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Himberlite pipes a re  mined open cas t  for d i m &  a t  O r a p  and Letlhakane 
i n  Botswana. The kinberli tes a re  very lcw permeability even w h  weatherd 
but a re  saturated due t o  high ground water l eve l s .  The country rocks 
of b a s a l t s  overlying sandstones contain significant quant i t ies  O£ water 
a t  various piezanetric pressures. 

A very l a rge  kimberli te pipe is mined a t  O r a p  and 2 anal l  ones a t  Let- 
lhakane. Investigations shaved t h a t  dewatering was necessary a t  t h e  
l a t t e r  and a perimeter deep wel l  system was i n s t a l l e d  i n  1982. The 
piezuretric pessures i n  the country rocks have been successfully maintained 
below the p i t  f loor r though sane modifications w i l l  be required i n  future  
a s  mining goes deeper. 

The Orapa kimber l i te  was shown t o  be too large and too lw permeability 
t o  be successfully dewatered with wells or a gal lery .  Recanmendations 
were given t o  reduce t h e  problems created by wet kinkerli te,  i n  term8 
of day t o  day mining operations. 

Orapa is situated 250km west of Francistawn i n  Botswana, on t he  edge 
of the Kalahari Desert. Dianonds were discovered i n  the  area in  1976 and 
the mine was established a t  O r a p  (AKI) i n  1970, The Letlhakane mines, 
D K 1  and DK2, were es t ab l i shed  i n  1974 about 45 km t o  t h e  south east 
of Orapa. See Fig 1. 

The main kimber l i te  pipe a t  Orapa is 1 700 metres long and 900 metres 
across and represents the second l a r g e s t  k imber l i te  p ipe  i n  t h e  world 
a f t e r  Williamson's mine i n  Tanzania. DK1 and DK2 pipes a r e  much mailer 
being 400 and 200 metres diameter respectively. 

The climate is semi-arid with sumner rainfall .  ban  annual precipitation 
is 389 mm. There a r e  no perennial  streams i n  t h e  Orapa a r e a  but  t h e  
na tu ra l  water t a b l e  is 10 t o  20 metres below surface, therefore water 
problems wou1.d have been encountered early i n  the l i f e  of the open p i t s .  
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To ensure rat ional  forward planning of mining op ra t ions ,  slope s t a b i l i t y  
and dewatering s t u d i e s  were undertaken bef o re  t h e  water  was reached. 
F e a s i b i l i t y  s t u d i e s  were follckled by design and implementation and t h i s  
paper gives a brief overview of t h e  i n v e s t i g a t i o n s  and d e s c r i b e s  t h e  
exis t ing  dewatering systems. 

Ground water d f e c t s  mining i n  many ways. The main in f luences  can be 
s u m ~ r i s e d  : 

. large inflows t o  a p i t  can r e su l t  i n  flooding ard interruption 
of pb: d u c t  i s 1 3  

the presence o£ water increases the  cost of d r i l l i n g  and necessi- 
t a t e s  the  use of more expensive, water res is tan t  explosives 

water pressures and flaws i n  p i t  s ide s l o p s ,  promote i n s t ab i l i t y  

wet p i t  conditions increase wear and t e a r  on equipnent and provide 
uncmf on t ab l e  working conditions 

i n  weatherd kimberlites, the piesence of water aids i n  deterioration 
of  running. su r f  a c e s  which become very s l i p p e r y ,  and make handling of 
a r e  d i f f i c u l t  

Wae problem is t o  canpire a wet and dry p i t  i n  terms of costs. A decision 
can then be made as t c  whether a dewatering system may be warra.nted. 
If SOr w h a t  type of system is suitable.  

A fur ther  h f ? f ~ s t m t  cons ide ra t ion  is t h a t  e x t r a c t i o n  of water  from a 
dewatering system could become an  important  water  supply, a s  surface 
water resourea are scarce. 

BE gedcqy ~f the area is f a i r l y  unifom consisting of r ecen t  Kalahari  
sedimeats of sand, s i l c r e t e  or c a l c r e t e ,  overlying Drakensberg basalt  
which i n  tus:~ overl ies the Mane sandstones and shales of the Ecca Group. 

ied,s f om a sedimentary basin and Orapa lies on the northern 
i n  Fig 1. The over ly ing  b a s a l t s  a r e  about 140 metres 

at Letlhakane, 100 m a t  Oxapa and t h i n  out  t o  expose the  Ntane 
one to the north and west of Orapa. The gene ra l i s ed  geologica l  

profi.Le i~j~ am in Fig 2. 

