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1 .1

ïhis Seventh Report of the WHO Sectoriol Study attenpts

to assess tho *&uantity; quality and distribution of the ground-

water resources o±* Kenya through the preparation of hydrogeolo—

gical naps utilising borehole data*

Rio Tezas of Eeferenco of the four-nonth assignment for

tho Hydrogeologist included:

i ) analysis of available data and preparation of

groun&mter uaps} indicating the level of the ground-

water "table and the discharge?

i i ) nake recommendations on future groundwater

investigations and development.

5?.he Report is based on data on sone 4 100 boreholes on

Which records are available within the Water Department within

the Ministry of Agriculture* In addition to the borehole data

available literature on geology and hydrogeology has forned an

input to the Rejsort»

1,2 Organization of the Koport

f'he Introduction, Suanary and Reeonnendations arc

presented in Sections 1, 2 and 3 respectively.

3Fhe general environmental setting and factors relevant

to hydrogeology are presented in Section 4» General theoretical

considerations are diseussod in Section 5* Present resources

Involved on groundwater development are discussed in Section 5,

'J!he method of investigation i& described in Section 7 and inter™

pretation of results is presented in Section 8«

1.3
1

During tho course of the study, extensive use was aade of

tho existing literature on the geology and hydrogeology of. Kenya»

Every attempt has been nade to acknowledge this in relevant por-

tions of the Hoport and any error of onistsion ia regre ted«

Several discussions and interviews were held with (ro

nent officiels, individuals and corporate Bodies} receptions ir>

all casas wore cordial and discussions were fruitful» Ao i t 1-3

inpo;:sibXe to l i s t all taese individuallv, their aasis+anca ^3

gratefully aclcnov,Tledgecl»

• • • • • • o
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different Sections of the Water Department were

_ very helpful in rendering techixi.cal assistance and statistical

| infomation. In this regard, particular nention nust be nade

of the Hydrogoology Section and the Drawing Office, without

I whose active support this work would not have been possible.

• * is
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SUMMARY

The tiino available within this Project for the study

of the groundwatcr resources of Kenya was very limited arid did

not permit full utilization of data available. The Report aims

at giving a very general picture of quantity, quality mid

distribution of ground water in the country and indicating what

work should bo undertaken in the future to improve the knowledge

of Kenya's groundv/ater resources»

Kenya is a country of wide contrasts and this also

applies to its goo-logy and hydrogeology. Regional maps of

hydrogeological parameters can only be indicative and serve as

a guide for the planners*

In co-operation with the Statistics Division of the

Ministry of Finance and Planning? the Water Department has

established a computerized data bank on borehole data. The

computer work was finalised during the course of this study with

assistance from the University of Nairobi and has boon the most

valuable input to tho study. The data bank will servo as a most

useful tool in future analysis of grouiidwatcr data and in siting

of boreholes. Computer piôrit— outs with data on some 4 000

boreholes are now available to the Water Department. Information

on location, depth, yield and rock type, is indicated for each

borehole» .Information on water quality and draw do vox is given

where the data is available. The data is presented in three

different formats, sorted on:

i) borehole number

ii) longitudes

ill) latitudes

The findings of the study are summarized as follows:

Evidence is heroin presented to show tho existe1-ce of

n vrt.de belt of ctaXlcw aquifers in the Quaternary sediment..; of

Eastern Kenya. In most parts of Central Kenya, stretching from

south-west and south-oast and narrowing to the north-east, the

depth to tho first Major aquifer lie of the order of 50-150

metres. In the north-western parts of th^ country adjoining

Lake Rudolf, the aquifers are also relatively shallow, « about

Î50 metres. ;
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Most areas covered by the Quaternary and Basement

Complex Systems are typified by unconfined aquifers, whereas

groundwater in the older sediments and. the volcanic areas

are typically confined»

Although yield data are at limited reliability, the

expected yield map is simple and appears to be strongly dep-

endant on geology* Thus low yields are recorded for the

Basement Complex areas and the highest figures occur in the

Quaternary sediments in the east»

ïhe quality of groundwater in most parts of Kenya

is generally satisfactory for most purposes. The occurrence

of saline water is a problem in the eastern areas (Wajir,

Garissa5 etc) but the occurrence of good quality waters in

shallow wells and boreholes in the east is positive evidence

that fresh water abounds in the dioXfow nones of this area»

Inasmuch as fresh water floats over saline waters in many

parts of this area, every drilling and abstraction shou.ld be

closely watched to prevent irreversible damage to the aquifers

through salt water contamination* •

The high concentration, of fluoride in certain areas

may be due to the mixing of waters from different aquifers.

Judicious sampling and analysis of waters from different major

aquifers y should reveal v/hich waters are unsuitable and hence

sealed off. Defluoridation may be necessary in certain cases

to reduce the fluoride content of such waters to acceptable

levels» .

The groundv/ater resources potential of Kenya appears

promising but 'considerable more investigations are required

before the resources can be mapped» There is an urgent need.

to update the existing data and acquire additional data fer a

more dependable assessment* Until this is done, the results

presented herein are tentative arid should be used only as a

guide to firJuro groundwater development and management,,

...5
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3»1 Introduction

Water resources planning, development and management

activities are carried out by the Water Department of the

Ministry of Agriculture. The Hydro-geology Section is one of

the many Sections of this Department.

Although over 4 000 boreholes have been drilled in

Kenya, considerable information is still needed to fully

assess the groundwatcr potentiality of the country. The

recommendations below are named at increasing the knowledge

of the groundwater resources for more effective utilization

in the future. . .

5*2 ^S^JPB&IB °^ ^9J^c^2i£s should J!9_ÏÏÏPiî
_Closer_ Supervision by Geologists on Site

Logging of boreholes is today carried out at ÏÏD

Headquarters by Goologists, based on field samples and

reports from the drillers. The samples are sometimes sub-

mitted late and not taken and handled properly,

'Weekly or fortnightly supervisory visits to drilling

sites by WD Geologists would improve the reliability of

logging.

5*3 Proper Pump /Jesting should bo Carried^Out to Jjê tcrmJ.ne
Hydroaeo 1 Offical "parameters Relevant for Assessing the
Ground v-'a t or R G sour cos

Pump tests carried out arc not always properly done

and aro, in the case of high yielding boreholes, testy of the

capacity of the pumps used rather than the maximum yield of

the boreholes.

It is recommended that the standard pump testing

forms should be made better use of and be made available to

WI> staff concerned.»

«;,4 A Network of Observation Boreholes should be Estalilishod

Except for the Noirobi conservotion area and the

Kaputei area of Kaôiado district, there are no observation

boreholes in the country*
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Observation boreholes uva noecssnry in order to

establish tha recharge to ground v/a 1er fran precipitation. There

are plans within VD to establish a network of observation

boreholes* This is strongly supported by the Study» Observation

boreholes should preferably bo located 3.11 the vicinity of

meteorological stations.

2*5 ChcLiical Anrrlyacsnhouiabe Carried Out for each

! - £ P ! ^

A water sample fron a couple tod borc-holc nay reveal the

presence of undesirable properties (e*gs high fluoride content).

Often, this is because the sanplo is a nixture of water fron

several aquifers. It" each major aquifer is tested, whore

practical, it could be possible to seal off the aquifer vjith the

non-desirable proportion,

fhc borehole should be roRanpled after a period of

use» as sojae quantities could change rifter a period of punping.
{•••-.;

I 3.6 Hew Methods for Sitinp-of Boreholes should t

ïhe noct conLienly used nothod today for siting of

boreholes is by the geo-electric resistivity nethod.. This

method has proven to bo rather inaccurate in volcanic areas»

It is reeoiEienciecl that soisnio and gravinetric nethods should

bo tested, especially in volcanic areas. These uethods should

also be used to site boreholes in basenent complex areas in

order to detoroino thicknoss of weathered soncsj faults, joints

and crystalline intrusions.

3*7 Aerial Photography for Assossnont of Groundwatei'
JiOGources in Aroas y/Î ;rojiq Boreholc Data is
Available ̂ should be tried

In rjany parts of the v/orXd use has been nade of aerial

photography for interpretation of groundv/atca? availability. In

areas where no borehole- data is available this nethod should bo

tested.

3,3 A Detailed Gromidy/ator Xrivostig-̂ . .on onjjhe Lonii '
Xslaiici should be_ Garrflod but

T3?.e lonu Inland is dcpcndt.mt on shallow v̂ ells for its

water supply. The VTater uoods arc rapidly increasing because

of grov/tî:i of tourist industry, O'lic fresh water is floating on

the saliiio water.

* c * I
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mge 7

In order to see if the available resources can

support the installation of additional wells, it is reconnended

that a detailed study be carried out to determine if and

whore other wells could be dug and to establish steps required

for prevention of pollution of the groundwater. Until such .

a study is carried out;, the reconnen.d.eû caxioun depths

(Selbyy 1969) should be strictly enforced.

3.9 : A Syster,) shoiild be I'jstp.bliahod _ for Up.datingi of^the
Jpata Bank on J> or eh ql o 3

It is essential that the computer data bank on

boreholes which has been developed} is updated. Data fron

new boreholes and Doni"cored data fron existing boreholes

should, bo entered ±n the systca,. Updating of the data

bank once c. yearnia probably sufficient.

The Map3 5hovd.n,;;; Tî>:pe_ctc;d Yield and

Because of the very linited tiiae available for this

study the borehole data ban};: was not fully utilised when

naps were produced. .

It is recooDcnded that those naps are inproved

in connection with the planned Master V/ater Plan Project.

...8
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X'age 0

4*1 HXÈ!^12J2L?SXSr^-^ (r>co £-!.£o Pigurc 4«i)

The- whole concept of groundwator storage is embodied

in tho. hydrologie cycle which doocribos the complex global

water movement from the Une it falls as précipitation (rain, •

snow, mist, dew} etc) until it 1B returned to tho atmosphere '

(by evaporations evapotranspiration, sublimation, etc) fo.r

future precipitation. In this cycle, which describes tho

total global water balance, the components are many and varied .

(run-off, surface storage, formation of glacière, infiltration

to groundwator storage) but tho portion of immediate interest

in this Report ies groundwater u'torago»

Q?he volume and node of grovzidvvater storage is a func-

tion of several environmental factorso It is strongly

dependant on the volume of precipitation (both intensity and

distributionj and on tho rate of iii.Ciltrc.tion also depends on

tho nature of the surface (geology, soils physiography, drainage).

The voluiac that is lost by evapotranspiration, on the other

hand depends on such factors as vegetation, temperature mid

re3.ativc humidity. Henco an assessment of grour±Qwater resources

of an area must of necessity assess the rc?..utive significance

of each of these paraae-tors,

4.2 I'D cation

The Republic of Kenya, covering an area of about

i>80 000 sq. Itra, about 90 per cent of which is land, is a country

of tremendous topographical diversity, extending from latitudes

4»3° South to 4.5° Ilorth and frera longitudes 34° East to 41.3°

East» It has a co;.aaoM border with .Tanzania to the south and

with Uganda to tho wee-t-.. In the north it is bounded by

Ethiopia and Sudan farther to the north-west. The Republic

of Somalia occurs in the east, whereas the Indian Ocean

occurs in tho south-cast. :

Tho topography of Kenya ranges fron glaciated ai'd

snow-ccverod mountains to c. true desert (Chalbi Desert) and

fro:.", old peneplains to volcanic UKI toctonjo landscapes» The

landscape, with n variation of 5 200 v. (Batian Peak of ML Kenya)

is doi.dnated by plateaux conveying tho -iiaprcosion of extensive

upland plains.

.9
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The llyr̂ ii:,:: Low Plateau;

The Central Highland?-; lisocted by the Groat Rift Valley;

The Northern Plainlarvlsj

The Foreland Plateau raid

The Coastal P 1

Those topographic features have insulted from tectonic

aistur-ban.ee (epoirosonic and. volcanic) and a series of long

periods of subaorial erosion and deposition.

