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ABSTRACT 

Finding and developing sources of groundwater is becoming an 

increasing urgent need in many parts of Kenya, This is particularly 

critical in the arid and semi-arid lands which forms nearly two-thirds 

of the total area of the country» Most of this area is underlain by 

sediments ranging in age between Paleozoic to Quaternary periods. The 

entire region is drained by seasonal sandrivers except in the coastal best 

in the souther portion in which rivers Tana, Athi„ Vol and other small 

perennial streams are found„ The mean fainfail decreases eastwards and 

northwards while the potential evaporation rate is high. Aridity, therefore, 

results from high temperatures accompanied by lack of vegetative cover. 

Flash floods are frequent in the area. 

Analysis of environmental and geological data has been done for 

the entire area in order to a s s e s s the potential of groundwater resources. 

The result of this analysis shows that the water bearing zones in the 

consolidated sedimentary rocks range in depth between 50 and 150 metres and the 

3 
average yield is about 1 - 5 m per hour. The aquifers in the Tertiary -

Quaternary deposits are influenced by the seasonal drainage pattern of the 

area. One of the largest known aquifers in the region extends from 

northeast of Habaswein. towards Somalia Border on-the eas t . Aquifers 

adjacent to major laghas have yielded water of good quality from 

relatively shallow we l l s . 

I l l 
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The chemical analysis of more than 150 samples demonstrate the 

influence of the depositional palaoenvironment and distance from recharge 

zones. Although this investigation is still going on, it has been found 

that the groundwater occurs in the sufficient quantity to reverse the 

current trend from famine and drought stricken to a region exporting food 

surpluses to the rest of the country. 

INTRODUCTION 

The present paper discusses the hydrogeology of the semi-arid and 

arid area underlain by sedimentary deposits in Eastern Kenya. The 

aquifer characteristics and recharge features are examined with a view to 

assessing groundwater potential in the area and also suggesting management 

options. Although there is no single groundwater basin in the study area 

data from geological reports supplemented with borehole geophysics and 

resistivity analysis have been found to be useful tools for identifying 

aquifer characteristics» 

The major water sources in the area includes the perennial Tana 

River that starts in the eastern Kenya highlands and flows into the Indian 

Ocean South of Lamu, the Ewaso Ngiro and Daua rivers. The Ewaso Ngiro 

waters tend to become sub-surface from Habaswein easterwards while the 

flows of River Daua, an international river running along the border between 

Kenya and Ethiopia, has low flows during the dry seasons. 

In addition there are several seasonal (dry) rivers called laghas, and 

these supply considerable amount of water during the wet seasons. Most 

of the water supply is from boreholes, shallow wells and pans. These,, 

probably, supply more than 95 percent of the total water supply in the 

project area. The water supply is generally interrupted by breakages of 
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w a t e r pumps and bu r s t s of p ipes and s i l ta t ion of pans and d a m s . There £S 

a need to improve the d e s i g n s of water projects and plan conjunct ive wate r 

u s e of both groundwater and surface wa te r , 

The sedimentary rocks underl ie nearly one- third of the country 

cover ing t h e north e a s t and ea s t e rn Kenya which has low and var iable 

2 
r a in fa l l . The a rea of t h e p resen t s tudy i s approximately 180,000Km 

cons t i tu t ing of Nor theas t , C o a s t and Eastern Prov inces . The t ab le 1 below 

g i v e s a breakdwon of t h e d i s t r i c t s covered in the d i s c u s s i o n . The geology 

of t h e a rea de te rmines t h e d is t r ibut ion and occurence of both surface and 

and groundwater r e s o u r c e s in t h e a r e a . However, the geology of the a rea 

h a s been mapped us ing a i r photo r econna i s sance survey method only . It 

it on ly r ecen t ly t ha t g e o p h y s i c a l methods have been used by petroleum 

prospec t ing and groundwater explorat ion f irms. 

