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1. MAIN AIMS OF WORK IN ZIMBABWE

Work for this project ‘has taken place in Malaya, Zimbabwe and the UK and will
finish in Botswana in 1991.

In Zimbabwe the work was carried out on flood land alluviums which are
composed of fine to medium sized sands.

The main aims of the work in Zimbabwe were:

(a) to develop a low-cost means of dug well construction, and

(b) to further develop the so-called telescoped-jetting technique which
was developed in Malaya for drilling the horizontal laterals from the
base of dug wells.

A lesser aim of the project was:

(c) to__investigate the potential for exploitation of alluviums by
_ . collector wells in Zimbabwe. _ o o

2. WORK DONE IN ZIMBABWE

2.1 The Occurrence of Alluvial Aquifers in Zimbabwe

Owen (1989) gives a distribution of alluvium in Zimbabwe. He identifies three
main types: Mature River Alluvium (occurs in south-east and south lowveld
areas), Scarp Alluvium (at base of scarps, Zambesi escarpment, foot of
Mafungabusi plateau and Sabi valley) and Kalahari Sand Alluvium (north-west).
Work for this BGS project was carried out on two flood plains of Mature
Alluvium and Kalahari Alluvium. - These flood plain deposits are widespread and
-can border narrower, coarser river channel deposits, otherwise named wadis.
For various reasons, work in Zimbabwe did not include construction and
drilling on the seasonally flooded river channel sands.

2.1.1 River channel sands

In Zimbabwe, Owen (1989, page 36) has shown that the permeability of river
channel deposits can be high, in Kalahari Sands 20 to 30 m/d, and in Mature
River Alluviums 40 to 60 m/d. These channel deposits will yield a great deal
of water and construction of dug wells in them will consequently need heavy
dewatering pumping capacity, construction will be more difficult and
protection works against seasonal flooding will be required. Consequently,
the rate of pumping could be huge but construction works will be expensive.
There are places in Zimbabwe, the south and south-west borders (the Sashe and
Limpopo rivers), where the river channel deposits can be exploited cheaply by
constructing collector wells sited above the river channels on the river
banks, thus avoiding the dug well construction difficulties mentioned above.
This type of construction has, for reasons of logistics and chance, been
ch?sen to be investigated in Botswana and will be reported in a companion
volume.

2.2 Makusia School Well, River Lundi, Southern Lowveld

A dug well was sunk at Makusia School which is on the flood plain of the Lundi
River and which was identified as an alluvial aquifer by Owen (1989, page 51,
Appendices). The relevant map is reproduced as Fig. 1 and the alluvium is
identified on it as Area 2. The map is at a scale of 1:250,000. The river
channel is seasonally flooded and is between 10 to 20 m below the flood plain
on which the BGS well was sited. It is estimated the extent of the plain and
river channel were 3020 ha and 1185 ha respectively. Several villages, all
water short, are located on the flood plain.




SUMMARY

Two—dug-wells were-constructed;one=was in the ‘Mature "Alluvium deposits in~

southern Zimbabwe on the south bank of the Lundi River and the other was in
a flood plain of a small river, crossin% the edge of the Kalahari Sand in the
north-west of Zimbabwe, near Lupane. The dug wells were easy to construct.
In_both cases the fine sand deposits meant there was little inflow to the
well, the walls did not collapse during digging and so expensive dewatering
pumping was not required. Local low-cost hand dug well techniques can be used
to exploit these shallow aquifers. '

Recommendations are given in the report for the optimum development of the
alluvial plains. Fig. 8 summarises the recommendations.

At the dug well constructed in the north-west, collectors were successfully
drilled out from the 2 m diameter shaft into the alluvium. Two-inch diameter
screen was jetted through 4" diameter temporary casing which had previously
been rotary drilled out to 10 m. Thirty metre long adits were shown to be
possible using this telescoped-jetting technique.

" Further work will be done in Botswana fo'iﬁvé&tigaté the exploitation of River

Channel alluviums by collector wells sited on the Channel banks and above
flood level.




