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PREYACE

In responsé to the request of the Government of Republic of
Kenya, the Japanese Government decided to conduct a sU:vey
on Kajiado ~ Narok Underground Water Development Project and
entrusted the survey to the Japan International Cooperation
Agency {(3.I1.C.A.). The J.I.C.A. sent to Republic of Kenya

a survey team headed by Mr. Kiyoshi KATOH, Director, Grant
Aid Dept., J.I.C.A., from Novembéer 9th, 1981 to January 23th,
1%82.

The team had discussions with the officials concerned of the
Government of Republic of Kenya and conducted a field survey
(in Kajiado - Narok area, in Republic of Kenya). After the
team returned to Japan, further studies were madé and the_
present report has been prepared. '

i hope that this report will serve for the development of the
Project and contribute to the promotion of friendly relations
between our two countries.

1 wish to express my deep appreciation to the officials
concerned of thée Government of Republic of Kenya for their
close cooperation extended to the team.

March, 1982

571//4 //L

Kelsuke ARITA
President

Japan International Coopération Agency
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summnr

Vece551ty of the Grant Ald to the Progect has been ldentlfxed
by the Contact Mission of Japan’ Internatlonal Cooperatlon
'Agency despatched to Kenya 1n the last September.. The maJor
objectlves of. thls ba31o desxgn study are to study fea51b111ty
of the 1equested grant axd to the prOJect to 1dent1fy neces-
sary 1tems of the grant aid and to evaluate the proposed qlant
aid. 1In add;tlon, hydrOgeOIOQical_1nvest1gatlon has been_
carried out for the purpose of technologv transfer and tech-
nical assistance for the selected 10 sites.

The total area of the Republic is SQ0,0dO:ka located in the
tropicai eastern part of East.africa where a large dry. land
occupiés in the iniand area The langd is olaSSLf1ed 1nto six
areas based on the ecologlcal condltlons in Kenya. Accordlng
to the above o1a581flcat10n, almost 70% of the total popnlation
distributes'in'the relatively'dry_aréasaextending over 80%

of the total area of Kenya. Theé rest of 303 of‘national
population is concentrated in urban areas. There found
51gn1f1cant dlfferences in the 11v1ng standards and 3001a1
service levels- ‘between the‘two areas. Development of_dry areas
in general aspect of living standard is far behind that of
urban areas, ho#ever,-development'in_dry areas especially for
livestock development, is assumed.to_be high and a large

number of people are engaged.in cattle keeping. _Under the
circumstanoee, one of the nost important development policies
~in the: Republlc 1s to ellmlnate these dlffelences in 11v1ng
standards between urban and rural areas. An emphasis has been
placed on the water deveIOpment and the 1mprOVement ‘of rural
water supply. The M1n1stry of Water Development is responsible
for these development. ' o

Based on the aboVe development polloy the Government set up

the target to complete water supply to everybody in the nation
by the year 2000._ Much effort have been- made for this
target The importance and neoeSSLty of thls deVelopment
policy have been appreciated by the United Nat;ons and forelgn



'countrles. Various kinds of . ihternational cooPeratien have
been provlded for water development pro;ects from many 4onor
countries. A total of 4,800 mllllon shllllngs was estimated
for the water development in the National Development Plan_
from 1979 to“1983. Half of this estimate is supposed to be
provided by various types of foreign a551stance Out of
these a531stance, about 126 million shilllngs has been con-

tracted already.

Although there are difficulties in crop cultivation in the dry
areas, the development potential in livestock development is
high. Since 1968, Kenya Livestock Development Project (KLDP)
has started to increase beef production assisted by Ihternetioh—
al Development A55001at10n {IbA). For the‘Phase 1 of’KLDP

36 mllllon U.S. dollars was provided to the pro;ect for the
fund of local loans. Following to the Phase 1, another. 60
million U.S. dollars were available for the Phase 2 of KLDP
for which foreign assietance was obtained from IDbA, Canada, the
United Kingdom and the Unlted States. One of the important
objectlves of KLDP is to supply water to caLtle and people
engaged -in llvestock keeping. For this purpose, an indented
branch, Ranch Water Branch has been establlshed in the _
Englneeranq Department of the Ministry of- Water Development.

The Mlnlstry of Water Development has respon51b111ty for the
water supply schemes. In the Ministry, the Water Resources
Department has responsibility for an assessment of water '
reSOurces'and censtruction of productioh-wells and the
Englneerlng Department 'is responsible for plannlng, desian’
and construction of water supply schemes.

