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RZPORT ON A VISIT TC LESCTIC, OCTOBER

DR & P WRIGHT, INSTITUTE OF CEOQLOGICAL SCIERCES

1. Introducticn
The writer arrived in Maseru on 18 October and left on 23 October 199¥. Arrangements

during his visit were made by Mr G Bonusy, ODA appointed Hydrogeologist whose hospi-
tality is gratefully acknowledged. The purpese of the visit was fTo assess the

me of worl, to meke any relevant supgestions for improvement and to consider
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the need for further investigations folleowing completion of the present contract

Mr Benney commenced work in Lesotho on 20 March 1972 and has completed one contrzct

pericd of service. His second contract iz due to end about mid 1975. He is

attached to the Department of Mines snd Geology and the associated sﬁaff include

one quaiified (i.e. trained Hydrogeologist) local counterpart, a Miss Mafole, and
gt

one Technical Aseistant. The stated assignment was to make 2 general investigaticn

t~p potential of Lesotho and to ascist the Department of Community

of i
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Develovment in the siting of bereholes.

Lesctho is geographically subdivided into the western lowlands (approximaiely 20%
of tolzl area with elevations between 1500-1900 metres above mean sea level) and
the eastern highlands (elevations up to 3%C0O metres above mcan sea level). The
mountains consist of an accumulation of basaltic lavas (Karroc - Stormterg Voleanic=).
-

Older Karroo sedimentary strata ocutcrep in Jhe western lowlands and younger alluvium

in the principal valleys.

Most of the rain falls between October and April but amounts are variable due to
the effect of relief. Recorded annual averages can vary from less than 600 mn to
»e than 1500 mm.  Run off is rapid and althoupgh there are some perennial streams,

dry season flows rapidly atienuate and many streams dry up altogether.
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Villuge woter supplies are generally token from springs. There is sn increasing
demand from surface or borchole supplies, particularly in the larger population

develommonts. & UNDP VWater Resources Roeport COMpilud by Binnie and Partners (1)

considered groundwater wpotent:
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The geological environmeni of Lesotho and neighbouring South Africa are similar
and it is unlikely that any major acquifers exist within Lesotho. The alluvial
deposits are siliy end they are limited in extent and depth, and it is unliikely
that they will be of use for major groundwater development. The sedimentary rocks
have a low porosity and primary permeability and they lack the freguent jointing
or sclution cavities associated with goed acquifers. The basalts will not provide
water in any guantity as they have few jeints beneath the surface, and they have
few weathered layers between the lava flows. The only 1oca£ions that are likely
to yield water in a reasomable guantiiy, i.e. from 1.5 to 25 litres/sec, are where

2
the dykes cutl across the sedimentary or igneous rocks and where there are sills.

ithis asseassment seems fairly reascnable but best may perhaps be misleading. Although
major groundwater development cannot be expected, significant development seoms
Teasible. Croundwater supplies have many advantages in terms of economy, convenl-
ence and hygiere and have particular relevance to Lesotho's population distribution.

These advantages merit appreciable elfort being devoted to development but it must

be recognised that well siting and resourc:z evaluation present difficulties.

2. General Assessment of Programme of Work

Ji3es)

Mr Bonney has prepared a well conceived programme of work and has been carrying it
out with considersble energy and efficiency. His birkground experience ancludes

el

both surface and groundwater considerations which iws fortunate in the present con-

text because of the significance of both tipes of supply in Lesotho, and the close
interrelationships between the two environmeants. Groundwater storape is not large
and occurs wainly in flssured rocks. Mr Bonney's lack of experience in geophyaical

techniogues of well siting in fissured rocks has inevitdbly proved a handicap and

ould to an exbtont have

renedicd by wroliminary study nrior

I'e)

the defliciency
1o taking up his nost dn Lesotho. This is in effect one of his own proposals that

3

preliminary studies of bhackground peology and relevani specialist technigues should

3

be carricd out at the Institvie of Geclogical Science in Londen. Related proposals

- WL
are for the provicion of apecialist equipment as and when reguired, e.g. berehole

logging equipnent, and for visits by speclalint porsonnel. These
[} LS - A [y & Ey

i
consideration bolh in respeci to this particular assignment and more generally.