2.2.1 Drilling and Pumpfnq Test Results at Makusia School

Fig. 2 is a sketch map, not to scale, which shows—the relative locations -of
the river channel, Makusia school, an existing 6" diameter borehole with Bush
pum?, Owens well (unlined and used for a garden), the BGS dug well and the BGS
exploratory boreholes BH1, 2 and 3. Hydrogeochemical data are presented in
Tables 1 and 2 for the Bush pump and BH3. The BGS dug well was 2 m in
diameter, 16 m deep (to basalt) and had a rest water level of 14.5 m. The
well was constructed usin? Armco 1inin%. The lining was built up at the
surface in 1 m lengths and lowered gradually by manually underdiggin? it. The
costs of the well are given in Appendix A. Unexpectedly the walls of the
unlined hole dug did not collapse, even below the water table and so digging
was relatively easy. Also, the only significant water flow encountered came
into the well via a coarse bouldery layer, about 0.75 m thick, just at the
base of the finished well and just above the base of the basalt bedrock.

The exploratory drilling carried out by rotary methods at this site and
reported by both Owen and BGS, did not identify this layer, however,
inspection of the records suggests this is a widespread phenomenon in the

plain and it is typical of such alluvial plain deposits.

 Pumping Tests on Dug Well:

Several pumping tests were carried out on the exploratory boreholes and the
BGS dug well. The following result for the test on the dug well run on
22/10/89 was typical. The dug well was pumped for 20 minutes at 0.26 m’/min
and the drawdown observed in metres is plotted on Fig. 3. Software described
by Bﬁrker (1989) was used to interpret the test and gave the following"
results:

Transmissivity (m’/d) Storage Coefficient

 Best values - ' o 7807 ' 0;047
50% confidence limits ~ MIN 65 0.02
MAX 95 0.07

There was no indication the aquifer was leaky and the same software was used
to plot out the drawdown for the test above using analytically exact theory
which assumes that the flow in the aquifer is horizontal. The agreement is
fairly good (see Fig. 3). Other tests gave similar results.

2.2.2 Development of Makusia Schoo] Alluvial Plain

In this situation where there is an extensive relatively permeable layer at
the base of the aquifer, horizontal collectors drilled into the less permeable
. material will not increase the yield of dug wells significantly and it is very
difficult to drill horizontally through the bouldery layer. It is clear that
collector -wells per se are not valuable in this particular alluvial plain.
However, the dug well is easy and rapid to build, it gives a good yield
(ca. 2 1/sec) and is not too expensive. It is interesting to have observed
that since construction of the BGS dug well several locally-made 1% m diameter
du? wells have been sunk in villages close to the BGS site. It seems the BGS
well at Makusia has acted as a catalyst for activity by the locals. In 1989
it was observed that one 1.3 m diameter dug well 12 m deep cost ca. Z$1000.
It is clear that locally constructed dug wells are a reasonable way of
exploiting this alluvial plain. Water levels should be monitored throughout
a dry season to ensure there is a sustainable suppl{. If so, development of
this aquifer could pursue apace using locally dug wells. Other
hydrogeo]ogica] factors posing a threat to development are Sa) the coarse
layer at the base of the aquifer may not be continuous and (b) if the Lundi
river channel alluviums are ever overexploited, this could dry up the
peripheral aquifers under the alluvial plain around Makusia School.




2.3 Ndambuleni School, Lupane River, Kalahari Sand Alluvium

- A~dug well 7 m~deep was constructed in the flood plain of the Lupané River
near to Ndambuleni School. The well’s location can be found on the 1:50,000
TOfO Survey Map no. 1827D, in square PK, reference: °007E, 062N. It is about
a 15-minute drive on untarred roads from the town of Lupane. It is not on one
of the major alluvial plains identified by Owen (1989) but is typical of
smaller alluvial plains in the area.

2.3.1 Drilling and Pumping Test Results at Lupane River

Fig. 4 illustrates the results of exploratory auger drilling done on a line
NE-SW cutting across the BGS dug well. The flood plain is about 300 m across.
Tge soft sands are 9 m thick at the valley centre but thin to 0 m at the
edges. '

A thin layer of stones underlays the soft sands at the edges of the plain.
The dug well was 7 m deep and digging was stopped when a hard consolidated
sand was hit. It is possible that, 1ike Makusia, the flood plain at the dug

well is underlain by a coarse, relatively fast thin aquifer through which most

of the ?roundwater flow would occur since the full depth of alluvium at the
du? well may not have been penetrated. As at Makusia, the walls of the dug
well did not collapse during digging and the only significant inflow of water
occurred through the base of the dug well.

