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1. Introducti

The writer arrived in Maseru on 18 Cctober and left on 23 October 197¥. Arrangements

..J

LQTE

i‘S

during his visit were made by Mr G Bonney, ObA appointed Hydrogeologist whose hospl-
tality is gratefully acknowledged. The purpese of the visit was to assess the
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o of wor, to mske any relevant suggestions for improvement and to consider
the need for further investigations following completion of the present contract.
Mr Ronney commenced work in Lesotho on 20 March 1972 and has completed one contract
peried of service. His second contract is due te end about mid 1970. He is
attached to the Department of Hines and Geology and the assocl iated sta aff include
one gqualified (d.e. trained Hydrogeologiot) local counterpart, =& Migs Mafolo, and
one Technical Assistant. The stated assignment was to make a general investigaticw
of the groundwricy potential of Lesotho and to as seist the Depariment of Cowmunity

Development in the siting of boreholes.

Lezotho is geographically subdivided into the western lowlands (approximately 20%
of tolal area w.tl elevations between 1500-1900 metres apove mean sea level) and
the esstern highlands (elevations up to 3300 metres above mean sea level). The

mountaing consist of an accumulation of basaitic lavas (Karroo - Stormbers Voleanicrs)
Older Karioo sedimentary sirata ou*ozop in Jhe wes tcrn lowlands and younger alluvium

in the principal vallieys.

¢

Most of the rain falls between October and April but amounts are va :riable due to

the effect of relief. Recorded annual averages can vary from less than 600 mm to

£

more than 1500 wn. Run off is rapid and althouph there are some nerennial strezms
[ I ]

dry season flows rapidly attenuate and many streams dry up altogether.
Village water supplies are generally token from sorings. There is on increasing

demend from surfase or borchole supplies nariticularly in the larger opulation
S T £y A

.

4 UNDP Water Resources Report compiled by Binnie and Pariners (1)

develon

corzidered proundwater potentizl and siated in their “conclusiona".
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The geological environment of Lesotho and neighbouring South Africa are similar
and it is unlikely that any major acquifers exist within Lesotho., The alluvial
deposits are silty and they are limited in extent and depth, and it is unlikely
that they will be of use for major gro cundwater development. e sedimentary rocké
have a low porosity and primary permeability snd they lack the freguent jointing

» solution caviities acsocinted with good zequifers. The basalts will not provide
water in any guantity as they have few joints beneath the surface, and they have
few weathered layers between the lava flows. The only locetions thab arc likely
to yield water in a reasonable gquantity, i.e. from 1.5 to 25 litres/sec, are wher%

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

This assessment seems fairly reascnsble but best may perhaps ve misleading. Althoug!
major groundwater development cannot be e xpected, signilicant development seoms
feasible. Groundwater supnlies have many advantages in terms of econony, conveni-
ence and hygiere and have particular relevance to Lesotho's population distribution.
These advanteges merit appreciable effort being devoted to development bub it must

be recognised that well siting and resourc:d avaluation present difficulties.
o

2. General Assesoment of Propramme of Work

Mr Bonney has prepared a well concelved programme of work and has been carrying it
out with corsidershle encrgy and efficiency. His bairkpround experience includes
both surface and groundwater considerations which is fortunate irn the present con-
text because of the significance of both tuves ol svpply in Lesotho, and the close
interrelationships between the two environments. Groundwater storage is not large
and occurs muinly in fissured rocks, Mr Bonney's la ack of experience in geophysical

technigues of well siting in fissured rocks has inevitably proved a handicep and

the delicicncy could bto an extont have been remedied by preliminary study prior

Lo taking up his pest in Lesotho. This is in effect one of his own proposals that
preliminary studies of background geology and relevant specialist technigues shonld
be carried out at the Institute of Geclogical Science in Londen. Related provosals
are for the provision of specialist egquipment as and when required, ¢.z. borehole
logging eouipment, and for visils by specialist persornncel. These proposnls merit
consideration bothk in respect to this particular assignment and more generally.
There are prnctic&l-difficultieé in these proposals and further consideration will

be given in this Report and separately on these aspects.