An important consequence of faulting is the Rift Valley

SystoKt **> a cpcotaeular topographie feature vdth vertical dis-

placouciits or up to 3 000 m in the Central Highlands. The

mechanise for the i'omation of this system is s t i l l v. matter

of controversy but i t appears that they originated frost uplift

and faulting by tenyional forces at the crest of an up^arched

Ï^FéêzilFiS, ( s c o also Figure 4*2)

She Great Rift Valley is the domnwit detenainrjit of

the drainage pattern of Kenya, although local details of relief

OJ?O responsible for variations .in the regional drainage pattern.-.

ThuSj on a regional scr.le, v/e con distinguish five drainage

areas.

(.... Hunerous rivers drain Area I west of the Rift Valley

into Lake Victoria and lake Kioga in Uganda. In the Rift

Valley i tse l f (Area ?.) internal drainage into Lake Rudolf and

lake Uatxon predoainEites» The southern paj:t .of the country

east cf the liii't Valley i s drained by th<j Athi River and i t s

tributaries (Area 3) which discharge into the Indian 0eean«

The eastern slopes of the Aberdaro Range as well as the southern

slopes of Mt Kenya and the Wyombcnc Ikuige (Area 4) ^^c drainoà

by tho itoiia River (the lîifgest rivjf.in Kenya) which also

emptieu into the Indian Occam 1'he northern slopes of th se

h:i.ghlond« are also drained by tho Ewaso Kg'iro wMch noriaally

riisappo£u:3 In t-ho Ijoxiaii Swamp, except in rather wet years

Y/hon. i t nay flow into Somalia

..*10

Atlas of Kenya, Survoy of Keavn 1S70
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Page 10

Con sequent parallel streanQ drain the Aberdaro raid

Mau dip slope;:, as well au the V/ajiivDunuiia Low Belt between

OaXatia and ÏPnna lïivcra. Tho volcanic ooncs arc washed by

rxtnor radial fcitrcaaa whereas fault-guided streams typify

tho Gaud-faulted parts of the Kift Valley•

4*5 Cli.tin.tc

On account of the geographical location of Kenya,

tho sun at noon is always high and the average sunshine

duration is 7 hours per day or 2 500 hours per annun, with a

remarkable total of 3 000 hours per UPJIUÏÏI in the northern

areas.

I
I
I
I
I
I

! " • . •

' Y/ind speeds at ground level are low, averaging 160

m Jen/day and .reaching 350 Jo/day at high elevations. Gusts

I associated with thunder-storms (11 lti/hr) occur around Lake

^ Victoria, Humidity is high, particularly between May and

| October. Tho skies are generally clear over the lowlands

i
? • ' t>ut the mountain tops ;jay be covered by clouds for long

I periodB» The noneoon clionges in wind direction, often bringing

excellent visibility, periodically allov.lng Mt Kilimanjaro

• to be aeon 3'ron Nairobi, 210 )oti av/ay» Ilail-stoms occur
* about tïircc tij-iow a year and snow is known to fall above

r™
4 750 n on Mt Keiiya, Lit i'lgon ar:d tho Aberdarcs.

4«5»1 Rainfall (sec also Figure ,4.3 and Pigure A"\t Appendix A)

The world average annual rainfall over land is 6r>0 iara;

tho average for Kenya is 380 \x:u However, ouch of Kenya

receives loss rainfallj only 15 per cent of the country has

an average rainfall in excess of 750 Lira. Annual rainfall of

over 2 500 ran has been recorded on Mt Kenya,' 1 100 on in

Mocbasa and 1 500 ixi around Lalco Victoria,, The general pattern

of distribution in shown in figure 4.3» In Figure A1, Appendix

A, a nap is presented showing yicoii annua.3. l-ainfall.

Rainfall is strongly nasonal alt}iough there are no

absolutely dry Lionths and rain nay fall rather unexpv3Ctedljr

anywhere in Kenya, Such soasonal variations tuic, however,

strongest in the dry lowlands to tho north and easts

,.11
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4»!3.2 To: iperaturo (:;eo also Pleure 4.4)

The Republic of Kenya is a conspicuous oxanplo of.

the modification of temperature by altitude. The naxinnn

tenporaturos are recorded in tho low-lying eeni-arid areas

(j50 ) where the rrijiinuri night tonporaxures arc well above; 20 a

ïhc afternoon breeze keeps the tei.iperat.ures down around Lake

Victoria; where the 0 etc-bur-Mai" eh j.iaxii.nm afternoon tenporaturo

is about 32 C« It is coldest on'nountain tops whore night '

frosts occur above 3 000 n ana permanent snow cap above 5 000

n (lut Kenya). The diurnal range in. tonperature (daily nuziriuQ

ninus daily niniaun) reaches 16 C in the Rift Valley area

and 10-16 0 in the central and southern highlands and plateaux.

On the coast it is 5-8 C where the naxinuii tenperature is of

the order of 32°C in

nonths it is'27°C .

4)5*3 Evapotra;.i3piration (see a-lao Piguz'c B1 in. Appendix B

the order of 32°C in Jruauray-Karch and during the coolest

i ••

• " Evaporation and transpiration are the only physical

processes by which water is ti-nnylorned into vapour. All

JH water that frills en or is discharged into the ocean, as well

*. as all that enters subsurface reservoirs, if not fixed by

^ chorrical reaction, is finally ret-oraed to the atr.îosphere by •

• tîiuoo processes. Iiiasnuch as it is difficult to accurately

jy ••- " dotcrrjiiie -the two cunponcnts independently of each other, the

| two arc often estimtod together as evapotranspiration»

A preliminary 'regional survey of the potential oï
2

evaporation reported by Woodhoad in 1968 shows the degree

of variability of tliis factor in different areas of Kenya.

The highest annual fi^ire is recorded at Ma^adi (4 060 m )

in the lowor end of the Rift Valley» In the arid north, the

figure varies between 2 790 :.o and 4 060 m to 1 6S0-2 410 3x1

at the coast where hu:.iidity is high.

. •... . . « . 1 2

National Kenya Atlas, Survey of Kenya 1970

2« dhead, T. 1968; 1-relioinary Kegicnal burvey o-.i
Po tentinl I!vavxvrtition
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3?i.£îsirc B'i diDwn that areas of low precipitation are

coincidoat with tlnsc of high Pomnn (:3 ) potential evaporation»

effect ot altitude io not altogether clear although

there appears to ho a general trend in which a decrease of

about 100 ;".i.i in evaporation accompanies a rise of TOO a in

altitude.

4*6

The ecological situation as well as prolonged huuan

use in Kenya (grazing.- burning, selective cutting and shitf'bii:

cultivation.) peraits iiany vegetation types» On tho whole,

the vegetation can be classified into six groups? Pores'b,

woodland, bushland, bushed and wooded grasslands, permanent

sv/tiDps and barren land*

3?hcse basic vegetation types occur jniperinpoced or

in tiOEjaie. Tiie forests and woodlands occur in the wetter

areas to the west and in the coastal areas to tho east. The

north, north—oast and a considerable portion of tho contrai

parts$ are covered by grasslands.

4.7 Gcolo,iy (ccc also Pig-ore 4*5)

ïhc goo logy of Kenya is complex arid all tho najor •

rock typos — l-3p.cous, notair.orphic and sedimentary — arc

ropresoitcd in the geolĉ .'.c cclu.Tn. The arual distribution

of these rock types is présente.] in rigui-e 4.5 and the

geological stratigraphy is presented in Table C1 in

Appendix 0.

Tlio sedimentary rocks occur predoninantly in eastern

and nortïi-wcfsteni parts. They ar:: composed of clays, shales,

sands, sandstones, linostones as wall as other leas important

lithologios* Ehoy ratigo i:i ngo iron Oarboniforous to Recent.

Volcanr'.c activities t̂a5?tod in riid-Tertiary and

continuod to tho Recent, extruding o: whole ranco of rock types

vïïiich are today significant in the groundwater storage ' t

Konya. Thoae volcanic rocks occur noratly iii central pevcts of

Kenya, where they core aosocirvted wi"i.h the faulted zones. This

is tai indication of a cause— rmd~o:r.'foct
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fi.\hc hardj crystalline igneous ;\nd notauorphic

rocks of the ISascuent Conplox occur in different parts of

Kenya (."Figure 4«5)- Generally nueh rooks have United

porosity and arc hence not good aquifers except on a local

scale;r where secondary processes have nodifled thoir

i.'v watcr-booxln;': properties,.

.A norc detailed, siLiplified geo3,ogical dosci\lption

is presented in Appendix I).

Inasmuch as the rate and volu;ic of recharge

on 'the natiai'o of surf ceo cover, .Vi^ure 4.6 has been derived

fror.i the soil ï.iap of Koj.lya * Three "permeability categories*'

are therefore derived fron iiiAOïiiation presented on the soil

nap.

When this soil nap is studied with Figure 4«!5S "the

effect of geology on the potential pomeability becorios

obvious# ïhus the eastern paints eovered by soddxacntaTy

rocJcs are rather perneablc, xAiQTcaa the least pervious

areas are located in the volcanic bolts.

A 3ar;.ov,-lcà£o of the potential degree of permeability

is iuportantj not only in assessing the dcgi^oc of groundv/ator

recharge but also i:i planning the disposal of • uau-na.de

domestic industrial and agricultural wastes»

..H

National Atlas of Kenya, Survey of Kenya 1970
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)̂ ;.X;lorati'jn mid drilling for gcoundv/ater begun in

Kenya In tho late 1920's.-. Tho first hole was drilled m •

1927 by the l*ublic Work» Departacnt of the then Kenya Colony»

By 1934? 190 such boreholes had beuu dialled, all prefixed by

"I"1 (o,g» P.. 101 for borehole Ho« 10:)» The aggregate footage

was of tho order of 50 000.

During the Second World.War, 133 boreholes wore drilled,

all prefixed by "SA",

A third set of boreholes was started in 1938 mid has

continued to elate, prefixed by "C" and numbered serially..

.By tho lust count} 3 838 boreholes had been drilled in the

"0" scriess Figure 5*1 shows tho nuribcr of boreholes drilled

per annun since 1927»

«

3iorcholea nay be dialled by the local or eentrnl

Govornnent an v/ell at? by individuals and corporate bodies.

