WD/ST/74/21 December 1974

GS10 PROJECT: EVALUATION OF GROUNDWATER
RESCURCES 1N BOTSWANA.

Br £ P Wright
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Tor moest of'lobcw“na and particulsrly the vast ¥
in davel ““1”* of the co ountiry is to s
ons 2re madel-—

yee existing hydrogeologic datﬁ availab]e 1t tie Geologicel Survey and
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inning to an evoluation of tlhe national
aroundy
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b)  The activities of the Geolegicnl Survay re: srowndwanter have baen

concerred with the siting of successful bereholes and relatively

attention has been given to more fundamental hydrogeological stud
especially any dnvolving guantitative evaluntions. Thais approach has
resulted, I understsnd, in no smell mensure Trom the lack of stalf but
in the circumstances has considersbly increased the difficulties of the

present situstion.

c) Groundwnter in Botswona aguifers is said to occur mainly in secondary
ars composed of fractured rocks tend te have varisble

nydraulic characteristics and dn conseguence avaluation of total resources

o)

as well as of the fuandonentzl resvonse chearscieristics which relete Lo

ractical long-tern exploitation iz more preblematic.

. o . . ;
in view of the urgency attached to this Project for reasons cutlined in (2) above,
o decision requives to be tolen as to whether Lo commence o syotenatic groundiwier

inventory or to conceatrove immedialely on studics of selected hydregeclogical
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on the wpreoblems concerned. #7ditionally the difficulties

o~

resulting Jrom the lack of o systematic and scilentifically based regional analrsis
will increase oo time goes on. Tor these ressons it is recommended that systematd
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additional information is also required on ail wells boih new ond

previously recordsdi-

a) Ground and well head elevations;
b}  Current static water level;

c)

a)

-

urrent puwnlng raic

e’ Mensuremsnt of electricel conductance a
rey ootaln sample from selected

e A d
tempernture of 58]

. .
wells for geochemicnl Gn81H818¢

1 O“:"fld...(]’ "“"'Obi
conductanee ""'Ij tc)“mevature and
o

S T ™ . N L
logs suceh as flow velocity, nsutr

N Fotes on site conditi
other wells nesrby i
i

mnay vermi Loearry

y type of vpumn, presence. of
me or other ag T
ng out of an aguifer

ii. Comnencenent of ploetbting of datn on
perticular acuifers (different symbo
aguifers) and for convenience can extend over districts or suitable nap
sneets oi-

iv. The specific studies should be related most closely to the finzl object-

h i
v

ives namely the resources evalua znd teking into consideral

o
rodlability of relevant

nave been listed above

tion to the more systematic

—

and these will noed Lo be considered in rela

isal,
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AP T iy e ey Tend- o
o the ~nolysoed drawdown data

a opumping tast.  In the cose described nbove 1t moy be

nossible to treat the zone as z strip acuiler, nossibly lenky with recharge
occurring through [issures in the main body intersected by the local wone.

A predictive mathemstical model could be prepared and cnlibrated by subse-

auent longer~term obaervoiions.
i -+

The importance of estab rogeologiceal conditions

iahing the controllin
should be aspparent from the above discussion. Indicative information can

be obisined from a veriety of sources and 1t may be necessary to be select-
ive FTor reasons of time and convenience. Plotted pierometric head dala can

be indicative of hydraulic continuity even within a fissured aquif

but it

may be time consuming to obtnin (since ground elevations are not normally
svailable in the GS Records) and internretation may be difficult il sbstrac-
tion dmta i also unknown. Geochemical plots can also be indicative and in
the wresent circumstances may be casier to produce for the preliminary

analysis. Chenges in well water levels can readily be made and there is

some available data in the G8 Records. HMany factors cen control
chanses and the interoretation will depend on the technical Feasibility of

HES VS LN

establishing these controls.

The discussion has been elsborated in some detail in order to allustrate
the approach which is recommended to be adopteds It is c¢learly improcitice-
able to mnake a comprehensive ground water inventory of Jotswans without the
deployment of a substantiol steff provided with all necessary couipment.