/Conniderable
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Considerable difficulties have been experienced in the organisation of this work
programme because of inadequacies in tran sport supply and office accommodatior

and because of the numbers of agencies in Lesotho who are engaged in water supbly

v

activities. It would certainly improve efficiency if adequate arrangements fo

transport and office accommoedation could be made in advance of such appointments.

'Pool' transport in such countries is generally unreliable. The provision of
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of the officer concerned is very strongly to be recommended.

Mr Bonrey lists twelve sgencies who ave concerned as part of thedir activities with
gecundwater develeopment. There ave obvious difficulties in co-ordination of this
levge nwrber but it is lwportant that good liason is established with them in order
Lo ensure that nroper records are collected 2nd to proffer such advice and help as
mey scem worthwhile. It may prove fexsible in the future to organise water resources
development vnder fewer organisations with pos ssible improvements in scope and
efficiency of operations. In the meantime, the stoff of the Hydrological Department
should be adequate to maintain effective liason for the reasons stated.

By the time Mr Bonney's contract will finish in mid 1975, it is to be hoped that
the basic vrinciples of datha collection including those related to the hydrometric
weiwork will be well established. I understond that Mr Bonney does not intend to
reguest w rencwel of conirast. I do not think that an equivalent replacem~nt lc
to be recommended at the present time although 1t would be appropriate to ueek

¥r Bonney's own, more considered views on the ma vtter. There has been a goscdfied

local assistant working under his direction for more than two vears and I consider
i %]

that emphasis in the future should be placed ircreasingly on local involvement butb
5 L (]

providing some assistance in a variety of other ways. These pight includei~

chnical assistant (e.g. a V.8.0.)
o.

o

stment of a jundor expatriate te
he direction of Miss Mofol

visite by enperienced or specialist staff.

%, Provision, wossibly on a loan basis in some jnstances, of recommended

equiy
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divided inte two principal activities,
itions and b) regicnal resources studies. A summary

is given below with some suggestions for possible




3.1, Bite investisations including well drilling

Roreheoles are sited wherever possible on the margins of dolerite dykes within

ter zone. The practice is based on experience in similar

ot
Foet

e adjacent

reas in South Africa. Yields and general success rates decrease with

m

increasing depth to the waler table, presumably in consequence of fisgure
reduction with increasing depth. Results are variable even within comparable

depth rances (with vesvect to water table) and the feature is generally

ey

attributed {o the narrowvness of the fracture zone and the difficulties in

the borehole wiithin ihe limiits. Anzlyitiesnl studies for

(1)

predictive purposes are being atiempted following a theory developed by Boehmer.

Site selection might have improved success if the subsurlace geomeiry of th
Gyke/shatier zone could be determined more sccurately. Geophysical technigues,
notably magnetic, electromagnetic znd resistivity, are approwriaie and have been
m

used elsewhere four this jurpose. The methods are to some extent complementary

and in different ci?cumsﬁances; one or other may prove the most useful. The
magnetic method will essentially relate to the dyke body and the electromagnetic
to the fluid-filled fracture zons. Resistivity will be affected by a number

of features in boith dyke and adjacent rock., Murther experimentation is to be
recommended, particularly if the investigations can be closely integrated with
geologicnl data from drilling sites. A visit from a geophysicist equipped

with a range of facilities ccould be dncluded with advaniage.

In view of ithe differences which are sometizes saild to result from drilling =z

i

second well a very short distance (a few feet or metres) from an unsuccessful
well, the use of explosives to develop unsuccessful wells might be considered.
A discussion of results of 'shooting' production wells completed in sandstone

in Northern Iilinois is given by Welton and Csellany, 1962 in the Jllinois

Survey Revort of Investipation T

Site analysis of dyke-margin condations using the theory of Beohmer referred to

1

above is currently being attempted by Mr. Donmey at an experimental fest site

i,

in the Roma Valley Catchment. The theory had litile substantistion by

practical correlation and some of the assuned beundsary conditions are

larpe numbers of observation

guestionable. test method reguires

anzly primorily for predictive purposes (hydraulic head

wells.

rsion,

levels) bub the informetion from such detniled tests wiith appropriate es

(1) 1970 hApplicntion of the che for detormi the hydrologieoal
charscteoristics of Rarroo sedis tappod by a dyke/dyke-contact aguifer.

