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EXECUTIVE SUMMARY

This—is-the -final-report of an ODA/BGS project which had the aim-of-developing—— - - - -

a technique for the construction of collector wells which was appropriate for
thg_devg oping world and suitable for thin, water-bearing, non-consolidated
sediments.

A collector well consists of several 20 to 30 m long adits, or laterals,
drilled out horizontally from within a small shaft, c. 2 m diameter, sunk into
the water bearing formation. The report is in two parts: the first describes
the most recent work done in Botswana and the second summarises work done in
Malyasia, Zimbabwe and the UK.

The aim in Botswana was to construct collector wells at the side of the
seasonally dry sand rivers. Two such wells were constructed satisfactorily
and the Department of Water Affairs is presently exploring the possibility for
constructing a further five at other villages in Botswana. The method was
found to be cheap and gave a sustainable yield which was higher than that
obtainable by boreholes in the surrounding basement.

The second part of the re?ort summarises the work done with collector wells
built in thin alluvial valleys or plains. It is shown that telescoped-jetting
is the most appropriate drilling technique to emplace 2" diameter adits in
coarse to medium sands whilst a much lighter moling rig can emplace
15" diameter adits in silty to fine sands without thrott1ing the maximum flow
possible. Two collector wells were constructed in each of Malaysia and
Zimbabwe (telescoped-jetting) and one in the UK (moling).

Further work is necessary to refine the telescoped jetting technique but this
can be done during the process of development projects in the way that all
drilling is experimental in nature.

Collector wells in thin alluvium have now become an established method of
development of groundwater resources.
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1. BACKGROUND

1.1 Project Description and Companion Reports o

A project entitled <Development of a Horizontal Drilling Rig for Alluvial
Aquifers’ has been underway since April 1989. The project’s main aim was to
develop a drilling rig, string and technique (a drilling system), which would
be suitable for the construction of collector wells in alluvial valleys,
plains or sand rivers. The system should be relatively cheap and suitable for
developing countries. Two earlier reports summarise work which used
telescoped-jetting as the drilling technique in alluvial valleys in Malaysia
(Al1en, 1988) and the alluvial plains of Zimbabwe (Herbert and Rastall, 1991).
A third report, Morris et al. (1991) describes work done in the UK using a
moling technique. This report, the last in the series, describes the
construction of collector wells on the banks of sand rivers in Botswana. It
also reviews the findings of the entire project and makes recommendations for
the use of collector wells in alluviums. The unique problem posed by the work
done in Botswana related to the fact that the shaft of the collector well was
du? in weathered hard rock. The sand river cuts into the hard rock and the
collector’s adits have to be drilled laterally out through the hard rock,
using air hammer and then through the non-cohesive sands of the sand river.

1.2 Project Organisation for Botswana Phase

The last phase of the project was carried out jointly by BGS and the
Department of Water Affairs (DWA) Botswana. BGS provided the services of the
driller and the drilling system. The DWA met the construction costs of the
two wells, the site investigations made and in the later stages of the work,
some of the drillers costs. The Ministry of Energy and Water Resources
Development (MEWRD) Zimbabwe, provided storage facilities for the drilling
equipment in Bulawayo and Harare.

2. SAND RIVERS IN BOTSWANA

Sand River is a term commonly used in Botswana to describe the particular type
of ephemeral river channel (wadi) that occurs there. Sand rivers are filled
with clean, relatively coarse sand and are typically 2-10 m thick. The sand
is probably derived from the weathered hard rock which underlies it. ~

Wikner (1980) and Nord (1985) reported on the potential and development of the
sand rivers of Botswana. Fig. 1 is taken from these reports. It shows the
distribution of the main sand rivers and gives estimates of the total water
reserves held in them.

2.1 The Sashe River at the Project Site

Collector wells were constructed at Borolong and Chadibe villages, which are
adjacent to the stretch of the Sashe River shown on Fig. 1 as SHC27 to SHB87.

Fig. 2 gives the location of the villages in relation to Francistown. The
site of Chadibe was determined using a GPS personal navigator; this was:
S21 04.29', E27 21.61 A1t 3422 t 81 ft. ‘ '
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Fig. 1 indicates there are 835 x 10° m® of total saturated reserves in this

55 km length.

In addition to the reserves of water it is assumed by Nord that much sand
river water is lost direct to evaporation, bank storage and seepage to the
bedrock. This water can be captured in the first few months of the dry season
and will not affect the quantity of water in reserve.




A sand river of
South East Botswana
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The collector well being constructed on the Sashe River at 30/11/91. (Note the
caisson behind the trees).
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With this in mind, Nord (1985) estimates that there are about 250 x 10° m® of

_exploitable reserves. The typical extreme dry period will 1as{/§a./&0 Tont?;
’/day/km-length— - ..

and the safe yield of this stretch of the Sashe is about 20-m
of river.

?o;? reports T and S values for the Sashe derived from pumping tests as
ollows:

- T _(m%/d) s (-)
Sashe Sebina 600 0.15-0.2
Sashe Tonota 2700-4900 0.03-0.04

It is clear from Nord (1985) that there is much potential for the exploitation
of groundwater from the sand rivers of Botswana. Collector wells are just one
way of achieving this. .

2.2 Earlier Site Investigation Work at Villages

Apart from the work described by Nord (1985), Geotechnical Consulting Services
[PTY] Ltd. (1990) have written an inception report describing data collection
and site investigation of the area around Borolong and Chadibe villages. The
area is underlain by granitic gneisses. Post-Karoo system, dolerite dykes are
ubiquitous. These have a predominant WNW trend and can be seen exposed
crossing the Sashe river at frequent intervals. Fig. 3 is taken from
Geotechnical Consulting Services [PTY] (1990), and shows the location of
magnetic anomalies in the area and suggests a 4 to 6 km spacing between major
dykes and faults in the area. In the reference above, the details are given
of seven boreholes drilled into bedrock in the area. The water strike in
these boreholes is between 20 and 36 m and the weathered zone is of variable
thickness, ca. 25 m. Yields_of the boreholes are also variable, having
reported yields of nil to 9.6 m/hr, although it is not clear how these yields
were established and whether they are permanent or not.

3. THE BOROLONG SITE RESULTS

“'This section describes work done as part of the BGS/ODA-DWA.project.

3.1 Site Location

Two boreholes were drilled by the DWA near to the site finally chosen for the
sand river collector well at Borolong village. There was some confusion in
the records as to which borehole log was which, but site confirmatory work now
suggests that the final location for the collector well was chosen to be 1 m
distance from borehole 6876. 1Its borehole log is given below.

Borehole No. 6876

0.00 - 3.50 Dark brown sandy silt, mainly loose

3.50 - 4.00 Pinkish weathered granite (boulder?)