Despite this difficult requirement, initiation of such a survey iz to be

“rocommended which could be weipghted in accordance with the known meological
i 3 e

conditions or assessed on the hasis of such regional leatures ns can be

more readily plotted and analysed.
Geophysical Methods

Surface geophysical methods have been used extensively and it would appear
very successiully in locating potable water supplies in Botswane. A variety
of techniques have been used but most notably clectiical resistivity. Geo-
physical methods are expected to continue o be useful in the Fubure nlthough
they may become progressively less applicable as more detailed information
from drilled holes becomes available. In connection with the current
project, it would seem zn appropriste time to take stock of the avallable
records and to attempt closer correlations with the actual seolopicnl/hydro-
meological Teatures. Cnleulated resistivity values from an dysino of surface,
mensurements could be cnecked spgainst deta from dowm-hole logping messurement

and their ovorha significance considered in a broader hydropeologicul
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context. Fresh water underlying saline water is by no means an uncommon
phencmenon ”lt wough contrary to the general rule, and resistivity data

requires careful and accurate gquantitative analysis to detect such occur-

rences. A particular example of the importance of correlating geophysical

3 )

hydrogeolegical context may perhaps be illustrated by considera~-

£

4
tion of the geophysical investigations in the vicinity of the nroposed

fo¥)

Botouana-fambia Highwey, Boreholes érilled in the vicinity of located

fissure zones yielced saline water vhersas those in intervening arens

yielded fresh waiter. A possible exnlanction of the feature is thet

- - H e : Lam P ' | VR S ] : ~e I an RS T, +~
leskmge is occurring from 2 szline horizon  of higher pierometric head. It

would be important to determine the depth, extent and head relationships of

- . ~ PR P s : o 3 - - : v S
this szline zone and the characferistics of the asuiclude between it and

ah

the upper fresh water zone.

Hydrogeochenlstry
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based on time and dischsrge rates). Data of a varying degree of detail and
complexity could be oprovided by pump attendants azcording to need and the
's capability. Project staff would need io co-operate closely with

£
Water Affaire in this aspect of the programme.

"5. Related Investizations

investigsa

ise, Serowe, Orapa ets. elfher by the G5, by nrivate
nited 3 persondel during the recent resources

ion ss to whether related or follow-up studies are

to be recommended., An illustretion may be informative, In the Lobatse
groundwater basins, resources calculations have been based on volumetric

calculations of saturated thickness and recharge rates based on an assumed
4-5% infiltration of rainfall. The actusl reports have not been studied
but the UM Report notes that the estimated percentage infiltratiorn is
poszivly too high. A cross-check on the calculation may be desirable and
an obvicun line of apvroach could be an evaeluztion of well water level
changes. These would need to be considered in terms of recharge - throughputb -
artificial abstraction —:specific yield, and the resclution of the analysis
would depend on the veriability of the aguifer structure in relation to

messurems 1t Irequenlye

ii. Tnvestigs®ions in process include notably the ewploration for coal by Sritish
Petroleun and Shell, These
seem desirable to meke full use of such activities as Tnr ns iz possibl

_have exvressed a willingness to consider carrying out additional measureme

e in their exploration holes. Addi-

and tests oi hydrogoelogical
tionally since water sunply is likel

o hie ket Ll
doveloement, specinl studies by the

clusnte avallable
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Counterpart

- 10 - a

stants should be assigned as support stalf supplemented by 2-3 additional
stants on a part-time basis from the Geological Survey, During the Phage

I investigations partic ularly, the need will be for several Junior assistant

staff provided with adequate transport and equipment to carry out basic surveys

under the control and guidance of professional hydrogeclogical staff.

Stalf from the Geological Survey.

