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141 Scope

This Seventh Report of {ihe WHO Sectorial Study attenpts
to essess the guantity, quality and distridbution ¢f the grounde
water rosources of Kenya through the preparation of hydrogeolom
glcal naps wbilizing borehole data. '

The Terns of Reference of the four-month assigoment for
the Hydrogeologist included:

1) onalysis of avallable data and preparation of

groundwater raps, indicating the level of %he Zrounte

water table and the discharges;

1i) nake recomaendations on future groundwater

investigations end developnient.

The Report is bescd on damta on some 4 100 boreholes on
which records are available within the Vater Departnent within
the Ministry of Agriocwliure. In addition to the borehole data
avaiieble litewature on geology and hydrogeology has forned an

input to the Report.

1.2 Organization of the Eeport

The Introduction, Sunnary and Recomnendations are

presented in Scctions 1, 2 and 3 respectivelye.

The gencyal envirormental 5ahting and factors relevant
to hydrozeclogy sre presented in Sceticn 4, General theoretical
considerations are discussed in Section 5. Fresenlt resources
involved on grouwndwalexr develepaent are discussed din Sceiivn 6.
The nethod of investiwgation ic described in Section 7 and interm

pretation of resulis is precented in Section 8,

173 Acknowledgonent
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The different Socticns of the Water Departusnt were
very helpful in rendering bechnical assistance and statistical
infornation. In this regard, particular mnention nust be nade
of the Hydrogeology Section and the Drawing Office, without

whose active support this work woulid not have been possible.
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2 SUMIARY

The time available within this Project for the study
of the growdwater resources of Xenya was very limited and did
not permit Tull utilizoation of dato available. The Report aims
at giving o very gencral picture of quantity, quality and
digtribution of grouwndwater in the cowntry and indicating what
work should be undertalon in the fubturce to improve the knowledge

of Kenyals groundwater resourcos,

Kenya is a country of wide contrasts and thic also
appiicg to its geology and hydrogeclogy. Regilonal maps of
hydrogeological parometers con only be indicative and serve as

a guide Tor the planncrse

In co-operation with the Stotiztics Divigion of the
Ministry of Finance and Planning, the Water Depariment has
established o computerized dota bank on borchole datos. The
computer work wos finalized during the coursce of this study with
ossistance from the Univorsity of Hoirobi and has been the most
valuable input to the study. The dota bank will serve ag o most
useful tool in futurce analysis of groundwater data and in siting
of vorcholiess Computer print-outs with dota on somc 4 000
borcholeos are now ovallable to the VWoter Deparfmont. Information
on location, depth, yield mnd rock type, is indicated fLor cach
borchole, Informotion on water quality and draw down is glven
where the deta is aveilablc. The date is presented in three

different formats, sortod on:

i) borchole number
ii) Longitudes

iii)  latitudes
The findings of the study arc summarized as follows:

Evidernce is herein presented to show the oxdste-ce of
a wide belt of dwllow aquifers iun the Quaternoary sediment s of
Eastern Kenya. In wmost parts of Central Kenya, stretching from
south-wost und southe2nst and norrowing to the north-cost, the
depth wo the first nnjor aguifcer iz of the order of 50~150
netres.  In the north-western parts of the country adjoining
Iake Rudoll; the aguifers arc also relatively shallow, - about

50 wotres.

_ R Y | [N R T N AT
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Most sreas covered by ihe Quaternary and Basement
Complex Systems are typified by wiconfined aquilers, whereas
groundwater in the older sediments and the volcanic areas

are typilcally confined.

Although yield data are of limited reliability, the
expected yield map ig simple and appears to be strongly dep-
endant on geologys. Thus low yields sre recorded for the
Bagenent Complox areas and the highest figures cccur in the

Quaternary sedimente in the east.

The quality of groundwater in most parts of Kenya
is generally satigfactory for most purposes. The occurrence
off saline water iz a proglem in the castern areas (Wajir,
Garissa, etc) but the occurrence of good quality waters in
shiallow wells and boreholes in the etst is positive evidence
that fresh water abouwnds in the dhallow vones of thig areas
Inagnuch as fresh water Lloats over saline waters in many
ports of this area, every drilling and abstraction should be
closcly wutbched to prevent irreversible damage to the aguifery

throvgh salt water contamination.

Thz high concentratior of fluoride in certain areus
moy be due o the mixing of waters from differcnt aquifers.
Judicious sampling end analysis of waters from different major
aocuifers, should reveal which walters are unsuitable and heace
sealcd off. Defluoridation may be necessary in certain cases
to reduce the flucride content of such waters to acceptable

levelis.

The groundwater rezources potlential of Kenya appears
promising but congiderable more investigutions are reguired
bafore the resources can be mapped. There is an wrgent need
to update the exieting data end acquire additional data foxr a
more depondable assessment. Until this ig done, the resu%ﬁs
presentod herein are tentative and should be uged only as a

gulde to fuiurce groundwater developmentl and manageuent.

5'005
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3 RECONMITDATIONS
3.1 Inbroduction

Wateor resources ploanning, development and manogement
activitics are carried out by the Water Department of the
Ministyry of Agriculturcs he Hydrogeology Scetion is one of

the margy Scetions of this Department.

Although over 4 000 borcholes have been drilled in
Kenyo, congsiderable information is still nceded o fully
osgess the growndwater potentiality of thelcountxy. “Tho
recomuendations below are nined at incrensing the knowledge
of the groundwater resources for more cffective utilization
in the futurc.

L4 L) b L)
3,2 The Togzing of Bercholes shoiild be Improved through
Closer Supecrvision by Geologlsts on 8ite

Logging of boreholes is today carried out ot WD
Headquarters by Goologists, based on field samples and
reports from the drillers. 2The samples arce somctimes sub-

mittod late and not token and handloed properly.

Weckly or lortnighily supcrvisory visits to drilling
gites by WD Geologists would improve the reliability of

logging.

%3 Proper Pump Testing should be Carried Out to Detormine
Hydrop nl Toramotors Relovaent for Asscssing the
. ' -t -

Groundwater Resourcoes

Pump teots corried out are not always properly done
and are, in the case of high yielding borcholes, tests of the
capacity of the puaps used rather than the maxXimum yield of
the borchules.

It is recommonded that the standard pump testing
forms should be made better use of anud be made available to

WD gstoff concerned.

A

/i Network of Qbscrvation Boreholes should be Betablished

R
e
Ry

Ixcent for the Noirobi conservotion arca and the
¥oputed arce of Kojiodo district, therce ove no obszervation

borcholes in the country.
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Cbscrvation bercholen wro necessnry in order 1o
establish the rechorge to growdwotor fronm precipitation.  Thovo
arce plans within WD 4o cstablish a network of obscrvation
borcheles. This is strongly supported by the Study. Observation ' i
borcholes should proefernbly be located in the vicinity of

neteorologicnl staticins.

should be Caryied Qut for cach
uck during Drilling

3¢5

A woter somple fron a conpleted borchole nay reveal the
prescince of wndesirable propertics (eege high fluoride contont)s
Often, this is becousce the sample is o mixture of weber fron
several aguifers. I cach najor aguifer is tested, where
practical, it could be possible 1o geal off the aguifer with the

nor-desirable propertics,

fhe borehole sheuld be rosmapled after a period of

after o period of punping.

use ag soine quantitics could chonge

3.6 How Methods for Siting of Borceholes should Lo Tested

The nost cormenly usced nothod today for siting of

+

=

“ borcholes is by the geowclectric resistivity nethod. This

nethod has proven to be rather inaccurate in voleconic arens.

It is reeommended thot scismie and gravinetric nmethods ghould ' 3
be tested, cspecially in veleanic arcas. These wethods showld , f
also be uged to zitc borcholeg in basoment conplex arcas in

order to dotermine thickness of weathored zoness faullbs, joints

and crystolline dntrusions.

3T Acerial Photography for Assessnent of Groundwater

Roegowrces Im Arcos whcre no Borehole Data de
Available should te tried :

in pany parts of the worid wse has beon node of nerial
rhotography for interpretotion of groundwoter aveilability, In
arcas where no borchole data is ocvailable  this nethod should be
testod.

3483 A Detadled Groundwater Investde:. on on the Torm -
Toalond phould be Corried Out

The Lome Iodond ig depoadant on shnllow wells for dts
water supplye. The water nocle are rapidly increasing boecouge
of growth of tourist industry. The fresh water ig £looting on
the soline wator.

vouol
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In order to sce if the ovailable resources can

support the installation of additional wellsy, it is recommended

that a detailed study be caryied outl to determine if and
where other wells could be dug and to establish steps required
for prevention of pollution of the growmdwater. Until such
o study is carried out, the recomnended maxinun depths
(selby, 1969) should be strictly enforcod.

39 A Byston should be IBstoblished for Updating of the
Conputer Data Bank on Borcholes

Tt is cesential that the computer dota bank on
borcholes which has been developed, is updateds, Data fron
newv borcholes and monitored deata fron existing borcholoes
should be cntercd in the systen. Updating of the data

bank once o year:uig probably sufficient.

310 The Mopz showdnyg Sxpeeted Yicld and Ixnected Depth
to the Static VUatoer Lovel are vory tontolive cod
nore vorlk should be Corried Oul on thege Maps

Beeause of the very linited tine available for this
study the borchole data bank wos not fully ulilized when

hese naps were produced.

.

It 3is reocommonded thnt thesce maps arce inproved

in conmnoection with the plamied Master Water Plan Projecct.

a:08
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461 Hydroiopic Cyele (sce aloo Riguro 4ml)

e s

The vhole concept of gromdwater storage is cubodicd
in the hydrologic cycle which describes the complex global
water movenent from the time It fulls as preeipitotion (rain,
snow, wmist, dow, etc) wmtil 1t is reburned to the atmospherc
(by evaporation, cvapotranspiration, sublimation, otc) for
future precipitation. In this cycle, which describes the
total global water balance, the components are nany and voried
(runmoff, surfoce storage, Lormatlon of glaclers, infiltration
1o groundwator storage) but the portion of immediote interest

in this Report is groundvater storages .

The volume and node of girovndvater svoraze is o Lunce
tion of several cenvironmental fuctors. It is strongly
dependent on the voluine Bf precipitation (both intonsity and
Aistribution) and on the rate of infilireiion also dcpends on
the nature of the surface (goology, soils physiography, drainago).
The volume thad is lost by evapotranspiration on the othor
hand depends on such Lactors as vegetation; tenperature and
veloative humidity. Hence an assoessuent of groundwater resources
cf an arco must of necesaity oszess the relotive significance

of cach of these porciietors.

4.2 ocution

The Ropublic of Xenya, covering oo area of aboutb
580 000 sq lm, chout 98 per cont of which is land,.is a country
of tremendous topographical divergity, oxtending from lotitudes
4.3° South to 4.5° Horih cnd from Jlongitules 340 Last to 41,90
East, It hos a common border with Tanzenia to the south and
vith Uganda to the west. I the north 4t ié bounded by
Ethiopic and Sudon farther to the north-west. The Republice
ofl Somaiin occurs in the'oaet, wacerceas the Indian Oseon

ocenrs in tho south-cast.

443 Physiograrhy

_ The topography of Kenyn ranges fron glociated arid
snow-covered mowntaing to o true desert (Cholbi Doscrt) and
from old venculains 1o volcenic d fectonin tandscopes.  The
londscane, with o vorintion of & 200 » (Batinn'Poak of Mi Kenya)
is domdnated by plateaux conveyirg the dmpression of exlensive

upland plains.
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Tha osouwntry oy ba dividod Lite six p).:.y'ui@[;:ﬁf\phid
pProvineoss

Phe Hyones: Low PLovteous

The Central Highlomds Lisected by the Greont RILH Volley;

The Worthom Plainlondg;
The Forelmad Plateouw mnd

L] b . 1

The Coastnl Plaing .

These topogrophic feotures have resulted from teeotonic
Aisturbonee {epeirogenic and volcanie) and a series of long

periods of subacricl crosion and depositicn.