Table 1: The D i s t r i c t s that c o m p r i s e the study area 

Province Dis t r i c t Area Popula t ion 

Mandera 

Wajir 

Gar i s sa 

Tana River 

Lamu 

Kilifi 

Kitui 

Is iolo 

Marsabi t 

o 
km" 

26 ,470 

56,501 

43 ,931 

38 ,694 

5, 506 

12,523 

31,099 

2 6 , 6 0 5 

78 ,078 

(1979) 

10 5,610 

139,319 

128,857 

9 2 , 4 0 1 

4 2 , 2 9 9 

4 3 0 , 9 8 6 

4 6 4 , 2 8 3 

4 3 , 4 7 8 

96 ,216 

North ea s t e rn 

C o a s t 

Eas t e r 
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GEOLOGY 

The geology of t h e area i s comprised of Sedimentary depos i t s ranging 

in age from Jurass ic to Quaternary periods» These depos i t s include the 

T r i a s s i c , Mansa Guda Formation, Daua l imestone se r i es and the Jurass ic 

Mandera s e r i e s and Cre t aceous Marehan ser ies* 

The Dua l i m e s t o n e s , measuring about 1200m in t h i c k n e s s near 

Melka Murri, outcrop in the nor theas t corner of ea s t e rn Kenya in 

Mandera and Wajir D i s t r i c t s . They were laid in a Ju ra s s i c Sea 

probably of a depth of 2400m as evidenced by the depos i t ion s e q u e n c e 

(Ayers, 1952). Overlying the Daua l imes tones are marine - d e l t a i c -

depos i ted Cre t aceous sediments of the Marehan Ser i e s , and are 

confined around El Wak and Finno. The res t of the remaining port ion 

of eas t e rn Kenya comprisesof Ter t i a ry and Quaternary d e p o s i t s 

cons i s t ing of the Merti Beds of Late Pl iocene composed of red, wh i t e 

gray, tan cn'.our friable to semi-conso l ida ted grave l , grif, sand, s i l t 

and c l a y genera l ly in t e rca la t ed in lent icular b e d s . These b e d s ex tend 

benea th the p la ins of Southern Wajir and most of Ga r i s s a D i s t r i c t s . 

Apart of Merti Beds cons t i tu t e the Wajir Beds tha t forms a d i s c o n t i n o u s 

aquifer around Wajir t own . Quaternary depos i t s c o n s i s t s main ly of s o i l s 

and a l luvia l accumula t ion wi th pa tches of l imes tone , gypsum, s a n d s t o n e s , 

i rons tones and cong lomera t e s . 

HYDROLOGY 

The mean monthly ra infal l w a s compiled from t h e records t ha t e x i s t 

a t the Ministry of Water Development ' s Hydrology Sec t ion . The m e a n annua l 

rainfall range be tween 700 mm and 200 mm. The rainfall i s low, v a r i a b l e 

and usua l ly occurs in the form of short duration s to rms . The high 

evaporat ion ra t e , about 2300 mm per annum accompanied by un re l i ab l e 
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rainfall makes the study area pro^e to droughts. The frequency of such 

droughts range between 4 and 7 year intervals (cf. Ogallo, 1983). The major 

short coming is lack of adequate hydrometeorological data in the study area. 

Table 2 shows the distribution of rainfall stations in the area. The wel l -

watered areas have more stations than the areas most affected by drought. 

The most important stations for our present analysis are those whose records 

are longer than 20 years . There are two distinct rainy seasons in north 

eastern Kenya. The long rains start in March and ends in May except in 

exceptional wet years when the rain ends in June. The short rains start 

from mid-October to mid-December. 

Sources of surface water are limited in eastern Kenya. Most of the 

rivers originate from outside the study area. Amongst these streams, River 

Table 2: The distribution of rainfall stations in the study area 

2 
District Stations Km /Station 

North Eastern 

Mandera 

Garissa 

Wajir 

Eastern 

Isiolo 

Kitui 

Coast 
Kilifi 

Tana River 

Lamu 

TOTAL 

Source: Various records at the Meteorological Department and the 

Ministry of Water Development, Nairobi. 

13 

15 

2036 

6276 

3 76.6 

17 1565 

69 

27 

18 

301 

181 

1433 

362 

10 61 
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Tana i s the l a rges t , t r an sec t i ng through the study a rea from n o r t h e a s t to 

southern direct ion before flowing into the Indian O c e a n . The d r a i n a g e 

2 
bas in covers 132,000 km , abou t 22 .7 percent of t h e to ta l area of the 

r epub l i c . 