4.00 - 9.50 Light brown silty sand (weathered granite)
9.50 - Fresh granite

3.2 Site Investigation

Fig. 4 shows the relative locations of the collector well, the site of the
pumping test (36 m from the river bank), the two lines a]onﬂ which a profile
of thickness of sand were determined and distances to the dyke outcrops
upstream and downstream which were observed to be outcropping, in part, above
the sand river bed. Figs 5 and 6 show the thicknesses of sand along the two
lines of Fig. 4 as estimated using penetration tests.
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The height of the dug well above sand level was found to be 6.7 m and so the
dug well needed to be at least 9.5 m deep to allow room for horizontal
drill1ing along bedrock. — ce B —

3.3 Sieving Analysis

A large sample of sand was taken from the surface at the middle of the sand
river opposite the dug well. Fig. 7 shows the grading curve obtained by
sieving and Table 1 gives the sieving results in detail. One estimate of the
permeability is given in the Table as 193 m/day.. A second estimate can be
obtained using Hazen’s formula, k = 100'150)*Dw2’ where k is in cm/sec and
D,, is the effective size in cm of the sieve which retains 10% of the sand
sample. Using Hazen, a permeability of 50 to 120 m/day is predicted.

3.4 The Pumping Test

Three 2" diameter wells were installed to bedrock 36 m from the sand river’s
bank. The three wells were at 5 m spacing (see Fig. 4). One well was pumped
for 90 mins at 0.132 cumeters/minute and the drawdowns in the two other wells,
which were at 5 m and 10 m distance, were recorded. Table 2 gives the

. drawdowns observed in the two observation wells in metres.

The software described by Barker (1989) was used to analyse the results of
Table 22 Very good {its were achieved. The best fit for Transmissivity was
1.164 m°/min (1670 m°/d) and had a 50% confidence of lying between 1.07 and
1.26. The Storage Coefficient was 0.16(-) and had a 50% confidence of lying
between 0.13 and 0.20. The aquifer behaves like a simple unconfined, highly
permeable aquifer. The difference between the permeabilities determined from
the pumping test Sca. 1670 + 3 m/d) and the grading curve results
(ca. 190 m/d) probably indicates the superficial deposits of the sand river
are much finer than those at depth. This is not unreasonable when the mode
of deposition of the sand is considered.

3.5 Shaft Construction

The 2.2 m diameter shaft at Borolong was not ideally sited. There were
locations both nearer to the river and with greater depths of weathering.
Both these situations would have eased.construction._  Nevertheless a 9.5 m
deep shaft was constructed successfully and the Tast 5 m had to be blasted out
using explosives. Logistics, the availability of the right equipment and
staff, posed the most difficulties. Assuming these are now overcome, a 2.2 m
diameter shaft could easily be sunk within one month. 2.2 m diameter Armco
lining is available in R.S.A. The costs of this work were met entirely by the
DWA and are unknown to the writer.

3.6 Drilling of Collectors

Six laterals. were drilled. Fig. 8 is a sketch showing the unscaled’
disposition of the laterals.

The first lateral (lateral 1) was air-hammered out (4") to 26 m. Nine metres
of hard rock (river bank) were drilled through before reaching the river bed.
Then the bit bounced along the river bed hitting hard rocks now and then and
it was thought to be in non-producing clays. Screens were not installed.

Lateral 2 was air-hammered out to 9 m (4" hammer) until the river bed was met.
Two inch diameter Terraline screens were then jetted in to 26 m through sand.
This lateral produced ca. 4.5 1/sec but the internal jetting pipe was sand-
locked against the exterior screen and was very difficult to extract.

Lateral 3 was air-hammered out 6 m until hitting the river bed. Two inch
diameter Terraline screen was then jetted in a further 11 m before surfacing
in the river bed.

The experience of Lateral 3 was repeated at Lateral 4.




In Lateral 5 there were 16 m of hard rock before hitting the river bed. The
lateral was then jetted out to 25 m (a further 9 m) in sand. Once again the

- jettingpipe-was sand-=tocked to the screen—and the pipe was broken off-in=situ

when it was extracted.

Lateral 6 was drilled well after the others. Extra jetting holes were drilled
in the jetting pipe about 10 m down from the jetting head to see if this would
help prevent sand-locking. In the event there was 9 m of hard rock to be air-
hammered through and the lateral was then jetted out to 16 m before hitting
a boulder or bedrock. This produced only a little water, like Lateral 1. It
is likely the sand was very clayey and was either weathered bedrock or clay.
There was little problem with extracting the jetting pipe.

3.7 Pumping Tests on Completed Collector Well

Four pumﬁing tests were carried out on the collector well. Two were before
the sixth lateral had been drilled and two were after. The results of the
very last test carried out on 16 July 1992 are presented in Table 3 and are
plotted in Fig. 9. Analysis of the results using large diameter well
techniques based on Papadopulos and Cooper was not successful. This could be
because the length and geometry of the laterals which are in direct contact
with the main aquifer are not known with agy certainty. A1l that can be said
is that if the well is pumped at ca. 45 m’/day for 450 minutes the drawdown
Y;g] be %bout 0.5 m but that a good 60% recovery will be achieved in another
minutes.

3.8 Mater Qua]ity

Two water samples taken from the pumped well and analysed by the DWA are given
in Tables 4 and 5. Both samples are considered suitable for drinking
purposes.

4, THE CHADIBE SITE RESULTS

4.1 Site Location

The collector well was constructed at Chadibe village adjacent to exploratory
borehole no. 6798. _The locatign was determined, using a GPS personal
navigator, to be: S2104.29’, E27 21.61 Alt 3422 t 81 ft.

4,2 Site Investigation

Fig. 10 shows a cross-section taken across the river at Chadibe which was
determined using penetration tests.

4.3 Shaft Construction

As at Borolong a 2.2 m diameter shaft was sunk to below the bedrock level of
the san% rivir.. The shaft was lined with Armco galvanised Tining. Explosives -
were not used.

4.4 Drilling of the Collectors

Three laterals were drilled. Fig. 11 is a sketch showing their relative
positions.

The first lateral was drilled as far as possible in a line ca. 75 to the
perpendicular with the line of the centre of the river. The hammer broke out
of hard rock after 11 m. Jetting failed to penetrate further. This was
indicative of cohesive but softer material. A 4" drag bit was then used to
drill a further 12 m, there the bit broke out into sand. The hole was
terminated at 23 m and 2" diameter Terraline screens were jetted in to
complete the hole.
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Lateral 2 was constructed entirely with a 4" dra? bit which was drilled out
to 25 m but only 16 m of 2" Terraline screen could be jetted-in.

Lateral 3 was also drilled with a drag bit through weathered granite. The
hole would not stay open and a large rate of inflow of cuttings were flowing
into the shaft. For convenience the drilling was stopped at 7 m and screen
was jetted in to 6 m.