An idrportent consequence of fouliing is the Rift Valley
Systom « a gpeotoculor topogroaphic Leature with vertical dise
plocouerits of up to 3 000 1 in the Central Highlands., The
mechanisa for the fornation of this system is still o mattier
of coniroversy bul it sppcors that they originated from uplift

and favliing by tensional forees at the crest of an up-arched

dome,
L Drainage (sce also Figure 4,2)

The Greot HLft Valley ds the douminont determinant of

the drainage pattern of Kenya, ¢

lthough local details of relief
axe responoible for variotions in the regionel drainoege pattern.
Thus, on o regional scole, we con distinguish five drailunage

QrelSe

Hvmerous rivers drain Arce I west of the Rift Valley
into Leake Victoria and Ioke Xiocgn in Ugonda. In the RifE
Valley itself (Area 2) internal deninage into Lake Rudolf and
Lake Hotron predominntese The southcern part .of the country
cagt cf the Rift Valley is draisicd by the Athi River and its
tributerics (Area %) which discharge into the Indian Ocenne
The castorn slopos of the Aberdoare Ronge ws well as the southern
slopes of Mt Kenya and the Nyambene Range {(Aren 4) are drained
by tho Pona River (ﬁho lovrgest viver.in Kenya) which also
copiden into the Indizn Oceens The northorn slopos of th me
highlonds are elso deained by the Iwaso Ng'iro which i‘xormally
dlsoppears in the Toxion Swomp, except in rather wet ycors

when it moy flow inte Soz;mlir‘.‘i.

Ov'!"‘lo

1ch':;:2lonal Atlag of Konyo. Swrvev of Kenyn 1970
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Conzequent parnllel streams dreain the Aberdare and ' E
Mow ddp slopes ns well as the Vajir-Durmuin Yow Belt between
Golona end Trna Riverse  The voleanic concs are waghed by
rinor radlal strewng whercens foult-puided stroong typify
the Grig~faulted parts of the RLlt Valley. '
_ : i
4.5 Clivmote . ;
On account of the geographical location of Xenya,
the sun at noon is always high and the average sunshine
duration is 7 hours per day or 2 500 hours per amun, with o
remarknble total of 3 000 hours per wmun in the northern

QIrCOSe

Vind speeds ot ground level are low, ::.vc:faging 760
¥n/day and seaching 350 kn/doy ot hi gh olevations, Gusts ]
assocdated with thunder-storns (11 luay/hr) occur around Lalke

.

Victoria, Humldity is high, pacticularly between Moy and
October, The skies crxe generally clear over the lowlands
but the nounvain tops nay be covered by clouds for long
perdiodse  The nonsoon chonges in wind dircetion, ofter bringing ‘ |
excellent visibility, periodically allowing Mt Xiliaonjaro
to be seen from Nairobiy 210 ko eway, Hailegtorms occur
about three tinmes o year and snow is knowm to £2ll above

4 750 11 on Mt Xouya, Mt Llgon and the Aberdorcs.

-

>
-
o
L:d

Reinfoll (sce olso Figure 4.3 and Figure A1, Appondix i)

The world average onaual roinfall over land is 650 mmg
the average for Xenya ig 380 iz, However, mich of Keaya
recedves less rainfall; only 15 per cent of the country hos
an overage rainfall in oxcess of 750 nne Annual rainfall of
over 2 5C0 rr2 has been recerded on Mt Xenyn, 1 100 ma in
Monbasa oad 1 500 my aromwmd Inke Victoria, Thoe general pottern
of distributicn iv shown in Mgure 4.3%. In Figure 41, Appendix
Ay o map ds presorted showing rncon onnuald rainfall.

Rainfall is strongly crasonal althoush there are no
absolutcly. dry nonths and rain nay foll rather unexpectedly
anyvhere in Xenyo.  Such sensonal wardotions arc, however,

strongest Jn the dxy Jowlaunds to the worth and caste

0‘4111
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4e5.2 Penperature (see alse Foaice Aodt)

The Lepublie of Kemyn s o congpicuous cxonploe of
the nodiZication of tonporature by altitude. The naxismu
tenperatures are recordoed in the low-lying seni-orid arcas
(3&0) where the mindmw night tenperatures ave well above 2000
The afternoon brecze keeps the touperatures down around lulke
Victoria, vhere the Cclober-Harch paxine alteroon toperature
is about 320C,‘¢ Jt is coldest onmowrtoin tops viere nipght
Irostn occur obove 3 000 m md p'crx::mar.zn'l: suow cap above 5 000
n (3t Kenya). fThe diurnal rouge in tonperature (doily paxinun
ninus daily minboun) reaches 16° ¢ in the RiTt Vailey Qraen
and 10-16°C in the cantral and sovthern highlonds and plateaus,
On the const it is 5-EBOC viiere the naxinmm fonperature ds of
the order of 3206 in Jomuosry-karch and during the cooloest

. R s B |
nonths it is 27 °C . o

4+563 Evapo transpiration (sce alpo Figurc B1 in Appondix B)

Evoporation and tronspiration are the only physical
processcs by which water is tencsforned into vepoure A1l
water that fnlls on or is disoha:bgc-d into the ocemiy s well
ag all that eaters subsurface rescerveirs, if not fixed by
clhieryicol ronction, is finally roturncd to the atosphore by
hese processess  denstuch as it ds difficult fo accurately
deternine -the two conponents independently o cach othor, the

two arc ofton catimnted together as cvapotrancpiration.

A preliminary regional. survey of the potential of
eveporation reported by \-‘.’oodneo.d2 in 1968 shows the degreo
of variability of this factor in different arcas of Kenyo.
The highest annunl fimure is recorded ot Mopedi (4 060 1)
in the lower ond of tho Rift Velloy. In the arid north, the
Figure varies between 2 790 1 and 4 060 e o 1 650-2 410 mn

at the coust where hwidity is highe

00(112 -

1 : . - .
National Henyn Atlos, Survey of Kenya 1970

Hoodheud, T, 1668, Frolininary Regionod buvvey of

Potontinl Dvavoration
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Meare Bl chows thnt arcas of low peecipitation ar;e
coincidont with those of high Yonin (Eo) putén‘tia]. evaporations
The effoet of aliitude is not eliopether clear althoush
there appears to Lo a geaeral trend in which a decreasce of

about 100 ;a2 in evaporation acconpmuies o wvise of T00 . in

altitude,
feb Venetation

The teological situation as well as prolonged hunan
use in Xenya {geazing. buening, sclective cutting and shiving
cultivation) pernits nony vegetation tyl;es. On the whole,
the vegetotion can be clagsificd into six groups; TForesth,
voodland, bushland, bushed and wwodod grasslends; perviancnt

svwianps and barren lond.

These basic vegetaticn types occur superinposced or
jn nognic. The forests and woodlonds oconr in the wetter
arcas in the west and in the soasztsl arcas to the east. The
north, nortiwcast and a considerable portion of the central

partsy are covered by grasslonds.

ba Geolooy (sce nlgso Pigure 4.5)

The geolory of Heayn is Coznplcﬁi and all the najor
rock t¥pes « irmcous, nelanorpbic and sedinentary - arc
represented in the geoleg’c colum. The nreal distribution
of these rock types isg presonied in Tigure 4.5 and the
geolozical stratigraphy is presented in Teble O dn
Appendix C.

Mo sedinontary rocks occur predomingmily in castern
and nbr‘l;h-~'n'cstcn1 paris.  Thoy ar: co:‘:xpdsofi of clays, sha,los,
sands, sandstones, linegtones ag well as othoer less :‘u.lpor‘tmt

lithologicse Thoy ranze in age fron larboniferous bo Recents

Volemie activitics started in rdd-Tertizry and
cdntinﬁod to the Recent, oxtruding o whole range of vock types
viiich are today significant in the growmdwater storage L
Kenyae These voleanic rocks oceur rostly in contral ports of
Kanya, where they ore nssoeinted wiuh the Taulted zoness This

i mnoindieation of o camscemnd-offect relotionship.

t-B.1_"j
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The hned, cuystailine imcous snd netouorphic
rocks of the Busgucnt Goiplex ocour in aifterent parts ol
Kenya (Figure 4.5). Gonerally such rocks have linited
porosity and ore hence not good aguifors except on a iocal
gcaley where gecondary proccesses have nedificed thedr

primay waber-benring propoeriics,

A wore detailed, siiplificed geological deseription

ig pregonted dn Appendix D.

4.8 Surface Cover (Sce also Pigure 4.6)

Inasmach as fthe rate ond voluae of recharge deponds
on “the nature of surfoce cover, Figuwe 4.6 has becn derived
frow the soil nap of Koﬁya1. Three "permeobility catezordes!
are therefore derived fron inforntion presanted on the soil

I“lilp .

When this soil nop is studied with Figure 4.5, the
effeet of geology on the potential porneabllity beecones
obvicus. [Thus the casltern parits covered by scedinentary
rocks are rother permeabley vhereas the least pervious

arcas aro located in the voleanic Lolts.

A Jrowicdpe of the potential dcgrece of perneability
is duportant, not only in asscssing the degree of growndwater
rechoarge but also in plencing the disposal of nman-nade

donestic industrinl and ageicultural wastes. a

cos1d

]Nationdl Atins of Kenyay Survey of Kenya 1979 _ .
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5 DBAGLO DAL O GROUUDUATER (F XIIYA

'E::,pil_.orn'ti'):.x and Grilling tor proundwoter bogmn in
Konya dn the Iate 1920ts.  The firet hole wag drilled in
1027 by the Public Worlts Departnout of the than Kenya Colony.
By 19245 190 such borchceles had beuon dedilled, all prefixed by
rpn (o.g. Po101 for Lowchole Hoe 101). The aomregatc footage
was of the order of 50 000,

During the Socond VWorld ,‘-.'Imn, %3 borauhiolcs wore drlllod,
all prefized by "SA".

A third sct of boreholes was storted in 1938 mmd has
continued to date, profixed by "¢" and nunbered serdally.
By the last count, 3 878 borcholes had been drilled in the
"oM sories.  Pigure 5.1 shows the nunber off borceholes drilled

per anun since 1927,

.
Borcholes nay be drilled by the local or central

Governnent as well as by individuals and corporate bodiese.

Torchole drilling is, in nost cases, preceded by the

couiplotdon of an application Zorn (2’;"[&8—«245 B) which, vhon

approved by the Vater Deportoent of the Mindotey of Asrdeulturc,

entitlcs the epplieont to procecd with the dri’l.ling. The

Tater Departaont ooy withhold approvel or teclmical grounds.

When, o borchole has boen drillel it dis assigned a serial

nwaber. Hoence oll borecholes vt have hean drilled in Xenya

’ L]

during the laot forty-fire jyorrs ame lzio™ o0 plotted on o
base nap ard the records ol nosS of them are filcd with the
Depaetment,

It i not neccnsary o epply for o porndt to dig a
ghallow well execpt vihien chsurnsting vater fron a conscrvation
area within half o mile (0.8 ) of an existing borchole, or
iv the vieinity of o vivere Tt is egtinnted that aboul 2 000
hand-dug wells tap shallow aguifers in Kenyn.

: The inforantion on the 4 161 borcholes as well os
that colleeted fron sonn hrmd~dus wolls anf’t severnl geological
investigations forns the bulik of the grouwndlwatcr data Lo
Kenyoe

Pipure ":. ashiows the peorpaphicol ddc stribution of

borciwoles. Dhe dlstriibution Tollows the population donsitye

ese1D
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5.1 Dorchole Stotisties

The Viater Act provides that certein data be subnilied
within onc nonth of thc conpletion of a horchole., The standard
forn (WAB, 28) demonds information on location (by district),
ownership, date of cormencenent and completion, dianeter and

depth of huTC, length of casing left in the borchole, tested
yicld, wator qunlity and borchole log.. A separate Lo
(VRG.3) is also comploted in duplicate and £iled with the
Departnient after the water hos been mnalysed by the Government
Cherigt. This form requests infornation on ecight anions nd
eight cations, as well as on totol hardness, carbonate hardness,
non~carbonate hardness, biochenical oxygen denond and total

dimpolved solidg.