The major developmeﬁt'pregrammes.fbr rural water supply arei_

Rural Water Supplles Programme', Thls 13 a development
programme started in 19?9. _From the flrst phase to the thlrd

phase of thlS programme completed more than 130 rural water
supply schemes at the total cost of 440 mrlllon shrlllngs.

ii



Since.1978, siktyefive'schemes are plaﬁhed in'the,Phaee_iV
with the total. cost of 1,000 mllllon shlllings. eThe imp1e~
'mentatlon of Phase 1v is undergoxng and ‘additional plannlng
of Phase V is- under preparatlon.

'Ranch Water Devélopment Programme: This is a Weteri5upp1y

programme for livestbck devélopﬁent as ah'iﬁteqr&l part'of

KLDP. Plannlng of water supply schemes of this programme started
in the flrst half of 19705 and the construction commeHCed in

the second half of 1970s. _Already five water supply facilities
were constructed for livestock and people'engagea in ranches,

As described above, manY‘rural water supply schemes have been
planned and constructéd in dry areas. Most of the water sources
of theSe:rural water Sﬁpply-are obtained from the grOUhdwater
since surface water is scarce. Therefore, the demand for the
grOundwater'has been increasing so rapidly in the'dry areas.
that the working capacity'of'the'driiling section of the
Ministry cannot afford boreholes to the demand.

Under. the circumstances, the Ministry planhed the project to
intensify water eupply in Kajiado and Narok Districts which
have the highest potential for tivestock development amohq
these dry areas 'in the Republlc. For this poupose the Govern-
ment determined to organlze spec1a1 drlllang teams for these
two Districts. The Grant Aid is requested for Japanese
Government to obtain the drilling equipment and machinery with
necessary quantity of casings and se¢reens for the project.

At present, there are 12 communal water supply facilities and
164 boreholes in the pro;ect area. The total capaCLty of these
facxlltles and boreholes is 8,900 m /day _On the other hand,
the total eX1st1ng demand is 55, 500 m /day. Only 16% of
ﬁpopulatlon has access to the clean water. Con31der1ng the
_total demand of the target year 2000 ‘102, 000 m /day, it is
very urgent to 1mplement wateéer supply schemes in Kajlado and
Narok Dlstr1cts.

Cdidid



For the groundwater development project the Mlnlstry has
selected 66 51tes accordlng to the. prlorlty list:

Rural Water Supplles Pquramme Phase v : 19 sites
Ranch Water Development Pquramme : 47 sites

~ The total canstructlon cost is estlmated at 86 mllllon Shllllngs

-to supply water for 30 000 people and 15, 000 km2 of ranch lands
as summarized below:

Rural Water Supply Phase V ~ Ranch Watef Development Total

No. No. of Construction No.  Area COnstr'ueEion

of Population Cost ‘ of (km 2) Cost . o

Sites Served {Mil. Sh. ) Sites | {M11 sh.) (Mil. sh.}
Kajiado _ - ' L e
District - 9 16,000 13.8 30 9,800 39.3 53.1
Narok - L - o o o o
pPistrict 10 14,000 1.7 . 11 5,200 20,9 - 32.6

Total 19 30,000 25.5 49 60.2 85.7

The construction period is estimated for_fbur.Yeefs starting -
from 1982, '

ThefeVerége ednstruétion cost is eefimated_at.ﬁso shillingé_-
for each person ef”the‘Rural Water Supply'and 40'shiliings '
for one hectare of ranch land of Ranch Water Development.

These unlt costs are considered to be a reasonable 31ze .
-compared w1th other unlt cost of the rural water supply of the'
same type in the Republlc. - '

The maximum borehole yleld of 16 m’ /hr is recorded 1n the area
and the most common yield ranges from 4. m /hr to 6 m /hr.,._ )
However, more yleld w111 be obtainable when the hydrogeoloqical
1nvestlgatlon is earrled out for the 51te selectlon..In the -
‘most cases these. boreholes w111 meet only small scale water.'

supply schemes whlch are common in the project area.