The KaPahari sand cover is about 1 , O  metre a t  Orapa and 5 t o  10 metres 
a t  U f l b k a ~ ~ r  Iqltbugh the caver is very t h i n ,  t h e  very  f l a t  country 

man theit exposure Cd the basa l t s  is very poor. 

The five &n gx&agieaP u n i t s  a r e  descr ibed  i n  more d e t a i l ,  a s  they  
b e  an M%wrace ~n dewatering. 
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The Halahar i  beds c o n s i s t  of f i n e  s i l t y  sands which a r e  c a l c r e t i z d  
or s f i c r e t i zed  in p laces .  The sediments do con ta in  water ,  which t h e  
l o c a l  i n h a b i t a n t s  t a p  wi th  shallow hand dug w e l l s .  The water qudli ty 
hmever, if often poor due t o  t h e  proximity of t h e  water  t a b l e  t o  t h e  
ground surface and the  influence of evaporites, 

The b a s a l t  t h i ckness  a t  AK1 is about 100 metres  and up t o  140 metres 
a t  IIKI DK2. The basalt  is ve ry  hard,  massive and amygdaloidal i n  
p laces .  The rock is very weathered t o  depths of 10 t o  20 metres below 
surface, but  occas ional ,  ve ry  weathered zones a r e  recorded a t  depth  
i n  borehole core.  Se l l schop e t  a1  (1973) r e p r t  t h a t  the base of the 
k2i3,4tr a t  the a n t a c t  with the Ntane sandstone, is a lso  highly weathered, 
passibly cite t o  water flowing along it, 

The basalt Es we12 jointed and the major j o i n t s  show c l e a r l y  on a e r i a l  
phstoqsaphs. The primary permeabi l i ty  and porosity of t he  basdlts  is 
very 1w. .%con&ry petmeability has developed along zones of weathering 
a112 j a l n i  zonec, Various pmp t e s t s  reported i n  t he  available l i t e r a t u r e  
indicate that although yields from the  b a s a l t s  a r e  n o t  u s u a l l y  g r e a t ,  
w e L L s  p s s i n g  through t h e  b a s a l t s  t o  t h e  underlying sandstone do draw 
water f r m  storage i n  the b a s d t s .  The contact zones between t h e  major 
lava flaws form important groundwater horizons. 

The sandstone is  gene ra l ly  f i n e  gra ined  and occas iona l ly  medium and 
coarse grained, orange t o  white i n  colour. Sellschop e t  a1 (1973) report 
t h a t  t h e  qua r t z  g r a i n s  a r e  p a r t i a l l y  sorted and qu i t e  well rounded and 
a p p r e n t l y  of a e o l i a n  o r ig in .  The sands tones  a r e  reasonably  porous 
and permeable, though ca lcareous  and s i l iceous  cemented zones do occur 
which mzy r e su l t  i n  l e s s  prmeable zones. 

The Ntane sandstone is  we l l  known a s  an  a q u i f e r  over l a r g e  areas  of 
Botswana. A t  the t o p  of t h e  sandstone s e c t i o n ,  is a n  indura ted  zone 
about 3,0 metres  t h i c k ,  w i th  t h i n  layers  of basal t .  Below t h i s  layer,  
groundwater is usually gaodl quali ty,  f a i r l y  p lent i fu l  and under a r t e s i a n  
pressure .  The indura ted  zone appears  t o  conf ine  t h e  water, but does 
p m i t  the ve r t i ca l  downflaw of water  from t h e  b a s a l t  i n t o  t h e  Ntane 
sandstone; Sellschop e t  dl (1973) , S i r  Alexander Gibb and Partners (1969). 
It was l a t e r  shmn tha t  the upper zone of t h e  Ntane sandstone was n o t  
t h e  only water bearing horizon, and t h a t  be t te r  y ie lds  could be obtained 
f r m  other zones, deeper i n  t h e  sandstone.  The a q u i f e r  y i e l d s  water  
f r m  primary and secondary features. 

Belaw t h e  Ntane sandstone a r e  s h a l e s  r e f e r r e d  t o  a s  t h e  " red  beds", 
underlain by Ecca shales. These a r e  loca l ly  termed the  Toatshaa formation 
(Geological  Survey Department 1979). It has  been found (Sellschop e t  
dl 1973) that water f ran these beds is ve ry  h igh ly  s a l i n e .  Very l i t t l e  
information has been obtained but t he  shales prcbably respond a s  an aqui- 
clude . 



