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I. Introduction. 

The Messina ( ~ r a n s v a a l )  Development Co. Ltd., r e f e r r e d  t o  is Mm, a b s t r a c t s  
a l l  its water from sand wells i n  the  bed of t h e  Limpopo River, both f o r  mining operations 
and f o r  domestic supply t o  the  township of Messina which i n  1971 had a population of 
3500 whites and 9000 bantu. During times of drought when flow anti replenishment may 
cease f o r  long  periods, the supply i s  endangered. 

Before a storage rese rvo i r  is oontemplated t o  srrpply fu ture  increased requrre- 
ments, i t  IE advisable t o  inveatiigate the  p o s s i b i l i t y  o f  increasing the  y i e l d  from the 
sand i n  the  r i v e r  bed, a t  a cos* Par lower than t h a t  o f  the  cons t ruc t iau  of a dam, more 
espec ia l ly  i n  view of the c o u ~ l i c a t i o n s  a r i s i n g  from t h e  f a c t  t h a t  the Limpopo is  an 
i n t e r n a t i o n a l  boundary rivaa. 

approached the  C/DH t o  a s c e r t a i n  whether the Hydrological Division 
t h i s  inves t iga t ion  (Beg. 170, 73/8 of 30 /4h l ) .  

Two s h o r t  surveys were c a r r i e d  out,  i n  May 1971 and i n  November 1971. The 
crucual hydrological pumping t e s t s  could no t  be done with good r e s a t  due t o  the 
exis tence of some surface flow. Since then, f o r  once, the  r i v e r  has never oeased t o  
flow, except f o r  a few weeks i n  Ootober 1972 and no t e s t s  could be made. It was decided 
not  t o  poatpone the interim repor t  any longer, and t o  c o l l a t e  the  ava i lab le  da ta  without 
pump t e s t  r e s u l t s .  

Method of abstract ion.  

The MTD CO. has  sunk 9 abs t rac t ion  po in t s  i n  the  sand of the Limpopo River bed 
over a s t r e t c h  of 123 km from a point  4* lan downstream of Bei t  Bridge t o  a point @! km 
upstream of the  confluence of the Sand River (see  f i g .  1 ) .  Of these, seven wells a re  
f u l l y  equipped and f i v e  i n  constant use. 

The abs t rac t ion  p o i n t s  a r e  of varying design. No. 7 i s  a caisson sunk t o  the 
rock bottom i n  the  middle of the  riverbed, wi th  r a d i a t i n g  perforated pipes. No. 2 is 
a pump s h a f t  on the r i v e r  bank with an add i t  3 m under the r i v e r  bed, from which Per- 
fo ra ted  pipes  a r e  r a i s e d  i n t o  the  sand, No. 8 a l s o  has a pump s h a f t  but j u s t  off the  
riverbank i n  the  sand (see  f ig .  2 and 3). A bur ied feed pipe across  the r iverbed has 
a t  i t s  o t h e r  end a crossmember of unknown length with a number of perforated d0WU pipes  
a s  well  points.  Other abs t rac t ion  po in t s  a r e  of simpler design. The System with a 
pump s h a f t  on the  riverbank with a c e n t r a l  feeding l i n e  and c ross  members with dom- 
well po in t s  i s  the  most e f f e c t i v e  and economical design. 

The water is pumped, unmetered, from each abs t rac t ion  s t a t i o n  t o  smll rese rvo i r s  
a t  a c e n t r a l  pumpin5 s t a t i o n ,  from where it i s  pumped through a 30-cm pipe t o  r e s e r v o i r s  
and d i s t r i b u t i o n  pumps a t  Kessina. The r i s e  i n  time of  the  water l eve l  i n  the small 
r ese rvo i r s  is the only way t o  measure the  y i e l d  of individual  abs t rac t ion  points,  when 
the o thers  a r e  closed of f .  The ac tua l  combined y i e l d  of the operational abs t rac t ion  
po in t s  is 7850 m3/day. The capacity of the  turbo-pumps is  consi ierably i n  excess of 
t h i s  f igure ,  the l i m i t a t i o n  being the narrow feeding p ipe l ines  t o  the c e n t r a l  pumping 
s ta t ion .  