During drilling the laterals produced a total inflow of about 2 1/sec.
The dri]]inﬁ results were unexpected. It seems the laterals were drilled
through highly-weathered bedrock and not sand. This shows that a highly

versatile rig must be used to meet the wide variety of geological conditions
possible.

4.5 Pumping Tests on the Completed Collector Well

Two pumping tests were carried out on the collector well at Chadibe. They
both had the same characteristics. Table 6 and Fig. 12 show the results for
the first of these tests.

For completeness an attempt was made to interpret the results using the
Rushton-Singh digital modelling technique and these efforts are represented
in the table and on Fig. 12. "The technique did not reproduce the type of
curve required. This is to be expected. In reality the three laterals are
probably in a relatively low permeability stratum (weathered rock), which
underlies the high ﬁermeability sands. If this is so a steady-state would be
expected to be reached; the lower permeability strata being fed from above by
a reservoir of, relatively, infinite capacity. There is strong evidence of
Ehis on Fig. 12 where the drawdowns become constant towards the end of the
est.

There is insufficient data tg allow accurate analysis of this test but it can
be said that a yield of 45 m°/day will produce a drawdown of about 0.28 m and
recovery of well water-levels will be rapid. '

4.6 Mater Quality

Two watef'samples takéh f%dm the coiieéfor well and aﬁalysed by the DWA are
given in Tables 7 and 8. Both samples are considered to be suitable for
drinking purposes.

5. THE GROUNDWATER FLOW IN THE RIVER AND SAFE YIELD

Three hundred metres downstream of Chadibe, two piezometers were drilled into
the river bed 200 m apart. The DWA determined the difference in water levels
between them which was 3 mm. If the transmissivity of the sagd is taken to
be the same as that determined from the pumping test (1670 m“/day) and the
active river width to be about 50 m then 1.23 m’/sec of groundwater fiow could
exist. There is of course uncertainty about all these measurements and how
representative they are of the average conditions in the river bed.
Nevertheless, it can safely be said that neither collector well can extract
more than a small part of this flow and so their long-term yields will only
be affected by drainage from the river bed to the hard rock aquifer beneath.

piezometer levels in the river bed near the collectors throughout the dry

The true safe {ield of the river will be best determined b% monitoring
gho
season. .




| ©© 006000006000 0000000000000000000000

6. FURTHER EXPERIMENTAL WORK REQUIRED

Weathered rock that is sufficiently permeable can underlie the Sand Rivers of
Botswana and might be the simplest stratum for inserting the Taterals. They

would be easy to drill and more germanent (being deeper?. Accordingly, site
{nvestigation techniques should be developed to enable identification of such
ayers.

The jetting method used for river sands needs further development and testinﬁ.
More work should be done to see if extra jetting holes along the length of the
jetting pipe of the system described in this report will prevent sand-locking
and ease drilling. Alternatively, techniques where the screen was carrie
within the jetting pipe could be devised. :

The ?erformance of the collector wells should be monitored and groundwater
levels around them and in the river bed should be monitored for one or two
years. This will allow predictions to be made of long-term performance and
aid management decisions for different climatic conditions in the future.

7. PRECIS OF FINDINGS IN ALL FOUR COUNTRIES

7.1 Companion Reports

Morris et al ﬂ1991) describe the Moling Drilling System developed and tested
in the UK. Allen (1988) and Herbert and Rastall (1991) describe the work done
using the telescoped-jetting drilling system in Malaysia and Zimbabwe
respectively.

Herbert (1990) describes an analytical technique for predicting when the
1¥" diameter adits used by moling will throttle the flow into the collector
well. The criteria so developed can be used to select which drilling system
is appropriate for construction of collector wells.

The first part of this report is primarily concerned with the construction of
collector wells on the sides of sand rivers, their shafts being constructed
in the relatively low permeability material of the river banks.

7-2 - - Suitability of Collector Wells

Collector wells are only of use in shallow, thin aquifers or where fresh water
lenses must be skimmed from above deeper saline water.

Moling cannot easily penetrate coarse sands and telescoped jetting cannot
penetrate cobbly, coarse sands.

This report shows that sand rivers are occasionally underlain by weathered
hard rock. In this case it is possible to air-hammer adits and their yield
will depend on the type of weathered rock penetrated.

7.3 Types of Alluvium

River Channel Sands: Sand rivers or wadis, which are seasonally flooded river
channel sands, are common in arid areas including Southern Africa. These
channel deposits can yield a great deal of water and construction of dug wells
in them will consequently need heavy dewatering pumping capacity and
protection of works against seasonal flooding. A collector well’s yield,
constructed in the river bed, 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) and more so in Botswana, where the river channel deposits can
be exploited cheaply by constructing collector wells sited above the river
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channels on the river banks, thus avoiding the dug well construction
difficulties mentioned above. The first part of this report describes

experiments to determine the difficulties of drilling adits through the low _
‘permeability banks of the sand rivers and out into the bottom of the sandy

channel deposits.

Alluvial Plains: River terraces, extensive flood plains and colluvial
deposits can all be amenable to development by collector wells. Their
composition can be complex and will depend on their genesis. For example,
coarse Ea]eo-river channel deposits may be found at depth. In general there
is a likelihood that coarse deposits do occur at depth. It should always be
remembered that the horizontal adits of a collector well must penetrate the
most permeable layers or they will have only a marginal effect on well {ield.
The work described by Herbert and Rastall (1991) was done on two such alluvial
plains in Zimbabwe. In one plain a very coarse, thin, cobbly layer was found
at its base, which could not be drilled by jetting, and the dug well’s yield
could not be enhanced by horizontal drilling. At the other site in
NW Zimbabwe, a thin highly permeable layer was found at the base of the plain
but the jetting tapped through this and a significant yield was obtained.

7.4 Selection of Drilling Technique

Fig. 13 was derived from the criteria developed in Hefbért (1990) and from the
experience gained during the project. Use of Fig. 13 will allow selection of
the best means of development of groundwater.

The thickness of 2 m in the first decision-diamond is somewhat arbitrary. A
widespread aquifer 1 m thick would be sufficient for drilling of laterals but
if tge Zeq§?c§ is undulating there will be Timits to the length of adit that
can be drilled.

7.5 Drilling Costs

Moling Equipment: Morris et al. (1991) give the cost of a thrust-boring
equipment package, excluding service vehicle and 38 mm ID well screen. This
is repeated in the table below. Morris also estimates that, including
mobilisation, the drilling of a collector well will take nine days.

Budget Estimate: Equipment Package

Thrust-boring equipment package to convert dug wells lined with concrete
caisson-type rings into collector wells by screen-within-casing method.
Excludes service vehicle (4WD utility/pickup).