Fig. 5 is a sketch map showing the orientation of the two laterals drilled
from the base of the dug well. Rotary drilling without temporary casing was
not successful. The walls of the Tlaterals stayed open but distorted
sufficiently so as to not allow subsequent insertion of screen after the drill
string was removed.

Lateral No. 1 was finally successfully emplaced by -rotating in 10 m-of 4" -
casing. Then 21 m of 2" slotted Demco terrascreen was jetted through the
temporary casing. It is felt it would have been easy to drill to 30 m but
there were difficulties with the threads of the wash pipe used inside the
terrascreen. In the end, 19 m of 2" diameter screen were left in place and
water flowed into the well from a half-full lateral.

Lateral No. 2 was drilled towards the centre of the plain. Again 10 m of
temporary 4" diameter casing were rotated in dry. Then 15 m of 2" Demco
slotted screen were jetted through the temporary casing. This time it was
problems with the jetting pump that limited the jetting to 15 m. No inflow
was observed from this lateral, which met only fine wet sand.

A sand sample was taken directly from the wall of one lateral. This had the
following composition:

: % by weight
Coarse gravel 0

Medium gravel 0.5
Fine gravel . 0.97
Coarse sand 6.66
Medium sand 34.9
Fine sand 38.8
Mud 18.5

The high mud content of the above composition su?gests the sandy alluvial
material comprising much of the river plain will have a permeability of
1 m/day or less.




Pumping Tests:
Several pumping tests were carried out on the large diameter well dug by BGS. "

A small drawdown test of 17 minutes duration was carried out on 10 May 1991.
The well was pumped at two different rates: 0.047 m’/min for 15 minutes and
then at 0.360 m’/min until 17 minutes had elapsed. The recovery was followed
for 450 minutes. The water table was initially 2.76 m below the well
surround, about 2.36 m below ground level. The change in drawdown observed
(in metres) during the test is plotted on Fig. 6. Software described by
Bark${ (1989) was again used to interpret the test and gave the following
results: »

Transmissivity (m’/d) Storage Coefficient

Best values 3.7 0.005
50% confidence limits MIN 2.2 0.0004
- MAX 6.5 0.05

The fit found is an excellent one. Fig. 6 shows the comparison between the

‘drawdowns calculated theoretically using the above hydraulic parameters and

those observed in the test. It seems reasonable to assume the aquifer is
unconfined and has a low transmissivity value. The test described was
designed to have small drawdowns in the well, thus, allowing the analytical
technique used by Barker (1989) to apply, even to unconfined aquifers, the
technique’s main requirement being that of horizontal flow of groundwater.

Two further tests were run, both having large drawdowns. These were carried
out before and after the drilling of the horizontal laterals from the base of
the dug well. Both tests were pumped at 379 m’/day for 50 and 60 minutes
respectively until the well was dry and the recovery of levels was monitored.

-Fig. -7 is-a plot-of the drawdowns in metres observed-in-the-well for -both - -

tests. It is clear that the water levels recovered much faster after the
collectors had been drilled. . -

2.3.2 Development of Minor Alluvial Plains near Lupane

The alluvial plain at Lupane on which the well was dug is typical of many

plains adjacent to rivers crossing the Kalahari sediments in NW Zimbabwe.

Thomas and Shaw (1990) describe the distribution of the Kalahari Sandbeds.

The site is on the southernmost edge of these deposits and their entire

thickness varies from 0 to 200 m in Zimbabwe. It is likely that the 7 m

%Rickness recorded on the alluvial plain is the full thickness to bedrock at
is site.

Only one of the two laterals drilled yielded significant water. This lateral
was drilled towards the thinning edge of the alluvial deposits and intersected
a coarser ‘layer at their base. There was no evidence of this coarser layer
at the site of the dug well but it is possible that it does exist below the
consolidated sands found there.

The site could therefore be very 1ike that at Makusia School, however, there
is no evidence that the basal faster layer does exist everywhere and hence
that dug wells would be the best way to exploit the deep, thin faster layer
and that laterals would not be needed. What has been shown is that dug wells
or collector wells can provide significant supplies in these alluvial plains.
It is recommended that detailed site investigation drilling be carried out at
each site prior to deciding on the best means of water abstraction. Just as
at Makusia, it would also be necessary to determine the permanency of the
groundwater supply prior to development.