The importance of counterpart staff is stressed both in the specialist fields

(geophysicist/geockemict) as well as in the general hydrogeological field. The

close support and collaboration of the Geological Survey would provide the local

knowledge and expertise. Tt would also rermit initiation of basic studies prior

to recruitment of Project staff and ensure subsequent continuity of the Project

work. It is emphasised here that the specialist studies ("eorhem*Qt/“eond rsicist)
5h & J

should preferadbly be carried out by individuals with some hycrogeological back-
ground considerable background study

of the

or alternatively by those prepared to make a

relevant aspects,

Supporting GS staff:-
i. Hydrogeclogist
ii. Two or more hydrogeological/technical sssistants
4ii. Geophysicist/Hydrogeologist
iv.  Geochemist/Hydrogeologist
Va Office, lahoratory and cartogrmphic suvail as reguired.

taff

Ancillary 5

Surveyors, possibly supplied from the Sur vey Depariment.

need during the Prasm I studics will be & contolle

well head elevations using

techniques. The surveyors could rrepare a falrly detziled )
network of surveyed points and additional elevations could be

Project/Counterpart

1

in by the

their basic

St the course of

tied S during

investigations.

A pilot levelling been agreed to by
the Survey Dopnrbment. urther work of this type will be neces:

N .
walon mny be cores

"congultant' ataff,

4

also per) tract recruited

by cont

Puart or
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ii. Qcecasionnl vislis by specialists are to be recommended. These are

likely tc be in the specialist fields of geophysics, geochenmistr

r.q

2

or surface hydrology (ie infiltration studies), A4 particular case

in point relates to the operation of the down-hole gecphysical logger.
This is 2 most important item of eguipment which is expected to have
a significant role in the Projects investigationa. If GS staff are
unable to make this eguipment operative, it would be essential to

ohtain the services of somezone else to do so.

iii, Temporary staff either on recruitment or by temporary secoxndment
from other Government Departments, District Offices etc. to assist in

the intensive groundwater inventory studies.

8.  Equipment

A provisional list c¢f resuired eguipment is given below, The list includes
two categories, one of basic survey equipment and the second, provision for

specialised studles, notably infiltration research. In deciding upon survey

N

reguirenents, consideration has been given to the need to supply several

parties operating independently during the groundwater inventory stage. MWambers

of individual items are provisionzl and may be revised in relation to available
(.
supply in the Botawana Geological Survey. Costs{are approximate but probably

H

within 10%. Fouipment that may be provided irom Geologleal Survey supplies is

indicated.
i $.1. Eouipment for busic survey
¢ i.  Surveying altimeters (Wallace & Tiernan) b
: i Base Darographs 2
iii. Survey Beuipment as required -~ Theodelitc etc. (GS) -
iv. Blectric water level measuring devices 10
V. Weter level recovders 10

via Electrical Fo*\u<‘cﬂfﬂ/3LHJor‘tlwc probes
with 10C0

vid. and down-hole logping
i viid. trical Conductence Bridges {surface samples) 2
¢ -
; ix. row veloaity logser 2
I Xa sduner devices 2
‘ vi.  Depth Samplevs (Lorge/small) 2/



- 12 - -

xii. ILong wheel base I/R complete with radios 4
xiii. Camping Ecuipment etec. (GS) -
xiv. Pipe flow meters 10

‘\

XV Water filtration set for field chemistry 2

8.2. Equipment for special studies (mainly infiltration)

i. Automatic weather station with radio tromsmitting fasilities,

ii. Lysimeter installation materials and operative equipment,

iii. Soil moisture and potential measuring equipment, including
neutron probe.

Q. Drilling

et s

The object of drilling would mainly rclete to the installation of cbservation wells
either as part of a vwroposed hydrometric network or for exploration and analytical
studies resulting from the Phase I investigations or associated with the special

research aspecis. Hest test heles would be expectad to be of small diameter, less

necessary in unconsolidnted formations and to hydraulically separate aguifer units

for differential consideration.