Item Approx. Cost £ (11/91
Hydraulic thrust-borer c/w wellhead powerpack 7,500
(e.g. PD-4 Powrmole and Power Stinger)
Boring tools (35 m sets of push-rods and HD 5,000
temp. casing)
Other accessories (slings, tools, shuttering, etc) 1,000
Site construction equipment (drill, portable 2,500

generator, travelling arm, winch, clean water pump)

Safety/amenity equipment (blower ventilator, gas 1,500
sensor, harness, ladder, etc)

HD hydraulic dewatering pump ¢/w diesel powerpack 5,000
(e.g. Flygt HB2102 3" diameter and STI unit)




ooocoqoooooooooooooooooooocoooﬂcoco

Item Approx. Cost £ (11/91
2250 1 water bowser c/w semi-rigid hose and fittings 2,000
HD double-axle 2 tonne trailer 2,000
Sub-total £26,500
Spares (at 15% for 1 years operations) 3,975
TOTAL ca. £30,500

Telescoped-Jetting: The latest quote for a drilling rig was received in March
1990 and is given below. Four such rigs have been constructed by the same
manufacturer throughout the course of this project.

£ (1990)

The rig | 45,900

Drill string, bits and hammers 6,400

Dewatering pump system ca. 5,000

Second-hand Bedford 4 x 4 truck (essential 7,000
for rapid use of this relatively heavy rig)

Sub-total 7 64,300

Spares for 1 years operation 9,645

TOTAL £73,945

Theuabove costs are selected so as to be roughly comparable with the costs of
the moling method but note that the costs derived are for different years.
Moling can be seen to be much cheaper than jetting.

Screening: Neither set of costs include the screen left in the laterals.
These would be best purchased locally and would need to have 7% open area of
slotting of the appropriate slot width. For moling 14" ID mesh-wrapped, cheap
plastic pipe would be adequate. For telescoped-jetting 2" ID heavy-duty,
unwrapped screen would be necessary.

Typically 90 m of screen would be required at an extensive alluvial plains
site and one-half that at a sand river site.

Recurrent Drilling Costs: Spares for a rig will run at about 15% per annum
and the Tife of the rig would be up to 10 years. In Zimbabwe, a senior
driller with three 1local 1labourers were used for the duration of the
horizontal drilling. The drilling is relatively dirty work compared to
surface drilling and special rates of pay will need to be negotiated. In
addition fuel for the compressor would need to be purchased.

Summary of Drilling Costs: Using the figures above (without allowing for
inflation to gresent date) and assuming 20 wells can be drilled per year
(a]]owiqg ioz reakdowns, holidays, etc) the following drilling costs per well
are estimated:
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Moling Telescoped
fCost/well Jetting
- fCost/well
Offshore capital cost of equipment 132 321
P.V. of spares at 15% of capital/yr 153 372
at interest rate of 5% L L
TOTAL £285 £693

The local costs will vary from country to country and as stated above will
include staff costs (1 driller + 3 local 1abourers), fuel (marginal) and more
importantly ca. 90 m of screen for the adits.

7.6 Construction of Dugq Wells with Costs

SOf]%his project 2 m ID diameter wells were required to allow horizontal
rilling.

There are many ways and materials with which to construct such dug wells and
not all have been used in this project.

The choice of construction method used depends primarily on the type of
material dug through and this in turn affects the drilling method, moling or
telescoped-jetting.

Consolidated Material: The dug wells constructed through weathered bedrock
on the banks of the sand rivers in Botswana and those on the two alluvial
plains in Zimbabwe were constructed by OEen Hole Excavation. That is to say,
the shaft was deepened by digging and the walls of the shaft at the base of
the well temporarily needed no support. The lining used was lowered by
gradually undercutting it as the shaft was lowered. That this could be done
in the alluvium was a surprise. Presumably the high silt content of the
alluvium ?ave some cohesion and the shaft walls were able to remain standing
until at Teast the Tining was lowered. Small slumps did occur but not often
enough to affect progress despite the fact that there was a significant excess
head of water in the material. A motorised winch or crane was required for
rapid removal of spoil. In one well dug in the weathered hard rock in
Botswana 5 m of hard bedrock had to be penetrated. Blasting was used
successfully to achieve this.

Lining: Linings of reinforced brickwork and prefabricated concrete blocks
were experimented with. These linings required skilled work and took a
relatively long time to construct. The most convenient dug well lining was
found to be corrugated galvanised 3 mm thick iron sheeting (ARMCO 1ining).
A foreman using three casual labourers and a motorised winch can construct a
2 m diameter Armco-lined well to 15 m in 1% months. A compressor is required
to drive the dewatering pump and a hydraulic winch. The costing, given below,
as:uwgs ghg compressor is used continuously on dug well construction and is
not hired-in. :

Cost of Armco-lined Dug Well: The cost of a dug well at Makusia School, which
was sited on a raised embankment next to the River Lundi in S. Zimbabwe is
given below. The well was 16 m deep with a water table at 14 m. The well was
dug in late 1989 and costs quoted relate to that date. At the time Z$3.11 was
equivalent to £1 sterling.

The costs are of course peculiar to Zimbabwe in 1989 and care will need to be
taken to translate them into modern costs at a different location. At that
time the cost of the 2 m diameter dug well was £4387. Using the thinner
lining option the cost would have been £3022.
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Dug Well Costs, Makusia School (Lower Veld Alluvium
(Zimbabwe Dollars, Z$)

- - - Salary** Diesel Compressor* Misc.  Totals
August 1195 - - - 1195
September 932 504 - 100 1536
October 335 126 437 - 898

3629
Additional Cost of Armco Lining*** 16 m @ Z$626/m 10016
. Total cost per dug well for a rolling project 13645
NB: * Compressor costs quoted are for assumed purchase then use over

a 10-year period. Assuming spares at 5% per annum, construction
of nine wells per annum and an interest rate of 5%, the
compressor cost per well is 2$437.

** The above represents 44 days digging, 21 days preparing site,
transporting equipment, holidays, etc.

*** 3 mm thick 1ining was used at a cost of £184/m (Z$626/m). The
work has shown only 2 mm lining is necessarK at a cost of £106/m
(2$330/m). These costs are inclusive of shipping.

Unconsolidated Material: Shafts cannot be sunk into clean saturated sands in
open-hole as the walls will collapse. Construction is carried out by shaft
sinking. In shaft sinking, material is removed from the base of the shaft
whilst simultaneously the shaft sinks under its own weight. This process has
been in use for many years. Cochran (1937) describes the construction of 300
such wells in Nigeria which used reinforced concrete 1ining for the shaft.