2.3.3 Drilling Techniques

Telescoped~jetting was used successfully to create Taterals in the fine Sands ~

of the Lupane Alluvial Plain, thus confirming the suitability of the technique
first tried in Malaysia for this purpose. In this technique, temporary 4"
diameter casing is drilled into the sands. Then 2" diameter screen connected
around a blank wash pipe is jetted through the 4" casing as far as is
rggﬁ;red. The wash pipe and 4" diameter temporary casing are subsequently
withdrawn.

Recently, Herbert (1990), has shown that in aquifers having transmissivities
less than 300 m’/d, adits of only 14" diameter will be adequate to carry the
extra flow. This means that in the Lupane plain the low-cost moling
techniques described by Morris (1991) would be the appropriate way of creating
the adits of collector wells should they be required.

3. POTENTIAL FOR DEVELOPMENT OF ALLUVIALS OF ZIMBABWE .

Section 2 gives the occurrence of alluvial aquifers in Zimbabwe. There are
three regionally different types. Also, each type has two components; an
alluvial plain and a river channel sand.

On the alluvial plains it is recommended that at every location, prior to
development, a site investigation is carried out to determine whether there
is a §erennia11y available 2 to 3 m minimum thickness of saturated sands.
Secondly, on the alluvial plains, it should be established if there is a thin
basal, high .Permeabi1ity layer present or not. If there is, dug well
techniques will be adequate for development, if there is not, collector wells
will give better yields than dug wells. Wherever the transmissivity of the
sands is less than 300 m’/d, moling, rather than telescoped jetting should be

used. There may be some flood plains where transmissivity is-so low,; <1 m*/d, - -

slim deep boreholes penetrating the bedrock below will on average give better
yields than shallow large diameter wells in the alluvium above. Fig. 8
summarises the recommendations given above.

There are high yielding river channel sands in some of the rivers of Zimbabwe.
The Sashe, Limpopo and the Lundi are three such rivers. Work will be
described in a companion volume on collector wells sited on the banks of such
rivers with the collectors penetrating the sand river gravels through the
river banks. This can only be done using the relatively cheap equipment
described in this report when the bedrock under the river bed is no greater
than 20 m below the banks and where the banks do not overflood. ~ Other
techniques are available for exploitation of such sand rivers but these are
either destroyed annually by flooding or require major civil engineering-and
are beyond the aims of this report which are restricted to development of
rural supplies using relatively cheap techniques. : ‘
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APPENDIX A

1989 Dug Well Costs, Makusia School (Lower Veld Alluvium)

Zimbabwe Dollars (Z$%)
Salary** Diesel Compressor* Misc. Totals

1195 - - - 1195

September 932 504 - ' 100 1536
October 335 - 126 437 - 898
3629

Additional Cost of Armco Lining*** 16 m @ 7$626/m = 10016
~ Total cost per dug well for a rolling project = © 13645

NB:

*k

% Jdede

Compressor costs quoted are for assumed purchase then use over a
10-year period. Assuming spares at 5% per annum, construction of
nine wells ?er annum and an interest rate of 5%, the compressor
cost per well is 7$437.

The above represents 44 days -digging,--21 days prepar{ng'site, -

transporting equipment, holidays etc.

3 mm thick lining was used at a cost of £184/m (Z$626/m). The
work has shown only 2 mm lining is necessary at a cost of £106/m
(2$330/m). These costs are inclusive of shipping.




Chiredzi Town

51

Scale: 1 :.250,000 CHIRED7I M AP

ng. 1. The Location of the Flood Plainat the Makusia School.
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FIG 8.SELECTING OPTIMUM DEVELOPMENT FOR

ALLUVIAL PLAINS.

Determine: Aquifer Geometry,
T & S, Annual Hydrographs.
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Table 1. Hydrogeochemical Data for Water Sample taken from the Bush Pump at

Makusiya School, Southern Zimbabwe.

British Geological Survey
~Hydrogeology Reésearch Groiip

HYDROGEOCHEMICAL DATA _

See coding instructions overleaf Sequence No.