111. Previous invest igat ions .  

In February 1962 the ac t ing  Chief Surveyor of MTD, Yr. A.A. l e  ROUX produced an 
exce l len t  repor t  entit1ed'"Limpopo River Hydrological Survey". However, c e r t a i n  essen- 
t i a l  hydrological concluskons a re  debstable (hydrological in-restigations being s t i l l  i n  
t h e i r  infancy a t  t h a t  time). Some of the more important statements and conclusions i n  
t h i s  report  are  as  follows: 

The optimum/. . . . . . . 



I V .  

The optimum pumping r a t e  per  well  po in t  i s  300 gpm (1964 m3/day). The zone of 
influence of each extract ion point extends h a l f  a mile up and down stream, therefore  
ex t rac t ion  po in t s  shoula not  be spaced c l o s s r  than 1 mile ( l &  km) apar t .  

The "subsurface flow" under the  n a t u r a l  gradient  was only 7 f t  ( 2 , l  m )  p e r  
24 hours and even during pumping the  induced flow ve loc i ty  d id  not increase materially.  

Abstraction from a tunnel under the r iverbed d i d  no t  increase the  y i e l d  above 
t h a t  obtained from well points.  

Careful surveying of the bedrock is essen t ia l .  

W i l l  s l imes c a r r i e d  down the Malalasprui t  w i l l  eventual ly  f a i s e  the  silt content 
of the r i v e r  sand and se r ious ly  reduce permeabili ty and water yie ld .  

Over 4% of the water supply -is unmetered and wastage can be expected. 

A s torage dam i s  not  reconrmended. The "present" 8 abs t rac t ion  po in t s  should 
be s u f f i c i e n t  f o r  mine and toxnship use, but c i t r u s  i r r i g a t i o n  should be abolished. 

The amount of water pumped from t h e  r i v e r  during t h e  summer of 1961/62 averaged 
188 200 d3 p e r  month (6273 m3/d). 

I n v e s t i ~ a t i o n s  by the  Division of Hydr6lopy. 

Soon a f t e r  the request  of the  CE(P) a team was sen t  out i n  Way 1971 t o  
s t a r t  preliminary work under the  guidance o f  the  Chief Technician and the  
wr i te r .  The s i t e  se lec ted  f o r  t h e  inves t iga t ion  was a t  pumping s t a t i o n  NO. 8, 
being representat ive  of the average r i v e r  bed condi t ions  and r e l a t i v e l y  f ree  
of surface water over a l ? rge  expanse of sand. 

The work sequence comprised the  following:- 

establishment of Bench Yarks (BM); accurate  surveying of probing s t a t i o n s  
and sand surface; dotertnination of the  sand thickness with  mechanical 
probing (small  d r i l l  on a &wheel d r ive  vehicle) ;  determination of the  
water l e v e l  i n  the  sand i n  cased probing holes;  an experimental geo- 
physical survey with e l e c t r i c a l  r e s i s t i v i t y  measurements t o  determine 
sand depth, and with a magnetorneter i n  an attempt t o  t r a c e  the  bur ied  
well points ;  probing of the  Sand River bed. 