Borehole drilling ioy in nost cases1 preceded by the

completion of an application fom (V(7i!6-245 B) which, when

approved by -tlic V'ater Dcpartaent of tho Ministry of Acriculturo,

entitles the applicrurt; to proceed with the drilling. The

V7ater Department any vdthhold approval or teclinical grounds.t

V/Jion a borehole has been drille.1 it is assigned a serial

nunbor, Hence all boreholes tli'.t have been drilled in Kenya

during tlie last forty-five year.; ar<? l:U-w". .. .:" jjlrttod on a

base nap and tlic record?, oi nos"'; of then are filed with the

It is not nocĉ s'-iX-y JO apply for a per/.£lt to dig a

shallow well except; when abstracting vatei' frau a conservation

area withlu half o. r.iilc (0o8 kn) of an existing borehole, or

jr. the vicinity of a rivere It is es-':iriated that about 2 000

hand-dug v/ol-io tap sJaallow aquifers in Kenya»

(The infer..mtion on tho 4 161 boreholes as v/ell as

t!iat eolleoted froa sone hnnd-oug wells and several geological

investigations ferns tho bulk o:'_' the grourA:lv.'a-i;er data for

Kenya,

Figure 5.2 3ho\re the gcograpln cal distribution of

i* Tha distribution follows the population
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5.1 Borùhc;lG Statistics

The Y/atcr Act provide:-} that certain data bo subnitted

within one nonth of the: completion of a borehole. The standard

foiru (ïïAB. 28) deuands ihifornation on location (by district),

ownership, dnte of eormeneeraent and conplotion, diaueter and

depth of hole, length of casing loft in the borehole, tested

yield, water quality and borehole log*. A separate forn

(ï/RG.j) is also conplctcd in duplicate and filed with the

Dopar trient after the water has been analysed by the Government

Chenist. This forn requests information on eight anions find

eight cations, as well as on total hardness3 carbonate hardness,

non-carbonate hardness, biochemical oxygen demand and total

dissolved solids»

Provlous Inye

Over 150 published and mpublishod reports are available

on the geology and hydrogeology of Kenya. Althouf̂ i considerable

inferences on the hydro geological setting can be gained fron tlie

prœoly gsological reports, less than 30 per cent of those deal

directly with hydrcgoolo&y»

Most of tile hydrogcological reports turn out to bo

essentially geological reports. Such reports are limited to

conparativoly snail areas of the country and nake no attenpt

to relate such areas with adjacent areas» Hence the lmowleflge

of the geological and hydrogeoloyieal setting of one area gives

only little aid in px̂ edicting the expectations in unexplored

stirrouncling country»

Significant reports are those by Bristow et al,

1964; McOall, 1957, 1967} Gevaerta; Pulfrey,-1960; Sykes,

193'! and Scott, 1953» These and several others were studied

during the course of the study»

Thereforej it is iuportant to note that considerable

published information is available en the grounawater resources

of Kenya.

However, as these are scattered, there is a need for

a couphrensive synthesis and conpilation.

The research unit of the Kydrogcology Section also

carried out raaecrch in geophysical toohniquosj but in

nost cases the areas are United and rcsu3.ts not fully

processed»
,.«16
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6 R^:SOUHCI';S MO/V-G^D on DEVULPH^MT OF GKOUMOTATER

6*1 \7gtcjr Ikjpart icnt? Ministry of Agriculture

Tho Hydrogcology Section of the Water Resources

Branch o:C Y/D is l'osponcible for rating of allfivboroholos in

Kenya. The Suction lias i\ staff oi: eight Geologists,

Throe percussion drilling 'rigs are operated by the

Section» Tho annual production ic about 10 boreholes with

an average depth of 100 a.

The n&jjority of the drilling work-is carried out by

contractors» There are eight licensed drilling contractors,

all utilizing percussion rigs»

The contractors are competitive* It its recoixicnded

that vTD continues to utilize drilling contractors for the

najox'-ity of the borehole drilling.

The geologists of the Section site on an average

100 boreholes/year, including boreholes for farriers. SOLIO

300 water sanplos for chenical analysis are taken per year

by the Section* The saaples are tested by the Govcmnent

Cher.iist, Although results fron tho Govormient Chenist are

reliable they are frequently delayed due to their heavy work

load»

6*2 PAO Toan on Range V/ator Development

In, 1969» a livestock developnent project financed

by IDA/OIM was launched» About £ 1 raMlion of the total cost

of the Project will bo spent on water developnent» The

first phase, which is scheduled to take 5 years, includes

development of rrnge ltinds 3JI 'the ITcrtli Eastern Province and

ranches in the Kajiado District in the Rift Valley Province

and Taita District in the Coast Province.

An PAO teaa has carried out feasibility studies fcr

the ranch areas to be developed, including grour.dwatcr

investigations» ,

Tho tean has also carried oui feasibility studies

for a second phase of. the livestock <3evelopnent progranmo

in the Isio.lo vn<l Marsr*bit Districts of the Eastern Province»

...17
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The following repor-to liavo boon issued by the PAO

I
I
• Hango Development in Kaputiei, 1970

(AGPISP/KJÏÏJ 11, Working Paper I!o, 1)

I Range ïiovc-lopuoiit in fcvita D i s t r i c t . 1970
(AGP:SI<'/KM 11, Working Paper Ho. 2)

I Range Development in Isiolo District, 1971
'[ET 11j Working Paper Wo. 3)

JRungc Development ita Maraabit District? 1971
(AGP:3P/iCEtf 11, Vox-)tiii£ j?a])or Ho. ,9)

»3 IFS/lip Toar.1 on Rangq ÏÏatqr

A USAID tean is involved in the inpleuentation of

the range programme in the ITorth Eastern Province.

À Hy&rogcoloçist of the teari has carried out

extensive grovtj.idvrc,ter .investigations in the Province and

has sitotl borolioles alon/j stock routes and in grazing rireas.

Proposals for a second phase have been submitted

to the Kenya G-overnuont»

1'hc fcllowins reports have been issued by the tean:

Development Plan and Feasibility Study on a Pilot
Hango Developnont Project, North Eastern Province,
Kenya
(Unpublished) June 1970

Ground ïïator Exploration in North-Eastcrn Kenya
Dr \7» V. SwarzcnsldL and S»
(Unpublished) ITovenber 1972

A UFDP Project is currently carrying'out a feasibility

study for the development of geothernul power in the Rift

Valley around Iiakes ïlaivashay Ilanniiigton and Elcnontaita»

Extensive ^eolo^P-cal and liydrogeolegical investigations have

been oarriod out to nap the grounxlwater resources. Tests

have be on carried out over several uonths on an old boreiic 1 G

(OD LTD) producing stean» The- x^ospects seen good and a fall

scale tost borehole (200 on) vri.ll soon be drilled»

..18
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Greater Kalrobi

The 'feasibility of augr.ieir'uing the Nairobi water

supply with gro'jnclvva-fccr is being studied by a V/110 Project*

A najor x>roblen is the high fluoride content in the ground-

water in the Nairobi area. Possibilities of blending

groundwaier with, surface water are being studied.

6,6 Research by.EAAFRO

The East African "bonnunity has a research station

at Muguga outride 3î&irobi whore research on {pcoundwator

availability in East Africa is being carried out,

Studies with analogue' eonputer Lire carried out to

obtain an overall picture of the water balance and the

groundwater recîîarge* She research is in an early stage

and no results arc yet available• .

...19
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'1 METHOD OP INVaSTIGATIO;:; ;

T*î Burdiolei ̂ tatiatics

The V/ater .Department of tho Ministry of Agriculture

maintains records of v/ater boreholes drilled in Kenya. Their

records date back to 1927c The retrieval system of the stored

data has, until recently, boon very ounborsone and the data

lias not, thereforef boon fully utilized. The V/ater Department

in co-operation with the Statistics Division of the Ministry

of Finance and Planning, started in. 1971 to systenise

available borehole data for conputer processing*

At the tine the ground.water study of this Project

started (April 1972) nost of the. data had been coded* The

location of boreholes, that is,- latitude and longitude for

each borehole, had not yet been coded. A preldninary print

out was available with the boreholes sorted according to

borehole lumbers j that is, in chronological order. The

preliminary print outs were reviewed by the Project Hydro™

geologist, who recommended sone additional parameters to bo

included, namoly: ground elevation and draw down»

Due to high workload, the conputer programmers of

tho Statistics Division could not proriise to have the con~

putcr print outs available before tho departure of the

Project Hyd.ro£oolo£i.st. In order to save tiae it was ....;•

decided to coixiissioii the computer work to the University

of Nairobi, Kosults were promised within two weeks but

serious delays wore encountered» The conputer print outs

wore -eventually submitted by the end of Julye

The borehole data was sorted out in three different

ways:

i) by borehole number

ii) by longitude

ill) by latitude .

Examples of tlio print outs are presented in

Appendix Es

...20
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7.2

The conputcr print outs civo tho following paraneters:

1* Borehole ÎTunbor

£. District

3 » l o n g i t u d e ••••..

4» Latitude

5* Dcg-Ui of Boroholo

6. Water Struck level .

7» Elevation

C. Water Host Lovcl

9« Elevation of Water Table

10, Tested Yield

11 « Draw Down

12, Yiolû/Draw Do\va

13» Rock Category

14« \7ctoi' Quality

15. Conplotion Date

16. Subsidy

17» Elevation of Water Table

l'ho codine of those pai-aneters is described in detail

in Appendix E.

In addition to the conputer sorting of borehole

ûataj SOÎ:IO eooputor processing wao carried out»

7,3.1

The average elevation of the water table above noan

sea level within each district was calculated» The result

is presented in Aggond'lx >?.

7*3*2 l>opth of Boreholes

Tho average depth of boreholes v.lthin the throe najor

potrolocio types of rock;. Igneous, sodiuentary fiacl netonorphic,

was cn.lcii."i.r:ttecl«

...21
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ÎEbo jresulv iû presented in Appendix G» As can be seen fron

the dafeij the .standard deviation, equals about half the- average

depth witliin each rock category,. v;l.iich means that the Individual

values are rather scattered.

7.3.3

The average yield of boreholes within the three

major petrologic typos of rock was calculated and is also

presented in Appendix G» The standard deviation in of the

name order as the average value'Which indicates that an

analysis en this broad basis is not very significant. It

is recorxiraidied that future analyses should be based on a

narrower geographic distribution than was used in this study,

Tine did not perait further detailed computer analyses of the

data»

7*3*4

The average specific capacity of boreholes within

tho three î ijor pctrologic types cf .rock was calculated

end is presented in Appendix: £„ The standard deviation .is

about doubla the average value and could not. therefore,

serve as an input to preparation of a specific capacity map»

7-4 ?iîii:iL-2îlJËiS2.

As pointed out under 7«3? the statistical analyses

of borehole data by means of computer were not very extensive

and not conclusivo enouch to serve as u. najor input to

liydrogoological caps*.

The naps presented in Section 8 were- prepared through

manual analysas of the borehole data»

Borehole locations wero narked on a map in scale

1:1 000 000^ In densely populated aroas the borehole density

is very hifihj only a ton roprosent^tivo boreholes wore rirked*

In less densely populated areas, all boreholes wore narl.cd on

the nap., ïho values fron the conputer print outs for depth,

yield, etc were nnrked on this nap. Tno contours on the oaps

for depth aiA yield wervj derived fron this iiarkcd-up rnap0.

A list of rcforeiicefi is presented in Appendix M,
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8,1 general

Œlie various parameters studied during the course

Of the study arc presented in fom of maps, Information

derived from hand-4u£ wells tapping shallow aquifers lias

boen used in the interpretation of the data but they Jiavo

not been presented on any o.t the maps. The borehole data

used are those collected at the tine o£ drilling and no

checks Jhrcve been possible during this study nor is there

any available information on their later history. Con-

sequently it is uncertain how nuch groundv/ater conditions

have since changed, For example? six of tîie boî oholes

visited In the coastal area had been abandoned although

there YJIU3 no record to that effect. As no account has

been giYen on the static water level rises fron rainfall'

and falla fron abstraction, i!; lias not been possible in

"fchia ctuay to determine the £p?oun.dv/ater balance»

An attempt has been imde to divide the country

ijito hydrogeologicol sonos, see .Vigurç 8.1 and also Section

8.4.

8s 2 GroundY,;atori î-ïaps

The various grcundvvater naps included in this

Report were compiled fron boi'cholc data stored in the offices

of the Water Department» The cinplâi'ied geological map

(Figure 4*5) was used in interpreting the various hydrogeoiogleal

pararieters.

A quick reference to any of the naps vd.ll reveal

areas rrhoro inforraatlon ia questionable or altogether lacking*

Bouci nay argua tha t such areas should have been l e f t blank

on the r*aps. However} lihe lrj.-rorija.tlon given for these ti. cay

i s based on an extrapola.ticn xron adjacent areas as v/ell as other

coiapleountarv- in fomat ion .