5e2 Trovious Investigoations

Ovor 150 published and wipublished reports arc available
on the geology mnd hydrogeology of Kenya. filthough considerable
inferences on the hydrogecological setting can be gained fron the
purcly geological reports, less than %0 per cent of these deal

directly with hydrcgcolosye.

Most of the hydrogeologicnl wieports turn out to be
essentially geological reports, Such repprts are lindted to
conparatively snnll nreas of the country and nolie no attenpt
to relote such areas with adjacont arcase Hence the knowledge
of the geologlcal and hydirogeological setting of one area gives
only little aid in predicting the expectations in wexplored
surrowting country.

bignificont rrporus are those by Bristow ot al,

1964; McCall, 1957, 1967; Gevacrtu; Pulfrey, -1960; Sykes,y:
1934 and Scott, 1953, Thesce and scveral others were shudicd
during the course of the study. ’

Thercfore, it im inportant to node that considerable
published infornation ig available on the groundwoter resources

of :Korlya ®

-

Howover, as these are scattoroed, thore is o neced for
a conphrensive synthesis and conpilation.

The reseoreh wnit of the Hydrogeology Section also
carricd out rameoreh dn geophyziceal techaiquesy but in
nost casces the arcas are lindded cnd results rot fully

rrocessods
QO¢16
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6 ROSOURCES TICAGTD QU DEVAIOPIINE OF GROUNDIATER
6.1 Wntoer Departaont, Ministry of Asriculture

The Hydrogeology Section of the Vator Resources

Branch of WD is respongible for siting of allihorcholes in
Kenya. The Scetion has o gtaff ol eight Geologists.

Three percussion drilling rizgs are operated by the
Sectione The annunl production ig ohout 10 boreheoles with
an average depth of 100 il

The nojority of the drilling work-is carried out by
contractors. There arve cight licensed drilling contractors,
all utilizing porcussici rigs.

The contractors arvce conpetitive., It is recormended
that VD continues to utilize drilling contractors for the

©

najority of the borcheole drilliing.

The geologists of the Scetion gite on an averago
100 borcholes/year, including borcholes for farmiers. Sone
700 walber smmples for chenmical annlyesis are taken per year
by the Seetione Ihe sonples are tested by the Govermient
Cherdst. Although results fronm the Govermnent Chenvist wro
reliable they are frequently deloyed due to their heavy work

doad,

6.2 PAC Teart on Ronge Vater Developnent

In 1969, a livestock developnent projoct financed
by IDA/SIDA was lawncheds About £ 1 rdllion of the total cost
of the Project will be spont on woter development, The
first phasc, which is scheduled to take 5 years, includes
developrent of romge lands in the Nerth Easté&n Frovince and
ronchies in the Kajiado District in the RifLt Valley Province
and Toita Digtrict in the Coast Province.

An FAO tean has carvied ovt feasibility studies for
the ranch arcas to be developed, including groundwater
investigationse .

The tean hags also carried oul feasibility studies
for o seeond phase of the Hvestock developnient prograrme

in the Isiclo ond Marsobit Districts of the Eastern Provinces

"’17
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Parc 7
The following reports have been issued by the PAO
Range Dovelopiwirt in Kaputied, 1970
(ACPisT/lET 11, Working Paper No. 1

Range Development in Taita District, 1970
{20Ps82/1000 11, Working Paper No. 2)

Range Developnent in Isiolo District, 1971
{AGPsSF/KIET 11; Working Poper Noe 3

RBange Developnent in Mowgabit District, 1971
(AGPesR/iTEr 11, Vorking ¥aper Ho, .9)

USAID Tean on Range Yater Developnent

A USAID teon is involved in the inplenentation of

the range progrome in the North Bastern Province.

L]

A Hydrogcologlst of the teawl has carrded out

extengive growmdwater investigetions in the Province and

has sited horeholes calong stock routes oand in srazing nreas.

Provossls for o second phuase have been submittbed

to the Keaya Governnent.

Ged

The fcllowing reports have been isgsued by the teans

Development Plon and Feagibility Study on a Filot
Runge Developnent Projecet, Worth Eostern Frovince,
Kenya

(Unlmbl‘ished) June 1970

Ground Water Exploration in Horth-Bastcern Kenya
Dr W V. Swarsenslki and S, Wonyekd
(Unpublished) Novenber 1072

U2 Geothernal Project

A UNDP Project dis curreatly corrying out o fensibility

study foxr the developuent of geothernul power in the RiLE

Valloy around Dakes Noivasha, Hannington and Dlonentadtboe

Extengive geological and hydropgcological investigations have

been carxied out to nap the growndwater resourcese. Tests

have beon corricd out over several nonths on an old borehs le

(80 m) producing stcan. The prospects seem good ond o £.A1

scele tost borchole (200 rm) will soon be drilled.

00e 18



Gob VHO Project on Groundwivber and Scwerape for
Greator Hoirobl

The feoasibility of ouwgnenting the Noirobl watoew
supply with growndwator iz being studied by o WHO Project.
A major problen is the high fluordde content in the ground-
water in the Hadroldl arcao. Possibilitics of blending

groundwrbter with surface water are being studied.

6,6 Rescarch by FAATRO

- Ly - L3
The East African Corrmmity has o rescarch station

at Mugusn outside Nelrebi whore rescarch on groundwater
avollaby ity in Bast Africa is being carried out,

Studics with analogue computber are carried out o
obtain an overnldl picture of the woter balance and the
growndwator rechargc. The rescavch is in an carly stage

and no resulits ore yeob avadlablc,

eealD
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7 METHOD OF 1hVESTIGATT

Tl Borchole Statistics

-

The YWater Departuent of the Mindetry of Agriculture
noadntaing records off woter borcioloen drilied in Kenya, Their
records date back to 1927. IThe retrieval gysten of the stored
datn hag, wtll reconlbly,; beon very ocunborsome and the data
has not,; therefore, bee fully vtilizede The Vater Departnent
in co-~operation with the Statlstics Divieion of the Ministry
of Financc and Planming, storted in 1971 to systenize

available borehole data for computer processing.

At the tine the groundvwotor study of this Project
started (April 1972) wmost of the dato had been coded. The
location of borcholes, that is, latitude and longitude for

s
cach borehole, had not yet been coded., A prolindncry print
out was available with the boreholes gorted according to
borchole numbers; thot is, in chronological order. The
prolindnary print outs were rovieowed by the Frojeet Hydcow
geologisty who recormonded sone additional parancters to be

included, nanely: ground clevation and drow downs

Due to high workloond, the conputer programicrs of
the Statistice Divigion could not pronise to have the cor-
puter print outs nvallable before the departure of the
Pioject Hydrogeologiste In order to save tine it was
Qecided o corvigsion the eooputcr work to the University
of Wairobi, Hesults vwere promiged within two wecks but
soriovs delays were cncountered. The computer print outs

were eventually submiticd by the end of July.

The borchole duato wos sorited out in three diffcront

ways:
i) | by bore¢hole nuaber ‘ ' _ o
ii) by longitude ;

iiil) by latitude

L4
Iixapples of the peint outs are presented in
Apperdix Ls
see20 .
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Tal Loding of Borchole Dato

The conmputer print outs give the following paraneteors:

1a Borcholce dJuaber
Ze District
B Iongitude
4o Latitudc |
Se Dopth of Boréholo
Go ~ Vater Struck Level .
Te Elovation
8. Water Rest Level
. Blevotion of Water Table
10. Tested Yicld
11. Draw Down
12. Yield/Drav Down
13 Rock Catogory
T4, Votow Quality
15, Completion Date
16, Subgidy
17 Ilevation of Water Table

The eoding of these poraneters is deserdbed in detuil

in Appendix E.

a3 Proceszing of Dato

In addition to the computber sorting of borchole

data, sone conputer processing wos corried out.

Te3e1 Woter Table

The avcroge clevation of the water toble chove neon

gea lovel within coach district was enlevlated. The result

ig presented in Appondix F. .
Te3e2 Lepth of Borcholes

The avernge dopth of borcholes within the three najor
petrologic vypos of rock; frneous, sodinentary and netonorphic,

was enleuintede

s0e21
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Tho pesvld 45 preseonted in Appondix G, Ag can be scon fron

the dats, the stondard deviation cquals about half the average

depth within cach rock category, which means that the individual

values are rather scattered.

Te3e3 Yicld of Boxeholes

‘ The average yleld of boreholes within the threc
major petrolegic ftypes of rock wag calculated and is also
presented in Appendix G. The stendard deviation is of the
gane order as the average valuc which indicates that an
analysis on this broad basis is not very sigmificant, It
1s recomended that future analyses shouwld be based on o
narrower geogrophic distribution than was uged in this studye.
Tine did not permit further detadled conputer analyses of the

&

data,

TeZed Speeific Capacity
The average gpecifie capacity of boreholes within
the three oajor petrologic typus of ,rock was calawlated
end is presented in Appendix G The standard deviation is
about double the average valuc and could not, therefore,

scrve o5 an input fo preparation of a specific ecapacity mape

T4 Preporation of Mong
- “Coamms

As pointed out under 7.3, the statistical analyscs
of borehole datz by neans of corputer were not very cxitensive
and not conzlusive enough to zerve as w najor input to
hydrogeological naps.

The maps presented in Scction 8 were prepared through

manual analyses of the burehole datae

Borehole localions were marked on o aap in scale
1:1 000 000. In denscly populated arcas the horchole denmivy
is very high, only a fow represenigtive borcholes werc rarkode.
In less densely populated areas, all borcholes were mor.cd on
the map. The values fron the corputer print outs for depth,
yicld, cotc were marked on this mup.  The contours on the naps
Por depih omd yield were derived fron this uerked-up mape

Teb Titeraturc

4 iist of roferences is presented in Appondix M.
P
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g INTEAPNTTATION O DATA
8.1 General

The various poramcters studied during the course
of the study sre prosentoed in fori of maps.‘ Information
devived from hand-dug wells tapping challow agquifers has
been used in the interpretation of the data but tuey have
not been presented on any of the maps. The borchole data
uzed ave those collected ot the tine of driiling and no
checka have been possible during this study nor 1s there
any avadlable infeormation on thelr later history. Cope
scguently it is unceriain how much growndwater conditions
have since changed., Tor exumple, six of the borcholes
vigited in the coastel area had becn abandened although
there wiaa no record to that effecte As no account has
been given on the static water level rises from rainfall
and falls fror absfraction, 1% has not keon possibie in

this study to deternine the groundwater bolancce

An attenpt has been nmzde to dividde the cowatyy
into hydrogeological zones, sce Figure 8.1 and alzo Secticon
Bete

8.2 roundwater Haps

The vardous groundwoter naps included in thig
Report were cocpiled fronm bowchole data stored in fthe offices
of the VWater Departaents The gimplified geologicol map
(Figure 4.5) was used in interproting the various hydrogeologicol

parancters.
8.2.1 Quality of the Maps

A quick rceference to ony of the maps willl reveal
arcng vhore infornation ls questionable or altogether Incidng.
Sone nay argua that such areas sihould have been lelt bloanmk
on the mapse Mowever, she Inforastlon given for these o caw
i based on an extrapolotion fron adjncont oreas as well as other

coiplementary infornation.

The interpretation of avallabiz data and thelr inter-
polation in oreas where they ave lacking nre inportont

principles of regilonal Luappiinge

ewel3
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In thig epprowcl, all avoildable deto are gymthesized with thoe
published ond inferred geologicoal porameters to predint the
cxpectations in places where dato arve absonte

It mast be oophagized that the naps are prdininary
and rogional. They bwve been tosed on Lioited and in some
cascs quegstionable datoe  Thoy should be used with caution
and only as o guide to the true groundwater condition of
Xenyoa

8e2.2 Static Water Tevel

Figure 8.2 shows the egtimated depth of the static
water level below the ground surface., The statie woter level
is the level of the growndwaetor toble or plezonetric surface
when not influenced by pduping or rechurge. In a Lorvehole
pencetrating nore thasm one aguifer with different hydrestatice
pressures the static water level reopresents the nean hydro-

static pressure of the pencirated osquifors.