Wevublic of South Africs Water Yeoy 1970. Convention: UWater for the futurs.



would hasve value in relation %o the genersal patterns of dyke~conirolled
fiosure flow, and on this account the study is <o be well recommended. The

chaervationzl data which is obtained can be zpplied to the theory referred to

i)

above but misnt also be incorporated into a more general godel study with

desiegn and facilities provided by 1.G.5.
Fxpericnce in South Africa has lead there is little value in

r thun in Ifraciure

driiliing into Karvco rocks (the principal
zones adiacent to dolerite dykes. Vhilst this bellef secms likely to be
generally correct it shiould not be regarded 2 invariably so. Obvious
locations wnich also offer chances of success include shear zones which may
- face expression, to dyke exolacement. Shear

be unrelated,

lsposition can commonly he lecated by ground

(i g 1T PRI
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survey, photogeolonicsl or geopaysical technicues, nolably glectro~mapgnetic

v
or resistivity.
Low angle or horizont:=Ll layers of high differential permeability within the
Karroo Tormniions in Lesotho do not sppear to have been recorded but their

not be discounted. Whilst it ls impracticable on economic

existence

grounds to corry out extessive cexploratory drilling to test the likelihood,

it is imvertant to cellect and anslyse such basie data as

derived d

velow wajch Pnve Lile

GV AUNTI0n

aim of & halance of the surface »ler - grounduater gystems.

These broadly based studies utilising geochemlonl duta, hydraulic head levels,
data from well logs, patierns of spring lecations, run-off - drainage

characteristics weuld provide the background information on which a limited

test drilling progromme would aave an lmproved chance of success. Because

i [ A F O TV A
L8 nauire od neoaculiers J LETEG Y

Lhose with an obvious

fracture zones, can best be done on the

y

evidence of repionad flow patterns. It is most imporiant therefore that
basic daita be coilected oo fully as pessible and preferably expressed on

maps. ihils would dnclude the geochemisiry, hydraulic head, specific

cannelty duta ete.  Dnts from driliing is of particulny

O

wriance and every

el Tort snould be made to ensure thnt adecuste records are maintained.  Local

parent during dérillin

()

zones of high horizontal pcrmenbi¢?

sion mothods etc,)

<

{lost circulntion, increased productivity with alr-percu:

well Josming can also

and these should be recorded and mapped!  Geo

resource
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pe a fruitful source of information. In the present context, the most
avpropriate logs are likely to be elecirical conductance, temperature and

flow velocity. It is appreciated 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. I\’e%f:.i_qr}_%}___fie.;s_ogr;@_e_i_s____»?i_t:s.l_@_i_?fi

ame may ve summarised as follows:-

1. Basic groundwster inventory (boreholes and springs). Boreholes are

relatively limited In mumber, There are large numbers of unrecorded springs
and g comprehensive inventory is impracticable. Mr. Bonney is experimenting

with infra-red nhotopraphy as o means to identify and locate springs in rapid

+

reconnalssance I

1ion.

2. Isteblishment of a nydrometric network.

B.  Rainfall mzp of Lesotho prepared on‘basis of existing records.

L, Subdivision of Lesoiho according to caichmenis and analysis of catchments
by drainage patterns; anzlysis of surface run-off records where they exist

to correlate with catchments; subseguent extrapolation to unmonitored
catchments on basis of rainfall data.

5. Roms Cotchment Study: detailed study of a particular catchment including
test drilling.

4.

crme are not aspropriate at

resent other

e

COMRELTS

to state general the apnroach, to note some limitations and ic

importance.

The standard data collection on boreholes, both existing and newly drilled,

d
should be extended to inciude among other measurements i~ static water levels

botr with resweci to ground level and to a common datum, specliic capacity,

variastions in water levels during drilling, woter szamples for partial or

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

selection., This special data might include:~ periodic slup tests during

h]
M

gd, and longer and mere carefully

drilljng, geophysicsl logs of

controlled pusping tesia.

