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The uncertainty of the we-evaluation of potential ground Kater inflow r a t e s  
i n  underground mines results in diff icul ty in planning and costing the water 
related act ivi t ies  of the mines. This Faper pesents  a procedure for making 
a rational assessment of the wten t ia l  inflows. 

The methcd is based on an in te rac t ive  operation of two computer models: 
an inflow model and a ground water f i n i t e  element d e l .  Both are f i r s t  
calibrated using ex is t ing  information obtained from aquifer  monitoring. 
In a second phase, the models predict the p t e n t i a l  inf lms as we11 as the 
impact of mine devatering on the p iewmtr ic  surface. Both the models used 
a r e  based on a non l inear  relat ionship between tonnage mined and inf lws.  
A W s e d  behaviourr i n  the rates of inflow increase is floted. 

The in te rac t ive  mode of operation of the models resul ts  in confidence in 
the pedicth -use the mxlels cuqu t  (calculated inflow rates ancl piezanetric 
l e v e l s )  during the ca l ib ra t ion  phase a r e  checked against  the historical 
data. I t  is concluded tha t  the  method can provide mine management with 
guidelines for dewatering requirements under the condition that reliable 
data on the history of p iewmtr ic  levels be available. 



The gold mines in  South Africa are  knm to have a wide range of g r d  

mter inflow rates during the cohse  of their l i fe .  Magnitude of infLows 

have been known t o  vary from "dry" to mre than 100 Ml/day. The uvzrtahty 

i n t k  pe-evaluation of innow rates results in  diff icul t ies  in  planning 

and costing the dewatering system, the water treatment plant as we11 

as the mine w t e r  supply. Tnis paper presents a procedure for  making 

a ra t iona l  assessment of the po ten t ia l  ground water inflcws in gold 

mines, with particular reference to geological conditions i n  the  Free 

State Gold Fields. 

The magnitude and duration of ground water inflow in underground mim 

depends "inter a l ia"  on the nature of the water bearing horizon, and 

in consolidated rock, one can distinguish: 

. the sudden inflow of high magnitude occurring when a major strmtucal 

feature such as  a fault is errountered 

. the f a i r l y  steady inflow from fractures  and jo in t s  in the rock 

m s s  assimilated t o  a honqeneous aquifer. 

Prediction of the location and magnitude of the inflow frcm a major 

structural feature is based on a thorough s t ruc tura l  analysis  of the  

geology, and this aspect is rot covered in th i s  p p r .  

The method proposed in th i s  paper makes use of computer mdelling tech- 

niques, and r e l i e s  on exis t ing h i s t o r i c a l  hydrogeological data  fo r  

calibration purposes. l 

The geological succession includes a sequence of sub-horizontal Karm 

sediments up t o  800 m thick i n  places, underlain by variably dippiny 

a d  faulted Ventersdorp lavas, in turn uderlain ?q Witmtersrad S q x g r ~ u p  

rocks. 

The rocks of the Witwatersrand Supergroup in the area have kend iSp laad  

by a number of north-south trending wrmal fau l t s .  The area has a l s o  

been intruded by riolerite dykes and s i l l s  of pst-Karoo age. 



FIG 1 

R W L REST WATER LEVEL 

a MINE RADIUS 

AQUIFER AND MINE CONFIGURATION 

33 



The thick sequence of Karoo sediments throughout the gold field of 

theCkaqe Free State are relatively impermeable and it is the underlying 

faulted and folded Ventersdorp and Witwatersrand rocks that form the 

min mnfined to semi-confined aquifers, which are the main sources 

of inflows into the mines. 

Mine dewatering problems can be simulated by assuming a large 

diameter well and a series of linear underground roadways. 

The mine geametry consists of an excavation abwt 2 m high, roughly 

plan circular a t  the bottom of a grouted vertical shaft. This 

geometry i s  similar to  a large borehole, of radius ~ u a l  to the 

approximate mine radius, over the length of the cased shaft but 

only open over the last 2 m of the bottam. (Fig 1 ) . 

The conventional approach to dewatering prediction i s  to calculate 

in£lcw ean an aquifer at a flow rate which w i l l  lower the p i e m t r i c  

surface below the.-bottom level of the excavation a t  the assumed 

mine radius. The pump rate  of the well i s  taken as equivalent 

to potential inflw quantities. 

Drawlam caused by pumping water from a borehole has two ampmmts: 

. laminar flaw compsnent proportional to  the pumping rate 

. turbulent flow proportional to a certin p e r  of the pmpiq 

rate. This compent varies with the geometry and the size 

of the intake area of the borehole. 

The dewatering process of a mine in a confined aquifer cah be 

divided in 4 successive phases, as illustrated in Fig 2 (a to d):  

. In i t i a l  development of the excavation: high turbulent f l w  

com~onent caused by the small intake area. Pumping rates 

can be relatively lw with inefficient draw2a.n chxacteristics. 
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. Enlargement of the  excavation: the turbulent f l m  decreases 

and inflow increases consequently. This i s  the  phases of 

a rapid increase in  inf lms.  