For a hydrological pump t e s t  it i s  e s s e n t i a l  t h a t  no boundary e f f e c t s  
i n t e r f e r e ,  l i k e  recharge from surface water within the  cone of depression. 
T i i s  condition was not met, f o r  on the l e f t  bank, opposite the  pumping s t a t i o n ,  
a f a i r l y  wide stream of water was present (see  sec t ion  on f i g .  2) .  h r t h e r -  
more the  water abs t rac t ion  should be from one c e n t r a l  point  and not from a 
row of b u r i ~ d  well po in t s  of which the  pos i t ion  could only be guessed. In  
f a c t  the  t e s t  should be ca r r ied  out a f t e r  a few months of no flow t o  e s t a b l i s h  
pumping draw-down over a s u f f i c i e n t l y  long period. In s p i t e  of t h i s  a t e s t  
was c a r r i e d  out. Two rows of holes  were d r i l l e d  a t  r i g h t  angles t o  each other ,  
i n t e r s e c t i n g  over the  presumed well points.  D r i l l i n g  was done with hydraul ic  
j e t t i n g .  The 22 holes  were temporarily suppl ied with  perforated casing, h a l f  
of which was made and supplied by the WTD workshops. The co l la rhe igh ts  were 
accurate ly  surveyed. Soundings of the  water levels  were done e l e c t r i c a l l y .  
It was arranged with MTD t o  s top  the pumps a t  Bo. 8 a t  a predetermined time 
(10h30 on 26th b!ay) and not  t o  resume pumping f o r  48 hours ( t h e  maxi~oum period 
t h a t  the  nine could do without t h i s  water supply). The pump had been i n  con- 
s t a n t  operation f o r  a t  l e a s t  3 weeks p r i o r  t o  26th fay. Water l e v e l s  were 
measured continuously day and night  f o r  the  whole of the  "recovery t e s t t t .  
Pumping was resumed a t  10h35 on the 28th, but u n t i l  lOh5O with many in te rup t ions ,  
which v i r t u a l l y  n u l l i f i e d  the crucual first p a r t  of the drawdown t e s t .  Readings 
were taken continuously u n t i l  midnight on the  30th Blay when the pump stopped due 
t o  mechanical fa i lu rg .  Drawdown by t h a t  time had not reached the l e v e l  measured 
a t  the  beginning of the t e s t  sequence, A t  the c e n t r a l  pumping s t a t i o n  the y i e l d  
was measured accurate ly  during the drawdown t e s t  i n  the  small s torage rese$voirs. 

It varied/. . . . 
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3 '  3 It var ied  from 1606 m3/d (215,3 a m )  t o  1689 m /d (258,o mm), average 1650 m /d. 

Laboratory t e s t s  were c a r r i e d  out  a t  the Q d r o l o g i c a l  Research I n g t i t u t e  
on samples of t t e  r i v e r  sand. Spec i f i c  y ie ld ,  r e ten t ion ,  s p e c i f i c  poros i ty  
and grading t e s t s  were done by Er. P. Reid. 

Af te r  a period of  no flow of more than a month's durat ion was repor ted 
a team was sen t  out  hur r i ed ly  i n  IJovember 1971. But a s  f a t e  would have it, 
on the  day of  t h e i r  a r r i v a l  t h e  r i v e r  came down. It was a t r i c k l e ,  but 
s u f f i c i e n t  t o  v i t i a t e  the  pumptest. A resurvey was c a r r i e d  out t o  r e c t i f y  
some e r r o r s  of the previous survey, and add i t iona l  t r a v e r s e s  done, e.g. a t  
s t a t i o n  No. 3. The team was withdrawn a f t e r  1 0  days. Since then, the r i v e r  
has  never ceased t o  flow except f o r  a few weeks i n  October 1972. 

2 Results.  

a. Sand depth. Over the  width of r i v e r  bed the sand surface  i s  reasonably 
l e v e l ,  the re  being l e s s  than 1 , 5  m va r ia t ion .  The rock bottom, however, 
i s  extremely i r r e g u l a r ,  with troughs and pinnacles  r i s i n g  t o  wi thin  2 m 
of the  surface  ( see  f i g .  2). This g r e a t l y  reduces the  flow t o  deep wel l  
po in t s ,  the flow a t  low water level  being impeded ,by ridges.  The average 
depth of the  sand cover is about 4,5 m, and tke depth t o  water r e s t  l e v e l  
was from 0 m t o  1,80 m a t  the  time of  observation (#ay 1971). For p r a c t i c a l  
purposes, (allowing f o r  irnpedence of flow by r idges)  the  depth of water 
s a t u r a t e d  sand, not  long a f t e r  surfaoe replenishment, i s  3,5 m, t he  upper 
1 m being subject  t o  rap id  evaporation and drainage t o  lower l e v e l s  of the  
sand surface.  