The ave rage rainfal l for t h e b a s i n i s 535 mm. Tana River ba s in con t r ibu tes 

near ly 25 percen t of the t o t a l runoff of the country. The other important 

surface wa te r body of i n t e r e s t i s River Ewaso Ngiro which h a s i t s headwa te r 

from Mt . Kenya and Aberdare Range, flows northwards, then e a s t w a r d s 

before making a debouch south e a s t w a r d s . The surface flow, however , 

d i s a p p e a r s at the Lorian Swamp. Only during excep t iona l floods d o e s 

Ewaso Ngiro and Lagh D e r a , a s it i s known towards the e a s t , r each the 

2 
Somalia border . The Ewaso Ngi ro river has an area of more than 15,000 km 

3 
at Archer ' s pos t where t h e annua l average d ischarge i s about 1.5 mill ion m 

A small a rea in the nor thwes t lyging between Finno and Derkal i d ra ins e a s t 

and nor thwards to River D a u a . Although Daua River i s l a rge , it h a s a 

s e a s o n a l flow and forms an in te rna t iona l boundary wi th Ethiopia . The w a t e r 

supply to Lamu, Mandera town and Army barracks are from the r iver , 

GRwUNE)WATER RESOURCES 

The po ten t ia l of groundwater resources in the north and north 

e a s t e r n par t s of Kenya i s not wel l known. The present sources of w a t e r 

supply in the area i nc ludes p a n s , shallow wel l s and bo reho le s . However, 

the extent and c h a r a c t e r i s t i c of the aquifers and the nature of recharge have 

not been de te rmined . Although lack of such information limits any ra t iona l 

economica l development and management of groundwater r e s o u r c e s , a t t empt 

h a s been made in the p resen t paper to evaluate the s ta te of knowledge in 

the a r e a . 
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The d i s t r ibu t ion of boreholes by area in eas te rn Kenya i s not l imited 

to t h e a rea tha t i s under la in by sedimentary depos i t s only, but it covers the 

p rov inces t h a t a r e s i t ua t ed in ea s t e rn Kenya (Table 4 ) . The dis t r ibut ion of 

b o r e h o l e s re f lec t t h e effect of w a t e r ava i lab i l i ty a s we l l a s the inf luence of 

d e m a n d . The da ta b a s e d on the borehole phys ica l cha rac t e r i s t i c s are 

ra ther more t e l l i ng than that of the distr ibution (Table 5 ) . The number of 

bo reho le s t ha t were reported dry ranges from 70 percent in Tana River 

D i s t r i c t to abou t 22 percen t in I s io lo . Most of t h e s e dry boreholes loca te 

in t h e Mansa Guda formation but the picture from other se r ies cannot be 

Table 4: The d i s t r i bu t ion of Boreholes by Area and Population 

Di s t r i c t 

North Eastern 

Mandera 

G a r i s s a 

Wajir 

Eastern Pro v . 

Is iolo 

Kitui 

Marsab i t 

Coas t Prov. 

Kilifi 

Tana River 

Lamu 

Area 

2 6 , 4 7 0 

4 3 , 9 4 1 

56 ,501 

2 6, 605 

31,099 

7 8 , 0 7 8 

12,523 

3 8 , 6 9 4 

6,514 

Pop . 

105,601 

128,857 

139,319 

4 3 , 4 7 8 

4 6 4 , 2 8 3 

96,210 

4 3 0 , 9 8 6 

92 ,401 

22 ,401 

Borehols 

52 

88 

127 

59 

39 

85 

182 

10 

12 

Km2 

Borehole 

509 

499 

445 

4 51 

797 

918 

69 

3,869 

543 

Persons B/h 

2031 

1464 

109 7 

767 

11,905 

1,131 

2 ,3 68 

9,240 

1,867 

S o u r c e s : Various D i s t r i c t Development P l an s , S ta t i s t i ca l 

Abst rac t (1984) and f i les in the Ministry of Water 

D e v e l o p m e n t . 
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established wall because of paucity of data. In comparison the Marehan 

Series yield groundwater of acceptable quality at relatively shallow 

depths . Some of the highest yielding boreholes have been drilled around 

Finno area, along the road from El Wak to Mandera. The yields range 

between 40 and 90 litres per minute, basically from the upper sandstone 

unit of the ser ies . The other areas that have promising yields include 

Asahaba and War Gedud area that is associated with fauitline. In some 

cases reported dry horeholes were not drilled deep enough to tap the 

lower aquifers. 