Post &roo do le r i t e  dykes occur i n  many pa r t s  of the  K a l h i ,  particularly 
t o  the  North East of t h e  Orapa area.  These would presumably have an  
influence on the  flaw of groundwater kut nom have been ps i t ive ly  ie3entifid 
a t  A K l  or  DKl/DK2. There a r e  a number of la rge  l i n e a r  f e a t u r e s  v i s i b l e  
on t h e  a i r  photographs but  whether they  a r e  dykes or major jo in ts  has 
not be prwed. 

Kimber l i tes  were in t ruded i n  t h e  Cretaceous period about 90 million 
years ago. The kimberlite i n  all three p i p s ,  shows a general progression 
from highly  weathered, buff coloured k i rnber l i te  t o  a depth of up t o  
100 metres. This is underlain by red, green and f i n a l l y  blue k imber l i t e  
i n  t h e  f r e s h ,  unweathered s t a t e .  A K 1  shaws a sequence of sedimentary 
or reworked k imber l i t e  i n  t h e  c e n t r e  cf t h e  p i t .  The clayey na tu re  
of t h e  weathered k imber l i t e  and massive nature of the  urrweathes:cd rock 
mean t h a t  hydraulic conductivities a r e  very low. 

On a regional s d e ,  the Karoo s t r a t a  a r e  gently warped i n  basin structure 
and a few minor fo ld  s t ruc tures  have been observed. Hmevex, deformation 
has been of an e s s e n t i a l l y  b r i t t l e  na tu re  producing a rather m p 1 e x  
f rac ture  pl t tern.  (Geological Survey Department 1979). 

From 1969 a nlanber of workers have i n v e s t i g a t e d  a s p e c t s  of t h e  ground 
water a t  Orapa fo r  the m i n e .  These included: 

Gibb (1969) , Sellschop e t  al (1973) , Australian Grounehat e r  Consul tan ts  
1974, S t e f f en ,  Robertson and Rirsten 1980, 1981 arad Geological. Survey 
Department (1979). 

A considerable amount o£ lydrogeological information was therefore avail- 
able, A review of t h i s  informat ion  provided s u f f i c i e n t  information 
f o r  f i r s t  phase assessments of dewatering requi rements ,  and limited 
mount a£ subsequent d r i l l i n g  and t e s t i ng  f o r  f u l l  f e a s i b i l i t y  a s se s s -  
ments. 

The f i r s t  phase of i n v e s t i g a t i o n  concluded t h a t  dewateritrg systm~ for 
a l l  three p i t s  should be cons idered  and a second phase i n v e s t i g a t i o n  
was done. This  included geophysics t o  l o c a t e  s t r u c t u r e s  def i ~ l  on 
air mtographs ,  d r i l l i n g  exploratory w e l l s  and boreholes for p i e z a ~ e t e r  
i n s t a l l a t i o n ,  packer permeability tes t ing  o£ speci f ic  tarizens aid test: 
punping. 

F r m  t h i s  information bdrogedlogic 'models' a€ each area were prepred, 



5.1 Piezaetric surf- 

A l a r g e  number of w e l l s  have been d r i l l e d  i n  t h e  Orapa - Letlhakane 
area by the geological survey and the  mine, i n  the  developnent  of r u r a l  
wells and w e l l f i e l d s  f o r  mine supply. Details of these boreholes have 
been reported previously (Sellschop e t  61 1973; Geological Survey D e p r b n t ,  
1979) and w i l l  not be presented here. For these observation observation 
points a piezcmetric contour plan of the  area was canpiled by the  Botswana 
Geological Survey and published on a 1:50 000 preliminary hydrogeological 
map. The contours were presented as depth o£ p i e z m e t r i c  s u r f a c e  belaw 
ground su r f ace .  These va lues  were reduced t o  a p iezometr ic  surface 
elevation plan by the  authors, and reproduced on Fig 3. 

Although gene ra l  i s ed ,  t h e  p l an  does show the  d i rec t ion  of ground water 
flow tawards the north-east a t  a gradient o£ about 1 i n  400. 

I n  t h e  O r a p  and Letlhakane region, the  piezanetr ic  surface is generally 
between 10 and 15 metres be lm surface. 