The Pigure shows that the water table in most poris
of ¥Xenya occwrs at legs than 100 m below the ground surface.
In the Quaternary areas of the ecast und west, as well as the
Basaaont Comploexw wreng, the depth is lesms thon 50 me  In the
north~cast and soutir-cast cornors of the country where the
older gedincntary rocks cuberop; the depth of the water table

ronges from 50-200 m,

The variation n the centoal parts of the country
adjoining the RLLt Valley is groat, being 50 min certealn
arcas and over 250 n in others. Thils reflecvis the influence
of fhulting, a foctor that is givan greasher coverage in a ' i
later scetion of this Report. '

In tho volecanie creas the depth varies from less
than 50 11 to over 150 n. This is due to the occurrence of
several cpisodes of wvoleanism as well os the occurrence of B
groundwstor in ceridain arcns which have been subject to
dingtrophic disturbances during the geological higtoxrye

The scorcily of datz in wegiern and north-western
Fonys moles 40 ddfFicult to vrediet the agquifer conditions
and the map 0 this arcen is dnterprotational and grossly

ginplified,

ere2d
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The locations of the available deta wie shown on the map and
fron their disbribution it is ovident tlat considervable
additionnl dats would boe required belore sonething nore

dependable could bo dnferred.

An otbapt to relate bhe stotic water level to the
nean sea level on a nop did not provide uveelud infornotion,
henee that map hog been left out of this Report. However,
The statistics from o conputor Wuuly sin of the statie water

level is tobulated in Districts in Appondix P

8.2.3 Water C;'L 1U.( I Tievel

The foregoing nap (Figure ©.2) is cssentially o
plczometric nap of Kenyo ous il defines the expected deplh
to the water table in the Borcholes plotted. When an aguifer
s struck during drilling, the woter eises or folls in the
borchole depending on the relationship between the aguifor
and the adjoining strote. This dopth is reccrded os the
water struck level

The scdéinentoxy areasg in the eastern parts of Kenya

I

aroe typiried by neor purfoce aquifers. Hearly half of the
country vhere the basenent and yowiger rocks outerop, exhibits
this property. The cxceptions are the onall arcas in the suvatie-
ecast ond norti-cost respestively. This con be explaoined in

four woyst-

a) It is ofton diffieult to predict the hydrogeological
and geohydrological behaviowr of the crystaline rocks as these
depend on several variables. Tocol gtructural and lithological
conditions vory widely md in turm affect the variability of
these parancters.  The depth of wenthering togother with the
products therefron arc also highly varinkle. Hence there ig

no effsetive waber table mnd the Joonl pockeds of grovndwater
storage cannot be locoted with convetional rogional techniques.
Gonorally, one cxpects e wator-bearing zones in these arcas
to be shallow but o the bagis of available data, this docs nod

appecr fo be tho ongos

6.025
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h) The structaral geology of Konya is complex ond as
the structural confisuwration hog o trependous influence on
the precisce location of water-beoaring zones ihe depth fron
the surface alco varies. Hence o old systen, growing nore
intense in the noreth-east; might have depreésqd the aquifers
foarther fron the surfaco in the north-east than they have
been towards the south. This assunes & single aquifor or a
homogenous set of aquifers. Fron the present datn, it is

not possible to Gcll the numbor of aquifers involved.

c) Mesozoic scdinentation in the north-cast .and
southneast‘was diffcrent and sccurred in separate basing
under different hydrodynomnic deposition~l savironments.
Inocenuch as gooloév g the Cecdamentndl deteroinant of the
hydrodynanic behavicur of groundwater, one would expecl the
growdwater conditions in the Cretaceous-Jurassic scdinents
of the north-ctst to be different from those in the south-

caste

d) The depth to the saturated zoue depends a great
deal upon the area and volume cof rechorge. The rainfall
nap shows thesc arels arce guersradly arid with a nean annmual
rainfall of less than 500 m, Therafore with lindted
additional sources of rocharge Trun ruinfall, water Lrou the
saturated ghallover auw fors should Avain vertieally into
deeper less~saturatoed woncs.

8e2.4  Piczonetric Risc

_ The zone of saturation rnay include both perncabie
and inperacable layors of earth matorials. ” The perncable
layers are aquifcors, VWaere an aquifor is found between
inpernicable layers cbove end below, both the aquifer and the

water it containg are saild to be confincd. Becousce of the

presence of the uprer confining: Iayer the water of the aquifer %

is not open to atnospheric prossurc. It thus cccurs within

the pores of the aguifer ot preasurcs greater than atnospheric.

Groundwatcr in such o cltuation is sald to occur wnder arfesien

conditionse. The elevation to which the water level riscs in a

_woll/%orohole that tars an artesing aguifor ds called the

piczonetric surfece and hence the plezomctric rise is the differcnce §

between the water struck level snd the water rest levele E
’ !
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Tron aVaiiablo deta it hos beon observed in gencral
that in nost of the Quaternary and Basenent Complex wreas the
piczonetric risc is lowe than 25 . Por nost of the renaining
arcas cxceptionally high and isolated values of 100 m or nore
are found; cspeecinlly din the tertiary volconics of the Rift
Valley.

8.2.5H Expected Yiel

o

et

The input data to the expected yicld nep (Figurc 8.3)
suffers the linmitation that for borcholes with high yields the
values represent the punp capacity rather than the copacity of
the aquifer. Hence the recorded values nost probably undor-
estinate the capacity of the aquifers. Furthernore, different
aquifers have been tested in separate borcholes and rmost of the
borcholes penctrate severnl agquifers as a result thot the
recorded yield is o function of thelr individual capocitiocs.

The yield data have boen exprossed in I;b@nn

The distribution of the expected yield is rather
ginplc and typieally dictated by the geology. The rocks of
the Basenent Complex are choracterized by the least capacifies.
This 1s due to the fact thot nogt aquifers in them are digw
continuous both laterally and vertieally incsmuch as water
gtorage in these hard crygtolline rocks depends on the degree
of weathoring as well as diustrophic disturbances. As the
depth of weathering is highly voriable nost probably less thon
35 my the available storoge space, and haace volure of stored
water, is livdted.

The expected yicld decreascs cast ond_ north Tron
Centrol Xenyo, reaching & nB/hr in the Quaternory arcas,
adjoining thoe Bascnoent Complex and 8-32 mﬁ/hr neor the coast.
The cxpected yicld in the Carboniferous and Mesozoic rocks

3
is goncirally ubove & n”/hr,
iy the wost the yileld dnorcases progressively. The
yield decreases south into Tanzonia aud west Into Uganda where
the cerystollince rocks proedoninato.
The borcholes in the north-west corner yield 8-20

mS/hr aed din the Horth Bastorn Province 3-8 1’ /hr,

!#&27
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It nust Le emphasized that sone of the dato uscd
were collceted s far back as 1927 without subscquent updating.
It is recommended, therefore, that this nap, like the others,
be used with coution. The map should be used only as o guide
and the actunl situation prevailing today has to be Jnown fronm

test punping. . _ : ‘

Considerable duprovencnt can be nade to the map by
- punp tests, using high capacity punps which vwill give infornation

con the noxinu eapacitics of the various borcholes.

B.246 Sp

e

cific Capnelty

-

o,

Specific capacity is a valuable tool for agscesying
the avallable groundwater resourcez. It is the ratio of
¥yield/draw dovm oxpressed in mé/gcc/hetro of draw down {or

gph/Tt)e  When an aquifer has becn penotrated and the static

water level is recorded, pucping depresses the woter level and
the depression vesulting fron o given abstraction of woter is
the draw down. When punping stops, the watcre level rises
progressively ce growndwater flowas in fron adjoining creas to
rcplenish thot vhich bos been punped. This rise is referred to
os "recovery' and the rote is tho "rocovery ratels

ihick and loterally extensive saturated aguifers suffoe
very little draw dovin alter releosing lomge volunes of water,

thus shoving high specific enpociticsy wheovens wsaturated or

s
.

thin and doteraily restricted aguifers (e.ge perched aquifers)
sulfer consideradble drov down tven when suell volunes of water
are abstracted. Henoe their specilic eapacitics ore lov.
Generally, theorefore, the higher the specific capncity,; the greater
the available groundwntor resourcos.

Recorded draw dovn datn, as well as those caleulated
during the course of this worly, ropresent only about 25 per cent

of the borcholes in Kenyne. In spite of ihe lindtation of tha A

yicld data, the following conclusions hove been drovm.

The Palcozoic, Moesozmoice wnd Quoubcrnnry areas oacces
charactordzed by specific copncitics ronging from 0=1,25 xf?ﬁuyG‘
| {0-260 ukh/ft), except for locol pockets with highor figures
255 Ly /‘A/ha The reason for this low Lfigure could be that
the aquifers are relatively sholliow and hence drilling is dige
continued og soon as the woter doonnd ds satisficd,

&0028 i
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Docper aguifers ocour and could bo tapped Uy deepening oxisting

borcholcs, provided the tested quoiities cre satlsfactory.

Most of ihe contral arcas of Henya, underlain
predoninantly by the Tertlory oid Quaternory.volceondes ond
sedinents, are typified by low specific capucitics
(0~1.25 m:/hr/h) although local pockets abound in which the
capacity ranges fron 1.25-50 m%ﬁny&u

Beoring in mind the scarcity ond uwnreliability of _
the purp test datay it is evident that the grouwndwater resources
potential of Kenyo appéar to be considerable. A better ussessbent
will be possible conly with odditional punping doto which should

be given priority.

84247 Sub-Miveene Bevel (seo olso Figurc 8.4)

Pisure 8.4 in o struciural contoured nap of an old
weathered land swrface, the sub-lllccone erosion bevel, on which
lavas and sedimonts hove been loter depositeds The nop ds
adapted fron Pulfrcy1. It reveals lorge uplifts in west~
central Kenya split by the Rift Valley ond further diversified

by other grabens and foulds in the weat.

The Ysub-Niocene ercsion bevel" is well prescrved
north ond south of Kavirondo Guls, Linsii (Mochokos District)

and westera Kitudl. The bevel slopes towards Loke Rudelis

The nap is izportant hydrogeologically in showing
the depth to the 014 Lund Erosion Surface which preceded
volcanic ciuptions cnd later devosited scdincats. With this
nap, the cxpeeted thickness of the overloying voleconic and
pest-diocene scdiments can be predicted with reasonable
certointy. Hence the depth to the bottom of the aquifer can

be egtinated prior to drillinge.

00129
1Pulfrny, V. 1960 "Shape of the sub-Miocenc Erosion
bovel in Xenyol! ' .

Geole Surve Yenyo Bull. Fy peld
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8.3 Groundwater Quality (sce also Firure 8.5)

As has been nentioned before, there are about 4 000
borcholes in Kenya, but of thesc only about 20 per cent have
hed thelr water chonically annlyseds With an cxcoption of the
Nairobi Conservation Area borcholcs (excluded on account of
the snoll scale of the map) nearly all the others with chorical
onalysis wore plotted on a f:1 000 000 scale nap. A "Water
Quality Map" (Figure 8.5) was the outeone, This nap is o

sinplificotion of o nap vnder preparation Ly WD1.

The lateral costb-west goncral voarintion in the
chonigtry of the growndwoter ie clearly obgservable on the

nape Three hydro-cheonical zonces can be digiingouished:e

i) Zone of bicarbonate watcrs

o
ii) Zonc of sulphate ond mixed wators
idii) Zone of chloride wotors.

Growawater in the f£irst zone is fresh bicorbonate
type with nincralization of 1203 7CO pprl. Groundwatcr of
this type occurs chiefly in the western ond central areas of
Kenyoe Iocalized highly mineralized carbonate ond carbonnito-
bicarbonate watcrs (up to 15 800 ppn) ars to be foumnd around
Inkes Nolvasha, Homington and Nakuoru. The progsence of these
igs probably connecied with the voleanic history of the Rift
Valleye In general, however, it conr be said that the totai
digsolved solids in tluis zone are within the limdts stipulated
in the internationnl stondords for potable wator (Intornational
Stondards for Drinking Water, 3zd Editiom, WHO, Genova 1971).