Taere are practical difficultics in these proposals and further consideration will

be mgiven in this Hevort and senarstely on those aspects,
3 kS . o]
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Considerable difficulties have been experienced in the organisation of this work
programme because of inadequacies in transport supply and office accommodation
and because of the numbers of agencles in Legothe who are engazed in water supoly
activities. It would certainly improve efficiency il adequate arrangements for
transport and office accommodation could be made in advance of such apoointments.

wch countries 45 generally unreliable. The provision of

preferably now, which iz pleaced urnder the respongibility

of the officer concerned is very strongly ito be recommended.

Mr Bonney lists twelve agencies who are concerned as part of their activities with
groundwater develepment. There are obvious difficulties in co-ordination of this
large number bui it is important that good 11&;Ou is established with them in order
to ensurce ithati proper records are colliected and to proffer such advice and hely as
mey secem worthwhile. T may prove feasible in the fulure to organise water resources
development under fewer organisations with possible improvements in scope and
efficiency of operations. In the nmeantime, the staff of the Hydrological Department

should be adequate fo maintain effective liason for the reasons stated

By the time Mr Bonney's contraci will finish in mid 1975, it is to be hoped that
the basic principles of dath collection including those related to the hydrometric
network will be well established. I understand that Mr Bonney does not intend to
recguest o rencwval of contract. 1 do not think that an equivalent replzcenmnnt lc
o be recommended at the present time although it would be appropriate to seek
Hr Bonnhey's own, more considered views on the matter There has been & quaaified
local assistant working under his direction for more than two years and I consider
@ phasis in the fature should he sed Lpcreasin n al i ment v
that enm in the future should be placed ipcr 1y on leocal dinveolvement but

providing some assistance in o variely of other weys. These pight included-

1. The appointment of & junior expatriate technical assistant (e.g. a V.85.0.)
to work undor the direction of HMiss lMofolo,

. Occesional vislits by ewperienced or specialist stafll,

5. Provision, wpossibly on a loan basis in some instances, of recommended

equipment.

divided into two principal activities,

“referred to ags o) site investigations and b) regional resources studies. A
1-1

of the seope of these acltivities is given helow with some suggestions for posuible

11"3‘)‘”0" cments.
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3.1. SBite ir rations including well drilling

roins of dolerite dyvkes within

Boreholes are sited wherever vossible on the
the adjzcent shatter zmone. The vpraciice is based on experience in similar

. areas in South 4frica. Yields and general success rates decrease with
increasing depth to the water table, presumably in conseguence of fissure
reduction with increasing depth. Result re variable even within comparable
depth ranges (with resnect to water table) and the feature is generally
attributed to {he narrowness of the fracturse zone and the difficulties in

the limits, Analytiezl studies for

Mot

R A Lie T 1, .
iining the boreshole w

predictive purposes are being atltemplted following a theory developed by Boehmer,

Site selection might nave improved success 1f the subsurface geometiry of the
dyke/chatter zone could be determined more accurately. Geophysical techniouss,
notably magnetic, electromagnetic and resistivity, are aypropriate and have been
used elsewhere fur this vurpose. The methods are to some extent complementary
and in different c¢ircumstances, one or other moy prove the most useful. The
magnetic method will essentislly relate to the dyke body and the electromagnetic
to the fluid-filled Iracture zons, Resistivity will be affected by a number

of features in boih dyke and adjacent rock. Further experimentation is fo be
recommended, particularly if the investigations can be closely inteprated with
geclogical data from drilling sites. & visit from a gecophysicist equipped

with a range of Ffacilities cculd be included with advaniage.

=R FEN

In view of the differences which are sometimes said to reswlt from drilling a

[¥ps

second well n very short distance {a few feei or metres) from an unsuccesslul
well, the use of explosives to develop unsuccessful wells might be considered.
A discusgion of results of 'shooting' productiion wells completed in sandstone

in Northern Illinois is given by W=lton and Cs~1llany, 1962 in the Tllinois

pag! L d - LY R in ol P P
State Waiter Survey Revort of Investipatior

Site anal; of dvke-margin condrtions using the theory of Decohmer referred to

above 16 curroently being attempted by Mr. Donney at an experimentnl test site

the Homs Valley Cotcohment The trneory has nad little substantistion by

cold correlation and some of the assumed boundnry conditilons are

method requires falrly iarge nunbers of observaiion

wastionsbleo.

wells.  Ghe ansl ig primorily for predictiive purposes (hydrnulic head

levels) but the informntion from such detniled fesis wiih approprinte e

thod Tor devorminine ithe hydrologiesl

(1) 1970 joplicabtion of the chm

£ n

tapned LUy a dyke/dyke-contact aguifer.