ïhe in te rp re ta t ion of avallabi:? data and the i r i n t e r -

pola t ion in areas where Lhey are lacl:l"<3 arc inportont

iiciplcG oi: regional napping

...23
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Iii this approaohs all avrJ.lu.ble data are synthesiser], with tho

published and inferred geological pai/ane tors to predict the

expectations in places where data are abacut*

It nust bo emphasized thai; the naps are prêtLmnary

and regional* They hove been based on liKiited and in sonc

cases questionable data. They should be used with caution

and only as a guide to tho true grouadwater condition of

Kenya.

8,2,2 Static Y/ater Level •

Pigure 8,2 shows the estimated depth of tho static

water IOYGI below tho ground surface, ïhe static water level

is the level of the groundwater table or piezometric surface

when not influenced by pùuping or recharge In. a borehole

penetrating raoro than one aquifer with different hydrostatic

pressures the static water level represents the nean hydro-

static pressure of the penetrated aquifers.

•The Figure shows "feat the water table in most parts

of Kenya oecuî:s at less than 100 n below the ground surfaces

In the Quaternary areas of the east mid west, as well as the

Basoiaont Couple;:; aireaaj the depth is leas thon 50 n. In the

north-east and south-east corners of the country where the

older sedincntary rocks outcrop> the depth of the water table

ranges fron 50-200 m,

The variation :ai 'thu central parts of the covoitry

adjoining tho Rift Valley is groat, bedng 50 n in certain

areas and over 250 n in others.. This reflects the influence

of jïmltingy a factor that is given greater coverage in a

later section of this Report.

In the volcanic areas the depth varies from loss

than 50 n to over 150 ia0 This is due to the occurrence of

several episodes of volcanisn as well as the occurrence of

groundwater in certain areas v/hich have been subject to

diastrophic disturbances during the geological history.

The scarcity of data :bi western arid north-western

Kenya ua?.r.os it difficult to predict the aquifer conditions

find the mup in thin area is intorprotational and grossly

simplified»

••••••: : . . . 2 4
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The locations :>;•.' tho available dab;: ;;n.-o shown on the nap and

fron their diabribation it its evident thai considerable

additional dat.v would be required boi'orc ,'jone thing noro

dependable could bo inferred»

An atteupt to relate the static water level to the

nean sea level on a nap did not provide useful infor3.1at.ion,

hence that map has been left out ox this .Report. However,

the statistics fron a conputor analysa;•> of the static water

level is tabulated in Districts in Appendix F.

8.2.3 Water Struck level

Tho foregoing- nap (Figure 0,2) is essontiaUy a

pio zone trie nap of Kenya as it define::; the expected depth

to the water table in the Uoroholes plotted* TCIien an aquifer

is struck during drilling, thy water rises or falls in the

borehole depending on the relationship between the aquifer

and the adjoining strata, This depth is recorded as the

wator struck levels

The scdinentary areas in tho eastern parts of Kenya

are typii'iod by near surface aquifers» JTearly half of the

country where the basenent and younger rocks outcrop, exhibits

this property. The exceptions are tho email areas in. the sunth-

east and north-oast respectively» This can be explained in

four ways:-- ,

a) It is often difficult to predict the hydrogeological

and goohydrological behaviour of the crystalline rocks as these

depend on several 'variables. Local structural and lithological

conditions vary widely and in turn affect tho variability of

these parameters» l'ho depth of weathering together with tho

products therefrom are also highly variable. Hence there is

no effective water table and tho local pockets of groundwater

storage cannot be located with coiwoiitlonal regional techniques.

Generallyf one expects ï,ne water-bearing aones in these areas

to be shallow but on the basis of available data, this does' not

apporr to be the case» .:

...25
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t

h) The ctruc tarai &colo£,y of .Kenya is conplex and as

the structural eoufi/juration has n. trenendous influence on

the precise location of water-bearing zones the depth fron

the surface aleo vaxies* Hence a fold systen, growing more

Intense in the north-cast», night have depressed the aquifers

further fron the surface in the north-east than they have

been towards the south, This assurées a single fi.qui.for or a

homogenous set of aquifers* Proa tho present data, it is

not possible to tell the nunbar of aquifers involved,'

| e) Mcsoaoic sedimentation in the north-east .and

• south-east was different and occurred in separate basins

\. ' under different hydrodynanic âciiosit+oïi-l snvironnonts.

I lncsnuch as cooloçy v.y the r(.-ĵ 'jmcr.t'
:tl doterninant of the

hydrodynauic belaavicur of groundwater, one would expect

' ; gromdwatci1 conditions in the Cretaceous-Jurassic scdinents

| of the north-ocist to be different fron those in the south-

r- ' cast»

d) ïho depth to the saturated' zone depends a groat

deal upon the area and voluae of rochta-ge,. 'Bio riinfaDJ,

nnp ehov;s those aro?.3 are gùiicroJJy oj?id v/ri.th a neaii annual

rainfalJL of less than 500 naa Therefore with United

additional sources of recharge fron rainfall5 watsr fron the

saturated shallower auu:.fors eb-ould drain vortica3.1y into

deeper less-saiT.u.iated xoncs,

8.2,4 Pic zone trie S3 sc_ •

ïho zone of saturation m y include both poniuable

and inpomoable layers of earth'catoriais* " The poraeable .

layers arc aquifers» \ZIOTQ an aquifer is found between

inperneablc layers above and below, both the aquifer and the

water it contains ar;i said to bo confined. Because of the

presence of the upper confjuiin,:; layer the water of the aquifer

is not open to atmospheric pressure. It thus occurs within

the poros of the aquifer at pressures greater thaîi atnoSpharic.

Groundwatcr in such a situation in said to occur under artesian

conditions. The elevation to wiùxJi the water level rises in a

v/oll/boroholo that taps an artosl'xa aquifor is called the

picaonctrie surface and hence the; pieaonetric rise is th" différence

between the water struck level and -die wator rest level*
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From available data it has boon observed in general

that in uost of the Quaternary and Basement Complex areas the

piozonetric rise is ICBG than 25 n* 3?or nost of the remaining

areas exceptionally high cud isolated values of 100 n ox norc

are found, especially in the tertiary volcanics of the Rift

Valley.

8.2.5 Expected Yield :.

The input data to the expected yield nap (Figure 8.3)

suffers the linitation that for boreholes with high yields the

values represent the punp capacity rather than the capacity of

the aquifer. Hence the recorded values nost probably under-

estimate the capacity of the aquifers* Furthermore, different

aquifers have been tested iïj separate boreholes and most of the

boreholes penetrate several aquifers as a result that the

recorded yield is a function of their individual capacities.

The yield data have been expressed in n/hr.

The distribution of the expected yield is rather

sinplc and -typically dictated by the geology. The rocks of

the Basenc-mt Complex are characterized by the least capacities.

This is due to the fact that nost aquifers in then are dis-

continuous both laterally and vertically inasmuch as water

storage in these hard crystalline rocks depends on the degree

of weathering as well as cliustrophic disturbances. As the

depth of weathering is highly variable nost probably less than

35 n$ the available storage space, and hence volume of stored

waterj is .United.

ïho expected yield decreases east and. north from

Central Kenya, reaching S n /hr in the Quaternary areas,

adjoining the Basement Complex and 8-32 m""/hr near the coast.

The expected yield in the Carboniferous and Mesosoic rocks

Is generally above 8 n /hr.

'j!o the wast bho yield Increases progressively» The

yield decreases south into Tanzania and west into Uganda where

the crystalline rocks predominate.

The boreholes in the north-west corner yield 8-20
3 '*

n /hr ami in the ITorth Eastern, Province 3-8 n"Vhr,
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It cuot be enphnsizod that sonc of tho data used

were collected as £or back as 1927 without subsequent updating.

It is rccomcndcd, therefore, that this nap, like tho others,

be used with caution. The m p should bo used only as a guide

and tho actual situation prevailing today has to bo Imoim fron

tost punping»

i Considerable iqprovcucnt can bo rxule to tho nap by

: puiip tests, using high capacity punps which will give information

: on the; naxinua capacities of the various boreholes.

8,2«6 Specific Capacity

Specific capacity is a valuable tool for assessing

the available groundwator resources. It is the ratio of

yield/draw down expressed in n /sec/uetre of draw down (or

gph/ft). ïïhoii an aquifer has been penetrated and the static

water level is recorded; pumping depresses the water level and

the depression resulting fx-on a given abstraction of water is

the draw down, When puriping stops 1 the water level rises

progrcssivol;/ as groundweter flows in* fron adjoining arceas to

replenish that which lias boon pvuipecl. Tlois rise is referred to

as "recovery" and the rate is tho "recovery rate",,

ïhick and laterally extensive saturated aq.ui.fers suffer

very little draw down after releasing large volumes of water^

thus showing M.gh specific capacities; wheivas unsaturatod or

tliin and laterally restricted aquifers (e»ti« perched aquifers)

Buffer considerable draw down even when snali voluriys of water

arc abstractc-d. Hence thc-ir specific capacities are low*

Generally, therefore, the higher tho specific capacity; the greater

the available groundwator resources. ' •

Recorded draw down data, as well as those calculated

during the course of this work, represent only about 25 per cent

of the boreholes in Kenya, In spite of the limitation of the

yield data^ the following conclusions have bean drawn»

Tho Paleozoic; Mosozoic and Quaternary areas arc

characterized by specific capacities ranging fror.i 0-1.25 uJ/hr/x.\

(0-280 Gph/ft), except for local pockets vâth higher figurée

1.25-5 iJp/hr/iU Tho reason for this low figure could be that

the aquifers are relatively shallow and hence drilling is dis-

continued as soon ao the water deitand is satisfied.
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Doopor aquifers occur and could bo tapped by deepening existing

boreholes, provided the tested qualities are satisfactory.

Most of 'the central areas of Kenya, underlain

proSoninantly by the Tertiary and Quaternary .-volcanics and

sedincnts, are typified by low specific capacities

(0-1.25 n /hr/h) although local poelects abound in which the

capacity ranees fron 1.25-50 n /hr/ï.ie

Bearing in nind 'the scarcity and unreliability of

the j)unp test data, :lt is evident that the groundwatei' resources

potential of Kenya appear to bo considerable. A better assessment

will bo possible only with additional punping data which should

bo given.-priority,

8,2.7 Sub-MicicejiG Bevel (see also Figure B«4)
A

Figure 8» 4 is a structural contoured nap of an old

weathered land surface s the eub»Miocoiie erosion bevel j on which

lavas and sedincnts have been later deposited* The nap is

adapted fron Pulfrcy . It revcala large uplifts in west-

central Kenya split by the Rift Valley and further diversified

by other grabens and faults in the west.

The "sub-Miocene crofi.ion bevel" is well preserved

north and south of Kavirondo Gul:?j Masii (Machakos District)

ruid western Kitui. The bevel slopes towards lake R'j.dolf,

The ijap is dxiportant hvdrofieolo^ically in showing

the depth to the Old Land Erosion Surface which preceded

volcanic eruptions and later deposited sc-dinents. With this

nap, the expected thicî icss of the overlaying volcanic and

post-Miocene sedinenis can be predicted with reasonable

certainty* Honco tlio depth to the bot too of the aquifer can

be estinatcd prior to drilling.

3?iilfr<;y, \I. 1960» "8)iapo of tb<; suf?-Miocene Erosion
bevel in Kenyac"
Geol. Survt Kenya Bull* 2y P.13
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Quality, (soo also Figure 8,5)

As has been mentioned before, there are about 4 000

boreholes in Kenya, but of those only about 20 per cent have

had their water choDically analysed. With an exception of the

Nairobi Conservation Area boreholes (excluded on account of

tho snail scale of the nap) nearly all the others vdth chenical

analysis wore plotted on a 1:1 000 000 scale Dap. A "'.Yater

Quality Map" (Figure 8.5) was tho outcone» This nap is a

simplification of a nap under preparation by WD .

The lateral east-west general variation in the

chemistry of the groitndwater ±s clearly observable on the

nap. Three hydro-chonical zones can be distinguished:-

i) Zone of bicarbonate waters

ii) Zone of sulphate and rdbcod waters

iii) Zone of chloride waters.