VInithe eéf]y Sfagés of this project the Geological Survey of Malaysia let a

contract for the construction of two dug wells. Their contractor used ready-
made 1950 mm ID 6" thick reinforced concrete rings. The first well was 4.5m
deep and the second was 7 m. The work took only 18 days. No details of the
construction techniques are available. The GSM were charged ca. £10,000 for
this work. Whilst being convenient and rapid this was expensive and cheaper
methods would have to be developed for regular use in the developing world.

The only other dug wells that were constructed in unconsolidated material for
the project were at Efford, Hampshire and Carmer Wood, Lincolnshire UK.
Although the details of construction differed, mechanical excavation within
130 mm thick reinforced concrete rings was em?loyed at both sites. At Efford -
material was removed by an electrosubmersible sand and gravel pump (Photo
Figure 14A and Morris, 1989); at Carmer Wood a hydraulic bucket excavator was
used (Photo Figure 14B, C and Morris & Talbot, 1990).

At both sites the principal technical obstacle during construction of the well
shafts themselves proved to be the provision of a safe, stable, impermeable
floor which would allow the well shaft to be dewatered safely for thrust
boring operation. A collector well in unconsolidated sands would differ from
a traditional chamber-ring dug well in this important respect, and a floor
installation design would be needed in a well construction programme for those
shaft-only wells earmarked for subsequent conversion. Normally shaft-only dug
wells are finished with a gravel floor, for reasons both of economy and to
increase potential inflow area.
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Even with this proviso, the trial well shafts sunk at these two sites differed
markedly from tEose which were used with more traditional pipe-jacking methods
to construct Ranney, Fehlmann or Preussag type collector wells. The latter
need-powerful -jacks because-they are designed to install arrays of collectors
of relatively large diameter in heterogeneous, medium to coarse, alluvium.
As a result, stringent design criteria are required for the main shaft to
enable the well to be sunk safely to depths of 40 m or more, with static heads
outside tge shaft of several tens of metres. As jacking forces can approach
1000 kN/m° in these more traditional collector wells, design wall thicknesses
of about 10% of the diameter are common.

Thrust-boring can be employed in concrete chamber-ring dug wells of much
simpler design and cheaper construction because:

(a) saturated zone penetration is limited to less than 3 m, so static
heads outside the shaft are low,

(b) resistance to penetration is much lower in loose uniform sands than in
coarser mixed alluvium,

(c) the thrust-borers are much 1i hte{, so maximum jacking forces can be
controlled to not exceed 100 kN/m“. - .

Suggestion for Future: It is possible that shaft sinking could be achieved
using Armco Tining combined with a sludge pump, as used at Efford, in high
permeability mobiTe sands. If this type of construction were successful then
material costs would be similar to those of dug wells in consolidated
material, quoted earlier. Also, it could be that construction times would be
significantly reduced. Excavation below the water table by sludge pumping in
ideal conditions would be a matter of days.

7.7 Special Requirements of Lininq for Moling

Moling imparts a thrust of up to 10 T. This force must be withstood. For all -
the work done in the UK the concrete rings_ used withstood the force
successfully, the load being spread over a 90 sector of the reinforced
concrete casing.

In consolidated material this requirement will pose noproblem, the well walls
being firm enough to withstand the force. In unconsolidated material care
must be taken to ensure the lining is strong enough to take such a force.

The ultimate stress of mild steel is ca. 30 Tns/insz. If the thrust is spread
over a 12" depth of arc within the well shaft the cross sectional areg
resisting }he thrust can be conservatively estimated as 2 x 12 x (3/25.4) ins
or 2.8 ins®. Thus 3 mm thick Armco 1ining will be more than adequate to meet
the thrust requirements of moling.
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Time (mins) Radius (m) Drawdown (m)
5 0
10 0
2 5 0
2 10 0
3 5 0.01
3 10 0.005
5 5 0.015
5 | 10 0.01
10 5 0.02
10 10 0.01
20 5 0.025
20 10 0.01
40 5 0.03
40 10 0.015
60 ] 5 0.035
60 10 0.02
90 5 0.04
90 | 10 ©0.025
Table 2. Time-Drawdown Observations during Pumping Test.




Project : Botswana
Organization : B.G.S.

- ..Test : Boroloné -.16/07/92 - = -

Constant Pumping Rate 45.3 [m3/day]

Distance from Pumping Well = 1.00 [m]
Type of Aquifer = UNCONFINED
Initial Saturated Thickness = 2.52 [n]
Type of Input Data = DRAWDOWN
Well Type = DUG
Well Radius to Face of Aquifer = 1.00 [m]
Well Radius of Storage Portion = 1.00 [m]
Pumping Duration = 450. [min]
Test Duration = 610. [min]
No Time Drawdown No Time Drawdown No Time Drawdown
[min] [m] [min] [m] [min] [m])
1l 0. 0.01 31 50 0.10 61 456. 0.51
2 1. 0.01 32 60 0.11 62 457. 0.51
3 1. 0.02 33 70. 0.14 63 458. 0.50
4 2. 0.02 34 80. 0.16 64 459, 0.50
5 2. 0.02 35 90. 0.17 65 460. 0.49
6 3. 0.02 36 100. 0.18 66 462. 0.49
7 3. 0.03 37 120 0.20 67 464 0.47
8 3. 0.03 38 140. 0.22 68 466. 0.46
9 4. 0.03 39 160. 0.24 69 468. 0.45
10 4. 0.03 40 180. 0.26 70 470. 0.44
11 5. 0.03 41 200. 0.28 71 472. 0.43
12 6. 0.03 42 220. 0.30 72 474. 0.42
13 7. 0.03 43 240. 0.31 73 476 0.46
14 8. 0.03 44 260. 0.33 74 478. 0.41
15 9. 0.03 45 280. 0.35 75 480 0.40
16 10. 0.03 _ 46 300. 0.37 76 482. 0.39
17 12. 0.03 47 320. 0.39 77 485, 0.38
18 14. 0.04 48 350. 0.43 78 490 0.36
19 16. 0.04 49 400. 0.47 79 495, 0.34
20 18. 0.04 50 450. 0.53 80 500. 0.32
21 20. 0.05 51 450. 0.54 81 510. 0.31
22 22 0.05 52 451. 0.54 82 520. 0.27
23 24, 0.06 53 451. 0.54 83 530. 0.24
24 26. 0.06 54 452, 0.53 84 540. 0.22
25 28. 0.07 55 452. 0.53 85 550. 0.21
26 30. 0.07 56 453. 0.53 86 570. 0.18
27 32. 0.07 57 453, 0.53 87 590. 0.14
28 35. 0.08 58 454 . 0.52 88 610. 0.14
29 40. 0.09 59 454 . 0.52
30 45, 0.10 60 455, 0.52

Table 3. Borolong Collector Well Pumping Test Data.