I n  t r i b u t a r i e s  of the Limpopo River, such a s  the Sand River, the rock- 
bottom is  more uniforn i n  shape and considerably deeper, up t o  20 m i n  places.  

b. The geophysical survey proved i n  general  t o  be inconclusive and inaccurate.  
Vechanical probing is  f a s t e r  and n~ore accurate  than a r e s i s t i v i t y  survey. 
The attempt t o  t r a c e  the  bur ied  pipes  with the  magnetometer was unsuccessful;  
the  instrument was probably no t  accurate  enough. 

c. Physical and hydrological c h a r a c t e r i s t i c s  o f  the r i v e r  sand. The sand is 
coarse t o  very coarse grained and remarkedly f r e e  of any s i l t  (see  f i g .  4 ) .  
The grading curves show a r a t h e r  wide v a r i a t i o n  i n  p a i n  s i s e ,  with a 
uniformity  c o e f f i c i e n t  of  2,036. Kore than 5% of the  sand f a l l s  i n  the  
f r a c t i o n  0,6 - 1,2 mm. There i s  l i t t l e  va r ia t ion  i n  composition with  depth, 
only a s l i g h t  increase  i n  the coarse r  f rac t ions .  

, 

h11 sa tura t ion  (porosi ty)  var ied from 33,6 t o  36,O percent by volume, 
the lower value being from a sample a t  a depth of 2 m. Specif ic  r e ten t ion  

I f i e l d  capaci ty)  var ied l i t t l e ,  from 9,3  t o  9,9 percent.  Specif ic  y i e l d  
e f f e c t i v e  ~ o r o s i t ~ )  ranged from 23,7 t o  25,3 percent by volunie, averaging 

24% f o r  a l l  the saniples. 

The permeabili ty,  without hydraul ic  head, under g rav i ty ,  was found t o  
vary between 4,75 m/h and 5,6 m/h. This is  considerably Eore than the  
values  repor ted by Y r .  l e  Roux, who c a r r i e d  out  t r a c e r  t e s t s  and found a 
ve loc i ty  of only 7 f t  ( 2 , l  m) pe r  24 hours. The laboratory r e s u l t s  are ,  
however, more i n  accord with the  distance-&rawdown curves obtained with 
the pumptest. It is  intended t o  arranr5e f o r  f i e l d  t e s t s  wi th  i so topes  
t o  be c a r r i e d  o u t  a t  f i r s t  opportunity. 

It can be conclucled t h a t  the  sand of the  Limpopo River is a neax-id.eal 
aqu i fe r ,  but unfor tunete ly  of  q u i t e  shallow depth. 

The probing i n  the ?and Siver  revealed numerous si l t  lenses.  This was 
found a l s o  i n  o t h e r  t r i b u t a r i e s  of the Limpopo, l i k e  the F'ogol Siver,  where 
the  amount of s i l t  increased m ~ k e d l y  near  the confluence with the  Limpopo. 

A s  expected, Yhe time~Orawdown curves showed anorralies due t o  boundary 
e f f e c t s  and l ack  of a s i n z l e  a b s t r a c t i o n  point.  A s  the t e s t  w i l l  be repeated 

under/. . . . . . . . . 



under b e t t e r  conditions,  the  t e n t a t i v e  r e s u l t s  and c a l c u l a t i o n s  f o r  s p e c i f i c  
t r ansmiss iv i ty  and capaci ty  w i l l  n o t  be included i n  t h i s  repor t .  From the 
distancedrawdown curves (see  f ig .  3)  it can be concluded t h a t  the cone of 
depression is  shallow (naximum depth 0,67 m )  and very wide, a s  is t o  be ex- 
pected i n  such an exce l l en t  aquifer .  The p l o t t e d  r a d i u s  extended t o  300 m 
a f t e r  48 hours pumping, and wae, the re fo re  wel l  wi thin  the  zone of  recharge 
from the  surface water. After  3 weeks of pumping the p l o t t e d  rad ius  extended 
t o  550 m. From the r e s u l t s  of the  measurements by MTD i n  1962 and these  more 
m c e n t  r e s u l t s  the  s lope of the  depression cone a f t e r  prolonged pumping approaches 
1:700. 