10, Timing =nd Cost Estimates

"10.1.Programme

Details of st=7f znd rrovisional timings with regard to Project and GS counter-

part staff are shown in the accompanying bar diagrem Figure I. G5 staff should

_be requested to produce fairly comprghensive monthly nrogress reports during
: 2 u 5 S & i

the pre-Project Phase I stage, This will assist the Project stafl when 1t com

to .preliminary vwlennins. In the early reports, full and comprehensive deteils

1

tionnl siotus. Tt may then beo vossible Lo order the additional equipment
Eh - -~

h o vm s . e
available before the Project staff arrive. A gap of

: 1.2 . . - T 3 N o

sssumed in this dizgram between current date of this renor

and srrivel of

- T U S S, B Y A S
102 Provisionnl Corlings

T - 1 s Ty oy P - 3 PR T T — . - . P N ~

Prov: L hove been provided under three mnin bending atnil cosis
ST PN R D R U N R T T S T U S 3 o . e g R T T P S

COULDRGT G #aTd G ihling. Inosdil oo COSOTLED, there are sone uncoertaintios, WmoLinl

onto crrmobl rendily be deterwpined at the nrosent

hao: snd o reocunlve

o e Trm g A= e . N R A %y e RN P A e P e e - [ S T
Timoe hult sre coectod o we svoluwenedo P s Lot [STOR SN LHTTIN Pnan

P N i T e e R B I R T S T e a . T e e oA Wy et by 4 10
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might well be initiated to some extent, eg equipment purchase, durinrg the Phase I.
Drilling costs are based on a very general estimate of footage and casing require-
ment. Provisionally it has been assumed that it will be better to use contract
drillirg expertise to obtain flexibility of rig type and timing, If on further
investigation it should appear likely to be difficult to obtain a suitable con-
tractor at the times required, it might be preferable to purchase a high powered
“air/percussion rig such as the COP-6 or the Schramm. The question of crew avail-

ability would need to be taken into account, possibly to the extent of including

contract hire of a tool pusher.

Summary of estimated costs:- Approximate
costs
a. Equipment (sterling) Totals
i. Basic equipment including transport 25,000
ii. Special equipment (infiltration studies) 15,000
35,000
b. Staff
i. Professional 8 man years 80,000
ii. Technical Assistant 8 man years 20,000
iii. Local recruitment for intensive groundwater 15,000
inventory ( ? Botswana Government plus
temporary secondments other Departments).
ive  Special studies and contract work:- 15,000
1. Levelling surveys
2. Visits by specialist staff
130,000
¢s Drilling
Estimated cost of drilling and completing 20 small dismeter observation
wells (generally less than 20 cm diameter and 160 m deep); mild steel
or PVC casing and screen to total depth; allowance for cleaning and
punp testing. 180,000
de Drilling Rig
Air percussion rig complete with basic equipment and tools, high power
compressor (100/250 psi; 600/1400 dfm), trailer and towing trucks;
ore tool pusher for one year but other drilling crew not included. 110,600
€. Modelling (as required) in U.K, 5,000
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Recommencdations for preliminary studies by GS staff in pre~Project Phase 1.

Pilot Survey of ground and well head elevations {Geological Survey in

co-operation with the Survey Department),

It is suggested that this survey should be done in the Ngwalketse and
Kgalagadi DlSELlCtS since it is understood that some hydrogeological work
has zlrend

the Transvaal and Waterberg Systems, Karroo and possibly Basement. Levelling

{y been planned in the former area. The aquifers concerned include

P

oy,

should ke carried out by controlled barometric traverses using a base barogranh

b
o

and manually resd base altimeters (2) for drift correction, and two altimeters

s can be commenced and closed upon the line

();

for each field party. Side traverse

I

W3

itions on the Kanye-Tshane Road. Other check peints

[u

of accurately levelled no

$nm

could irclude re-occupisble positions set up during the Kalohari gravime! ~ic
survey. ‘The Survey Department has offered to provide ifhree parties complete

with vehicles, observers, teantage etc. and ‘o supply four altimeters and az base

b

barograph. The observers will be organised =nd meavurements checked by a Survey

Department Te }“1“"1 Officer. The period of ihis pilot scheme is suggested by
the Director, Survey Dept. to extend for one month., The general selection o
traverse lines and borenoles should be made by the GS Hydrogeolegist in close

co-operation with the Survey Dept. Technical Cfficer. The Hydrogeologist could
also proceed with a programme of basic hydrogeological data collection on bore-