Groundwater in the first zone is fresh bicarbonate

typo with mineralisation of 120-3 7C0 ppn» Groundwater of

this typo occurs chiefly in the western and central areas of

Kenya» Localized highly mineralized carbonate and carfconato-

bicarbonato waters (up to 15 800 ppn) are to be found around

Lakes Uaivasha, Bannington and ITakuru. The presence of those

is probably connected with tho volcanic history o.f the Rift

Valley, In general, however, it can be said that the total

dissolved solids in tins zone arc within tho limits stipulated

in the international standards for potable v/ater (international

Standards for Drinking V/ater, 3rd Edition, V/HO, Geneva 1971).

The second zone is characterized by a wide range of

chemical conposition varying fron bicarbonate to chloride

type, bicarbonate to chloride-sulphate type and chloride-

bicarbonate typos* The zone is a thin strip which widens

gradually southwards. Total dissolved solids content varies

fron 120 ppn to 10 600 ppn. The first zone and the second

zone together nalœ up about 50 per cent of the country.

Oswana, R. 1. 1973
Groundv/ator Quality Map of Kenya, 'water Depoxtnent
(not yet published)



I
I
I
I
I
I
I
I
1

I
I
I

1.

I
I
I
I
I
I
I

Page 50

The third zone conpri&cs roughly 50 per cent of the

country raid extends frou Lake Rudolf southwards through Sanburu,

Isiolo, Kituij ïaita ïaveta districts and eastwards up to the

Sonali arid Indian Ocean borders respectively. Most of the waters

within tills zone arc typified by chloride mineralization.

Total dissolved solids within the aonc vary fron 1 g/1

to 35 G A « The viators with the highest Liineralization arc found

in alluvial deposits of Quaternary age and in the Perno-

Carbonifcrous scûinentst . . , . • .

Fresh bicarbonate waters with total dissolved solids

varying fron 0.4 to 1.2 c/1 sre encountered in boreholes

between depths of 90 to 150 netors in the area which trends

north-west-south-east and also along; 'the coastal belt in the

shallow wells.

A larço part of this zone can not yet be represented

fron the hydrogoologieal point of view because of lack of data»

8.3,1 Distribution of Fluoride in Kenya _G-roundwators

Figures H1 (Lupilli, 1972) and H2 (Murithl, 1971)

in Appendix H show tho distribution of fluoride content in the

croundwater of j^utra i. Kenya and the Nairobi Conservation Area.

Highest concentrations occur in Nairobi area as well

as in the Rift Valley around Nakuru and ITaivasha with riaxinun

vuluepup.to 40 ppn. Local pockets of intermediate ooncentiations

(2-1,0 ppn) •'•ore scattered-throughout the country. Considerable

additional data on fluoride content is required before napping

can be done on a countryv/ide basis»

^ C2 is n. iiorc detaiXed assessue-at of the

distribution in the Nairobi Conservation Area. This is a

nodit'iod form of the nap prepared by Murithi (1971). It snows

that about half of the conservation area stores groundwater

higher fluoride content than is reeomonded by international

standards (over 1.5 Ppn).

• •
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ïhc high fluoride content is related to the geology,

particularly of the Rift Valley area. ïho extensive and

complex pattern of faulting has boon an important factor in

disseminating the high fluoride waters to areas whero they

are not expected. It is believed that the fluoride content

has tui origin in tlie volcanic and funorolic cases, rather than

in the degradation of fluoride, although no field evidence

has been accumulated during the course of this study to support

this contention. The geology, distribution of fluoride ill the

geologic systems, relation of the high-fluoride waters to the

volcanic rocks, not springs, geysers :.\nd fuuaroles, leave

little doubt that this is nost probably the case.

Fresh chenical analyses should bo carried out on

existing boreholes with higher than optiaun fluoride levels

and if new data confira that previous ones, such waters should

bo dofluoridatacl to protect the populace utilising then.

8.3.2 Defluoridation

Several nethods are used to reduce the high fluoride

concentrations to the required optinua levels* The easiest

uothO'i is the blending of high and low fluoride waters in

pre-dotemined proportions. A second, no re expensive, nothod

is the use of s&*eral chenical processes. Thus the usa of

tricalciun phosphate, activated alumina, bone char and bone noal,

rénoves fluoride ion with varying success through a combination

of sorption and ion-exchange processes, Dolonitp, dissolved

and converted to Hg(oi-l) is also used, but it requires 40-60

ppn Ifc to rénove 1 ppn fluoride and ao baconcs rather expensive.

A recant advance in tlie process of defluoridation was

nado by the Central Public Health Enginec-ring Research Institute

of India (CPtSEl)\ A. prototype of the plant (Defluoron 2)

v/as tested in the Department of Civil Engineering of the

U-niverplty of Nairobi (Lupilli, ISQ?)C~ aw. it was concluded that

the Indian experience is applicable to Kenya.

• ». 32

Cphori, 19^9 " 'Defluoron-2' - A new ncdiun for the rcdu.ctj.on
of Fluoride in Yfator Supplies"
Eiivirormontal Health Ti, 108

R.Ï.Ï. 1972 "Dofluoridation by «DGfluoron-2"'
Unpub», B.Sc, Succ« ProJ* Rept.
Dept» Civil ïïri&«, Univ, of Hairoui
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The laboratory experiment showocl the rénovai capacity to be

140+10 ng/1 (ppn) of i1- for the nodiun at 290 ng/1 alkalinity

as CaCO using a raw water sample with 8-9 ppn F-contcnt at a

flow rate of 5 n^/n 'JG^ area/lir.

The estimated cost for a plant of 45 000 1/d (10 000

npd) designed to reduce the fluoric!o content fron 8-1,5 ppn

worked out to K shs 6/50 por 1 000 gallons.

8.4 Tontativo Hydrogoo lordcal Zoneja .

as the vTater-boaring arid transnitting

capacities of rocks are the principal, attributes of hydro—-

geological investigations, tho conplox geology of Kenya

(Figura 4.5) can be considerably sii-iplii'icd as shovm in the

nap indicating Tentative Hydrogeolo^ical Zones. (?ic*uro 8.1)

Tho storage capacity of a rock is a .function of tho

lithology and the age of tho rock plays only a minor role.

Thus two sandstones of Tertiary and Quaternary age respectively»

with identical granular properties, would possess similar

aquifer characteristics. Variation in age of the rocks becones

important only in very old systems where post-dopositional

alternations have cidvcrsely affected the primary porosity of

the rocks.

On this basis, therefore, the hydrogeological nap of

Kenya can be regarded as a considerably siiaĵ lixied geological

uap in which, rocks of sinilar hydrogeological characteristics

are classified together. On the basis of the foregoing

presentation, six hydrogoological provinces can be outlined:

a) tiiastom Quaternary Sedinen.tory Areas

b) Bascncnt Complex Areas

c) Older Sedinontary Areas

d) Volcanic Rock Areas outside the Rift Valley

e) Volcanic Rock Areas in tho Rift Valley Area

£) Western Quaternary Sedimentary Areas

.33
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Major borehole statistics (depth, yield and specific

capacity), tabulated on the basis of rock types, are presented

in Appendix G. The Appcndj.x shews that boreholes in the

volcanic areas are deepest, while those in the sedimentary

areas aru shallowest. The yield is highest for the volcanic

rocks and lowest for the Basement Complex, whereas the

specific capacity is highest for the sedimentary rocks nnd

lowest for the Basement Complex»

8.4*1 Eastern Quaternary Sedimentary Area'

îhis area accounts for nearly 30 pe** cent of the

surface of Kenya (Figure 8.1), stretching essentially froa

latitude 4 S to 3 IT and as far west as longitude 38 E.

Alluvial, lake and beach sands, coral reefs and limestones,

(some fresh water typo) dominate the lithology.

The sedixients are loose and permeable cud henco

recharge fron rainfall, grountlv/ater flow from other areas

where the water table occurs at high elevation, as well as

percolation from other surface water sources, is important:»

Spring discharge is common, particularly along the shore and

is useful in borehole siting»

A good account of the. gee logy and hydrogeological
j

conditions of this'̂ aouo is covered in a report by Gentle

(1965) to which the reader is referred for additional details»

IÏYDR0G20L0GY:

2

.According to Hp-c-ve the nain aquifer appears to bo

the•fringing coral linestone, whereas additional data led

Gentle to conclude that sands fora the major aquifer» These

arc Pleistocene sands underlain by Jurassic shales which stop

downward percolation and cause a net flow in the coastal

direction duo to a general gentle coastward dip.

: ; . • ' ... . '•••34

Gentle, E, I. 1965 "Hyirogoolorry of the Coastal Strip
between Gaza end Mtwapa, Ko^ya CoastlanJs11.
Tech. Paper 3, Water Soot.

Reovo 1949 "Groundwator Investigation in Eyali-K
Shina la Towa Area, iiorth Mainland, Coast Province"
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The aquifers oro generally shallow and unconfincd

and the success rr.tio, at least in ter;.is of locating adequate f

quantities of ground vvctoi1. is very high. Old lake sites are

conjon in tliis aron.e The lakes are believed to have dried

up during the Holoceno and their sediments zxro generally

saturated with wn.ter.

Gentle has5 with considerable success, applied the

resistivity teclmique to the coastal aroa. Inasnuch as

tho resistivity of an r.quifer is riffccted by five nain factors -

degree of saturation, typo and anount of dissolved solids,

porosityf fluid viscosity, and resistivity of sodiaent particlesy

it is obvious that this method should succeed in the coastal

region where the geology is sinplo and tho presence of saline

waters contributes to tho ionisation of the groundwator. Using

a Tinsley-Pavcr Snrth Resistivity Potentioneter, a Wenner electrode

spread of 3-100 n spacing, arid a standard Hatching technique

(Mooncy and ïïentzel, 1956) he succeeded in defining, fairly

accuratelyj the stratigraphie succession and in defining

the fresh and salt water zones.

The Lauu Island î resaifo tm. interesting pro bien in

this circa. The wntcr needs of Loua Islancl arc 3i:.crcasing

eveiy day to keep pace v.dtli the growth of tho tourist

industry» This jjiereascn the dengor of sea wrvfccr intrusion'

tiirougla over—puapîiif; of existing wells» It is rcconaended

that an investigation of tho available v;ator resources be

ioaodiabely detominad to see if now wells can be dug»

An unpublished report (Solby, 1969) on the laiju

Water Supply sliows tiat. tho ialnnd (2°3, 41° 30'E) is

supplied by twenty shallow fresh water wells along a lino

of sand dunes about two nilos south of Laj.au town. They

were designed for a rrjaiiun abstraction of 178 cubic nôtres

(40 000 gallons) per day.

As can bo expected, the freshwater floats on tho

heavier salt wvtcr, which is very close to the surface • in

nest cases, less than five metres fron the surface» Th.j

avorago hoiglat of the sand dunes is 10-13 netros above noan

sea level.
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On account of the expected increase in tourisn,

the water deuond on the island has also increased, loading

to punping below the roconnended depths fron the surface :

and above the designed r.iaxiuun daily abstraction rate.

Should this continue unchocked, the reservoir iiay bo irre-

vocably danaged through sea water intrusion. f

YtflTER QUALITY:

The greater probien in ground vva tor devclopnont in

•this area is that of salt water, which has caused the

failure of several boreholes.

There is evidence of increased saline water

contanination in sone boreholes. Y/clls sanplcd ill 1951

by Miles and in 1965 by Gentle, showed 850 ppn and 1 225

ppn respectively, of total dissolved solids. The fluoride

content is less than 2 ppn everywhere.