Any piezunetric surface plan must be viewed with caution. 'Mile 1 meserrts 
r e s u l t s  of mu1 t i - l e v e l  p i ezane t e r  i n s t a l l a t i o n s .  The key p o i n t s  t o  
note  a r e  t h a t  a perched water  t ab l e  e x i s t s  i n  t he  superf ic ia l  deposits 
and a cordined p i e z a n e t r i c  l e v e l  e x i s t s  i n  t h e  Ntane sands tone  which 
i s  usua l ly  20 metres  below t h e  perched water table. Regionally there 
a r e  sane holes pene t r a t i ng  t h e  sands tone  which a r e  f lawing a r t e s i a n .  
Piezometric e l e v a t i o n s  w i th in  t h e  b a s a l t  a r e  e r r a t i c .  There can be 
a x l s i k a h l e  variation i n  water l eve l s  recorded i n  o w n  boreholes depending 
on t h e  r e l a t i v e  hydrau l i c  conduc t iv i ty  and t h i c k n e s s  of t h e  various 
hor izons penetrated. 
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5.2 ~ i m d s s i v i t y  am3 Hydraulic iviw 

For t h e  purposes of t h i s  paper d e t a i l e d  r e s u l t s  a r e  not  d i s c u s s e d .  
A s m q  is presented i n  Fig 4. 

The diaqaanmatic model given represeni:s t he  A K 1  p i t .  ?he D K l  and DK2 
p i t s  are similar but with two important differences: 

I There is no sedimentary (reworked) kimberlite a t  DK1, DK2 and the  
hydlraulic conductivity is about 1x10-5 cm/sec. 

2 P1~le k b b e r l i t e  - country r c c k  contact appears t o  be more open a t  
MY. armd DK2 and possibly ac t s  a s  a water conduit. 

me rydrogeologic model for  each of the p i t s  i s  f a i r l y  wel l  understood 
a d  a n u d e r  of options for  dewatering were available. 

Placed around the  per imter (31 the p i t ,  sit& according t o  mine planning 
requirements, and t c  mininise i n t e r i e r e n c e  wi th  t h e  mining opera t ion .  

The o b j e c t i v e  of t he se  we l l s  would De t o  f u l l y  p n e t r a t e  t he  sandstone 
aquifer and reduce piczcmetr i.c leve ls ,  and t o  dewater the upper c a l c r e t e  
and basalt aqu i f e r s .  This would reduce f lows towards t he  kimberlite 
1 a s s i s t  i n  s tab i l iz ing  the p i t  si.& s l o p s .  

Tes t  pumping of w e l l s  outside the pip? contacts showed minimal. drawdmn 
on wells i n  Ule kimterlite. The hydraulic conductivity of the kimberlite 
is too lw t o  achieve ef fec t ive  gravity drainage but prwention Q£ lateral 
recharge t o  tfye kimberlites would reduce t h e  long-term flows from t h e  
k in ixr l i tes ,  and permit mining t o  a s t - eep r  side slope angle. 

Allwing f o r  i n t e r f e r e n c e  e f f e c t s  and maintenance shu t  dawns it was 
cxdcuPated t h a t  7 wells should k sufficient. for  DK1 ard 5 for MQ. assuning 
a w e l l  s e p r a t i o n  of about 400 m and s i t e d  200 m from t h e  p i t  c en t r e .  
A t  M4. an  i n i t i a l  1 6  we l l s  would be required.  Af ter  d e t a i l e d  f i e l d  
tests on the p m b i l i t y  of tPle kimberl i te  i t  was recognised t h a t  t h e  
kirhrl i tes  could not be cost aff tx t ive ly  pre-drained bt that significant 

it W d  be obtained fran &pessur is ing  the sandstones, and draining 
%he corntry rocks. 

A n  important  cons ide ra t ion  was t h e  v e r t z c a l  j o i n t i n g  i n  t h e  basal ts  
and t o w s  which is &if f iclsl t  to in tersec t  with ves t i c a l  boreholes.  
There are however, adqmte hor izonM features which provide hydraulic 
continuity, 