Village:
Location:
District:

Date Sampled:

MINISTRY OF MINERAL RESOURCES
~ AND-WATER AFFAIRS T
REPORT ON .THE EXAMINATION
OF WATER

BOROLONG
CENTRAL
27/07/92

Date Received: 30/07/92

Medical
Region No 12

Date of Report: 13/08/92 Analyst: KMK
Sample Incoming No: CEN/92/431
Identification Borehole No: Depth(m): -9.00 Hours: -9.00
Source Code: PW
co 5 Br : -9.00 PO, : -9.00
HCd, : 85 NO, : -9.00 NH, : -9.00
C1 5.4
S0, 16.0 Field Temp : -9.0 Field DO : -9.0
NO, 0.0 Field EC : -9 Field pH : -9.00
F 0.16
Lab EC : 211 Lab pH : 8.10
Na 7.0 DS : 121 Susp. Solid: -9
K 6.6 $i0, : -9 NTU : -9
. Ca 22.0
Mg 6.2 CALCULATED PARAMETERS
Fe 0.32 '
Mn 0.00 Hardness (mg/1 CaCO,) 81
Alkalinity ?mg/l Caé 78
Jonic Balance %: -0.948 - . Saturation Indexr(Cacﬁ3) -0.13 -

Missing data = -9

COMMENTS:

Corrosivity Classification 2

Ion concentrations are satisfactory for drinking water.

SIGNATURE:

Moderately soft.
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Table 4.

Chemical Analysis of Water Sample at Borolo

ng.
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MINISTRY OF MINERAL RESOURCES
.- : AND ‘WATER -AFFAIRS
REPORT ON THE EXAMINATION

OF WATER
Village: BOROLONG
Location: SHASHE RIVER Medical
District: CENTRAL Region No 12
Date Samplied: 27/07/92
Date Received: 30/07/92
Date of Report: 13/08/92 Analyst: KMK
Sample Incoming No: CEN/92/433
Identification Borehole No: Depth(m): -9.00 Hours: -9.00
Source Code: RIV

co 0 Br : -9.00 PO, : -9.00

ch3 141 NO, : -9.00 NH, : -9.00

Cl 4.4

S0, 4.5 Field Temp : -9.0 Field DO : -9.0

N0 0.0 Field EC : -9 Field pH : -9.00

F 0.13

Lab EC : 228 Lab pH : 7.30

Na 5.0 TDS : 115 Susp. Solid: -9

K 3.8 $i0, : -9 NTU : -9

Ca 33.6 :

Mg 7.4 CALCULATED PARAMETERS

Fe 0.64

Mn 0.00 Hardness (mg/1 CaC0,) : 116

Alkalinity (mg/1 Cat0,) : 116
Ionic Balance %: -1.704 - - Saturation Index (Caca3): - 0.54 -

Missing data = -9

COMMENTS: Corrosivity Classification 3

Ion concentrations are satisfactory for drinking water.

SIGNATURE:

Slightly hard.

Table 5. Second Chemical Analysis of Water Sample at Borolong.
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Project : Botswana
Organization : B.G.S.

- Test~: Chidibie - 17/07/92

Constant Pumping Rate 45.3 [m3/day]

Distance from Pumping Well = 1.00 [m]
Type of Aquifer = UNCONFINED
Initial Saturated Thickness = 3.44 [m]
Type of Input Data = DRAWDOWN
Well Type = DUG

Well Radius to Face of Aquifer = 1.00 {m]

Well Radius of Storage Portion = 1.00 [m]
Pumping Duration = 500. [min]
Test Duration = 640. [min]

Transmissivity = 139.00000 [m2/day]
Storage Coefficient = 0.40E-02
Standard Deviation = 0.0148 [m]
Number of Points = 87 of 87
No Time Drawdown Computed Diffe-
[min] [m] Drawdown rence
1 0. 0.04 0.01 0.03
2 1. 0.04 0.02 0.02
3 1. 0.04 0.02 0.02
4 2. 0.05 0.02 0.03
5 2. 0.05 0.02 0.02
6 3. 0.05 0.03 0.02
7 3. 0.05 0.03 0.02
- 8 4. - 0.06 "0.03 0.03
9 4, 0.06 0.04 0.02
10 5. 0.06 0.04 0.02
11 6. 0.07 0.04 0.03
12 7. 0.07 0.05 0.02
13 8. 0.07 0.05 0.01
14 9. 0.08 0.06 0.02
15 10. 0.08 0.07 0.01
16 12. 0.09 0.08 0.01
17 14. 0.10 0.09 0.01
18 16. 0.11 0.09% 0.01
19 18. 0.11 0.10 0.01
20 20. 0.12 0.11 0.01
21 22. 0.13 0.12 0.01
22 24. 0.13 0.12 0.00
23 26, 0.14 0.13 0.01
24 28. - 0.,15 0.14 0.01
25 30. 0.15 0.14 0.00
26 32. 0.16 0.15 0.01
27 35. 0.17 0.15 0.01
28 40. 0.17 0.16 0.00

Table 6, Chadibe Collector Well Pumping Test Data and Attempt at Analytical
Analysis.
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No | Time | Drawdown | Computed | Diffe-
- [min) [m] Drawdown rence
29 45, 0.18 0.17 0.01
30 50. 0.18 0.18 0.00
31 60. 0.20 0.20 0.01
32 70. 0.21 0.21 0.01
33 80. 0.22 0.21 0.01
34 90. 0.23 0.22 0.01
35 100. 0.24 0.23 0.01
36 120. 0.25 0.24 0.01
37 140. 0.26 0.24 0.02
38 160. 0.26 0.25 0.01
39 180. 0.27 0.25 0.02
40 200. 0.27 0.26 0.01
41 220. 0.27 0.26 0.01
42 240. 0.28 0.26 0.01
43 260. 0.28 0.27 0.01
44 280. 0.28 0.27 0.01
45 300. 0.28 0.27 0.01
46 320. 0.28 0.27 0.00
47 350. 0.28 0.28 0.00
48 400. 0.28 0.28 0.00
49 450. 0.28 0.28 -0.01
50 500. 0.28 0.29 -0.01
51 500. 0.28 0.29 -0.01
52 501. 0.28 0.29 -0.01
53 501. 0.28 0.29 -0.01
54 502. 0.28 0.29 -0.01
55 502. 0.27 0.29 -0.02
56 503. 0.27 0.29 -0.02
57 503. 0.27 0.29 -0.02
58 504. 0.26 0.29 -0.03
59 504. 0.26 - 0.29 -0.03
60 505. 0.26 0.28 -0.02
61 506. 0.25 0.27 -0.02
62 507. 0.25 0.27 -0.02
63 508. 0.24 0.26 -0.02
64 509. 0.23 0.25 -0.02
65 510. 0.23 0.24 -0.01
66 512. 0.22 0.23 -0.01
67 514. 0.21 0.22 -0.01
68 516. 0.21 0.21 0.00
69 518. 0.20 0.20 0.01
70 520. .18 0.19 -0.01
71 522. 0.18 0.18 0.00
72 524, 0.18 0.17 0.01
73 526. 0.18 0.17 0.01
74 528. 0.18 0.16 0.02
75 530. 0.17 0.15 0.01
76 532. 0.17 0.15 0.02
77 535. 0.16 0.14 0.02
78 540. 0.15 0.13 0.02