T Rarreo aedine
Yoar 1970, Convention: dWalter For the fuiure.
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would have value in relation to the general patierns of dyke-controlled
fissure flow, 2nd on this account the study is to be well recommended. The
ehservational daita which i obiained can be applied to the theory referred to
above but mignt also be incorporated into a more general model study with

PR

design and facilities provided by I.G.35.

Ixperience in South Africa has lead to the belied that there is little value in

T T A e 4 e o PN . Atee iy s onar i e ety Y LN A=l = e
driliing into Aarroo rocks (the principsal aguifer) other thuan in fracture

zones adjacent to dolerite dykes. VWhilst ihis belief seems likely to be

be regarded as lnvariably so.  Obvious
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generally correct it shoul
locations which also offer chances of success include shear zones which may
be unrelaied, ot least in surface expression, to dyke explacement. Shsar

angle or vertical disposition can commonly ke lcocated by ground

. i ral
2oanesn 01

survey, pholtogeological or geophysical techniocues, notably clectro-mapnetic

or resls

Low angle or horizontsl layers of hig rentisnl permeability within the

fe
to have been recorded but theéir

tions in Lesothe do not

Karroo T

existence s net ne digcounted. it is impracticable on economic

grounds to carry out exienscive exploratory drilling to test the likelihood,

it dis dmportant to cellect and annlyse such basic data as can be rendily

)

iese dncinde the regionzl resource

derived during any ralevant investi

nere gevail below

wrter - grounduwater sysloms.

utilising geochemicﬁl dnita, hydraulic head levels,

These broadly based studie

25, patterns of spring locations, runwoff - drainspge

jah
)
o
b
-
}
Q
=
ot
&
et
T
ot
(o]
i

o iy

characteristics would provide the background information on which a limited

ince 0 success. nhecause

test drilling programme would have an improved che
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viariable asture of tne sguife

fal®

those with an obhvious exnreasion

?ugle fault or dyke ~ fracture zones, can best be done on the

€ is most lmportant therefore tnat

posgible and preferably expressed on

inis would include the geochemistry, hydraulic head, specific

dutn ete.  Doats from drilling is of particulsy importance and every
effort sheould be to ensure that adeguaie records sare mointained.  Local
zotias of hiph horizontal permenbility may be apparent during drilling

oyt

2 productivity with air-percussion methods cic. )

(losi circulstion, incres

sicnd well loprming cun nloo

and these should be recordsd and mnpped! Ueop
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be a fruitful source of infermation. In the present context, the most
appropriate logs are likely to be electrical conductance, temperature and

flow velocity. It is aporeciated that logging gear is not at present available
but the provision of the fairly limited facilities mentioned above would

not be very expensive.

3.2. Repional Resources Studies

smme may oe sunnlarised as {ollowsi-

The prog
1. Basic groundwater inventory (boreholes and springs). Boreholes are
relatively limited in number. There are large numbers of unrecorded springs
and a.comprehensive inventory is impracticable. Mr. Bonney is ewperimenting
witn infra-red rhotograpny as a means to identify and locate springs in rapid
recomaiasgance fashion. .

2. Istablishment of a hydrometric network.

3. Rainfall mavy of Lesotho prepared on'basis of existing records.

4. Subdivision of Lesoiho according to catchments and analysis of catchments

by drainage patierns; snalysis of surface run-off records where they exist
to correlate with catchments; subsequent extrapcelation to unmonitored
catchments on basis of rainfall data.

5. Roma Catchment Study: detailed study of a particular catchment including

test drilling.

3-

programme are not apjpropriate at present other tho

eorie. ts on t

A

to state general sereement with the approach, to note some limitations and {c

emphnsice aspects of particular importance.

