719 and d i sso lu t ion  ra ther  than 
solution is a feature. 

2 Thefaultzonewasfi l ledwithweathereddolmiteanddecmpsit ion 
products t o  a width of 35 metres a t  a depth a£ 150m below surface. There 
a re  records of gouge f i l l e d  fractures a t  depths of up t o  600111. 

Many of t h e  recorded major inflows appear t o  be associated with fa i lu re  
of the hanging wall i n  a r e a s  where t h e  pro tec t ive  cover of l ava  has 
thinned out or has been faulted out. Once the flow path has teen aeated, 
then the individual fissures can be gradually f lushed out ,  r e s u l t i n g  
i n  progressively increasing f l m s .  If the compartments muld be ha te red ,  
then the i n f l m  would progressively decrease with lawering water t a b l e  
unt i l  i n f l m  matched natural recharge. 

Schwartz and Midgley (1975) analysed t h e  r a t e  of drawdawn i n  t h e  Bank 
compartment a f t e r  t h e  West Driefontein flooding i n  1968. The essential 
features of t h i s  assessment shmed a s t e p p d  nature of the time drawdown 
curve a s  shmn i n  Fig 4. 



A general ised statement can be made t h a t  f o r  ground within 2 metres 
of the original ground water t a b l e  the  Transmissivity is grea te r  than 
1000 m3/day/m (values of several  thousand a r e  recorded). The range 
is between 100 and 1000 m3/day/m for greater than 12m. Similarly values 
for storage i n  the region close t o  the water t a b l e  range from 1 t o  10% 
but a r e  well below 1% a t  depths greater than 10 metres. 

Recent investigation into grcund water resources i n  the Zuurbekcm department 
have confirmed the a t m e  general relationships within the deeper weathered 
zones which correspond t o  the major jointed zones. La te ra l ly  away from 
these  zones, it appears t h a t  Transmissivity and Storage Coefficients 
a lso reduce rapidly. 
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flG.4 POSSIBLE MOOE OF DEWATERING IN DOLOMITE 

A l l  of the gold mines on the West Rand have pump stat ions i n  the  working 
l e v e l s  usually a t  l eas t  1000 m below ground level. Most water extracted 
has its origin i n  the dolanite. OT those mines which have had or  still 
have major i n f l w  problens, there a re  two main scenarios: 

1 Where t h e  compartment is dewatered then  inflcw is probably close 
t o  the natural recharge t o  the canpartment. 

2 In cases where dewatering has not been permitted, then wakr extracted 
underground must be recharged t o  maintain water l e v e l s ,  r e s u l t i n g  i n  
much higher pumping rates  than the natural recharge. 

The hydrogeologic model has been i l lustrated and the f dllowing paragraphs 
w i l l  i l l u s t r a t e  how t h i s  understanding may be used t o  reduce dewatering 
costs. 

The s t u d i e s  i n  quest ion were developed f o r  one p a r t i c u l a r  mine, but 
actual detai ls  cannot be revealed. Assuming 100 Ml/day a r e  pumped t o  
sur face  £ran a depth of about 1600 metres, the  o ~ e r a t i n g  costs  a r e  close 
t o  1 x 106 Rand/month. Of the 100 Ml/day approximately 90% is direct ly  
recharged back t o  the aquifer. Thus 90 Ml/day are being recycled through 



specific features through a head of 1600 metres. 

Most of the major inflows t o  the  mines a r e  very loca l i sed .  Once t h e  
flow has developed it is very d i f f i c u l t  t o  seal cdf due t o  the volumes 
and flaw veloci t ies  involved. An approach not previously used on t h e  
mines has been considered. This involves the use d surface w e l l s  t o  
pick up water i n  the high transnissivity zone near surface.  Such wel l s  
w i l l  : 

reduce the panping head, so t h a t  even i f  the to ta l  quantity were 
not reduced, the reduction i n  pwnping head w i l l  reduce costs  

. reduce the quantity of water punpd by collecting it a t  source 
i n  the weathered zone aquifer 

. reduce and control the possibility of surface settlenents by utilizing 
w e l l s  placed i n  s p c i f i c  areas. Recycling may be required i n  sane areas, 
but would be l e s s  than the  present  recycl ing due t o  lower hydraul ic  
conductivities, i n  the  undisturbed dolanite 

reduce pollution which typically occurs i n  the  mining area. The 
ground water would gradually clean up due t o  limited recycling ard expsure 
t o  the mining area. 