The waters are generally of chloride type with

intermediate pH. AlJcalinc \ratcra with pK -• 8 occur closo

to the coast. The detailed chenical data of all the boreholes

in tho north-oast Province arc presented in Appendix: I and

those of tho sanplos collected during a visit to the coastal

region are presented in Appendix K» They indicate that higher

(total dissolved otwitent) salinity is typical of deeper

aquifers and unat tho shallower aquifers generally contain

fresh water, : •

ORIGIF OF'BAI-ETE ÏÏATER:
* • *

Figure 8.6 shows, the effects of changes in sea level

during the Pleistocene Epoch, It is evident fron this diagran

that a progressive influx of sea water can bo expected at the

coast and that nost of cruch inflow v/ould be trâ jped in

topographic and structural depressions in the Pleistocene

sedJuionts, Tho occurence of fringing reefs also helps the

trapping of sea water in inland areas. Hence the saline

water of the coastal region appearing to bo doninaatly

of recent origin»

...36
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Throe inportont parameters for characterising water

quality axe presented in Figures in Appendix L. The nap3,

derived fron Gentle (19G5) show the distribution of the

, . C1 ratio (Figure 11 ), total dissolved 00lids (Figure 12 )

and chloride content (Figure 13) along a coastal strip about (

5 kn wide fron Gazi to Mtwapa. The three naps show a higher

degree of sea water contanination at the coast, decreasing

progressively landward. • . ••

HYDROGIîOLOGYî

Miles (1951 b) ostinatod the groundwatcr velocity

to be of the order of 0.03 n/d in a general coastal direction

and Gentle estimated the specific yield to be about 30 per cent»

According to Gentle (1965) the areas of best quality water along

the coast are under-exploited, whereas those of poor quality
3

water are over-exploited. By 19^5, nearly 1 200 n/d was being

abstracted north of Mwapa Creek, 91 par cent of which cane fron

a well (1 100 n'/d ~ 240 000 gpd) with a total dissolved solids

contont of 1 916 ppn. The abstraction rate v/as 11 600 n^/'1

(2 560 000 gpd) in the south mainland area.

In order to avoid further deterioration of fresh water

through sea water intrusion, it is suggested that heavy punping

should on3y bo pejgrjittcd where the 01/EiCO +C0- ratio is very

nuch lower than 1.0. Detailed tost punping is also required to

ascertain places whore heavy punping is advisable» Gentle (1965)

advised that the coastal area be declared a conservation area.

This study is in full agrooncnt vri.th that reconuenclation.

Farther inlcmd, however, there are certain areas where

boreho3.os tap nothing but salt v/at^r. Two of these general

areas are shown in Fj.gure 8.6. Salty groundwator in these

aroas i3 only slightly duo to sea water intrusion. The bulk

is of connate origin, arising fron the trapping of ancient

sea water of an extensive pro-Pleistocene sea.

Salt water of connate origin is not, hovraver, very

extensive laterally and has been influenced by present day

surface drainage. ïhia is ovxdent in jriguro Q»o and Figures

in Appendix; 1 where groundv/ater of lower total dissolved

solids is associated vr'tli the AtlxL, Tana and Ewaso ijl:;
siro

drainage basins. '

...37
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8«4»2 BascLiOnt Gonplox Areas

Eocks of the Baccncnt Ccnplox arc widely distributed

' throughout the country, ocairr:i;ig riurLnly in the contrai,

western raid north-eastern parts of Xcnya, with snail exposures

in other parts. Altogether this hydrogclogieal zone covers

about 25 per cent of the country.

The lithology is doninate-1 by granites, granitic

rocks, schists and lcss-notanorphoso-d sediments» They arc

deeply weathered in most places, although the depth of

weathering is not miiforn throughout 1;ho country. It is

this phenononon of weathering togc-thor with the strong and

conplex diastrophic disturbancos associated ^ith the formation

of the Hift Valley syston, that is responsible for creating

storage 3'paces .for ̂ roundwater acciir.Tjù.ation.

HYDP.CGSOLCGY:

ïho available grounclwater resources of every Basenont

Conplox area are difficult to predict because the two aost

inportant hydrogcolcrjâcal parauotors necessary for y.Tater

storage (porcsity and pcnacabili.ty - in the pre-existing

sodii'iontaxy rocks) are destroyed or significantly changed by
**f.

later processes .that convert tlier.i to netanorphic r^cks.

Deep cherxical decay typical of warn eauctorial climates

are, however, Inportant in creat:Uî  secondary porosity for

v;ater stora^Oa Tills, together vàtli tectonic aovenents, has

helped In •"•ensuring relatively ^ood groundv/ator storage in the

basement rocks of Kenya,

ïhe aquifers are shallow and discontinuous, both

vertically and laterally» Perched aquifers arc typical as

they are in nost crystalline rocks» Where faiilts and fracture

zones are extensive both laterally and vertically, /jroundwator

tables occur, sonetiaos in rather rloep horizons. Although not

typical of nost of the ĉ ?ea, confined aquifers do not appear

to occur in these rocksr rosulti^ fron Hi'holocicoJ. displace—

nonts occasioned by faulting* Tweatheriii{; in places has a

negative effect on water storage through the reduction Into

clays.
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Few boreholes arc deeper than 160 n and it is usual

to abandon drilling after a depth of 115 -i 1ms been reached.

Boreholes in vail07 bottons often strike weathered or alluvial

zones several rictrcs thick but as nost of the rocks arc

feldspathic, the "aquifer" zone is usually located at the base

where the rocks arc only partially deconposed and clay formation

has not strongly reduced pcrr-ioability,, Aprons of residual

hills m y bo sufficiently thick to serve as good aquifers.

WATER QUALITY:

Water in this zone is generally good unless contaminated

by uan-ixidc effects as in the case of the discharge of donestlc,

industrial and agricultural (fertilisers, pesticides) effluents.

This results fron the shallow unconfined nature of the aquifers.

The water is generally hard with noderate total

dissolved solids.- The fluoride content is generally below

tho limits sot by the- World Health Organization»

EXPLORATION FOR G

The 3.0cation of \,acor :;JI the Basonent Conplox requires

noro than the routine techniques used for sedinontary rocks,

which noro often than not, contain adequate volumes of çround-

?/atcr» The conbined use of conventional hydrological, geological

and goophysica^.lkècbniquos, i'j tho nost certain neons of borehole

siting in these aren-s»

The use of electrical reriativity te clinique is conoon

iii Kenya. However, expérience in West Africa under eini

conditions'"indicnt-cs that the use of shallow seismic techniques

could probably bo applied in Kenya with success» This depends

on the principle that the best cite for locating water is the

area of thickest superficial cover which Day occur in the forri

of in situ weathered natcrials or in ancient river channels

(buried alluvlun) and old. lalzo sites. The soisnio refraction

tecliriicjuo can bo successfully employed in doteraining tho

thickness of such superficial :..i:.torials overlying the hard rock,

as well as fissures and faults in hard rocks»

Asseczj 1.0. 1972 "Rirral V/ater Supply,in the Bn.scnont
Cunplex of V/esfcerii 3tatc, Fifjoria1': Bull. Int» Assoc*
Hydrol. Soi. X'/Iï> 14/1372
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Although it is unlikely that large voluuos of water

required for rxijor industriel mid urban supplius can bo expected

fron the greundwator resources of this zone, adequate supplies

can be obtained therefrca for rural settlers.

8.4,3 Older Sodinentriry Rock Areas

'Sediments of Paleozoic and Mesozoic systeris occur in

the south-eastern and north-eastern corners of Kenya» They wore

forned in two separate depositional basins with different

environncntal features as evidenced by their different fossils»

The geological, stratigraphie and structural settings are

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

The lithology varies widely and the tliree najor

sedincntory rock typos (sandstones, liliestonos and shales)

arc represented in the basins.

HYDHOGEOtOGY:

The rocks .in this hydro-geological area arc characterised

by paranctcrs suitable for grouadwuter storage. They show

extensive aroal and vortical distribution.

Aquifers in then are numerous, typically confined and

deep. Considerable' folding and faulting is believed to have

occurred during the geologic periods represented. The water

quality is good.

6.4.4 • Volcanic_Eool? Areas outside the Rift Yollcy

Several épisodes of volcanic activity arc recorded

in the geological history of Kenya. The earliest eruption

was in the Miocene. Eruptions took place fron then until the

Recent and there is evidence that sono of the vents are only

dornant and nay erupt any tino in tho future.

Tho volcanic rocks cover about 25 per oont of th'-;

surface of Kenya, but noro coro^nly in Western Kenya vvhei J

they exhibit a linear aligni'jent with the Rift Valley system.

The general pattern is north--south, stretching fron Tanzania

into Sudan and Ethiopia,, :

...40
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The lithor.ogy is widely variable and includes phono-

lite, trachyte, tuffs and basalts, C-roundwator storage in

both Tertiary and Quaternary volconies is sinilar and hence .

the lunping of the two systens into a single hydrogeologiealf

unit. Water is stored nost typically in the old weathered

surfaces between lava flows and older formations as well as

between successive flows» .Fractures, faults and contraction.

• joints are also suitable zones for water storage and these

arc often important, particularly in the highly disturbed

areas surrounding the Rift Valley.

Rod earths, a product of weathering, typically cover

the rocks in places* The soil cover on phonolites is thin,

generally free-draining and possesses friable texture. Pink

and brown soils nay also occur, but not coixionly.

ÎIÏDK0&E0L0GY:

The vulcanic rocks west of the Rift Valley consist

of phonolites and tuffs and are nnlnly of Tertiary age except

for south of Njoro whore they are nainly Quaternary. The

groundwater occurs nostly in the wec+nered zones between the

Bas orient Conplox and the overlying volcanic rocks* The

thickness of thjp, volcanic overburden varies fron nil to several

hundred nôtres and hence the groundwater is to be found at

varying depths. Grouiidwater nay also occur within the volcanic

fon.iat.ions uainly in zones botv/̂ on volcanic rocks of different

type» This also Dean's that several aquifors nay bo struck in.

a borehole»

A naxinun thiclmoss of 620 a of the phonolitie lava

is recorded at the border to the Rift Valley at Tanbach.

The thickness decreases to the west» Ihc underlying volcanic

ashus, tuffs and grits were according to fossil evidence

deposited in early Miocenea

The voloauic area3 oast of the Eift Valley are

nostly of Tertiary age while Quaternary volcanics occur still

further east.

Tho rocks consist of phon^litos, tuffs, aggloneratos

and basalts, -the phc-.nl-,';:.,: ^oin^ tiio douinatin/? rock»

., -1-1
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The vD.lcGii.tc rocks ovorlio the old weathered land

surface, tho sub-Mi .'cenc erosion bevel, the thickness being

estimated to be about 1 100 a. Tho rocks are characterized

by variable permeability which saens to reach highest values

near tho volcanic vents« The lavas in general contain con-

traction joints and weathered zones thus having rather a

good pcmeability. The tuffs have lov/cr pemeability duo to

absence .of contraction joints and in addition often due to

decomposition into clay.

Yield, depth to aquifers and static v/ater level vary

enormously within the volcanic rocks. Several aquifers nay

be struck in a borehole. The aquifers are usually confined.

In the eastern Quaternary volcanic areas the artesian pressure

is 5-30 n with a few boreholes with higher values up to a naxinun

of 185 l-i» •

In tho western Tertiary volcanics the ranee is widert

fron 5-100 n, v/ith a few exceptional values up to 125 u.