The standard data collection on btoreholes, bhoth existing and n=”]J drilled,

should be exitended to include ameng other measuremenis - atic water levels
botr withi resvecy Lo ground level zand to a commeon daium, specific capacity,
variations in waler levels during drilling, water samples for partial or

full anslysis. There is slsc a need to collect special data on at least a

selection. This opecim ta might ineclude:~ periodic slug tests during

Arilling, rangs desceribed, and longer and meore carefully

controlled

insdequate particulorly in the low

olften ra

The surisce run-ofl records

use of minor concrete structures to stabilise channel flow

flow o

rove dats in sowe cases.

viednity ol o opoaging site could i
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Improvements on total abstraction records are needed. These could be made
either directly by insiallation of meters or indirectly on a time-discharge

analysis should be included in the routine

basis. Periodic

Fo

collections. Zlecirical conductance mezsurements may te adecuate on most
occasions with more detailed chemical analyses carried out following any

significant changes in conductance.

b4,
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1. Activities con be subdivided into (i) ¥Well Site Investiy

and Recommen

tions and
(1ii) Regionzl Resource Zvaluation Studies.

2. Well éiting 1o currently limited in the large majority of cases to the
vicinity of dolerile dykes. Success raie is very variable and minor
differcences in site location may make major difference to results.

P
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2. Suggested improvements are as fol
(i) Greater use of geophyeical techniques with combinations ol magnetic,
electromagnetic and resisiivity in order to define more accurately the
subsurface geomeiry of tne oyke and the extent of the adjacent shatter zone.
(1i) The possible use ol explesives to develop wells.

4. Prediction analysis is being attemoted st a test 'dyke-site' in the Roma
allev Catchment using a production and several obhservation wells in accordance

<A

with 2 mathematical theory by Doehmer (op. cit). The theory assumes boundary
conditions which are of uncertain validity. It isg therefore sugpested that
L.G.5: might atrompt additionally to model the situation using the raw date
from this test in order to confirm the analysis.

5. Well siting away from dolerite dykes should not be precluded. Other

ch are likely to have a vertical

[

possible locations include shear zones

innt VLT L i . RN [TV VRS T T iy
ole dinclinstion, or subherizontal zones of high permeability. The
Toysor jeEsR R oyround eurvey or by nhotorsolosicnl or geovhrsicsl

technicues notably eleciron etic. Subhorizontal zones of high peéermeability

one could occcur as eleswhere in Southern Africa in relation to
the basge of the SHtormbers Volecanics or to the wargins of intrusive sills.

-~

oscurrences miaght become suparent from the repgilonal studles

Incdicotionsg of
or by the corralaition of suitable data recorded during QrJll ng and well
~end loevals

The importance of nlobtting bosic data (geoch

Te :u“"'

BUCCL cap eho. ) onto 1.5 srefore stressed and alae the need fo
obtuln and comrrre anpropriate dnta from drilling and well testing.  The use of

notably conductance, tempersturs and flow velocity is aloo
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6. Remional evaluntion studies are primarily btased on rainfall-run off

analysls applied to associated catchments, and extrapolated to other
catchmants without such records on the basis of a classification related to

xr

stream orders. Hajor limitations are the poor guality of some records, pariticularly

in the low fleow ranges, and the significance of spring flow which may not

En s
appear in the balance.
7. A groundwater inventory covering boreholes and springs is in progress and

LI . Yoy g SN
La0re caomupreonanslve

netvork oo been

collection both on old and new borehcles on completion as well ss part of

. - . 1 - N N s
urements is to be rocomuended (see also 5 above) but it

routinae

)

Current availability of junior technical staff/back up

is recognised that

facilitiss (office ond transpori) is likely to be a major restriction to

implementution. The same consideration applies fo making adequate lisison with
the larze numbers of zpgencies who are concerned to varying extent with groundwaler

development.
st an eaquivelent replacement of Mr. Bonney should

o ; :
d. It is not recomiended
be provided at the end of his current contract (mid 1975). Imphasis should

be placed increasingly on lccal invelvement under the direction of Mr. Bonney's

gqualified assisical, Miss Mafolo, and providing such additionsal assistance as

mnay s This could include:-

@
() & junior expatriszte technical assistant (e.g. a V.S.0.) to work under

Miss Mafolo.
(L) Ceensicanl visivs by apurovrisite 1.4 onnel.
(c) the provision or loun of eguipment.
These recommend.tions must be regorded as a preliminary assessment and Mr. Bonney's

own considered views should ve sought on the matter.
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17th Februnry, 1975,