The g r e a t e s t  developnent of t h e  cavernous and highly Transnissive zone 
is within the zone of f l u c t u a t i o n  of t h e  o r i g i n a l  water t ab le .  This 
is i l lus t ra ted  i n  Fig 3. Below t h i s  zone, the dolanite is still jointed, 
but the joints  a re  tighter. Where major j o i n t s  and f a u l t s  occur, t h e  
s o l u t i o n  weathering can occur t o  g r e a t  depths, but these features a re  
usually f i l l e d  with weathering products. If these  weathering p'roduct s 
a r e  not dis turbed,  then hydraulic coduct ivi ty  should remain relatively 
lm. 

It seems reasonable therefore,  t h a t  provided boreholes can be s i ted 
outside the zone of strong vert ical  flow which has flushed out weathering 
products t o  depth, then s h a l l w  wells M d  be able to collect a significant 
proportion of the ground water. 

The e x i s t i n g  systems of recycling 90 Ml/day through a head of 1600 M 
could be replaced by a system of shallow wel l s  pumping about 45 Ml/day 
through a head of about 150 m and a residual amount of about 15 Ml/day 
£ran the 1600 m level. The two scenarios a re  i l lustrated i n  Figs 5 & 6. 

The unit cost of punping f ran the  deep l e v e l s  is about R25 0 per mega- 
litre/day. For a to ta l  of 100 Ml/day this is R25 000/day. 

Using the  shallow w e l l  concept and t h e  f i g u r e s  i l l u s t r a t e d  i n  Fig 6 
the costs  a re  sunmarised a s  follows:- 

Deep pumping 15 Ml/day @ R25 O/M1 = R3 750 ,OO 
Shallcw punping 45 W d a y  @ R 40/M1 = 1800.00 

Total Jl5550,00/day 
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A t o t a l  of 14 production w e l l s ,  and 14 recharge wells would be required. 
To achieve this,  it is a s s u e d  t h a t  a t o t a l  of 43 wel l s  would have t o  
be d r i l l e d  ( t o  allow f o r  f a i l u r e s )  a t  a c o s t  of about 2,O x 106 Rand 
including equipping of 14 w e l l s .  A larger number of wel l s  could theor- 
i t i c a l l y  e x t r a c t  a l a r g e r  amount of water from t h e  surface wells but 
ccxrrputer simulation of f l m  into the workings suggested t h a t  t h e  lower 
extraction by surface w e l l s  was probably more real is t ic .  

The figures a re  s u m r i s e d  i n  Table 1 and shm the considerable potential 
savings i n  operating costs. 

TABLE 1 : G-ISED FWENl'IAL OSPS 

PROPOSED SYSIM Dq & lr:rl (M.9 [TITI GRLX~ISI 

966 468,OO 1 500 000,OO 87 30 697 810,OO 268 658,OO 
78 2 500 000,OO 46 55 412 Ol2,OO 554 455,OO 

The water in£ low problem on t h e  West Rand Gold Mines is a major cost 
item on many mines. 'Ihe problem has usual ly been addressed by t r y i n g  
t o  t r e a t  the effects rather than the cause. The dolanites a r e  certainly 
nm treated with respect and mine planning usual ly t akes  i n t o  account 
t h e  po ten t ia l  e f f e c t s  of breaking through the  hanging w a l l  where the 
distance t o  the base of the dolanite is thin.  The conclusions of t h i s  
paper a r e  based on mathematical and computer modelling resu l t s  and no 
s p c i f i c  f i e ld  t r i a l s  have been made. A nmber of conclusions can hmever 
be drawn: 

. Recent investigations have provided reasonable confidence i n  the 
generalised hydrogeologic model as  shmn i n  Fig 3. 

. The system would depend on successful location of the  main water 
bearing f e a t u r e s  and successful  s i t i n g  of boreholes. Recent investi- 
gations for  water supplies i n  the region, shm tha t  t h i s  can be done. 

. The shallow well dewatering option appears t o  have significant 
c o s t  saving b e n e f i t s  even i f  only some of the water is prevented £ran 
~ e n e t r a t i n g  t o  the mine workings. 

. Such a systerrr-would give greater f l ex ib i l i ty  i n  controlling water 
levels  and water quality. 

. The system would reduce the danger underground and reduce i n t e r f e r e  
t o  mining act ivi t ies .  
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