The groondwater in thé'projeet éréa teﬁds to be reiatively

high salinlty, however, most of the chemical analysls indicates
these groundwater meat the drlnklng water quallty standard
grade II of W. H.0. criteria except some cases which have hlgh
content of fluoride in Valcanlc aree[

By the 1mplementat10n of thle progect the percentage of
pupulatlon served by 1mproved water supply will 1ncrease to
30 % from the exlstlng percentage of 16 %. The magnltude of
30 ¢ 15 not 1mpre551ve, however, thlS pr03ect will double the
exlstlng pupulatlon with c¢lean water and w111 supply wate1 to
15, 000 km -of ranch’ lands.' Con51der1ng the above effects,
the contrlbutlon of the project to water shortage problems
and the 11vestock.development in the erea can be appre01ated.
In_addition, throhgh'the project.implementatioh the new fully
equipped drilling teems_eill be organized and operational
within the water ReeourCes Developmeht.

‘Based on the Basic Design Study including discussions made

with the government officials cdncerhed, it is proposed to
provide two sets of drllllng machlnes and the necessary

screens and casiﬁgs for the pro;ect by the Grant Aid as listed

in Appendix 1. "The total cost of the items necessary for the
Grant Aid is eetimated:at 48 million shillinge at C.I.F. Mombasa.

The total coet of the project is estimated at 86 miliion
shillings. Out of this the Grant Aid will contrubute to almost
60 % of the total pro;ect cost. Therefore, the balance of

38 million shllllngs is the responsib111ty of the Government

of Kenya.'

.Slnce the type of drllllng machineés are new to the Mlnlstry and

" the drllllng operation will be carrled out with various comblna—'
etlons of equlpment and machlnes, operat10na1 and mechanical
'.tralnxng for the drlllers and mechanlcs will be - ‘necessary.,

The’ tralnlng service to be prov1ded by the - suppller of the
equlpment should be at 1east 6 months and preferably one year.



.Further 1nternat10na1 technlcal cooperatlon fOllOWlng tc thls.,a'
' tralnlng serVLce wxll be benefitxal to the prOJect.-

There are many different klnds of foxelgn aasxstance 1n the
Mxnlstry and Jn many cases a coordlnatér is’ dlspatched frOm
the dono; agency.- The coord1nator s functxon is. to coordlnate
the smooth operatlon of the pro;ect : It 15 deSLTable to have
Japanése eXperts for thlS purpose w1th1n the Mlnlstry 'A.- 
'de91gn englneer or a plannlng eng:neer of rural water supply in
the Enqlneerlnq Department 1s recommended. '
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CHAPTER 1

BACKGROUND OF REQUEST FOR GRANT AID PROJECT AND

CONTENT OF THE BASIC STUDY

1-1 Background

Due to the severe climatic cOnaitiOns,‘a'gfeater part of the
country is cOvered by dry areaé, and amount of available

water resources is limited both in time and space. In order
to utilize such precious water resources efflclently and to
allocate it equltablly, the water developmeént is. one ‘of the
national development plicies with the hlqhest prlorlty. in
the national development plan durlng 5 years from 1979 to 1983
a total of 6 400_m11110n shillings has been allocated for this

purpose.

Iin 1970, the government declared to complete water supply to
everybody in the country to serve clean and adequate water by
‘the year 2,000. Accordingly, enormous efforts have been made
for improvement and construction of water Supplies.‘ However,
conditions influehcing this intension have not been favourable,
There has been.shortage of skilled manpower, inflation, finan-
cial problems, and limited availability of water sources,

At.present about 2,600,000 people are served by improved water
supply in urban areas and only 1,480,000 people have access to
safe and clean water in rural areas. - The total number of
people served by improved water supply at present is estimated
4,100,000 people out of 14,900,000 of entire national popula-
tion.

Only about 28% of the total popuiation has opportunity to have
clean and safe drinking water. To achieve above mentioned
target for water supply develOpﬁent, much efforts will be re-
quired. ' '

1-1



Including water supply development the government set up
the water development programmne target as below:

Programme Targets _ _ .

5.231. Development activities in the water sector
can be classified accbrding to whether they are
primarily concerned with the water supply needs of
rural dwellers or primarily aimed at exﬁanding water
supplies in urban places. Within these two broad

classes, and taking into account the rescurce

constraint, programme targets have been set for the

1979-1983 plan period. These are: -

i To expand the coverage of improved water supplies
te include more péople residing in the rural
areas thereby increasing the total rural popula-
tion served to over 4 million people by 1983,

ii To increase the number of people served by an
improved water supply in urban places by 1,360,000
so that the total urban population served will be -
approximately 3,945,000 people by 1983,

iii 7Po achieve a better balance between the sewerage
systems and the water supplies in some of the
largér urban places.

iv To complete Stage I of the National Master Water
Plan concerned with data collection, and then to
move into Stage II concerned with the master plan
for the national use of water resources ovex the
next thirty years or so.

v To increase substantially the effort-applied to
water conservation over the plan period in
recognition of the increasing importance of
conserving as much as possible of the nation's
water resources and relate it to the scil

conservation programmue.