Dgainage g a l l e r i e s  are tunnels which a r e  excavated a t  depth, usually 
behind the find pit  face m d  can be a very ef fec t ive  m a ~ s  of dewatering 
~ W W  of the high surf ace area expo& for drainage . !They a re  huwever, 
i n i t d a l l y  expensive and care$ul carrsider~tior; of c o s t s  and b e n e f i t s  
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is  requi red .  R e l i a b i l i t y  is improved and running cos t s  a r e  laver tli{al 
a conventional  wel l  system. A g a l l e r y  would no t  i n t e r f e r e  w i th  any 
mining ope ra t ions  and could be used t o  a s s i s t  evaluation of t he  o r e k 2 -  
a t  depth. The posi t ion and s i z e  of t h e  g a l l e r y  is  important  a s  shown 
by Sharp (1970) . 
The optimum p o s i t i o n  f o r  a g a l l e r y  a t  AK1 would be a t  a depth of 200 
metres, equ iva l en t  t o  t h e  base of che Ntane sandstone.  The l a t e r a l  
p o s i t i o n  would depend on mine planning,  but  it should be wi th in  the  
kimberlite and away from the  con tac t  w i th  t he  sandstone.  This  would 
provide o r e  grade information and diamond recovery could o f f se t  sane 
of the developnent c o s t s .  A v e r t i c a l  s h a f t  would be r equ i r ed ,  which 
would have t o  be s i t e d  ou t s ide  t h e  perimeter  of t h e  f i n a l  open pi t ,  
Tunnelling conditions can be expected t o  be f a i r l y  good, a s  t h e  ground 
is  not  h ighly  weathered and jointing is not well developed. A gradient_ 
would have t o  be b u i l t  i n to  the gallery t o  enable seepage water t o  flow 
back t o  t h e  shaft .  A s e r i e s  of radiating holes would have t o  be d r i l l ed  
u p a r d s  and sideways towards t h e  Ntane sandstone from t h e  t u  liel. t o  
intercept  the  horizontal features. 

The r a t i o  of t he  radius of the tunnel t o  depth be lm piezanetric surface, 
a l so  influences t h e  af f e c t  on drawdawn. I n  t h i s  case ,  t h e  e f f e c t i v e  
radius of the  tunnel w i l l  k considerably augmented by the radial drilling, 
theref o re  t unne l  s i z e  w i l l  no t  ma t t e r ,  provided t h e r e  is s u f f i c i e n t  
access for  d r i l l i n g  machines. 

3 Toe drains and sunp; 

Sub-hor i z o n t a l  boreholes d r i l l e d  i n t o  t he  s l o ~ e s  £ran the benches, a r e  
used mainly f o r  s lope  s t a b i l i t y  purposes.  They have a disadvantage 
i n  t h a t  they  cannot be d r i l l ed  un t i l  a face is develo~ed.  In the  O r a p  
and k t l h a k a r r e  e w i r o m n t ,  the horizontal features carrying the groundwater 
would have t o  be i n t e r s e c t e d  t o  be e f f e c t i v e ,  t h e r e f o r e  t h e  benefi t  
of such holes would probably be limited. 

Toe d r a i n s  a r e  u sua l ly  used i n  conjunct ion  with a sump f r ~ n  which the 
water is pumped out of the p i t .  Sumps a r e  required i n  any p i t ,  t o  c a t e r  
f o r  storm water. In a p i t  the  s i ze  of AK1, two sumps would be required. 
with one each i n  D K 1  and DK2. The storm water requirement would be 
l a r g e r  than  t h e  s i d e  s lope  seepage requirement,  t he re f  o r e  t h e  smps  
should be sized according t o  the former. 

4 Contrcil & surface water 

The ground surface around all three p i t s  is very f l a t  and no water courses 
apparently pass through the p i t s .  A perimeter road wi th  a small  e a r t h  
berm would probably be adequate t o  control surface s t o m  water. 

Drainage g a l l e r i e s ,  deep wells  and toe  drains each have timing and cost  
implications. Drainage ga l l e r i e s  a r e  a high capi ta l .  e x p n s e ,  w i th  law 
running c o s t s  but  t ake  t ime t o  i n s t a l l .  Deep w e l l s  can be ins ta l led  
progressively g iv ing  lower c a p i t a l  c o s t s ,  higher running c o s t s ,  but  
can be i n s t a l l e d  quickly .  The above considerat ions must therefore be 



bu i l t  i n t o  the mine planning and dewatering method selection process. 

Final selection for each of the p i t s  is described belaw. 

Test  pumping and permeabili ty packer t e s t s  were used t o  evaluate the 
hydraulic c h a r a c t e r i s t i c s  of the  aquifers .  Methods of t e s t  pumping 
a n a l y s i s  included Jacob, Hantush and Walton. The aquifers generally 
responded t o  semi confined or leaky artesian type curves. 