-

holes as time wermits., Water level data could be measured by Survey Department

I_J

observers if this can be done conveniently rnd easily (e.z. wells in equilibriun,

accessible etu.) but such work should not be allowed to delay the prime murpose

o~ ~

-of the survey. The accuracy of the levelli. is expected to be in the range

+ 2.5/9m.  Wnether this is sulficient Tor the hydrogeological requivements can-
not be determined at the present time until information become available on
pieroneiric level variations. The data already obisined from the boreholes in

the Earroo in the central Kelshari can be conaicde is respect, Tor the

pilct project, it would seem advisable to exte over os large an
aren as pessible within the time limits imposed. Subsecuent projects can then

be delined more closely on the bosis of information on the overall range of

sisnificant levels.

1

data collection, plotting and annlysis.

sy P T P A S S U I P N - T ECU PN L £ o
0 genaral setivitics of the Counternart Staf? during the nro-
A =) -
3 : T 1 ' 3 M T4 S . s ey e SRR S 1 st 3 ey ~an el
Project Phose I period are given below. It is not intended to be exhaustive and
. . il < 5 o : st 5 - - ‘ H e . . Bl oy s bl e
it i 5o be honed thob the themselvyes will be able to.zdd to and Tormalics

N BN e T . T N b ey
ptad manner aliter o DGR aoncosoment of the avas



.
.

Hydrogeologist: Thers apperrs to be comparatively little data in the

~

exigting records which can be expressed in map form other than th

]

assignment of a borehole te a particular aguifer and the preparation

*
of a depth to water table map, combined perhaps with some utilisation

of well depths and initial yileld figures. HMore important work can

probably be carried cut in updating the dataz collection along the

described in Y.iv. The hydrogeologisi should also be responsible

lines

Tor

measure static {equilibrium) water levels in as many of the surveyed

wells as possible and prepare a report on the project. The report

should include an assessmeant of general borshole status and indic
of the type of measuring ecuipment sultable for the range of site
tions encountered. It may be necessary for example to carry =squi

for cutiting access holes into wellhexd structures.

ations

condi-

pment

The hydrogeologist could nlso commence the co-operative activities with

er Governmen: Departments which will prepare the way for a com

sive imventory of groundwster abstraction. The country shiould be

prehen-

sub-

ivided inio convenient units and a list of boreholes and their locations

a3
(mop) provided to the local organisations vho will assume respons

for the prelinminary survey. Thes

ivility

withorities should provide such informa-

e
tion on any borehole or well as they are conveniently able to do so

nersl absiraction rates, water levels mrrhaps
b K

e
sample Tar crnducia nLe/ ‘alysis). Bereholeg/wells not in the G8 Records
e

pernit ‘he carrying out of a more precise survey to be made more

e
This preliminary survey would

efficiently

and economically. The final survey would probably be incorperated into the

main Phase I or I activities. It should alse be appreciated tha

t this

type of dnta innut zrom locel level should not be regarded as a once only

ition. To nn extent that would everntually be determined, it

oper

i
k]
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o

gualiity.

f‘

should

ontinuing wrocess to monitor groundwater abstraction and

Goochemist. There is fairly extensive dnta in the GS Records which

y form relatin

conld be presentasd in b g

units - tds, specific elect

rical

conductance. eappronsrinte chomical rotios etce. to the relevant aquifer,

i

ible vwith litholosy, ground

constitute veluable indicatic

ns of

of this mop would be grester for areas with contour topo-
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Geophysicist, General requirements have been indicoted ang may be

summarised as follows

= Assessment of previous records and correlation of
exploratory probes with results of subsequent drilling.

Some re-analysis of raw data may be necessary.

b.  Presentation of correlative resulis in accessible form
80 that ready reference can be made for background
information on the relevant poysical characteristics
and constants for a particular area and within an
aquifer with due consideration for the effects, where

any, of variations in water quality.