Table 6 (Cont'd)
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No Time Drawdown Computed Diffe-
[min] [m] Drawdown rence

PR [y (U P [P [
79 545, 0.14 0.12 0.02
80 550. 0.13 0.11 0.02
81 560. 0.11 0.09 0.01
82 570. 0.10 0.08 0.01
83 580. 0.09 0.08 0.01
84 590. 0.08 0.07 0.01
85 600. 0.07 0.06 0.00
86 620. 0.06 0.06 0.00
87 640. 0.05 0.05 0.00

Table 6 (Cont'd)
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Table 7.

MINISTRY OF MINERAL RESOURCES
AND WATER AFFAIRS
REPORT ON THE EXAMINATION

OF WATER
Village: CHADIBE
Location: SHASHE RIVER Medical
District: CENTRAL Region No 12
Date Sampled: 27/07/92
Date Received: 30/07/92
Date of Report: 13/08/92 Analyst: KMK
Sample Incoming No: CEN/92/430
Identification Borehole No: Depth(m): -9.00 Hours: -9.00
Source Code: RIV

co 0 Br : -9.00 PO, : -9.00

g%ﬁ, 102 0 NO, : -9.00 NH, : -9.00

S0, 3.7 Field Temp : -9.0 Field DO : -9.0

NO; 1.1 Field EC : -9 Field pH : -9.00

F 0.16

Lab EC : 169 Lab pH : 7.04

Na 4.8 DS : 94 Susp. Solid: -9

K 3.2 $i0, : -9 NTU : -9

Ca 22.6

Mg 5.6 CALCULATED PARAMETERS

Fe 0.16

Mn 0.00 Hardness (mg/1 CaC0O,) : 80

Alkalinity (mg/1 Cat0,) : 82
Ionic Balance-%: -1.573- - Saturation Index (Cacas)r'-l;lo

Missing data = -9

water.

COMMENTS: Corrosivity Classification 4

Ion concentrations are satisfactory for drinking water. Moderately soft

SIGNATURE:

Chemical Analysis of Water Sample at Chadibe.
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OF WATER

MINISTRY OF MINERAL RESOURCES
- AND WATER AFFAIRS
REPORT ON THE EXAMINATION

CHADIBE
CENTRAL
Date Sampled: 27/07/92

Date Received: 30/07/92
Date of Report: 13/08/92

Vi]]age:
Location:
District:

Medical
Region No 12

Analyst: KMK

Sample Incoming No: CEN/92/432
Identification Borehole No: Depth(m): -9.00 Hours: -9.00
Source Code: PW
co 0 Br : -9.00 PO, : -9.00
Hcﬁ3 109 NO, : -9.00 NH, : -9.00
C1 3.4
S0, 3.3 Field Temp : -9.0 Field DO : -9.0
NO; 1.0 Field EC : -9 Field pH : -9.00
F 0.16
Lab EC : 184 Lab pH : 6.96
Na 4.6 S : 113 Susp. Solid: -9
K 3.7 $i0, : -9 NTU : -9
- Ca 24.2 - -
Mg 5.1 CALCULATED PARAMETERS
Fe ¢ 0.30
Mn : 0.00 Hardness (mg/1 CaC0,) : 82
Alkalinity ?mg/l cato ) : 89
Ionic Balance %: 1.092. Saturation‘IndeX~(Cac63): -1.12

Missing data = -9

COMMENTS: Corrosivity Classification 4

water.

Ion concentrations are satisfactory for drinking water.

Moderately soft

SIGNATURE :

Table 8.

Second Chemical Analysis of Water Sample at Chadibe,
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MAJOR SAND RIVERS—OF—:

EASTERN BOTSWANA -

INVESTIGATED RIVERSECTIONS AND
ESTIMATED SATURATED WATER
POTENTIAL.

INVESTICATED SAND RTVIRS AND EJPDUTED
SATURATED VATERE POTENTIAL .

PAIVATL BAC 00239 PMONE $ 3240

LOCATION PLAN

Biver Section Length | Tot,res, Sat.ren.per
(s) | (00 @) |1a (10 @)
Tutume 700 - 70 8) 29,5 580 19,7
Niehe Di1-01 1 &5 1100 1
Tati, u.str
o T 9 -T2 33 " 840 1.4
Tati, d.otr
r*ton Th9-7 9% 87 2100 24
Shashe SHC 27 - SEB 67 5449 835 15
sEB 87 - sHn 113(1) | 12,9 28
d.etr Tonota |SAAL 3 - SEi 8) 16,5 | 4490 58,1
Kotloutse 423 -0 224 23,1 870 36,7
0P 240 - U7 286 1.9 150 20
oy 286 ~ UF 430 21,7 650 30
or 430 - C 16 (%) 81 4300 53
c 15(3) ~ ¢ gr 78,9 | 3400° 43
(c55 - ¢9 40 2570 &4
Phune TED O - TED 34 -33,1 |- 610 18
Lotsane Lo - 10159 78,9 500 6
Mabalapye MAH O = MAE 38 13,1 2% 21
Bakabesva RAK O - RUK 12 [ 93 15,5
Netoo—
motlhabs MET O - MGT 125 L 42,9 680 16
| | | |
oate |acv. | wo. Jcomcenning [sicn
DEPARTMENT OF T
WATER AFFAIRS SAND RIVERS PROJECT
GABORONE

TELEGHam: wATLR

j::::".".“-.‘!." o pese 1:1000.000 [ F igo 1

Pistice DRG. N8, agy
E e T WSRP 80/1

Figure 1. Survey of sand rivers and their potential reserves in Botswana (copied from Wilkner, 1980)




sabeyjin Buojoiog pue aqipey) jo suoledol ayy g ainbi4

.2

~ ,

ok
1y \

__.Sz_zss.f.

® anqueg , 4 .E._S-.!s._.. m@i.