The Merti Beds around Wajir forms one of the best known productive 

aquifer in eastern Kenya. It extends from the north east of Habaswein to 

Somalia border at Liboi and beyond, approximately in line with the Ewaso 

Ngiro drainageway. The lateral extent of the aquifer is not def i.nitively 

known but it is believed to be limited bv the adjacent saline water bodies. 

The aquifer extends for about 200 km long and lies between 20 and 90 km wide. 

The extent of the area in which sweet water occurs range between 10,000 and 

2 
20,000 km . The depth of the aquifer i s approximately 90m in lowlying areas 

but may exceed 140 m in areas of high att i tudes. The yields range between. 

30 litres per minute to 180 litres per minute. Swarzenski and Murdoff (1977), 

3 
assuming a saturated thickness of 60m calculated that about 10,800m per 

day flowed underground past Liboi. 

A generalised picture of the aquifer near Wajir town shows that the 

zone above 2 metres of depth is covered with sandy soil. Below this is 

covered by limestone ser ies , very hard and dense near the surface, softer 

below, of 2 to 10 metres th ickness . Further below the limestone series is an 

alluvial dep-^sitlcourse to clayey sands) ef about 10 m thickness. 

This represents a shallow aquifer. Below this aquifer lies a series if 
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d e n s e c l ay l ayers and a few thin sandy and s i l ty beds to a depth of 

of be tween 80 and 150 met res . The sandy and s i l ty beds have been 

f^und to con ta in some w a t e r a t dep ths between. 35 and 40 metres , 

However s a l i n i t y i n c r e a s e s wi th dep th . The Mansa Guda formation 

i s thought to underk ie the area of s tudy . 

Preliminary inves t iga t ion on the cha rac t e r i s t i c s of the l i tho logica l 

logs shows tha t the re a re three t y p e s of geologic t e r r anes in which potable 

wa te r i s obta ined in the sedimentary b a s i n . First i s the Quaternary and 

Pl iocene d e p o s i t s of unconsol ida ted or poorly consol ida ted sand and 

gravel commonly interbedded with c l a y . The others c o n s i s t s of s e m i -

conso l ida ted and conso l ida ted conglomerate , sands tone or shale 

formations of which are often jointed and p o s s e s intergranular and 

fracture porosi ty and permeabi l i ty . The third geologic terrane i s the 

l imestone and gypsum beds which genera l ly contain sa l ine water (C3850), 

la rge ly calcium su l fa t e . 

THE WATER RECHARGE 

Average rainfal l , monthly or annua l , data do not represent the w a t e r 

ba l ance of the a r e a . Rainfall occurs general ly in the form of violent s to rms , 

convec t iona l in g e n e s i s producing rain that covers a r e a s of only 20 to 50 km' 

(Swarzenski and Murdorff, 1977). The h ighes t rain occurs in the nor th .wes t 

and south of the study a r e a . The inf luence of rainfall on recharge i s 

determined by the r a t e s of infi l t rat ion and évapot ranspi ra t ion . On t h e o the r 

hand the rate of. infi l t rat ion i s genera l ly influenced by the geology and 

an t eceden t c o n d i t i o n s . Bestow (1941) sugges t s that moisture def ic iency 

in northern part of the country i s genera l ly met by about32.5mm of ra infa l l 

after which inf i l t ra t ion i s p o s s i b l e . It i s poss ib le that such inf i l t rat ion 

r echa rges shal low aquifers only and therefore have l i t t le impact on t h e 
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t o t a l groundwater r e s o u r c e s of the a r e a . 

Recharge may occur a l s o a s a resul t of imported water from the 

ÇtïStern Highlands and Marsabi t mountain. Approximately 180,000 m per 

d a y p a s s e s a s underground flow at Serich along the Ewaso Ngiro dra inageway 

via severa l l aghas including Lagh Bor, Lagh Bogal, Lagh Dima and 

t h s s - e l a g h a s may recharge perched aquifers in the region. Permeable 
in Marsabit area 

vo l can i c l avas that are loca ted /and stream bed depos i t s al low high 

inf i l t rat ion r a t e s to occur and a s a resul t they account for loca l ized 

r e c h a r g e . Bes ides channe l i sed see~page that accounts for underground 

flow in the a r ea , o c c a s i o n a l floodwater e spec ia l ly on the Lorian Swamp - Lagh 