The second zone is charocterized by a wide range of
chericol composition varying fron bicacbonate to chloride
type, vicarbonote to chloride-suiphate type and chloxide-
bicarbonatc typese The zone ig a thdn gtrip which widens
grodually southwards. Total dissolved soldds content varies
fron 120 ppn to 10 600 ppme The fivet zone and thoe sccond
zone togelhier noke up aboubt 50 por cont of the country.

reae20

1Oswﬁna, Re 1. 1977
Groundvwaber Cuulity Map of Kenyo, watber Deportnent
(not yot pullished
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The third zone conpriscs roughly 50 per cent of the
country ond cxtends fror Lake Rudolf southwards through Saciburug

Isiclo, Xitui, Taite Taveta districts and castwords up to the

Sonnli and Indimn Ocean borders respeetively. Most of the waters

within this zone arc typificed by cliloride minecralization.

Total dissolved solids within the zone vary fron 1 g/l

to 35 g/l The waters with the highest mineralization arc found

in alluvial dcposits of Quaternory apge and in the Permo-

Carbonifcrous scdinents.

Presh bicarbonote woters with tolal dissolved solids
varying froa Oud to 1.2 ¢/l are encountercd in borcholes
between Cepths of 90 to 150 rweters in the aresn which tronds
north-wegt-south~cost ond also aleong the coastel belt in the
shnllow wclls.

A large port of this zoae can not yet be reproesanted

fron the hydrogeologicnl peint of view becouse of lack of datoe

8e3¢1 Digtribution of Fluoride in Kenyo Groundwaters

s g e s e W mmr e e

Figurcs Hi (Tupilli, 1972) and H2 (Mudthi, 1971)
in Appondix H show the distributicn of fluoride content in the

sroundwater of Qeutrot Kenyo and the Mairobi Conscrvation Arca.

Highest coucentrations occur in Noirobi arca as well
as in the Rift Valley around Nokuru and Naivosho with noxdnun
vuducaup.to 40 ppri. Iioca.l pockets of intermediate concentrations
(2-10 prm) <ére seattered. throughout the country. Considerable
add:i:'t"-ional dota onn fluoride content is required before napping

can be dene on a countrywide basis.

Pirure 02 is o vore detodiled assessnent of the
distribution in the Foirobi Conscrvation Arca. This is a
modiried form of the nop prepered by MNurdthi (1971)s It snows
thint about half of the conservaticn arca stores groundwoter with
higher fluoride content than isg recormended by intcmutional

standards {over 1.5 ppi).

!0031
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The hign Iluoride comtoent is related to the geology,
porticularly of the Riflt Vallcey arca. The extensive and
complex pattern of faulting has been an irmortant factor in
digscmineting the high fluoride wnters to arcas where they
are not cxpecteds It ds belicved that the fluoride contont
has an origin dn the voleonic and fwinrolic pases, rother thon
in the degradation of fluoride, although no ficld evidence
hag beon accummlated during the course of this study to support
this contention. The geology, distributibn of fludride in the
geologic systens, relation of the high-fluoride waters to the
voleanic rocks, hot springs, geysers mnd funaroles, leave

1ittle doubt thot this is nest probably the casc.

Fresh cheniical annlyses shiould be carried out on
existing borcholes with Ligher thon optirun fluoride levels
and if new data confira that previous ones, such waters should

be defluoridated fo proteet the ropulace utilizing then.

8,32 Qe_i_'lgoridation

R ]

Several nethods arc used td reduce the hipgh flucride
conecatrations to the required optimwi: leovels. The ensiest
nethod is the blending: of hipgh and low fluoride waters in
pre=doterrined propprtions. A sccond, nore expensive, nethod
is the usc of gei‘mral chenideal processes.,  Thus the use of
tricaleiun phosphate, cetivated clumina, bone char and bone neal,
removes fluoride ion with voaryirs success throwch s combinotion
of sorption and iori-oxc:hango processcge  Dolonmite, dissolved
and _qoxﬁorto_d to M,g.;(OI-I):2 ig elso used, but it requires 40-60

ppa Mg to rerove 1 ppn fluoride sad 8o becones rother cxpernsive,

A reeont advence in the process of defluoridation wos
nade by the Contral Public Health Enginccering Rescarch Institute
of India (CPHE 11)19 i prototype of the plant (Dafluoron 2)
was tested in the Departnent of Civil Enginecring of the
Universlity of Noirobi (Lupilli, "96?_)2 and it was concluded thot
the Indion experdicnce is applicable to Kenya.

LA 32

Cpheri, 1963 " tpoefluoron~2' -~ .0 new nedaws for the reduction
of Pluoride din Voter Supplicsh
Invironnental llealth 1, 108

1

) ' :
“Tupilli, Rl 1972 "Defluoridation by Defluoron-2¥W
Unpubs, BeSe.y Spees Proje Hepte

Depte Civil nges Undve of Hodrold
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The laboratory experinent showed the renoval capacity to be
140+10 nz/1 (ppr1) of F— for the rediwd at 290 ny/l alkalinity

~ag CaCl, using a raw water sanple with 8-9 ppn P—content at a

3 z
flow rate of 5 i’ 1 bod arca/hr,

The estihmnted cost for a plant of 45 000 1/d (10 000
npd) designed to reduce the flworide content from 8-1.5 ppo
worked out to K shs 6/50 per 1 000 gallons.

Bed Tentative Hydroscolomieal Zones

Inasmuch o the water-bearing and transndtting
capoeities of rocks ore the principal attribuics of hydro-
geological investigntions, thoe conplex geology of Kenya
(Fimure 4,5) con be considerably siuplificd as shown in the

nap indicating Tentative Hydrogeological Zones. (Pigure Be1)

The storage capacity of a roclk is a function of thoe
litholory and the age of the rock plays only a ndnor role,.
Thus two sondstones of Tertiary and Quatcrnary oge respectively,
with identical gronulor properties, would possess sinilar
aquifer charancteristics. Veariation in age of the rocks becones
inportont only in very old sysbtons whoere post-depositional
alternations have sdverscely affccted the prirary porosity of

li‘
the rockse

On this bagis, therefore, the hydrogeological nap of
Kenyo con be regarded ag o considerably sinplified geologleal
nap in Whicp rocks of éim;lar hydregeological characteristics
aro:élassifiod together, On the basis of the foregoing

presentation, six hydrogeological provinees con be outlined:

a) wastern Quaternary Sedinentory Arcas
b) Bascnont Conplex Areos
c) 01lder Sedinentory Avecasg
a) Voleonic Rock Areong outside the Rift Valluy
e) Voleunie Reck Areas in the Rif{ Valloy Aven
£) Jestern Quaternary Scdinentary Arcos

ee0e35
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Mojor borenolc statistics (depth, yield and specific
capacity), tobulated on the basis of rock tymes, are presented
in Appendix G.  The Appondix shows thot bercholes in the
voleanic orcas ore decpest, while those in the sedincentary
arcas arce shallowests. The yield is highest for the volcanic
rocks ond lowest for the Basement Conplex, whereas the
specific copaclty is highest fur the sedinentory rocks ond

lowest for the Bogouent Conplexa

‘Be4el  Bastern Quatcrnary Scdinentary Area’

Thig arca accounts for nearly 30 per cent of the
surface of Kenya (Figurc 8.1), stretching essentially fron
latitude 408 to 3OI:T end as for woest as longitude 380E.
Alluvial, lake and beach sonds, coral reefs and linestones,

(some Trosh water *b;,rpo) dordnate the iitholosy.

The sedinents arce loose and permeable and hence
recharge fron radinfall, growndwater flow fron other arens
whore the water table occurs ot ligh clevation, as well as
percolation froa cther surface water sources, is inportont. *
Spring dischorge is comon, particularly along tho shore and

is uscful. in borechole siting.

A good account of the geclogy and hydrogeologiceal

- i . . i

conditions of this zoue is covered in o report by Gentle
i =

(1965) to ‘which the reader is referred for additional detailse
HYDROGECIOGY :

.Acecording to Rpc—vez the nain aquifer appears to be
'thc;fringin’d coral limestonc, vlhiercas additicnal dota led
Gontlé to conclude that sands form the major aquifer. These
are Pledstoeone sands wnderlain by Jurassic shales which stop ‘
dovmword peorcolation and cause o net flow in the coastal

direcction due to o general gentle coostword dip.

ves 3l

1Gcn'ble, R, I. 1965 "Hydrcegeolepy of the Coasgtal Strdp
botwaen Gazmn ond MEvapo, Kenga Congtlonds',
Toche Zaper 3, Wobcer Dente

Reeve 1949 "Groundwator Investigation in Nyali-Kizawii-
Shina la Tewa Aroea, Horth Moinland, Coast Province!
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The aquifcers are generally shallov and wconfined
and the success rotio, ot least in terns of locating adcquate
uantitics of proundwetor, is wery hish. 014 loke sites are
comaon in this orone. The lakes ore believed to have drded

up during the Holocone mnd thedir sedinents are geonerally

saturated with wotor.

Gentle has, with considerablc successy applied the

resistivity tcclnique %o the coastal arca, Inmasmuch as

the resistivity of an rquifer ig affociod by five nnin factors ~

dogree of snturciion, type and anount of dissolved solids,

porosity; fluid viscosity, and resistivity of scdinent poarticles,

it is obvious that this nothod shouwld suceced in the coastol

region where the geologsy is sinple ond the presciice of saline

waters contributes to the lonization of the growmdwatore Using

a Tinsley-Pover Borth Resistivity Potentionetery; a Wenner clectrede

spread of 3~100 m spoeing, and a stondord natening technique
(Mooncy ond Ventzel, 1956) he succceded in defining, fairly
accurately, the stratigraphic succeossion and in defining

the fresh and salt vinter zonecs.

The Immu YXsland pres:ntz oo danteresting problon in
this oren. The wntor ncelds of Lanu Island are iicreasing
every day to keop poee with the growth of ithe tourist
industry. This sncreases the denger of sen whter intrusion’
through OVOI‘--p'u:,}i){i_nf.‘ of oxdsting wellse It is recommended
thnt an investi sotion of the nvailable water recources be

irmediotely determined 4o see if new wells con be duge

An lmpublhishcd report (Sclby, 1969) on the Do
Watcr ‘Supp_ly shows t ”“b the island (205‘, 410 301E) is
supplicd by twonty shallow fresh water wells along o line
of sond dunes about twe rniles south of Lowm tovme They
wore desimed for o roxdrum abstraction of 178 cubie netres

(40 000 gallons) per daye

As can be oxpected, the fresh woter floats on the
reovier solt wator, which is very eloge to the surface - in
nost cases, less thon five metres fron the surface, Tl
averase height of the sand duncs is 10~1% netros nbove neoan

sco Lo \('Q;L.
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On account of the cxpected inercase in tourien,

the water denond on the iglond hos also inercascd, leading

fo punping below the recommended depths fron the surface
and akove the desipned poociiun dadly abstraction rate.

Should this continuc unchecked, the rescrvolr nay be irre—

vocably donnged through sca woater intrusichn.

VIATER QUALTITY:

_ The greater problen in groundwater developnent in
this arcn ig that of salt water, which has couscd the

foilure of several borcholes.

There igs covidonee of inereascd salince water
contanination in sone borcholes. Wells sanpled in 1951
by Miles and in 1965 by Gontle, showed 89C ppma and 1 225

ppri respectively, of total dissolved solidse The fluoride

content is less than 2 ppn evorywhcerc,

The woters arce generally of chloride type with.

- - - -

internediate pH. Alknline woters with pE « 8 occur close

to the coasts The detailed chaxieal data of all the bercheles A
in the north-cast Province arc nresented in Appendix I and

those of the smiples collected during o visit to the coastal

recion arce prescented in Appendix ¥, They indieate that higher

(total dissolved sontont) salinity is typical of deeper

aquifers and ﬁﬁ§¥ the shallower cquifers gencrally contain

fresh woter,
ORIGIN OF SATIIIE WATER:

.
_ igurce 8.6 shows. the cffects of changes in sca level
during; the Pleistocence Epochs It is evident fron this diagron
that o progressive influx of sca water can be oxpeceted at the
coast ond thot nost of ouch intlow would be trapped in
topographic and structuvral depressiouns in the Pleistocene
godiuionts. Thoe oceurcnce of fringing reefs also helps the ‘ ;

trapping of gea wator in inland areass, IHence the salinc

Sos

water of the coastal region eppearing to be dondnmntly

of rceent origive.