4

narticularly in the low

.l¢.

Cen inadesuste

Thie surface run-off records are of

use of minor concrebe structures to stabilise channel flow

ity of o gouging site could srove data in some cases.
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Improvements on total abstraction records are needed. These could be made

-

either directly by installation of meters or indirectly on = time-discharsge

basis. Periodic ¢ for analysis should be included in the routine

collections. Flectirical conductance messurements may be adequate on most

fﬂ

ocensions with more detziled chemical analyses carried out following any

,,1
<t
2
%

significant e in conductance.

Recommendationsg

4.  SBummary of Conelusior

11 Bitve Investigaiions snd
Resource Evaluation Studies.

ing is currently limited in the large majority of cases to the
Anlorite dvkes. Success rate is very variable and wminor

5]

[

in site location may make major difference to resu

improvements are as followai-

seical techniques with combinations of magnetic,

(i) Greater use of geo

define more accurately the

subsurface geometry of {he dyke and the extent of the adjacent

(i1i) The possible use of explosives to develop wells.
L, Prediction annlysis is being attempied at a test tdyke-site' in the Roma
’~1]ev Catehmert using a production and several observatlon wells in accordance

A

with a mathematical theory by Boehmer {opn. citl. The theory assules boundar)

tons which are of wncertain validity. It is therefore sugmested thel
I.G.5. might at*ompt additionally to model the ¢ situation using the raw date
from this test in order to confirm the analysis.

5. Well siting awsy from dolerite dykes should not he precluded. Other
shear zones waich are likely to have a vertical

3

or subkorizontal szones of high nermenbility. The

2l or georhvailconl

v sround sarvey or by nhotoneolo

D

technioues notably Subhorizontal zones of permeabliity

in the Karroo sandstone could cceur as eleswhere in Southern Africa in relation fo

the base of the Storrbers Volcaniles or to ithe margins of intrusive silis.
hecome avparent from the reglonal studies

nd well

Indicotions of such

1 during awnlldAh

4

or by the corralaiion of seorde

~

3nta (penchemistry hend levels,

refore atressed and alse the need to

ete.) onho maps Lo

and comperoe amnronriate data from drilling and well testing. The use of

N

1 s 4y e g
nersture snd £l

ing devices, nobably conduciance, ow veloclty is also

rocomrendod.
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6. Regional evalustion studies are primarily based on rainfall-run off
analysis applied Lo associated catchments, znd extrapolated to other

"ication related Lo

tety
£
o
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catchments without such records on the basis of
stream orders. Major limitations are the poor guality of some records, particularly

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

appear in lznce.

7. A groundwater inventory covering boreholes and springs is in progress and

LN} . Ty e Ty
LQre comprenanzlve oo

- ] Trarangarac e d v e teyte s o vt
] 1"6’;:3.0.;-...;1 HYQIromgiric Retvors Ous been 65

o~

collection both on old and new boreholes on comvleiion as well as part of
routine sampling memsurements is Lo be recommended (aee also 5 ahove) but it

3

current availability of junior technical staff/back up

is recognise
Tacilitiss (office ond transvort) e likely to be a major restriction to

censideration npplies to making adeguate lisison with

g

implenent

b

who are concerned to varying extent with groundwater
Lo (]

8. t is not recommended an ecuivalent replacement of lir. Donney should

be provided at the end of his current contract (mid 197%). Emphasis should

.

—
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local involvement under the direction of ¥

olo, and providing such additional assistance as

.,

This could include:-

e
(2) & junior expatriate technical azssisiant (e.g. a V.$.0.) to work under

VAL o NI
Mige Maiolo.

T N s PR . Tt ¢ ey T

(o) Ceensie.nl visivs by oporopris T.G.5. personnel.

(¢) Assistorce with the provision or losn of eguipment.
These recommendotions nmust be repsrded ng a preliminsry assessment and Hr. Domney's

own censidered views should be soupght on the matter.

Sl
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mePy Wrieht

17th February, 1975.