Tho yield from, boreholes in the Qaatom?.ry volcanics

is lower than in tho Tertiary and is in th'j magnitude of
•7

3-20 n /hr. In the Tertiary volcanic rocka tho borehole yield

increases fron nor Si towards the south, being less than

3 nJ/hr in the north and norc -;.han 32 n /hr in the couth,

(Sec naps" 4.7 end S,?.),

It was c-stablishod by ItoCall (1957) in his work in

Bakuru area"that electrical resistivity i3 not {pod for

volcanic areas. This sane conclusion was reached by Bristov;

(1962) for phonolitos and tuffs. E d s , accordiii^ to Bristow,

v/as duo to several factors, •important anon^; which were s

a) presence of clay bods giving rise to greater

resistivity anoi.ialies than aquifers

b) presence of ûroiuidwater in pomcable formations

G aquifers

c) depth to n-xir q̂iji-Po-'-" i-*±n.r'- rreo^ir than

that to which resistivity curves can be interpreted

d) prcoence of highly conductive layers of black

cotton ?oil v/hich distorts resistivity curves»

...4
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Both seiûïiie and elcctriet.1 resistivity explorations

have boon used in selecting suitable sites for drilling. In

one progranno at Archer's Post, Marsabit, 101 electrical

soundings were nado with naxioun AB lengths of 400-600 a

in ïicrnta River sector. All the• z'esistivity variations

reflected the depth to conductive layers as well as faciès

changea; it was possible .to calculate- the thickness of the

conductive layer fron these. Five borehole sites were

recommended fron this study, but only one drilled at the

rcconneudod site proved successful» The other four failed,

nost probably because they were not drilled whc.ro rocoroendou.

GE0UHIT7ATSR MOVESBNT IN THB SOUTH-EAST:

The Ifeiiia Springs, with a flow exceeding 5 n /sec

(100 cusccs) dor.1Ln3.tc the surface flow of the lava country

of south-eastern Kenya around the Ghyulu volcanoes which 1:1 o

about 64 to.i north-east of Ki linen jailo» There is no surface

drainage apart fron nine other s?:icllor springs. It is

believed that /̂ x-oundwator flcv/ in this area is generally in

the south-oast direction because 90 per cent of the spring

discharge takes place in the south-eastern areas of this

lava field. The surface of the Baseront Ccnplex also slopes

in this direction, hence directing the sub-surface flow of

the groundwatcr,^t Hence rain water percolates rapidly vertically

until it reaches the crystalline- Saaonont Conplox alon/j which

it flows according to tha slope of the Eia-facc (figure 8,4).

The groundwater flow in this area is believed to simulate the

surface water flow that occurred before the Tertiary-Quaternary

volcanic activities»

ÏÏATER QUAXITY:

ïho water iri the volcanic ciroas is generally bi-

carbonate typo with low total dissolved solids. However,

there are local pockets of high fluoride content. Hence,

adequate sampling of individual îxgor aquifers is neceosr ?y

to determine borehole ccr.ipletion features that nay bo nouled

to preclude the yjixin.'- r* î./--̂  ^ •-.-<-.-!,->̂  '•-"-iiinfl.̂ .tors with

low fluoride t̂ 'pes»

...45
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8.4.5 Volcanic Pock Areas in the Rift Valley

The effect of rock structure en the groundwatcr

storage is very clearly exemplified by conditions occurring

in this hydrogeologiioal area. Although the lithologie

conditions in the ILift Valley zone are similar to those

preva.ilii.ng in the adjacent areas, the complex structural

character of the area has nodificd its water storage

•properties. It is therefore pertinent to classify it as

a different hydrogcological province.

The sono is pear-shaped and extends fron the

Bascncnt Complex areas near the border with Tanzania in the

south to the southern tip of Lake Rudolf.

I . The geology is dominated by Tertiary volcanics

* wliilo the Quaternary volcanics represent the second nost

I wide-spread rock typo. A few pockets of the Basement rocks

and Quaternary sodinents aro also found»
The structure of the Rift Valley dominates the

region and in fact forns the criterion for classifying the

region as a hydrogoological unit,

HXDROGEOJiOGY:
• ^ • • . .

" The tfroundwatcr resources of the area soon to bo

largo but tho location and sometimes the exploitation is

difficult and often cxponrrivca Depth to the groundwater and

yield .carïnct be predicted with certainty because rock

displacements caia be of"the order of a hundred nôtres or nore»

thus bringing the aquifers nearer to, or farther away fron,

tho surface, A borehole penetrated deep enough, is certain

to tap large volumes of water in one fora or another (e.g.

cold or hot water, or stcan).

EFFECT OP FAULTS:

Tho conplcx pattern, of fr.u3.ting and cross-faulting

can bo resolved into a sinplo r.yaten trending SE-Hïï in the

southern parts of the area and later swinging right until

they are alî .if"-1 i,lnr:<-<+ "-JJ.
it1'i-<̂>-'--)-K ^VIRO faults affect

not only water storage, but also tho pattorn of its rn'gration

and consequent 'iischru'go..

.44
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The fault planes are sonctiaos i'illod with jzipornoable

materials which act a;: barriers to groundwater novenont and

often surface discharge - springs» lu tho eastern areas the

faults serve ns aquifers.

If a stream flovB pr.ra3.lol to a fault piano in hiçh i

ground, groundwater rechargestakes place; the reverse (discharge)

takes place into the streau in low (ground,

. .' ÏÏATER QUALITY: • .

Hot springs and geysers occur couuonly in this

region evidencing fictive gcotherncd. activity. There is

evidence of large subterranean olutonic bodies still in their

final stages of cùolin{j. These continue to provide tho

necessary source of heat and pressure build-up, nil of which

contribute to tho notification of the croundv.'ater chenistry.

The water is typically bicarbonate type; the fluoride

content, however, is hi'jh in places. Tho fluoriclo is believed

to bo of volcanic and fui'.iarolic origin and hence the ion should.

bo expected to increase towards volcanic vents.

G-ROTJIÎDïïATER - RIFT VALLEY;

A comprehensive study wara i-oportocl by HcCall (1957)

on the d i s t r i bu t ion of thornal waters in Nakuru~Thor.isoals

Falls-Làlco IL-annin^toa area . Since then another study lias

boon carr ied out by Balfour Bcatty . (1965).

A TJHDP Project i s currently •carrying out a f e a s i b i l i t y

study" of the u t i l i z a t i o n of thor^ial jjcounûvnter for power

production in the vicii 'dty of Lakes Naivaeha,

Slenontai ta . A draf t repor t frou tho Project gives a

conprchensive p ic ture of the gx'oundwater in t h i s par t of the

Rift Valley area.

McCall 1957 "Geology raid Grouridv/ator Conditions in
NcUctin; Area." M0v7 Techn. Hep» 3

2Eultoui' Bcatty & Go Ltd, Î965 "Rjfl; Valley Stean Project"
Kenya Govt» Repi

\TÏ!DP GcotJiorLial Project , "A Prolixiinary Hydroc§Olo{Tic évaluation
of tho Lon^-Tcrii v i o l d of Gatcimcnts re la ted to Geothornal Prospect
Areas in tho Rift; Valley of Kenya",
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The Rift Valley area is typifiod by internai drainage

id no rocks older than Tertiary are exposed» There arc mostly

volcanics and sodiijczitarics of Tertiary and Quaternary age.

Water is struck at several levels in fresh phono lite,

in porousal old Innd surfaces and in weathered phonolite» In

the eastern parts of the area, tho water table occurs about 65 a

fron tho surface and sub-artesian conditions arc coixion*

Tho tentative conclusions about goothernnl water in

the McGalX Report wore: • , . •

a) The gcothomal voters occur along riajor .

fractiire zones»

b) , They arc absent where Plio-Pleistoccno

novonents and volcanicity at-o absent.

c) They are especially associated with quiescent

volcanic craters whore linear arrangencnts arc apparent»

d) There is no apparent connection between

thcrnal phenonona and recent lavas v/hich are still

cooling»

c) There is a dof.mito increase in thernal

activity near lar-jn Plio-?leistoceiiG volcanoes.

f) There is a close connection between hot springe,

fui".iarol,cG"'arid surface waters. 3'or exauple, huncirods

of hot springs occur on the edgo of flowinc stroaas

in Ijalce Hnnnington.

Sono of tho conclusions in tho 1972 U1IDP ?LCport on

groundwater.; in ̂ oothomal prospect areas in the Kift Valley

were'i-

":i.) Tho laain groundwatcr reservoir that supplies

water to nost wells Jbi the area occurs at depths

ranging fron 30-150 n»

ii) Yields of tipst wells arc very low and range

fron 2^5-15 cubic nôtres per hour.

iii) Tho hydraulic relationships between the upper

currently developed aquifers and the deeper goothorml

roservoix- is unlcnown and ^tensive exploratory drilliPG

nay be needed to definitely establish £:ootherix<.l recharge

•••46
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8»4»6 \7cstom Quaternary Sodinontary Areua

The forc/;o.i.n;'j account for the Quaternary zone in

the oast applies to the other areas of sir.iil.or sodiriontation»

The differences are seen only in water chemistry and

depth to the aquifer. In these other areas, fresh, shallow

water conditions exist in all Quaternary areas south of the

Equator and innedintcly north of it, where -adequate recharge '

fron rainfall occurs» In•all other areas - around Loire

Rudolf and. in the north-west corner - groundwatcr horizons

are deeper than they are in the Coast, On account of the

higher rate of cvnpotranspiration and Io3s recharge frori

rainfall, the water is nodcratcly salino but possible potable»

8» 5 Groundwater Pollution Control

About half of the country (eastern half) is covered

by permeable soils, nostly sediments. This together with a

water table not far below the ground surface nalces in necessary

to pay attention to the danger of pollution of the groundwater

fron sev/oragc;. pctroleun products and other pollutants.

On the other hand, ports of the country have the

ftroundv/ator tab^e "at ̂ proat depths vàth artesian conditions

which will reduce the danger of ,;>roundwater pollution.

Those widely different conditions nako it necessary to take

3:>to account +.Jic hydrogeologioal conditions in the different

ports of the country when pollution aspects arc considered.
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Mean Annual R a i n f a l l
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APPENDIX

1

All the four major Eras (Precambrian-Ccnozoic) are

represented in the complex geologic column of Kenya, the best

known of which is the classical Rift Valley systemy which is

believed to have developed in Kenya in. the Tertiary Period.

The lowcsr portion of the column is represented by volcanics

as well as igneous and inetamorphic complexes divided into

four major systems, most of which are Precambrian in age»

The Paleozoic is represented by the Penno-Corboniferous

Karoo System whereas only the Mesoaoic is well developed in.

the north-east and the south-east. The Cerozoic is probably

the best developed and most important in terras of surface

coverage and is represented by sedimentary and volcanic rocks

of Tertiary and Quaternary deposition.

1*1 The Precambrian Rocks

The crystalline (Precainbrian) rocks are divided into

four systems: Basement, Nyanzian, Kavirondian and Bukoban

(Figure 4.7). .,**

The Basement Complex is composed mainly of netnsedinents

(grit3j sandstones., shale? limestone) metamorphosed by heatj

pressure and hydrothermal fluids, as well as metamorphosed

rocks of volcanic origin. The presence of high grade schists,

gneisses, graphite; quartzitesj marble granulitos and laigmatites

evidence the high degree of mctamorphic alteration^

The îfyansian System is represented by great thicknesses

of lava flows, pyroelastics and, in places, by lenses of

conglomerates and banded ironstone»

The Kavirondiar. System is most typically develop i in

the northern and centi\?.l areas of Bfyanaa Province and consists

of alternating bands of grits, sandfatones and shales which are

only slightly Lio

...2
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Tho Bukobm is composed of a tiiroe-fold upper and

lower lava series separated by quartaitcs and although the

age is uncertain, it is definitely younger than Nynnzian or

Kavirondian and is probably Prccnmbrian, Precanbrion granites

of granitissed and intrusive origins are widespread iii Western
1 Kenya, Around lake Rudolf basauitos and olivine nepheiinitea

arc well developed; whereas carbonatites occur near Lake

Victoria, Mriua Hill south of Mombasa, and at" Mount Elgon.