..!36
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Three itportant paraieters for choracterizing water
quality oxre presended din Figures in Appendix L.  The nops,

derived fron Gentle (195%) show the distribution of the

C1 . ratio (Figure L1), total digsolved solids (Pigure 12)

HCO. +CO.

2 2 '
and chloride content (Fisure L3) nlong o constal strip obout
5 kn wide fron Gazi to Mtwapa. The three aops show a higher
degree of sen water contomination ot the const, decreasing

progressively londword.
HYDROGIOTIOGY s

Miles (1951 b) cstinated the groundwater velocity
to be of the order of 0.0% 13/d in a geneoral coastal dircetion
and Gentle estinated the specific yield to be about 30 por cente
Lccording to Gentle (1965) the aboas of best quality water along
the coast are under—cxploited, whereas those of poor quality
woter are over-exploiteds By 1965, ncarly 1 200 m?/d wag being
abstracted north of Mtwopa Creek, 91 per cont of which cane fron
a well {1 100 uﬁ/d - 240 000 gpd) with a fotel dissolved solids
content of 1 916 ppi. The abstraction rote was 11 500 m3/u

(2 560 000 gpd) in the south woinlond arce.

In order to avolld Ffurther detoriorotion of fregh wotoer
through sea water intrusion, it is suggested thot beavy purping

should only be ?Qﬁmi%tod where the C1/HCD.S+CO5 ratio is very
nuci lower than 1.0. Detailed test pumpiﬁg ig also requircd to
ascertain places whore leavy purping is advisables Gentle (1965)
advised that the coastal arca be declared o conscrvation arct.

. - . . . .
This study ig in £f0l1l asreonent with that recormendotion.
R ¥ N L -

Foarthoer inland, however, therc are ccrtain arcas where
borcholes tap nothing but salt vater. Two of these goncral
arces are shown in Figure 8.6, Salty grouwndwoater in these
arcas is only slichily duce to sea water intrusion. The bulk
ig of connatic origin, arising froa the tropping of ancient

sch wator of an cextonsive pro—-Pleisiocenc sca.

Salt water of commoic origin is not, however, very
extensive latcerally and has boon influenced by prescent doy
surfoce drainoagc.  This 1 ovident In Figure 2.0 and Plgures
in Appondix L where gsroundwnter of lowsr totzl dicsolved
solids is asrociated with the Athi, Tana and Dwasce Hgiiro
droainage bogino.

ves 3T
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Recks of the Bogenont Cenplox arc widely distributed

“throuchout the couwntry, cecurring mainly in the contral,

westorn and north-cogtorn ports of FKonya, with sunll cxposures
in other parts. Altogetiher this hydrogclogical zone covers

about 25 per cont of the cowntry.

The lithology is dondnatel by gronites, groanitic
rocks, schists and lecgs-netaierphosed sodinentss They arc
deeply weatheored in most places, nithoush the depth of
weathering is not widlform throvshout ihe country. It is
this phenonenon of weoathoring, togcther with the strong and
conplex diastrophic disturbonces associnted with the formation
of the Rift Valloy systom, thot is responsibkle for creating

storage ”W&COS For proundwatoer accwmwiations
HYDRCGECLGGY s

The availsable growndwnter resources of.ovory Bagenont
Conplex arecn are difficult fto prediet beeause the two nost
importont hydrogeolepicold poranctoers necessary for water
storage {porcsity and perncability - in the pre-existing
sodinontory rockﬂ\ arc destroyoed or gsignificantly chonged by

later proces&@mimht convert then to netanorphic rocks.

Deep cherieal Gocay typical of wori equatorial clinmates
arc, however, importont in crecting sccondary porosity for
water storage. Tnls, torether with teetenic movenents, has
holgou in ¢ ‘Ensuring relatively good growndwater siorage in the
ba ouout rocits of Kenyc.

The aquifcrs cre sholliow and discontinuous, both
vorticolly and loterallye Perched aguifers are typical as
they are in most crystalline rocks, Where faults and fracture
zones are cxtensive both laterally and vertically, groundwater
tablcs oceur, sonctines in rathor decp horizons. Although not
typiecl of uost of the crea, confined cguifers do not appear
to oceur in these rocks., rosulting froo Lithological displace-
monts ocenuioned by faulting. Veatbering in placcs has 2
negative offeect on wiolter storage throush the reduction into

cloys.

.. %8
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TFew borchi les ore deoeper than 150 11 and it is usual
to abandon drilling after o depth ol 115 1 hios been reached,
Borcholes in valley bottons often sitrike wenthered or alluvial B
zones several netros thick but as nost of the rocks arc ' 'g
feldspathic, the Moquifcer! zone dg wsunlly located at the base
where the rocks arc only particlly decomposcd and clay formakion
hes not strongly reduecd permonbility. Aprons of residual %
hills noy be sufficicently thick to scrve as good aquifers, ;
WATIR QUALITY:
Vater in this gone ig gonerally pood unless contamindbed
by nan-nade effcects as in the case of the discharge of donestic,
industrial ond apricultural (fortilizers, pesticides) efiluonts.
This results fron the shallow unconiined noaturce of the aquilers.

»

_ The water is gonerally hard with noderate total
digsolved solids. The fluordde conitent jg generally below

the linits sot by the Vorld Health Orgunization,
EXPLORATICIT FOR GROUFDVATER:

The leoecation of vabter in the Bascenmonts Conplex reguires
nore than the reutine techninues used for sedimentary rocks,
which nore often than not; eontain edequadbe voluaes of ground—
watere The conbined use of emnventional hydrological, geological
and goophysicghﬁgechﬁiques, iz the ost cordain neons of horchole
giting in thesc arcnds |
The use of gloctrical resiotivity technique is cormon
in Kenyae Hewever, qxgorionoc in Wegs Africa1 under ghoilar
conditioﬁsfindicatcs that the use of shalleow seodlsiyic tecelmilgues
caﬁld probably be appiied in Konya with success. This depends
on the principle fhat the bost cite for locating wator is the
area 0f thickest superdicial cover which nay occur in the forn
of in situ weathored noberinls or in wncient river chonnels
{burica alluviur) and old lalm sites. The seisnic refraction .
teclmique con be successfully oaployed in determining the :
{hickness of guch superficial nimterinls overiying the hard rock,

as well os fisgurcs ond foults in hard rocks,.
evs39

1Asscez, L.0. 1972 %Rural Vater Surply in the Boscoent

Cupiplox o Westorn State, Ficoria’s Iall, Int, Asscca
Hydrole Seci. XVIL, 14/1872



R |

-l TR EE N -

il

- - - - - - - -'; - -'" -‘_ - -~ - - - -Wt

Pagoe 39

Althoush it is unlikely that large volues of water
required for rajor industriol and uwban supplics con be expected
fron the greoundwater resources of this zonc, adequate supplies

can be obtained therefron for rural scttlors.

Bale3 1dor Scdinentory Rock Arcos

Seddments of Poleozoic and Mesozoic systens cccour in
the south-castern and north-castern corners of Kenya. They were
forned in two separato dépositional basins with different
environnental featurcs as evidenced by their different fossils.
The geolosdcenl, stratigraphic and structural sctiings axre

outlined in later pages of this Report (Appendix D).

The lithologpy varies widely cnd the three nojor
sedinentary rock types (sandstones, linestones and sholes)

are represcnted in the basins.

HYDROGEOTOGY :

The rocks in this hydrogeologicol arca arce charccterized
o 2
by parsocters suitalle for groundwater storase. They show

extonsive arcal and verticnl distribution.

Aquifers in then are nunerous, typically confined and
decpe  Considerchblé folding and faulting is Lelicved to have
o

cccurred durinn the geolegie periods represcnteds. The woter

qunlity is good.

Bedod - Vblcgn%c_Rouk?Aroas outgide the Rift Volley

¥ Sceveral epizodes of veleanic azetivity arce recorded
in the geolosical history of Kenya. The carliest eruption
was in the Mioccne, Iruptions took place fron then until the
Recent and there is evidenee that sone of the vents are only

dornant and nay crupt any tine in the futurc.

Tho veleanic rocks cover about 25 per zent of the
surface of Keonyn, but nore commonly in Vestern Kenyo wher
they cxhibit a lincor alignment with the Bift Valley systen.
The generol pattern is nbrthnsouth, stretehing fron Tonmonia

into Sudan and Ethiopia.

%
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The litholosy is widely voriable and includes phono-
1ite, trachyte, tuifs and basaltsz. OGroundwatcer storage in
both Teortiary ond Quoaternory voleonics is sinilar ond hence .
the lunping of the two systens into a single hydrogeologicall
unite Woter is stored nost typically in the old wenthered
surfoces between lova flows and older formations as well as

between successive flowse Fracturces, faults and contraction.

~joints ore also suitable zones for woater storagse and these

arc ofton inporsmnt, particularly in the highly disturbed

orens surrounling the Rift Vallcy.

Red corths, a product of weathering, typically cover
the rocks in places. The sodl cover on phonolites is thin,
gencrally free—droining ond posscsscs friable texturc. Pink
and brown goils nay also oceur, but not cormonly.

HYDROGEOIOGY :

The voleanic rocks west of the Rift Valley consist
of phonolites and tuffs and arc nnialy of Tertiory age oxeccept
for south of Njoro where they are nninly Guaternory. The
groundwator occurs nostly in the weothered zones between the
Boascnent Cowplox and the overlying voleonic rocks, The
thickness of thg:;blnanic overburden varies fron nil to several
hndred netres and honce.the grovndwater is to be found ot
varying depths. Groundwoter pny 2lso occur within the voleanic
formations painly in zoncs betvuen voleanie rocks of difforont
type. This also peans that several oquifers woay be struck in
a btorchole, '

A moxdrin thickness of 620 n of the phonolitic lava
is rceorded ot the border fo the Rift Valley at Tanbach.

The thickness decreascs to the west, The underlying volconde
ashes, tuffs and grits were according to fossil evidence
Gepogited dn early Miocene.

The voleouic areas cost of the Rift Valloy are
nostly of Tertiary ags while Quaternary velcanics ocour still
turiher easte '

The rocks consist of phonnlites, tuffs, agglonerates

and basolte, the phorenlil.z ™edng the dondnnting rock,
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The voleonic rocks overlic the old weathored lond
surface, the sub-llisccone crogion bevel, the thickness being
estinntod to be aboat 1 100 a. The rocks arce characterized L

by variable permecbility vwitlch scens to reach highest volues

near the voleanic ventse The lavas in general contain con-

traction jeints cnd weothered zencs wius hoving rather a
good perneability. Thoe tuffs have lower perneability duc to
abscnee of contraction joints ond in oaddition often duc to

decompesition into clay.

_ Yicld, depth to aquifers and static water level wvaxy
enorzously within the voleanic rocks. Several aquifers nay
be struck in o borchole., The agquifers arc usually confined.
In the castern Quoternary voleonic arcas the artesion pressure
is 520 1 with o tew borecholes with highoer valucs up to o mewdinun

of 185 n, . j

In the westexn Textioey volcanics the ronge is wider,

fron 5-100 1, with o fow cxecpiicnal values up to 125 1.