. Aquifer  dewatering: The piezometric surface drops below 

the  confining layer  resu l t ing  i n  a change of the s t o r a g e  

coef f ic ien t  i n t o  a specific yield. Fdditionally, the trans- 

missivity dereases with the saturated thickness of the aquifer. 

Inflows continue t o  increase but a t  a s1-r rate. 

. In te rac t ive  e f f e c t  of several pmping shafts: When several 

mines a r e  operating a t  c lose  range, each of them d i v e r t s  

some p a r t  of the  flow t h a t  would otherwise reach the other 

mines, resulting in  a reduction of the inflow. 

Fig 3 shows a typ ica l  inflow record from an underground gold 

mine in the Orange Free State, in  which the f i r s t  three phases 

can be identified. Phase 4 is  described by Venter (1986). 

In general the rate  of i n f l m  t o  a mine is seen t o  behave in a m l i r e a r  

fashion. Inflows a r e  mted t o  decrease af ter  reaching a certain peak. 

This seems t o  occur approximately 8 t o  12 years a f t e r  the  s t a r t  of 

mining. 

Several theore t ica l  inflow models a r e  avai lable .  However, the most 

appropriate seems t o  be t h e  non-linear r a d i a l  flow model developed 

by Schmieder (1978a, b, 1979) and Perez-F'ranco (1982) and s m r i s e c l  

by Singh and Atkins (1984). The analytical solution based on unsteady 

flow condition requires the kllowing parameters: 

. Aquifer characteristics 

Transmissivity can be deducted frcm test  pumping and packer testing 

results.  Storage coefficient can be obtained from t e s t  pumping. 

Regional values of the aquifer  character is t ics  can also be back 

calculated using historical pie-tric data. 



The drawdown to  be obtained is the difference between the mine 

lcwr level an3 the initial static water 'level. Historical pie-tric 

fluctuation records are also useful in calibrating the aquifer 

characteristics. 

. Aquifer geometry 

The drawdown created by the pumping in the mine depends on the 

aquifer geometry, ie  the presence of lateral boundaries as well 

as the presence of a confining or semi-confining layer over the 

aqui £er. 

: Mine geometry 

The inflow equation requires the water level be l m r e d  down to 

the lower level a t  the edge of the mine. Some simplification 

of mine geometry i s  required t o  convert the actual geanetry into 

a circular geowtry centred aromd the bottcan of the shaft. 

When the required data l is ted in the section above are available, it 

i s  theoretically possible to  predict the inflow rate during the l i f e  

of the mine. But if historical punping and piezometric data also exist, 

it may be possible to  tes t  the validity of the inflow prediction. 

computer models working interactively can be used for this purpse: 

. an aquifer model: using historical piezometric data, the aquifer 

model w i l l  calibrate the regional aquifer characteristics and 

the aquifer geometry. In the second stage, it w i l l  predict the 

long term piezrmetric fluctuation under certain pumping conditions. 

. an inflow m e 1  : using the regional aquifer dxx&eristics calibrated 

by the aquifer model, the inflow model i s  calibrated by back calcu- 

lating the historical pumping rates. In the second stage, it 

w i l l  pedict the long term inflow rates to the mine and £or specific 

levels. 

!The interactive process is schematically presented in the flow chart 

of Fig 4. ?S 
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The method described above was used t o  predict the ground water inflcw 

rate i n  a new gold mine in  the Orange Free S ta te  (Fig 5 ) .  In t h i s  

par t icular  case, an adjacent mine had been operating for the l a s t  few 

years with the consequences that: 

historical punping and piezometric data were available 

. the pumping from two shafts  of the existing mine has influenced 

the water level in the area of the new mine. This had t o  be takhn 

in to  account i n  estimating the drawdown'required to  dewater the 

new mine. 

The aquifer consists of the faulted and ~blded Ventersdq ard WitKatersrard 

Supergroup, overlain by the semi-confining Karoo Seyuence. The average 

permeability obtained from packer test ing r e s u l t s  is 0,016 m/day. 

The in i t i a l  s ta t i c  water level was about 110 m below ground level  i n  

1980. Due t o  the influence of the dewatering in the operating mim 

and possibly of other mines further away, the hater l eve l  has dropped, 

and t h i s  drop has been monitored. in  an observation borehole marked 

C8 m Fig 5. Historical pumping data were also ,available for the existing 

mine (Shaft 1 and 2 on Fig 5 ) .  

4.1 pquifer model 

The aquifer model is a f i n i t e  element model with 164 elements 

and 177 nodes. I t  covers an area of about 10 km i n  radius around 

the new shaft (Fig 6 ) .  

A no-flow boundary condition was s e t  on the northern boundary 

of t k  d e l  to  represent the influence of past pumping from distant 

mines. A constant head condition was se t  on the eastern, southern 

and western boundaries t o  represent the extension of the aquifer 

over a long a d  unknown distance in these directions. 