Dera dra inageway i s probably responsible for recharging the aquifers 

in 
of Merti and Wajir Beds . Other physiographic features that a re / the area 

such a s a l luv ia l fans , ponds and dams store wa te r and al low 

infi l t rat ion to i n c r e a s e a re yet to be identified and mapped , 

Although c l ay p lugs tha t genera l ly occur along abandoned channe l s and 

swamps may be counterproduct ive in enhancing infi l t rat ion, many of such 

p lugs become eroded during large f loods. Such c l ay plugs a t dep ths of 

0 . 5 to 1.0 m and 7.0 to 20 .0 m can be identified in l i thological data of 

bo reho les from the a r e a . 

There i s high rate of evapot rans ip i ra t ion . For recharge to occur , 

the ra te of inf i l t rat ion need to exceed that of évapotranspira t ion in order 

to obta in net gain in s t o r a g e . Present ly , it i s imposs ib le to i s o l a t e the 

pa ramete r s of recharge b e c a u s e pe renn ia l recharge through fau l t l ines , 

e r ra t i c rainfall and s eepage a l l combine to recharge the a r e a . 

WATER QUALITY 

The groundwater chemis t ry in Eastern Kenya depends on the 

hydrochemical c h a r a c t e r of recharge waters and the aquifer matr ix . 
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This zone i s referred to a s the zone of chloride wate rs (Ongwenyi, 1973), 

extending from Lake Rudolf southwards through Samburu, I s io lo , Kitui , 

Taita Taveta d i s t r i c t s and eas twards to the borders , except for a narrow 

strip running in a nor thwest ~ sou theas t t rend . 

Fresh groundwater containing l e s s than 1000 mg/ l of d i s so lved 

so l ids i s rare in the region. Except for the Merti Beds with low sal t content 

and pH va lues ranging between 7.2 and 7 . 8 , most of the groundwater in the 

area i s below the recommended l imits (cf„ U . S . Public Health Serv ice , 1962). 

The sa l in i ty i n c r e a s e s towards nor theas t and southwest in amounts of 

sodioum, ch lor ide , b icarbonate and su l fa te . Concentra t ions of flouride 

i s sometimes high, and th i s i s part ly due to volcanic rocks around Merti 

a r e a . The temperatures of the wa te r range from 34 to 39.2 s l ight ly in 

o o 
e x c e s s of average a i r t empera tures by 8 to 9 C . 

Groundwater tapped from consol ida ted Mesozoic sedimentary rocks 

con ta ins 2 ,000 to 4 ,000 m g / l of d i s so lved sol ids (Swarzenski and Mundorff, 

(1977) and i s marginally su i tab le for human consumption. High n i t ra te 

concent ra t ion has been reported in var ious a r ea s within the region (Joubert, 

19 63). Such high ni t ra te concent ra t ion would be explained from two 

s o u r c e s , namely from b io log ica l pollution or from buried p a l a e s a l s . 

CONCLUSION 

The present paper has examined the aquifer cha rac t e r i s t i c s of the 

sedimentary b a s i n s of ea s t e rn Kenya. Knowledge of the phys ica l cha rac t e r 

of rocks and c l ima te , t he two main factors tha t determine the occur rence of 

groundwater , is pa tch and fragmentary at b e s t . Aquifers in the area can be 

d i s t ingu i shed by depth or by l i thologica l composi t ion. 
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Three t y p e s of aqui fe rs were d is t inguished according to depth namely-

sha l low aquifers (depth l e s s than 10 metres deep) , deep aquifers (between 

be tween 35 to 40 metres) and deep and fractured aquifers (of depth from 

80 to 120 m e t r e s ) . The33 types of aquifers are represented by sandy to 

c l a y e y d e p o s i t s excep t t h e l a t t e r o n e . 

From l i tho log ica l l o g s , it was poss ib le to identify three types of 

aqu i fe r s namely unconso l ida ted and consol idated sand and gravel 

commonly interbedded wi th c lay; semi-conso l ida ted and consol idated 

cong lomera te , s ands tone or sha l l ow formations often with joints or 

f r a c t u r e s - and f inally l imes tone or gypsum b e d s . The water chemistry of 

e a c h group of aqui fe rs differs cons iderably from each other . 
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