The yicléd fron borcholes in the Quaternnry volcanics
is lower than in the Tertiory ond is in the nagritude of
3=20 m;/hr. In the Terticyy voloonic rocke the borchole yicld
increnses fron norvh tovards the south, being less than
3 m’/hr in the r@;"&h and nore himm 32 1113 Jhr in the gouth,
(Sce raps 4e7 &nd 8.2),

GROPHYSTCAL FLOSIZCT e on GROUNIATIER:

It was cstablished by IHeCall {1957) in his work in
Nokuru ared’ that clectrical resietivity is not gocd for
voleanic arcas. This smile conclusion was reached by Bristow
(1962) for phonolites zad tuffs. This, accordiug to Bristow,

wog due to soveral factors, inportont cnong which were:

@)  presonce of sluy beds giving rise to greater

registivity anonalices thon cguifers

b) presance of groundwater in pertieable forumtions

overlying aquifors

c) dopth to nnir nquifere Raing srenter than

that to whick resistivity cucvez can be interpreted

a) rreoence of highly conductive layers of black

LA P

cottor ~0lil wirich didstorts resistivity curvoese

veedl
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Both scigide and clectricod resistivity cxplorations
have boeon used in selecting switable sites for drilling. In
one programme ot Archerts Post, Morsaiit, 101 clectrical
soundings were nade with noccdmmus AB lengths of 400-600 n
in Leratao River scetore A1l the rosistivity voriotions
reflocted the depth to conductive loyers as well as focies
chonges; it was poésiblc.to caloulate the thiclmess of the
conductive layer fron thesc. Five bhorchole sites were
recommended fron this study, but only cnc drilled ot the
recormended site proved succcssfiud. The other four faoiled,

110st probalbly because they were ncet drilled where recormicndoed. : :

GROUNDVATER MOVEMENT IN THE SOUTH--EAST:

.

The Mzinn Springs, with a f£flow excceding 3 x3/soc
(100 cusces) dominate the surface flow of the lava couniry
of south~castern Koenya acround the Chyulu voleonoes which Lie
about 64 kn north-coast of Milimonjores. There is no sweface
drainazge apert from wine other sneller sprinegs. It is
belicved that srowndwotoer flow iy this ocren is generally in
the south~cast dircction because 90 »er cent of the spring
dischorne tokes place in the south~cagtern creas of this
lava ficld. The sucfoce of the Boscnent Complex also slopes
in this directlon, honece dlrcciting the sub-surfoce flow of
the groundwntagakwﬁence rain woter percolates ropidly vertically
until it reaches the cryétalliue Nogonont Conplex olong which
i% flows necording to the slope of the surface (Figure 8ud)e
The growndwater flow in this ares is belicved to simmlate the
surface water flow that oceurred before the Tertiary-Quaternary

volermic nctivitics.
VATIR QUALITY:

The waser in the voleanic oreas is generally bi-
carbonate typo with low total disszclved solidz. Howover,
there are local pockets of high fluoride content. Hence, ‘ .
adequate sampling of individual nojor aquifers is necesst ™y
to doternine borchole conpletion features thot nay be neuded
to preclude the mixdns ~f Wish Seddn cmsmduntors with

low fluoride types.
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Bs4.5 Voleanic Tock Arcas dn the Rift valley

The effeet of rock siructure cn the groundwater \ Mﬁ
storase is very cleorly exonplificd by conditions occurring . :
in this hydrogeological arco. Although the lithologice
conditions in the Rift Valley zone are sinilar to those
prevailing in the adjacent arcas, the copplox structural

character of the aren has nodificd its water storage

‘propertics. It is therefore pertinent to classify it as

a different hydroccologicenl provinec,

The zZone is pear-shaped and extends fron the
Bagcnent Complex creas neor the border with Tanzania in the

gouth to the southern tip of ILoake Rudolf.

The geology is derdnated by Tertiory volcanies
fiile the Quaterncry voleanices represent the second nost
widowgprend rock type. A fow puckeis of the Baseuent'rocks

and Quaternory sedinents are nlso found.

The structure of the Rift Volley dominates the
region and in foet forus the erdtericn for classifying tae

region as a hydrogeological unit,
HYDROGEOLOGY :
Rl

o “The ¢Toundweter resources of the arca scci to Lo
large but the lceation ond sonedines the cxpleoitation is
difficult and often cxpencive., wepth to the groundwater and
yield .cannct be predicted with certainty because rock
diqplucoméﬁts coil be of “the order of o hundroed netres or norey
thus rivging the aguifcers nearor to, or further awoy fron,
the surface. A borchole ponctrated deep cnousgh, is ccertain
to tap large volwies of woter in onc form or anoiher (cese
cold or hot water, cr stoon),

EFFECT OF PATULTS: : , it

The complex pattern of Lfoulting and crogo-foul ting
can be resolved inte o ginple rysten tramding SE-NT in the
southiczn varts of the arco and loter swincing risht until
thoy are alizoe? ~licet v ofhesorth . Minas Pouite alfect

not only wuter stornge, but alese the pattern of its wisration

and conscguent dischargoe.

‘vendd o
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The foult plarces arve sonetides £41led with iuperneable
noberinles vhich aect oo barricrs o sroundwotbor novenont ond
often surface digcharge - springse In the castern arcas the
Pfoudls scrve ns aquifors.

If o strenn flove porallel to o foult plane in highy
sround, groundwater rochorge,tokes place; the reverse (dischargo)

takes place into the strean in low ground,
VATFR QUALITY:

Hot springs and geyscers occur cowmmonly in this
region ovidencing cetive geothormol activity. Thore is
cvidonce of large sub-terrancon plutonic bodies still in thedir
finel stoses of coolings Those continue to provide the
neceassary source of hcat and pressure build-up, 2ll of which

contribute to the modification of the groundwater chendsiry.

The water ig typically bicarbonate typc; the fluoride
content, however, iz hich in placess The fluoride is belioved
to be of volemmic and funnrolic oxigin oand hence the ion should

be cxpected to incrcase towards volecanic venisg.

’ THERWAL GHOUNDVATER -~ RITMT VATLEY:

. , 1 .
A corprehionsive study wos reported by ifeCall’ (1957)
en' the distribuldon of thernnl waters in Nakuru-Thongon!s
o
clls-Liadke Hamnington aren, Since then another gtody has

been corried out Ly Balfour Boatty2 (19557,

A THDP Project is currcntly corrying out o feasibility
study of the wiiliza%icn of thormal geoundwater for power
pfbduction in the viecindty of Lakes Naoivasha, Hopningbton and
Hlenentoitn, A drafdt report frem the Projeot3 gives a
conprchensive picture of the groundwater in this part of the

Rift Vallicy oarco.

L] 0045

1McCall 1957 "Geolooy nd Groundwotor Counditions in

i

Nokuru Arco.' MCT Techn. Reps 3

2 T o
Bulfour Beatty & Go Ltd, 1965 "Rily Valley Steon Project"
Henya Govis Rope

PWmP Geothoruel Project, " Prelininary Hydroggdlogic kynluation
of the Donp=Teri Yicld of Cotennents related to Geothermal Prospect
Areag in the Rift valley of Keuyols
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The Rift Valley aren isg typified by internal dredinoasce
and no rocks older thoan Torticry ore cxposeds There are nostly

voleanics and godinentarics of Tertiary and Quatcrnory agre.

Vater is stimck at several levels in fresh phonolite,
in perousal old lond surfaoces and in wenthered phonolite., In 5
the castern ports of the area, the water table occurs about 65 n

fron the surface and sub-artesion conditions arce cormion,

The tontative conclusicns about geothermnl woter in

the McCall Report woered

) The geothernel waters occur along nojor

Tractire zoncs,

b) . Thoy are cbsent where Plio-Pleistocene

movenents ond voleaniceity cae absonte

c) They arc cspecially associoted with quiescent

voleanic craters where linenr arrangenents arce apparonte

a) There is no opparant conmcction between
therniel phenonena and recent lavas which are still

coolins.

c) There is o definite inercase in thermal

activity neoar larse Plic-Pleistocene voleonoces.

) There is o c¢lose commection between hot springs,
fumaro%gﬁ“and surface woters, For example, hundreds
of hot springs occur on the odge of flowing streons

in Inke Homnington.

Scue of the conclusions in the 1972 ULIDP Report on

groundwoten in geothermal prospect areas in the Hifl Valley

WeDQsa

") The nain groundwater roservoir that supplies s
water to mogt wolls in the arcen occurs at depths L

anging Trorn 30~150 1,

ii) YTields of nost wells are very low and ronge

from 2.5-17 cubic netroes per hour.

iii) The hydroulic rolationghips betweer the upper
cucrently develoved aguifers and the deceper geothormal
rescrvoly is wnlmown and oxtensive exploratory driliing
noy be needed to definitely cstoblish grothernad recharse
arece”

- . .‘0";‘6 . _w‘



B.4e6 Vestorn Quatcrnary Sciinentuary Arcug

The foresoins account for the Quatcerno zone in
a )

the cast applics to tiwe other orors of gsinilar scdincntation.

i

The differences are scen only in watcr chenistry ond
depth to the aquifer. In these other orcas, fresh, shallow
water conditions exist in oll Quaternary arcas south of the

Bauator and irmedintely north of it, wherc -adequate recharge

fron rainfoll oceurs. In all othor areas - around Imlke

Rudolf ond in the nertia-west corner - groundwater hordzons
are deepor thon they are in the Coast. On account of tho
higher rote of cvapotranspiration and less recharge fron

roinfall, the water is nodlerately soline but possible potable.

8e.5 Groundwater Pollution Control

Avout helf of the country (castern half) is covered
by permeable soils, rwostly sedinents, This together with o
woter table not fur below the ground surface nokes in nccoeseary
o poy attention to the danger of pollution of the groundwater

fron scwerage, petroleun products and other pollutants.
50 b

On the othor hand, parts of the country have the
sroundwatei tap;qﬁit oreat depths with artegian conditions
which wiil reduce tho damger of sroundwater pollution.

These widely different conditions nake it nccessary to take
into account *he hylrogeclogical conditions in the differcnt
parts oTf t?e country vica pollution cspects arc considereda
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Potential Evapctranspiration
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APPENDIX D

GENVERAL GIOTOGICAL DESCRIDTION OF FIENYA

1 GEOLOGY

411 the four mnjor Bras (Precambrien~Cenozoic) are
represented in the complex geologic column of Kenya, thc best
known of which is the classical Rift Valley system, which is
believed to have develoéod'in Konya in the Tertiar& Period.
The lower portion of the colwmn is represented by voleonics
as well as igneous and metomorphic complexes divided into

four major systems, most of wikich arc Precambrian in age.

The Palecogoic is represcnted by the Permo~CarbOniferous
Faroo System whereas only the Mesozoic is well developed in
the north-zast and the south-casts. The Cerozoic is probably
the best developed and most importont in terms of surfaco
coverage and 1s repregsented by sedimentary and voleconic rocks

of Tertinry and Quaternary depesition.

11 The Precambrian Rocks

The crystallinc {Precombrian) rocks are divided into
four systems: Bosement, Nyanzian, Kavirondian and Bukoban
(Figure 447)s ,&-

The Bagement Conplex is composed mainly of reiascedinonts
(grits, sandstoncs, shale, limestone) metamorphosed by heat, |
vressurc and hydrothermal fluidsy; as well as metamorphoscd
rocks of volcanic origin,., The presence of high grode gchists,
gneiéses, graphite; quartzites, marble granulites and migmatites

evidence the high degree of notamorphnic alteration.

The Nyanzian System is represented by great thicknesses
of lavo flows, pyrociastics and, in places, by lenses of

corglomerctes and banded ironstonc.

The Kevirondinr Systen is most typicolly develop d in
the northern and centrol arons of Nyanza Province and consists
of alternoting buands of grits, suindstones and shales woich are

only elightly notomorzhoscd.

ES
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Page 2

The Bukoben is composed of a ihrece-fold upper and
lower lava sories goeparated by quortzites and although the
age is wneertain, it is definitely younger thon Nyonzian or
Kovirondion and is probo le Precombrion, Precamabrion granites

of granitized ond intrusive origins ocre widespread in Western

© Kenya. Arcund Lake Rudolf basandites tnd olivine nephelinites

arc well doeveloped; whereas carbonatites occur near Loko

Vlctorla, Mrima Hill south of Mombosa and at Mount Elgon.

12 Koxog Systea

The Karoo Syston of Purmw-Carboniferous age occurs in
south-castern Konya where it is reopreseinted by the Taru Grits
- o nonotorous aserics of grits, sandstones, shales ond traces

of coal.