Fur ther  r e s u l t s  a re  incorporated i n  Section V. 

V. Water consumption and probable water reserves.  

1. Probable water reserves.  

( a )  An est imate  has been made of the  e x t r a c t a b l e  water reserves  i n  the  sand 
of the  Limpopo River bed, based on previous information and the  f i e l d  and 
l abora to ry  r e s u l t s  obtained so f a r .  The es t imate  p e r t a i n s  t o  the  s t r e t c h  
o f  r i v e r  19 km long from a p o i n t  3$ km downstreafn of B e i t  Bridge a s  f a r  
a s  the confluence of the  Sand River. Above t h i s  reach the sand cover is 
shallow, with many rock outcrops i n  the  r i v e r  bed. The average width of 
the  sand bed is 300 m and the  average thickness  of water s a t u r a t e d  sand 
is taken a t  $$ m ( see  par. 1v.28). The s p e c i f i c  y i e l d  is 24% by volume. 

( b )  Fur ther  upstream the sand cover i s  shallow and the re  a re  many rock outcrops 
i n  the  r i v e r  bed, The amount o f  ava i l ab le  water a t  s p e c i f i c  y i e l d  is e s t i -  
mated t o  be 4,07 x 10%3. Allowance should be made f o r  the "remnants" be- 
tween a b s t r a c t i o n  cones with a ca lcu la ted  elope of l:7OO. Yith 14  a b s t r a c t i o n  
p o i n t s  a t  1 km i n t e r v a l  the  amount of  ex t rac tab le  water i s  es t imated t o  be 
3,7 X 1 0 h 3 .  

( c )  It is  r e a l i z e d  t h a t  a t  l km spacing of abs t rac t ion  po in t s  t 'lere w i l l  i n t e r -  
ference (par.  1v.2d). However t h i s  should no t  be a s e r i o u s  disadvantage 
with a judic ious  punping schedule. Only a l t e r n a t e  pu&ps should be used 
s inol taneously ,  and when draw down a t  ind iv idua l  v e l l  po in t s  has proceeded 
t o  1,5 m below s t a r t i n g  r e s t  l e v e l  the  o the r  a l t e r n a t e  s e r i e s  should come 
i n t o  operat ion,  and s o  on. 

(d)  Calcula t ions  were made t o  e s t a b l i s h  the  ex ten t  t o  which a "sand weir" 
would increase  ava i l ab le  water supply. By a "sand weir" is  meant a water- 
t i g h t  b a r r i e r  b u i l t  t o  a he igh t  j u s t  above the sand surface,  say 0,5 m, t o  
accumulate sand and not  silt. The weir would then be systernatically r a i s e d  
a s  tne  accumulated sand l e v e l  r i s e s .  The n a t u r a l  gradient  of  the r i v e r  i s  
1:1000; the  speciPic  y i e l d  24%. Xith an eventual height  of the  sand l e v e l  
a t  the  weir of 3 meter above o r i d i n a l  l e v e l  the  add i t iona l  amount of ab- 
o t r a c t a b l e  water would be 337 500 m3. This is not a s u b s t a n t i a l  amount of 
water (20 days supply a t  estimated consumption l s v e l s  of 1985). Also with 
the  low grad ien t  i t  rriz!~t take very long  f o r  s u f f i c i g n t  sand t o  accumulate. 
A s  a water s torage dam - f o r  induced rechar@ i n  t imes of drought - the  weir 
would serve l i t t l e  purpose. Evaporation on such a shallow l s r g e  water surface  
would be very high indeed. 

It i s  the re fore  not  recommended. 