Ce In 21l additional work, attem-ling closer correlation of
or

explorat measurements with subsequent boreholes data
includirg the results of various down-hole logging devices.
Technical Assistants: It is envisaged that several technical assist~

]

ants zre likely to be required during the four years Project activity.

These should preferably be local recruits who have some cualifications

in mavhematics and/or physics at either A or C level. It is strongly

recommended that numbers be recruited ac soon as possible so that they

are able to undergo preliminary training by GS staff, In view of the
future need of botswana in this field o+ work, onz would expect that
encouragement would be given to suitable individusls to extend their

studie: to degree or post sraduate standards.

Project Vork

aims and sugzested methods have been given. Further brief notes on o

speciiic as

e
o' Il:,‘(\']"Ol

2ts are included for considerantion here.
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In +the case of the Botswana acuifers some information is available, but is

£

very limited. Information on the locations ol aignificant shear and fracture

1

zones has been obtained by various geophysical means. The use of such tech-
nigues is to be recommended and studies should be extended and systematised.

Other techniques such as remote gensing should be also considered.

T+ should be remembered that these technigues mainly respond to fracture systems

~

which have a surface exprescsion znd which are therefore likely to he vertical or

r a

ipping or horizontal systems reguire & different

O

steeply dipping. Shallow
determinative approach, mainly associated with drilling and down-nole logsing.
To = lesser extent, surface geovhysical methods can be employed if a horizontal
fracture zone results in a suitable physical anomaly. Air/percussion drilling
is particularly useful in exploratory work since the discharge rates during
drilling below the water table aiford a vulazble indication of varistions in
permeability with depth. It is important, therefore, to ensure that this type
of information is recnrded ac urately during drilling. Other data which can be
repdily obtained during drilling b" this method include variations in water
quality andé tempersture, plezometric hea 4 changes (measured during any cessation
of drillirg with due regard to probable attainment of equilibrium) and the
general form tional characteristi ics {size and abundance of fissures) which are

reflected in the general response and behaviour of the drilling rig.
g )¢

.

The collection of the varied data from such sources will form the necessary
background %2 mere delwiled and sophistics ated snalyvtical studies and

caiculations.

Infiltration Studies

Until recently.it was believed that no direct recharge of underlying aguifers
océurred under vresent~day climatic conditions whenever a persistent cover of
gsend of Kalahori type exceeded 25 feed (Roocock ond Van Straaten, Records of
the Botswans Geological Survey, 1957/98). The general concept was that the
moisture doficiency developed in the surface sands by svapoiranspiration from

eidr
=

the vopetative cover was always sufficiently in excess ol rainfall intengit
Y . L opmaheren Sn Fhe modn saeervoallr Delow Mo renornd
VLT eoultant cioence or redhnt ge w0 oLne Mo reservoll QLOVW. nge gendial

- . . i 2 5] L S, L SN S
appears reasonnble eNeent 1IN the sorrelotion with sand thickness ratner

x4 and

: LR .. T i PR
in Bobtowann Ly he

O 5ro

I T & N B LT
of Graonn Pono and cLoevn

1

AT s irtivernoity of Vi twntomand




B
H
1

- 18 - -

4

Further research on possible recharge to the main aguifers which underlie the
Kalahari is clearly desirable but infiltration studies through the sand cover
must be considered in their proper context as possibly one of the relevant
processes. This requires that the aguifers and the overlying Kalshari Beds
must be studied separately and together to determine their appropriate hydro-
geological characteristics and inter-rclations both under conditions of natursl
flow and of artificial discharge. Iatural recharge to the acguifers could be
from outerep a5 well as through the Kalahari Beds. These relations will be
made apparent from the basic hydregeological studies proposed (piezomeiric hend
and geochemicel maps etc) and initial appreisal may show merit in carrying out
more sophisticated studies of flow movements through the poorly permeable

Kalshari Beds under natural head differentials using temperature profiles.