1.2 Karoo System :

The Karoo System of Parao-Carbonifcrous age occurs in

south-eastern Kenya whore it is represented by the Taru Grits

- a monotonous series of gritss sandstonoc, shales and traces

of coal*

1.3 Mesosoic Rocks

The Ti-iassic Systera is divided into trro: Upĵ or and

Lower, in Gouth-cr.stern Kenya, The Upper unit is represented

by tho Maaeras Scnucxone .?jnd Sirmba (i-rite overlain by the

Morialcani Sandstones; whereas the Jjov/er, the Majiya Cnunvi

Beds, DXQ chiefly composed of sands. ITorth-east of tho

country tho Trv^sic is represented by -the Mansa Guûe, formation,

an unfossiliferous yoquenco of sandstones, conglomerates and

quartzitos.

•The Jurassic ̂ ranges fx'oa Brjocian to Kinneridgian and

consist of-fihaless sandstones with, intercalations of limestone

in tho south-east, wheroas in the north-east it Xts cliiefly

linostono of Llas-Tithcnian age9 It is not directly corrolatable

with tho Jurassic oedinents in the south-oast - an evidence for

the lack of physical connection between the two basins in

Mesozoic tirios.

The widest outcrop of the Cretaceous occurjg in north-

eastern Kenya, whore c, lower series of siltatones and flaggy»

fino-gï-Lûiiod sandstones are ovcrlaifi. by a thick formation of

cross-bedded sandstones, b<.;th oï v/hi.ch ;ire togothoi laiowii as

Murihnn ScrioBt 1rs south-oactorr, yenya, the Cretaceous is

represented by one neaber, the Prorctc""1 T'iî os
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1.4 Ccnozoic Rocks

The Tertiary Period ',V:.-.G ricirked by uarino and deltaic

sodincntation. Miocene nenber^ occvir near Malindi and they

are conposcd of limestones, mrls, clays and sands, overlain

by Pliocene sands, gravels and clays* Farther inland, Miocene

sedincntation is represented by shallow water lacustrine and

fluviatile scdiucnts intercalated with thin liaestone.

Extensive vulcanisn occurred in middle and late Tertiary tine

in contrai, western, aud northern Kenya» Mainly alkaline

volcanies: basalts, phono]j,tesy nephelinitcs, trachytes and

their pyrcclactic equâvalents> v.'ere extruded ovex- these areas.

Eruptions were of vent or fissure types and in the rift zone,

there is évidence that the nain fissure eruption occurred before

fracturing, which produced the present day fault sccrps, whereas

the two activities wore contonporanoous in other areas.

Volcanic activity which beg^i during niddlo Tertiary

ccntinued to the Pleistocene and Hoccnt v/hen sinilar rocks

V7O1-C extruded. Those consist of raised corals, reefs and sands*

Farther inland, particularly in. the lîift Valley areas, lacustrine

and fluviatile deposits;, especially diatouito beds, were

depositedj whereas soils and alluvial sodinontc comprise-

Recent deposition, in eastern Kenyou

1.5 Toctcnisn

Mountain building, chiefly folding and faulting, began

during thoL:Precai:ibilan or early Cambrian and continuocl until

Tertiary tiacs, v/ith varying degrees of intensity,, Movements

consisted no.inly of uplifts vd.th long periods of aLuost continued

denudation, loading to poneplanrition cf nuch of Kenya, in later

Jurassic tiaes* During Cretaceous and early Tertiary, vertical

arid tilting novenents wero doninat?t and thexr uffects are Dent

y evident along the coast r,s well as the Rift Valleys,
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Coding _of 5£££h^l£. .Data

The following data is included in the borehole stati-

stics:-

Borehole Number

There are three series of boreholes, numbered

as follows!

(i) The "3Alf Series, which is boreholes drilled by

the South African- Army during the Second World War»

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

On the computer print-outs these boreholes are

identified as 00001 to 00133.

(ii) The "P" Series, being boreholes drilled before

1933» There are 190 boreholes of this Series which

are identified as 10001 to 10190 on the print-outs»

(iii) The "C" Series, which started in 1933 and in-

cludes close to 4 000 boreholes. The borehole nuabers

in this Series arc coded ao 40001-

District

A two-digit code is given for the district in

which the borehole is located. îhe codes are as

follows:

Province

NAIROBI'*'

District

Uni.T obi

Code

10

CEÏTTRAL ER0VI1TCE

Kisinbu

IQrinj'Tiga

Muranga

ïïyondarua

Nycri

20

21

22

23

24

25

COAST PROVINCE

Xilifi

KW&IG :

Lamu

Mombasa Island

River

30

31

32

33

34
35

36

..-5
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Province

EASTERN PROVINCE

Di.stricjt

Einbu

Isio.lo

Kitui
Machakos
Marsabit

Meru

ffi'OETH-EASTEEUT PROVINCE

NYANZA PE0VU7CS

Garisisa

Mandera

\7o.;jir

Kisxi

Siaya
South Kyanaa

EIJ?T VAIEHY PfJOVISTCE

* ' *

ivEtjlTjWW i:xiO\' La C,ù

BariJigo

Elgcyo Markwct
Eajiado

Korieho
laiktpia

Nakura
Fandi
Wax'olc

Samburu

Trans-ïTîioia

Turkano.

Uasin Gichu

West Pokot

BuagOTuû.

Bugia

Kakcmega

Co dû

40

41

42

43

44

45

46

50

51

52

53

60

61

62

63

64

70

7Î

72

73
74

75
76

77
Te
79
81

82

83

84

90

91
92
93

• » • 6
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Longitude

The loap reference in longitude to the nearest

I ninuto (11 - about 2 kn) is givun on the print-out.

latitude

| The latitude to the nearest ninuto is given.

• £°2"fc-
. . . ' Depth of boreholes is given ±ti metres.

Y/ater Struck Level -

Water struck level is given in nôtres.

Elevation

I The ground-level at boreholes is given in uetres.

above uean sea-level. The elevation has not been surveyed.

1 Water Rest^Lovel

The static water level is expressed in nôtres.

Elevation of J7ater_Struck Level

: The elevation of the writer table is given in nôtres

above norm sea-level.

Tested Yield

t . Ihc tested yield is expressed in litres per hourè

It should be noted that the teat puaping is of relatively

short duration and does not usually, therefore, represent

• the rxtxiuun capacity of the borehole. The tested yield can

sonctiaes be higher th'an the ixcdxiun yield as the doploticn

• . cone docs not boconc fully dovolcped. In other cases, thepunp is the liniting factor, rather than the yield of the

borehole.

Draw Down ; :

Drav/ down, is defined as the fall in the v/ater

head rcGultirig from pumping. It ic the difference betwen

• . , . • • • the water rest level just before puaping and during puup_.ag

It is an inp-rtant factor in the dete.niJiiation of the specific

capacity (yiold/draw dovm) of the aquifer-»

.•.7
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Page 7

I Yield tests arc nadc rift or drilling to detcrnino

the potential of a borehole and the aafc yield. Although data

I
the borehole record3 on file.

required for calculating the draw down can easily bo observed

and recorded5 this has been done in less than 25 per cent of

The draw down is given in nôtres.

• • • ' . • Yield/Draw Down' ' "

The specific capacity (yield divided by draw down)

I is given in litre/hour/nctre»

.Rock Category

| The following categories of rock arc coded:

Code

Volcanic

Eascnent

Scdinciitary

Volcanic over basonent

Sedinentary over bascnojit

Sodiner.tary over volcanic

Volcanic over sedincntary

Other '''-

îîot known

Water Quality

1
2

3
4

5

6

7
8

9

I
I
I
I
I
I

It should bo noted that past records arc very

M • r inconploto* Proper chemical an.ru.ysos have only been carr.LGi

out over the last few yearsr

I
*• «8

I

• The water quality has boon coded as follows:

Type Code

Good 1

Saline potable . 2

Saline not potable 3

Not known 9
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APPENDIX E

Conpl ction Date

The completion date of the borehole is given in

I nonth (1 « January, 12 = Docenbor) and year.

I - Subsidy • . .

\ Boreholes sited by. ÏÏD for agricultural puri>oscs

I arc oU.gible for subsidy which is an. insurfjiice against failure»

If a borehole is successful no subsidy is paid. This iten

• is coded as follows:

Code

i ' No subsidy . 0

Subsidy paid 1

• , ' ' Not known whether subsidy paid 2

• ITot applicable 3

i ' • • • • . ' ' , ' •.

m Elovat;:'on Water Level
j The elevation of the water level is given innôtres above n©4n sea-level«
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11 :̂. i ;.':J'. J ji.L'-U: i ) : JI..L J . u i X\J

PROVTITCE AKD
DISTRICT

KAIHOJJI

OEKTRAL PROVTT

KIAlflsU

NYAUDARUA
EÏKIi l

COAST PROviijpy;

XXXIFI
Kï/AIE
L/J.1U

TAITA
TAHA RIVER

ISIOLO

KAOrlAXOS
liAHSABXT

V/A..TI11

Kl G I I
KISUHU
SIAYA
S . ÎÏYAEZA

EIP7 VAUICI

. ' * '

ELCÏÏYO Ï2CT

KERICIIO
LA;IKIPIA
IÏAKUHU
1U1ÏK.T
NAEOK

(PRAKS 1Î20IA

UASIK GIRHU
WKSÏ POKOÏ

BUfilA

TOTAL

UOEEHOIEG

447

327

699
2

73
115

38

-281

41
6

46
48
8

510

7
20
36

391
31
25

93
37
15
41

S3

4
63

3
23

1 233

18
5

115
63

204
590

1
5

31
41 :

31
121

23
8
9
6

3 6C7 j

A.VSRAGE
Jï-m TABL

1 632

1 808

1 656
1 188
1 376
2 293
"i 896

735

301
25

120
727
596

950

•i 1 6 9
827

1 04-0
1 397

700
7291

715

89
421
317

871

225
270
955
2301

1 451

1 584
939

1 578
1 745
1 843
2 004
2 134
1 615
1 232

123
810
177
90'*

1

1

1.. 326
546
7.30

1 031

ï 432

106 956

99 458

178

69
203
74

680

34
76

59
190
506

140

23
222
72
141
134
315

279

4 4
64

145

269

G3C
63
296
92

492

343
54
67
293
i 45
165

534
5

4 20
529
961

154

732
4 54
531
704
993
915

733
762
105
348
912
073
052

367

060

934
581

482

188
073
862
555

784

465
469
704
614
820
337
0

902 795
346 861
4 69 963
579
651
654

110
228
4 06

736
052

504

0

738
730
074

451 802

"*>""•. " ' "' î

DEVIATION j

327

315

423
2

263
451
274

830

186
277

23
244
446
712

375

154
471
269
377
366
56-i

529

21Q

255
332

519

836
253
54-5
304

702

506
233
260
54-2
382
407

0
950
589
686
761
807
803

0
333
•; 7 8

639

6 7
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APPENDIX G

MAJOR BORHÎIOLI3 STATISTICS TABULATED ACCORDING- TO ROCK TYPE

ROCK TYPE

Nunber of
boreholes

i

Average
depth (u)

Standard
deviation

Nunber of
boreholes

Average „
yield (n /Fir) .

Standard
deviation

Niuibor of
boreholes

Average
specific
capacity

(nVir/n)

! Standard
d aviation

VOLCAÏÏIC
ROCKS

2 500

127

63

2 327

• 7.4

7.1

851

-•'*4o.e

2.1

SEDBIEM^RY
ROCKS

356

77

61 .

304

6,1

6.8

80

2.4

4.4

BASEMENT
ROCKS

724

89

54

605

4.6

6.0

227

0.5

1.4

j
OTHERS

35

105

49

33

4*4

5.4

9

0*3

0*5

TOTAL

3 639

114

64

3 291

6,7

7.0

1 177

0,9

2.3
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