-:-a.la.mE-f: > oow

® eyosol ....awz.n_z

14 N3
. A ~
A / -t ’ -
. . vd\ e M) )
. f~SC -7/ N \l\\w J T
\ ) . N S, 7 S R
W o
. ~ onie R
\ Ty -~ ~ . S _F v N
- 1._2.:m S .\_. -.G:Eﬁk\ ) L -y / y )
. olutlagnge - vl.\ i (,.10.\ r/.Lf\\l/ I S .lsmo__:‘ ! L
N\ ../..... . .I...\ - PR ./4 ‘\ ) \\\/l - .\«\A, \ .\ /,I /,. awvyd \ \ \\ I h, ® smbuon,
: i L W‘HOVmO&m.HO A... ~aL s A f./ Al /\~_ \ M\, oy, INUNVEVAD f ases o dLYWIA ; /1\ 1gueMuaL
.///. ’ S \ P . A - “ _\ “ suswey)
o m i . \ KN
/ob.( ‘// i , RN
- 1 ~
/ MR,
X ) \ Wz,., / \ { OQ\‘
N =~ - ’\ nﬁ:—a_ H -, J .- \ \ Ny
. 13 T ST L sl
000°000°1:1 9je3g N. A r@,f. ' = 7 \).. PRONY ey S
LR -CH ' Ec./ 3 Yl N v ) H : snasn) &
% - ceyiouof's Jf TS St (Yo L ° \
3 A CoL T s - ’ \ ’ L il ! sy ’
R J RS e L Do T N
4 - ) =R, - \ ’ ’
3 wNgs_ L. \ (o o A
Q, ” -n_.o_z...iw / ~/.. oty T T \| ! 1 .
: * a\ 7 e\ bupig _5 ) o.:i:.:.EES T \ ., | '
obqojprpeyy < 1\ _
AW A S j_: N\ \ f\l/. \ i../ T T l_ t”rkl’ !
DN RN\ ~ N -mnges !
[N N N . N ~: -.... -’ l.k N
/f 2 L@ Y0 A\ flgs - \q wooweuseys ~ 277 4 T esiogeg @ 7 suenamyei
al.nc.. zgdhw_UZﬂI :-ESE\ - -~ -I.:-\_L
< Y P - 1,
oot IR oZOJOmn.V.m._\rr *
Ly . A ~
AL ,_m %, JQIAYHO . _ @
< ._n.z. : : 5 Sucmgewcz_: \. : A &S.g.nﬂtr.”l
VNVMS108 40 Inenda (5) 2 on eryerfe 3 v Lo hm_o v S T
._25 v/ . - e -
b._ { \»m,_w ._:zozi SR T eudeay T
¢ = -
.f.n _\, ....n a:!-tra::":'uﬂ__:mml ot !
. e - /
s ehng -kEu.M n__ ~ o:._r__.._z
. | " bqueyy 8-~ *d
.P_ES TR \.a.ual. v,
o " qpyng o ._s_usm..
aqesays | ; .
) _ \.s\ A
L33HS Kisown .,, : .uc:ﬂi\ A,\. .5
N N

|




1

abeyjia Buojoiog jo uoibas sy} ul s8llewoue dnsubew soleyy ¢ ainbiy

SEIVIJY Y3IVM 40 1230 INZIGD

€ID14%36 ONILINSKHED TYOINE23LICED
’d
' "
@ DNOTOHOS / —
. I ——— ]
* wisadry # Y 2 S 7
N

000 S21 °1 3WIS

’
\
1
t
|
_

Aewoue anedaL jO Iy ==~ , wm_D<IO

€ LI0F 21UV 3 C (107 31IHS
TYNERSIO6 ‘INIAIMVAIR 230808 TYIIDUI01D

YNYNSIJ0 NESISYT 4T ATMEYE DILDNOVA INYOGdIY $33200S

NOILV13HdHILINI OILAINDVI
INHOBHIV

®© O 0000000000000 0000000000000 00 0 0 20




i
|

Buojoiog Je sxiom pue ayis |[om Qom__oo }0 amE yoiens y ainbiy4

- 9,89 'ON 8joysiog

wozk
_ < > Buojolog je [|om 10}99)|09 JO BS
asnoydwnd Bunsix3 _ _ woL
A A
(19m padwnd uo '
108})8 8jqEAISSqO wgt ,
ou) uoyoelisqe f
10} J8AlL Ul Ud _
wog
>l — > >
wQs . w002 , Y l\f »e woot
(lom padwnd ﬁ F —Ss,wg
| "ON 8aun ” ¢ 'ON 8un
we9
| S[|9M UONBAISS]O dosoinQ
dosojno / - Winos < 1se3
ww A weaJsdn

W , i
C B BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN




|

v 8inbi4 Jo | "ON aulq] Buofe syidep vfmm "G ainbi4
i ’ ! w
P |

t

18m BnQg
%001 pag
A
] PUES MOJaq WEY MY ©
[ - (Sl
woy wog woz o wo wg 3
|9A3] puUBS W
| | w/'g
: !
| |
| e |_
H EP

9/89 "ON 8|oya.og

, |
| W
C B I BN B I RN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN B BN BN BN BN BN BN BN B B OB BN )



 ainbi4 Jo 2 ‘oN aul buoje syidap nrmm "9 ainbi4

llam BnQ
%001 pag
A
wos't wo/z woo's woz'g woe'g woe'|
puES MOJaq WEY TMY
wos woy wog woz wo wg A
|9ns] pues

\ 7o
| n
3

Amﬂav

9/89 "ON 8joyaiog

...Q:...00.....00.....O..QC.QQQ.QCQ




20. 1

|

Percent by weight of sample
=
1

PHI<-6 0.00

100. 7

60.

50.
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Cumulative percentage

Sample number Shashi depth-
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Particle size (PHI)

I 1 1 1 ) 1 1 1 1
3. 2. 1. 0. 1. 2. 3 4 5.

Particle size (PHI)

Figure 7. Sieving analysis of sample dug from surface of Sashe River
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1 (26m)

3(17m)

5 (25m)

Breakout into

river
& -
’ 16m
ém

75°

»- parallel to line of river
2.2m dia

N.B. Laterals 1 and 6 were about 25cm lower than all the others

Figure 8. Laterals drilled at Borolong
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2 (25m)

3 (7m)

1 (23m)

Breakout of
hard rock

2.2mdia

Figure 11. Laterals drilled at Chadibe
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Use deep,
slim
boreholes
in bedrock

Use
collector
wells, adits
by moling

Determine: Aquifer geometry,
T & S, Annual hydrographs

perennial saturated
thickness >2m?

transmissibility
>300 m¥d?

Use
collector
wells, adits
by telescoped
jetting

Is there an
extensive, coarse,
permeable layer

Use
locally
constructed
hand dug
wells

Figure 13. Selecting the optimum development technique for alluvial aquifers
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Figure 14A.

Efford; excavation
of material with
gravel pump @

ht) s

Figure 14B.

Carmer Wood; tie-rods
prevent lateral displace-
ment of rings during
excavation.

Figure 14C.

Carmer Wood; mechanical
excavation below water
table.