2a \Q\‘Ew
GB, overseas
CARD1 = . Latitude Longitude National/lrish Grid reference 2 Gountry
Eﬂﬂ-n. El :\ \ o &- EEEFIUIIIIILJIILL\IW\IN&EF\AI&JII
quencc o o Loulny Well identity 78
Mkl\(l\\lslkl‘ilﬂl NENESMENNSNOE ﬂ Lm“ . -
fARD2 6 , Date of sampling Time D:;;::;::Z:!“ w ;}:‘%’s 'Fixa Aai mfm
(T 1] LEEER] GEEH (TTTTT) (& l E] EE]
Water mlyunl Multiple Well
d:n mimnm % Lithology Stutignphyu “aqui “46 ‘l;n ngs Elevation (m)
[:l:]wggmlulullllllllllllllll

Top depth (m)
62 Waterlevel(m) g5

LITTTT]

Bottom depth (m)
68 Sampledepth(m) ;3

LT

Moisture content (g/kg dry)
74 Discharge(l/s) 29

LTI 1]

56 Welldepth(m) ¢,

LLLTTI)

CARD}

6 7 Temperature (°C) 4 15 pH (ficld) 22 pH (lab) 30 E;(mV) 39 0, 46
llllll]llll[lllllllllllll[ﬁlbllllllLLllllll](ll[ll[ll
sequence no.

o sl;"'s'/l:;:'::‘;;:’(':’)d' 5e Deasity Uanm G‘ijm 167 Pmpct? - ijzclf}
LLL'IIII]F]IIl[IlIDLllll[l][]l!||] o .
CARD 4 X . Titration alkalinity
1 6 7 Na 5 K 22 23 Ca 31 Mg 38 39 asHCO,(field) 46

Llekol .l [ TT] L

LRl T T T1TT1] DIH»LI\IIIH oA TTT] CLETTTTTTI
47 Tl:.;:én(;slrl:t?)"y 54 55 S0, Cl 70 71 Total oxidised nitrogen 75
GERRLIT T (& Iblllll] [wldl IL%I FTT] A RIT T
1 6 7 S 14 Ba 2 23 30 3 Si 38 39 Li %
CIITT 7] ElkBll 1] [dl-lcélslalll] Lﬂ'lilzllill BT TT] A AT T ]
= 47 Fe (toal) 54 55 Mn 62 63 F 70 Br
HE RIS 1] GAddldel T 1] [T TTTTT] HH‘II;]
?ARDG 6 7 1 14 15 NO,-N 2 23 NH,-N 30 P (roal) 38 39  P(oolorimaric) 46
Oy oirrriry) oorirriTr) OOrarTTrmD Hl!ilill LITTTTiTT]
e 4 HS 54 DS 62 63 s 70
caxor LI rrifg 1llllll[—l HREEEEEEE
1 6 7 C0, 14 15 TOC 2 23 H 30 3 d*c 38 » FCDIC) 4%
T 9erirrry ErrirrTr) (rpirin) Ooririiry 111 ri)
Sepucnce no. 4 FOHO) . 5 55 FHHO) 62 63 #5309 0 n F0s0y
LTy iy Orrrrrry tefifitt]
(l:/uu)a 7 Ag 14 15 Al 22 2 As 30 31 Be 38 39 Bi “%
Lttty iirrrriy lllllllll LTty i irriy i riri]
m— 4 Ce 54 5 Cd 62 63 Co 70 n Cr 78
Crrrrerry ity rrirery et iirtgl
FARD 6 7 [ 14 15 Cu 2 23 B 30 3 Fe 38 39 Fe> %
O o rrry ey grrrrryy i rrrifry e liirtd
e 4 Ga 54 55 Ge 62 63 Hg 7 7 La 78
C(rirrrry i rrry irrrrry gprirritd
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Table 2. Hydrogeochemical Data for Water Sample taken from BGS Exploratory

Borehole 3 at Makusiya School, Southern Zimbabwe.

HYDROGEOCHEMICAL DATA
See coding instructions overleaf

British Geological Survey
“Hydrogeology Research Group ~

5tqu¢n:: No.

za | s
GB, overseas )
fARD' . : 6 mh&n’! Latitude Longitude 22 23 National/Irish Grid reference 34 35 Country 44
BAEADD annr-ﬂrurjm!enrﬂ OTTITTITTTT] BIMRRREEIT]
sequence no. eg. min. sec. min. sec. E/W
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Top depth (m)
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SHEREEE

Bottom depth (m)
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CARD 3
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sequence no.
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