The mesh of the model was shaped t o  represent a possible dyke 

effect, should it be required, although no such e f fec t  has yet 

been identified. 
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The aquifer consists of 250 m of Ventersdorp Supergroup and the 

top of the Witwatersrand Supergroup, semi-confined below 650 m 

of Karoo sequence. 

The original rest water level was set everywhere at 110 m &l. 

The aquifer model was calibrated using the follcwing parameters 

assigned to every element : 

. permeability : 0,024 m/d 

. transmissivity : 6 m2/d 

. storage coefficient : 0,0001 

. unconfined storage coefficient : 0,001 

. vertical permeability of the confining layer : 0,00011 m/day 

A permeability of 0,016 m/day obtained from packer testing was 

initially entered in the model. This value was then increased 

up to 0,024 m/day until a god fit was obtained between calculated 

and observed water level in the observation borehole (Fig 7). 

The aquifer model was then used to generate the ~p:erlicted pi-tric 

contours at the time when the new shaft would start operating 

(Fig 8). 

6.2 Inflar d e l  

The inflow model calculated the inflow rate at a certain time 

given the drawdown to be obtained at the edge of the mine, the 

aquifer characteristics and the mine radius. The d l  was devel- 

in such a way as it can calculate the inflow under: 

. laminar and turbulent flcw conditions 

. laminar flcw only 

It was calibrated using the historical pp- data f r a n  the C p E i t i r y  

shafts of the existing mine (Fig 9). 

a) initial develop~t: laminar and turbulent flow, confind &fa 

b] enlargement of the excavation: laminar flow only, confined 

aquifer 
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c )  aquifer dewatering : laminar flow only, but the aquifer becanes 

unconfined as the water level droppea below the confining Karoo 

Sequence. 

The inflow model was l a t e r  on used t o  predict the inflow r a t e  

when the new shaft s ta r t s  operating. According t o  the piezometric 

plan predicted by the aquifer d e l ,  it was deduced that the level 

of ground water W e  the bot tm of the mine was about 350 m. 

The inflav was therefore calculated assuming: 

. a drawdam of 350 m 

. laminar and turbulent flow conditions during the f i r s t  3 months 

of operation 

. laminar flow af ter  3 months 

. pressure flow in a confined aquifer during the f i r s t  6 months 

. aquifer dewatering and gravity flow af te  6 months 

The predicted inflow curve is given in Fig 10. 

The interact ive mode of operation of the aquifer d e l  and the inflow 

&l w x l d  result in a ~p-eat  axfids-ce in the  edicti ion as the parameters 

required by the rrodelling were cross-checked using both models. Ebrtkr- 

more, the validity of the prediction theory was a l so  checked by the 

calibration of the inflow d e l .  

However, the r e l i a b i l i t y  of the methcd depends heavily on the quality 

of the available data. In t h i s  par t icular  case, the avai lable  data  

were suf f ic ien t  t o  develop the models and test  the method, but their 

wakness should not be underestimated: 

. water l eve l s  were observed regularly i n  only one boreho1.e. If 

several o'bservation holes had been avai lable ,  it would have been 

possible t o  deduce any anisotropy or hetercgeneity in the aquifer 

and obtain a better regional transmissivity mp. 

. The water l eve l  was measured in the observation borehole since 

only June of year 3.  Beforehand, the water l eve l  was measured 

only once in December of year 0 resulting in the folla4.q assun$ions: 

- the i n i t i a l  rest water level is believed to hve k m  a t  110 m tg l  
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- it was necessary t o  assume a ce r ta in  pumping h i s to ry  during 

the shaft sinking period 

I f  the water l eve l  measured i n  year 0 is wrong, then the d e l  

prediction could change dramatically: 

- the i n i t i a l  water level would be se t  a t  about 270 m bgl 

- no punping during shaft sinking would be requi rd  

- the  t ransmissivi ty  t o  reproduce the water l eve l  drawdam in 

the observation borehole would be much greater and consequently, 

the predicted inflow would also be higher. 

Accepting the assunptions given, the b l l m i n g  conclusions can be drawn: 

The computer technology and the software available t o  date a l l m  

the generation of sophist icated and rational methods to  simulate 

aquifer behaviour and predict the impact of ground water on mining. 

By careful  ca l ib ra t ion  of the models, a high degree of confidence 

in  the validity of the prediction can be obtained. 

. The condition "s ine  qua non" t o  implement th i s  technique is that 

r e l i a b l e  da ta  on the  h i s to ry  of piezometric l eve l s  before and 

during mining a c t i v i t i e s  be available. m s t  of the required data 

wuld k obtained from mnitoring the water level in the exploration 

boreholes, for which purFose it i s  necessary to  equip the exploratim 

mles  with a proper casing t o  prevent t h e i r  col lapse and t o  sea l  

off the upper less important aquifer (Karco). 

. The method provides mine managelaent with guidelines for in i t i a l  

underground pumpiny requirements a s  well a s  ongoing dewatering 

requirements and a s s i s t s  management t o  design ways of minimisirq 

impacts and costs of demteriny. 
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