Early time transmissivity values for the sandstones gave abaut 1Chn2/daY 
and l a t e  time was 16d/day. Storage coefficient was 5 x 10-5. Hydraulic 
conductivity values  f o r  the  kimber l i te  were found t o  be a t  l e a s t  a n  
order of magnitude lower a1 though s torage c o e f f i c i e n t s  were about 1 
x 10-4. The b a s a l t s  gave transnissivity and storage &f ic ients  which 
were a b u t  half those for  the sandstone. 

Resul ts  f ram t h e  mul t ip le  p i e z m e t e r s  showed s i g n i f i c a n t  var ia t ions  
i n  piezaaetric surface. 

Average values were a s  f o l l w s :  

The effects of the abare variations are  seen i n  t h e  r e s u l t i n g  drawdawn 
a f t e r  2 days of pumping a well  54) n outside the p i p  gerinclter. These 
are &awn in Table %* 

BORMQ1E 

2 Llulefple p b ~ ~ s ,  
&- 60 m £ran W) 
Kalahari beds 
Drakensbrg lava 
m m  ~ n d l s t 0 ~  

k h b e r l i t e  pip (60-115, Erm Iw) (0.3 m - 1,s r 



Calcula t ions  of drawdown f o r  var ious  conf igurat ions  of 4,  5 ,  6 or 7 
wells of DK1 were done. 

A seven well system w a s  considered suitable,  assuning an average 1- 
pumping ra te  of 12,5 d / h  each. At this stage, a gallery was not amaideredl 
as dewatering was required immediately and a g a l l e r y  would have taken 
a couple of years t o  develop. The mall s i ze  d the  pit did not warrant 
a gallery and deep we l l s  have g r e a t e r  f l e x i b i l i t y  i n  t h a t  t h e  amount 
of water ex t rac ted  can be kept t o  a m i n i m  depending on the  required 
dr awdmn. 

A plan of DK1, DK2 and the  b reho les  is shuwn i n  Fig 5. 

The seven wells were dri l led,  equipped and canmissioned by Apr i l  1982. 
The we l l s  were d r i l l e d  t o  about 200 m. After seve rd  months borehale 
yields ranged £ran 7 t o  24 d / h  with an average of about 13 &he 

A system of 5 we l l s  was se lec ted  f o r  i n i t i a l  dewatering of DK2 pit. 
These .systems should have been adequate f o r  10 yea r s  when a d d i t i o n a l  
wells would be considered. 

Subsequently, a change i n  mine planning meant t h a t  DK2 w a s  no longer 
going t o  require dewatering a s  t h e r e  was adequate dewatering from t h e  
D K 1  system f o r  t h e  revised shallow depth af mining. Furthermorer the 
dlee~ening o£ DK1 has increased considerably fas ter  than originally planned. 

The cur ren t  drawdown i n  t h e  sandstone is very much a s  predicted hut 
there a r e  considerable f l u c t u a t i o n s  i n  t o t a l  y i e l d  from t h e  system, 
depending on breakdowns. This i n  t u r n  has a very significant ef fect  
on piezcmetric surface. This is surmarised i n  Fig 6. 

A reduction from 15  000 t o  7000 m3/week can cause a r i s e  of 20 m in 
piezawtric head. It can be seen that  the base o£ mining i n  1985 onwards, 
is  such t h a t  c e r t a i n  minimum l e v e l s  of pumping need t o  be maintained 
t o  avoid inflaws t o  the p i t  and possible i n s t a b i l i t y  of t h e  sidewalls.  
There a re  three ways t h i s  can be done: 

- impraved pr ior i ty  on pmp maintenance . increase w e l l  yields by lcwering gmp  . increase number of wells 

The discussion above has .related t o  the  main aquifer, the  Ntane -one. 
she wells were designs3 to  pxnit flaw f r m  the basalts  a s  w e l l  as pranoting 
ver t ica l  flaw dawn t o  the sandstones once the piezcanetric head was larered 
su f f i c i en t ly .  m e r e  a r e  some l o c a l  wet f a c e s  i n  t h e  b a s a l t s  due t o  
'perched' water, Although not a major problem it is hoped t o  pranote 
drainage by using yravi t y  drainage we l l s  dawn i n t o  t h e  sandstones.  
The pieatmetric level in the basalts is currently about 45 m belw anfaae 
and about 90 m i n  the sandstone, 

In the  long term, as the p i t  devello]~s and the  basalt and sandstone becane 
exposed i n  the sidewalls, the use of local  w e l l s  on benches or toe drains 
w i l l  be considered. The present system should s a t i s f y  requirements 
t o  1990. 
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A s imi la r  approach t o  inves t iga t ion  f o r  a dewatering system, w a s  made 
for  Orapt a s  for  DKl ,  but the end resul t  w a s  different. 