£

The possibility of induced recharge into an acuifer by leskase under artificislley
s o 4 J %] o
created heads will also need to be considered. Such induced recharge could be

undesirable, if the water quality in the overlying Kalahari Beds is poor.

It should be recognised that much besic information on the entire geological
sequence is eesential prior to setting up detailed infiltration studies. These
should then be set up initially at sites where recharge, either natural or
induced, is likely to be a significant factor in resources availability.
Instrumentation will be fairly expensive (1ysimeters elimatic, soil moisture

and potential memsurements, vegetation and coil characteristics ete) and

difficult to maintain in a remote area. Very careful planning will be nocecsary.

Data Collecticr and Recording

In view of the large number of unrecorded boreholes znd the scale of the
propesed studies which are to include a groundwater inventory and the prepara-
tion of a comprehensive series ¢f moops, careful consideration should be given

as to whether a more advanced system of data recording, vossibly using compuicr-

ised techniques, should be introduced at this stage.

L broadly-tesed, systenatic and essentially quantitsiive approach o growd-

Ay - T yrey ey
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2o A considerable emphasis is placed on local input to the Project for reasons
of appropriateness, efficiency, ecenomy and continuity. If such local input,
particularly from the Geological Survey is not forthcoming, additonal Project
staff might be required. Initially these should be of junior, non-professional
grades but eventually additionnl professional staff might be required for short

or longer term periods as the need is decided upon.

2 Local input from the following sources is recommended:-

Ge Botswsna Geolomical Survey. A significant counterpart contribution from
the G5 is requested in order to obtzin the advantages of loczl knowleadge
and expertise, to ensure continuity of the Project as regards the Survey's
activities, and to permit preliminary background studies to be commenced
immediztely. The following staff are recommended to be assigned on a
variable time basis (sece bar chart).

i, Hydrogeologist
ii. Hydropeophysicist
h iii.  Hydrogeocnemist
? It is appreciated that neither hydrogecphysicists nor hydrogeochemists
f are available as such in the Survey. The work should preferably be
Lo given to individuuls of the appropriate disciplines who sre prepared
' to make the necessary ancillary studico within a hydrogeclogical
- _ context. Adiitional support staff of technical assistant grade will be
necessary, particularly, for the hydrogeclogist and to a lesser degroe
i for the other two assignments.
. b. Cther Government Denarimenis or Divisions as follows:-

= i. The Survey Department

X il The Veter Affairs

1

iii. Hindiatoy of MHineral Hesources and Yater Affairs
Pluﬂﬁlhg Livision

iv. Ministry of Apriculture

V. Waler Apvortionment Board
Vi, Cificials including Rursl Develcopmont

etao.

A T
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A

d mainly with the levelling

it borenolin inventorics. ALL other
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survey of boreholes and wells anc to a greater or lesser extent with
the continuing supply of basic information on borehole abstraction

and sample data.

Ca Research argenisations such as the Nuclear Physics Research Unit

of the University of Witwatersrand.

da Mining Comnanies (3P, Shell, Anglo-American) whose operations

require the use of large supplies of water,

€. Private hydrological Consultants engeged by Government or private

tompanies to carry out local investigations. It is important to

-

ensure that these investigations are lesigned to provide mezcimum
data within the scope of the particular investigation concerned.
Goverrments are sometimes reluctant te smploy such professicnal
organisztions on account of the cost, and indeed these can some-
times be excessive ang unnecessarily high if the consuitants are
given a free hand. However careful control and supervision of

such activities both in the planning ang subsequent operative
stage by Eééiﬁiiﬁiig Personnel of the Geological Survey may

enable such work to be carried out at reasonsble cost and at the
same time gain the advantage of the Tlexibility and expertise of
the consultant organisaticns 25 and when required. This type of
approach may most efficiently vermit the deployment of the limited
resources of the Geological Survey within a number of localised
projects of immedi-te need and st the suame time to carry out more
fundaments’ studies to provide the background information needed
for the local investigations.

e
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