1.3 Mesozoic Rocks

The Triossic Systen i divided into two: Uppoer and
Léwer, in south-~castern Kenyo, The Upper unit is represented
by thie Mazeras Somdstone ond Shinba Grifte overlain by the
Morickeni Sandstones, whereas the Lower, the Mojiya Chunvi
Bedsy ore chicefly COHDO“Gd of sands. Morth-cast of the
country the Tri JNDJC is represented by the Monso Guils formation,
an unfossiliferous sequence of sondsitones, conglomerates and

qu'll"tthnm .

~ The Jurassic ronges fron Bejoelan to Ximneridgion znd
consist of ‘fhales; sandstones with intereonlations of limestone
in the souwih—-cast, whercas in the north-eagt 1t is chiefly
linestone of Lins-Tithenion age. It isc not directly correlatable
with the Jurassic sediments in the souih~cast - on cvidence for
the lack of vhysical conncetion between the two basing in

Mesozoic tincs.

The vAdest oulerop of the Jretaccous occurs in nortiie
ensterm Kenyo, where o lower series of siltatones and floggy
finc-greined zapdstonen are overdadn by o thick formntion of
cross-bedded sondstores, both of whicn are tegether known os
Morihen Serdes. In scuth-cngtorr ¥onya, the Cretaccous is

yepresented by one nember, the Freroto Tilrestono.

voud
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14 Conozoic Roels

L R R e

The Terticry Period wog mocked by norine and deltalce

-sedinentations Miocone nembers ocour nesr Malindi and they

arce composced of limesfoﬁcs, mords, clays and sonds, overlain
by Pliocenc sands, gravels and cloys. Farther inland, Miocene
scdinentation is represented by shallew water lacustrine and _ ; :
fluviatile scdincnts intercaloted with thin limestonc, |
Extengivo vuicanism oceurred in niddlc and late Tertiory tine
in central, western, wnid northeem Kenyo. Modinly alkalince
voleomics: basalts; phonolites, nephelinites, trachytes and
their pyroclogtic equivalents, were extruled over these arcas.
Eruptions were of vent or fissure typeg and in the »ift zone,
there is ovidence thot the madn fissure oruption occurred before
fracturing, which produced the presont day fault scirps, whercos
the two activities were contemperoncous in othor arcas.
Volcanie activity which begon during niddle Tertilary
centinued to the Pleistocone wid Receont when sindilar rocks
were extrudcds These consgist of raiegcd corals, reefs and sonds.
Farther inlond, porticideorly in the 3ift Volley arcas, lacustrine
and fluvintile deposits, cepecially diatondte beds, viere
deposited, whercas soils ocnd alluvial scdinents conprise

Iy
Rocent depositien in costern Kenyo.

1.5 . Teeteonisn

Hountain building, chiefly folding anc Taulting, bdegon
during the” Procanmbiicn or early Cazbrisn and continued until
Tertiory tines, vith vorying degrees of intensity. Movoments : ‘f
congisted noinly of uplifts vath long poriods of cliost continucd
denudation, leoding to poneplonntion of much of Kenyo in ldator

Jurassic tixies. Durding Cretaccouns cnd carly Tertiary, vertical

ond tilting movenents were dondnont and their effeets are meszt

readily evident clong the coogt ng well us the RiITH Valloys.
Yy &
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Coding of Borchole Data

Poge 4

The following data is included in the borehole stoti-

sticsi~

Y e mat e mm am

There are three series of boreholes, numbered

ag follows:

(1) The "SAY Series, which is borecholes drilled by

the South African Army during the Sccond World War.

There is a total of 133 boreholes with the prefix "SA"M,

On the computer print-outs these borehcles are

identified as 00001 to 00133,

(41)  The "P" Scries, being boreholes drilled before

1933+ There arc 190 borcholes of this Series which

are identifiecd as 10001 to 10190 on the print-outs.

(3ii) The "¢" Series, which started in 1935 and in-

cludes close to 4 000 borcholes.

in this Series arc coded as 40001~

Distrigt

— e s -

The borchole nunbers

A two-digit code is given for the district in ‘ L

which the borchele is lucatoed.

The codeg arc ag

Tollows:
Prevince District Code
NATROBI“®" Unixobi 10
CENTRAL FROVINCE 20
Kieambu 21
. Kirinyaga 22
o
Muranga 23
Nyzndarua 24
Nycri 25
COAST PROVINCH _ _ !
¥ilifi 31 i
Kwale 32
I;amu 33
Mombasa Island 54
Tadto % 5
Tena River 36
eesh
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Province Digtrict Lode

EASTERN PROVINCE 40 i
Embu 41 ; S

Isinlo 42

Kitod ' 43

Machakos 44

Mareabit 45

Heru 46

NORTH~FASTERN PROVINCE : 50

farissa 51

Mandera 52

Vajir 53

HYANZA PROVINCE 60

Kigii 61

Kisuong 62

) Silaya E %)

South Nyanza 64

RIPT VALLLY YROVINCE 70

Baringo ' 71

Elgeyce Markwet 72

Kajiado 73

, Kericho 74

,ih¢ﬂ Ladikipia 75

: Nokura 76

Nondi. 77

Narok v T

. Saunburu 79

) Trang-Tzcia 81

Turkana | 82

Uasin Gighu 83

Vest Pokot ‘ 84

WESTERN FrOVINCY 90

Bungomna _ a1

Busia _ 92

Kakamege, | g3

vseb



[T

»

Lonsitude

The map reforence in longitude to the nearcst

minute (1! - about 2 kn) ie givea on the print-out.
Lo fudo | h ’
The latitude to the nearcst minute is given.

Depth

P )

Depth of borcholes is given in nmotres.

Water Struck Level - oo - o

[ PP

Water struck level is givon in netres.

Elcvation

The ground-level at borehnles is givon in netres,
above uean sea-level. The clevation has not beon surveycd.

It is cstinated from contour nnps.

Wator Reﬁt Lovel

- w e [

The stotic water level is oxpressed in netres.

ngvgtiog gf:ﬁatgr_Sﬁrgck Lcyci

The eclovation of the wator table is given in netres

above nonn sca-level.

g‘;eg‘tod Yiold

. s
B
Yim.

f_IJ11e tg%tod yiecld J= oxpressod in litres per hour.
It chould be noted that 'l'.hq test puwaping is of relatively
short duraticn ond doces net usually, ‘i;hefoforc, represent
the noxdinm copacity of the torchele. The tested yield can
sorctines be higher tb'an.“uhe raccivne yield as the depleticon
corfé docs not beconc fully develcped. In othor enses, the
purty is the limiting factor, rather than the yield of the

borcholc.

Draw Dovn

Draw down 1s defined as the fall in the water ' Coo
head resulting fron punping. It ic the difference betwecn
the water rest level just before punping and during punp-.ige
It is an inportant factor in the determdination of the speeific
capacity yicld/drow dowm) of the nquifeim
sael
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I wrie

Yield tcsts are nade after drilling to determine
the potontial of a boreliele and the safe yicld. Altheugh data
required for enlculating the draw down cam coasily be obscrved
and recorded, this hos been done in less than 25 per cont of

the borchole recordz on file.
The draw dowm 1s glven in ncires.
Yicld/Draw Down

The specific capacity (yicld divided by draw down)
is given in litre/hour/uctre,

Rock Category

The following categories of rock are codoed:

Type ‘ Gode
Volecoice 1
Bagonont 2
Sedinentary 3
Voleanic over bascnent 4
Sedipentary over buscuend 5
Scdinentary over volcanic 6
Volennice over sedincniary 7
Othor  *~ 8
N2
ot known 9

e Type - Code
Good : 1

Saline potable
Saline not potable

Not known

AXo RN | B \V]

It showld be noted that past records are very
inconpleto. roper chenieal onnlyscs have only been corraed

out over the logt fow yoears.

0-08

o AEEEE
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Poge & ey

‘ Complotior Dote

L ]

The coopletion date of thw borehole is given din

nonth (1 = Joausry, 12 = Decenbor) ond yoors

Subsidy - . _ . .
Borcholes sited by VD for agricultural purposces

are eligible for subsidy which is on insurance agoinst fallurc.

If o borchole iz successiul no subsicdy is paid. This dten

is coded ns follows:

Code
No subsidy 0
Subcidy poid - ’ 1
liot knovm whother subsidy paid 2
Bot applicnblc _ 3

Plovw+uon W oxr Lovel

The olev m¢0n of the water level is given in

netrbs above nedn 9ea—level.

a
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Uator Table Statistics
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VORI PAAT GUARISTIZN ARULALED Y DLSTRICY

PROVITICE AND BUTAER O AVERAGT U STAID.LED
DISTRICT BORBHOLES | WALER TABLE VARLARC DEVIEATDL O
NALROBT LAT P62, 106 956 527
CENTRAL FROVITCR 921 1 808 99 458 315
KILHU 699 1 656 178 534 423
KIRTIYAGA 2 1 188 5 2
MURAITGA 7% 1 376 69 420 263
NYAUDIRUA 115 2 293 203 529 457
KYENT %8 i 896 74 901 27
COAST PROVIICD <531 735 - 683 154 830
XTLIPT 1%2 59 34 732 186
RS 41 301 16 454 277
LALU 6 25 5351 23
LIQNT )“H-h 4-6 1 20 59 704‘ 2‘)‘ v
PLTTA 48 727 198 993 446
MANA RIVER e 596 506 915 712
EARTII PROVITCOR 510 958 140 733 375
EiBU 7 i 169 23 762 154
ISTOTO  » 20 827 222 105 471
ViTr" . %6 i 040 72 348 2569
-mhaLhL %1 700 134 019 765
IBRT 25 1 729 315 0L2 507
HORTI TAST DROVIICR 93 715 279 367 529
GLRESS] 37 - 89 44 060 240
ML 15 401 Ci 95 955
VodTn 41 317 145 581 sz
LY.NaL PROVIVGE 93 871 269 482 519
KIGIL Lo 4 1 225 68 188 836
YISULU 63 1270 6% 673 253

STAYA
Se WY/ LG4

RIFT ¥

PROVINCE

ALTEY
BLRHGO
IJ'D"""‘VO MK
TATTAT0
’;EWJ(‘HO
LATRTIPIA
WAKTRU
WalinT

HAR0K
SLLIBURY
PRAFS 112014
IRCAITA
VASIN GIHHU
Viis® pOxKOT

\ 71 PROVIIDR
SUTGOL

1..(;1.\4.:.] -fff:“-G.l’x.

VTA
PADES!

TOAT

e e T

955 296 862 545
1 238 92 555 504
1 451 ‘90 784 702
T 584 343 465 566

979 54 465 25
1578 67 T04 260
1 745 P9% C14 54D
1 843 145 620 382
2 004 165 337 407
2 1%4 0 0
1 615 002 795 9,0
1 232 346 821 589
1 12% . 469 965 HE6

810 579 736 767
RN 651 0592 807
1904 654 504 £07
1. 3206 0 ¢

BA6 110 748 37%%

30 2RB TR0 28
1 0%1 108 874 059
182 AT 6OR G

[P




APPENDIX G

lMajor Borchole Statigtics Tabulated

Acecording to Rock Type



HMAJOR BORTEIONL

APPIIIDIX__ G

B STATISTICE TABULATID ACCCRDING TO ROCK TYPE

E ROCK TYPE i VOLCANIC | SEDIMIENVTARY EBASl‘EvENT i m
ROCKS ROCES | mocks | OTHERS | TOTAL

Nunber of : , :
borcholes 2 500 756 724 35 3 639
Average’

depth () 127 77 89 105 114
Standard

dovintion €3 61 . 54 49 64
Nunmber of

borcholes 2 327 304 605 33 3 291
Average 3 .

yield (n’/Hr) y Tad 6s1 4.6 o4 6.7
Standaxrd

deviation Tel 6,8 6,0 S5¢4 7.0

{

Nuwaber of !

borcholes 851 80 227 9 1177
Average

speeilic

capacity . ‘

3 o, _xi‘ ) .

(=" fHir/m) 048 244 CaB 063 0.9
Standord i !

doviation 241 4ot P14 045 2.3
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Distribution of IMluoride
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Chondeal Composition of Groundwater

in the North Eastern Province
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LUTTIIDIX K

Chordeal Composition of Water in the Coastal Arcas
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Water Quality Maps

Coastal Area
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