2. Water consumption. 

From information suppl ied by the  Town Council of Kessina ( l e t t e r  156/2 of 
27/9/71 on f i l e  l / l70)  consumption graphs were drawn ( see  f i g .  5) f o r  the period 
1950 t o  1971, and two es t imatss  of f u t u r e  use. It appsars  t , la t  the f u t u r e  re- 
quirements a re  r a t h e r  under estimated. 9y 1990 the t o t a l  consumption, according 
t o  the  Counci l ls  es t imate ,  w i l l  be 13700 m3/day, but i s  more l i k e l y  t o  be neare r  
21 000 &/day. 

Total  water consumption f o r  Tornahip and Yine a t  present  (1972) i s  around 
9000 m3/day. The reserves  of "pumpable" water would t i ierefore be s u f f i c i e n t  f o r  
410 days (14 months) with no flow i n  t i l t ,  River. 

BY/ .... ,. .. 



3 By 1985 the t o t a l  consumption is estimated t o  be 17 000 m ,'day anti the  probable 
reserve would l a s t  218 days, o r  7 months, without replenishment from surface water. 

No-flow periods of 6 months a r e  not uncomnton, the  longest  period was 8 months. 
For a 6 month no-flow period the maximum d a i l y  consumption may not exceed 20 500 m3. 
This i s  estimated t o  be reached by 1989/90. 

According t o  information from t h e  Pine management the water consumption of 
the mine i s  not l i k e l y  t o  increase much, and a f t e r  the commissioning of the  new 
m i l l  i n  1974 t o  remain v i r t u a l l y  s t a t i c  due t o  more e f f i c i s n t  water use. It is  
a l s o  un l ike ly  t h a t  the mining a c t i v i t i e s  a t  Nessina w i l l  extend much more i n  the 
fu tu re ,  due t o  diminishing ore grade. These considerations have been incorporated 
i n  the  es t imates  of fu tu re  use. 

VI. Summary. of Conclusions and Recommendations. 

1. The sand of the Limpopo River bed is a near  idea l  aquifer ,  but unfor tunately  of 
r e l a t i v e l y  shallow depth (average 4 m). S i t i n g  of abs t rac t ion  po in t s  should be 
preceded by a de ta i l ed  mechanical probing survey of. t h e  i r r e g u l a r  rock bottom 
t o  s e l e c t  troughs of s u f f i c i e n t  depth and open water access t o  surrounding areas.  

2. It is suggested t h a t  the present system of 9 abs t rac t ion  po in t s  be extended t o  
14, a t  approximately 1 km distance, a p a r t  (depending on s u i t a b l e  s i t e s ) .  Due t o  
the  high s p e c i f i c  t ransmissivi ty  of the  sand, in te r fe rence  of adjoining abstrac- 
t i o n  po in t s  i s  unavoidable, but  s h o u l i  not be a se r ious  disadvantage with  a 
judicious pumping schedule (simultaneous use of a l t e r n a t e  pumps only, i n  ro ta t ion) .  
Pumping r a t e  per  point  should not exceed 2000 m3/day. 

3. The avai lable ,  ex t rac tab le  water i s  ca lcu la ted  t o  be 3,7 X 106m3 over a 1s km 
s t r e t c h  of r i v e r  course control led by the Mine Co. This reserve should be s u f f i -  
c i e n t  t o  meet requirements during per iods  of no flow of 6 months durat ion a s  f a r  
ahead a s  1989, 

4. A "sand weir" would not increase the water reserve subs tan t ia l ly  and i s  no t  
recommended. 

5. Abstraction po in t s  should be of the  v e r t i c a l ,  multiple well  point type with a 
com?lon feeder  and cross  members i n  a f i s h  bone pat tern.  The whole system should 
be a t  l e a s t  2 m un9er the sand surface with the  wel l  po in t s  extending t o  rock 
bottom. The wel l  po in t s  should be gravel  packed. 

l4 .P. F!ULDElrl 
Chief Hydrologist. 

December, 1972. 
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