The important thing t o  note is the  considerably larger s ize  of the Orapa 
pipe, being 1 700 m long by 900 m wide. 

Test  boreholes were dr i l led  around the  pipe perimeters. Where possible, 
observation w e l l s  were dr i l led  i n  the kimberli te.  Test  r e s u l t s  showed 
very s imi la r  aquifer  c h a r a c t e r i s t i c s  t o  DK1 but although large cones 
of drawdawra could be induced against the pipe contact, no drawdown could 
bE! induced even a few metres inside the pipe. 

Wsts  were attempted i n  the  kimber l i tes  but y i e l d s  were s o  low t h a t  
resul ts  were not meaning£ul. The hydraulic conductivity of the kinberlite 
i n  t h e  f l o o r  of t h e  p i t  i s  about 2 x 10-6 cm/sec and decreases with 

The p i t  w i l l  deepen very slowly due t o  t h e  l a r g e  s ize  and relatively 
dm r a t e  of mining, Mining f o r  many years  w i l l  be confined t o  t h e  
kimber l i te  the re fo re  inflows w i l l  be low. The kimberlites do contain 
water i n  storage which creates a nuisance. 

Calculations shaw that  primeter wells i n  the country rock could dewater 
the sandstones but g rav i ty  drainage of the  kimber l i tes  could not be 
achieved. 

Slope s t a b i l i t y  is not a problem as very shallaw side s l o p  angles can 
he used f o r  many years. 

It was a l so  shown tha t  a gallery within the kimberlite and using drainage 
holes i n  t h e  roof of the  g a l l e r y  would a l s o  not achieve an adequate 
ra te  af drwdown. 

It was therefore decided tha t  no special pre-dewatering techniques would 
be aaEk e£f&ve. &caranendations were given t o  improve mining conditions 
by changing aspects of mining practice. These recanmendations included: 

. mining mini-pits or deep sunps a t  both ends of the p i t  a s  rapidly 
as gossihle, t o  pranote drainage af u p p r  benches 

. the  use Q£ pre-split blasting t o  pranote drainage of each pre-split 
blmk 

. once a face is blasted, t o  leave the rock t o  drain for several days, 
before moving  

The abuve has t o  be considered i n  the  l igh t  aE mine planning anrl scheduling 
requireaents. 
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. The hydrogeologic model showed t h a t  although the  kimberlites are 
of Pow permeabi l i ty ,  high water  pressures could induce slop? s t a b i l i t y  
problm and f a i r l y  high inflows could  occur,  p a r t i c u l a r l y  a t  DK1 and 
DK2 

The main problem was the  Ntane sandstone act ing a s  a confined @er. 

. DK1 and DK2 required i m d i a t e  a t ten t ion  due t o  t h e i r  m a l l  s ize ,  
rapid d e e p r h g  and exposure of country rock ear ly  i n  t he  mining l i f e .  

h\ p e ~ i m e k e ~  deep well system was established fo r  DK1 t o  dra in  water 
fran the Ebl.ahari kds, the b s a l t s  and de-pressurise t he  sandstone. 

,, Dewateri.rq has k e n  succesHu3. although improved w e l l  maintenance 
i s  c u r r e n t l y  requi red  t o  mainta in  t o t a l  w e l l  d i scharge  and maintain 
l i ) i e z r n e t ~ ~  G l e v e l s  below mining l e v e l s .  Some a d d i t i o n a l  w e l l s  w i l l  
LX req~l i red  I n  fu ture  years, 

. 2% MI, t he  r a t e  of p i t  deepening, large s i ze  of p i t  and Im prmea- 
b i l i t y r  mans t h a t  pre-dewatering would not be cost effect ive.  Managanent 
cX? mining i n  the  wet kimberlites t o  p m i t  drainage and drying was recan- 
imended. 

TP1e authors would l i k e  t o  acknawledge De  Beers, Botswana f o r  permission 
t o  plklish t h i s  piper. 
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