1-2



vi  To expand activities in the areas of flood protec-
tion and drainage of swamps and valléf floors as
part of the effort to increase the quantity of
agriculturally productive land in the country.

vii To expand the use of water for minor irrigation
activity throughout the country.

viii To upgrade substantially the role of the private
sector water development activity and to integfate
this éffort more completely with planned public
sector activities and self-help activities,

In addition, necessary'measures against desertification and
one step ahead, dévelopment of dry areas are aiso emphasized
in the 5 year development plan. The purpose of this emphasis
is to eliminate difference of_social service levels and
living standards in the dry areas compared to those of more
advanced areas'in humid climate. In order to attain above
target the livestockldevelopment programme has high priority
in the national development ﬁlan to activate economy in dry
areas. Again water supply has to play one of key roles in
the course of this objective.

Aiming at attainment of these targets the water resources
department was eStablished in the Ministry of water
Development in 1974. Major function qiveh'to this new
department are to assess available water sources both of
surface water and groundwatéer for their most efficient
usage. Construction of production wells is also another
important function of this department.

Since its establishment,however,the activity of the water
resources department is not satisfactory. This has been due
in part to a shortage of skilled man-power and insufficient
equipmeht and machineries.

Insufficient drilling equipment has caused delay in construc-
tion of boreholes which results in the set-backs of livestock
development and improvement of water supply in dry areas.



Aiming at distruption of this vicious circle the Ministyy
of Water PDevelopment determined to organize well equipped
drilling teams for groundwater development for Kajiado/
Narok Districts in Rift Valley Province. These two
Districts have higher productity potentials among other dry
areas suffering from shortage of water. (see Chapter 4)

For this purpose a request is made by the Ministry for the
grant aid project of the Government of Japan to be
incorporated into the intensive rural water supply project
for Kajiado/Narok Districts.

1-2 Content of Basic Design Study

This basic design study for Kajiado/Narok Groundwater
Dévelopment Project has been based on the results of the
previocus study made by the contact mission for the Project.
Objectives of the basic design study are to study feasibility
of the grant aid to the project to identify necessary. '
contents of the proposed grant aid and to evaluate the
proposed grand aid. _

Additionally, groundwater investigation including resistivity
survey was carried out at 10 sites selected by the Ministry
and District Developmeni Committee. These sites are either
high priority sites or sites where hydrogeological conditions
are infavourable for easy exploration of groundwater. Another
objective of the groundwater investigation was training of
counter part staff members with new resistivity meters
provided by the Government of Japan to the Ministry. (APPENDIX §)

This training as well as data analysis of resistivity
survey has been performed satisfactorily.

Conclusion and recommendations of the groundwater investiga-
tion is summarized in APPENDIX 2 of this reporxt.

In order to identify necessity of the proposed grant aid
and to assess its feasibility, it is required to throw a
light to the Rural Water Supplies Programme including



Ranch Water Development to figure out the pyoposed schemes.
The Basic Study has been started with this in mind.

According to the regulations and operation system in the
Ministry for rural water supply scheme which take their
water sources from groundwater, it is necessary to have
inter-departmental cooperation between the Engineering
Degartment and Water Resources Department. The Water
Resources Department is responsible for studies and surveys
for water source planning and construction of production
wells, while the Engineering Department is responsible for
planning, design and construction of the water supply

schemes.

Therefore, cooperation has been obtained from both of

the Départments for the Basic Study. In addition to such
cooperation a request was made by the Engineering Department
for Dam Construction Units (D.C.U.) to bé included in this
proposed grant aid. |

This is an idea to construct small scale earth dams or

dikes to store surface watér which would otherwise lost.
downstream. This idea has been proved to be effective in
northern dry areas and a grant aid for D.C,U.s has been
made by West Germany. Additional D.C.U.s will be available
in a similar grant from IRDB. In dry areas in Kenya, the
majority of reliable water sources are grouhdwater. However,
it may take a long timeé and a large amount of capital may

be required to fully equip the drilling section with drilling
machinery in the Ministry. Until that time D.C.U.s can be
used for watering points for livestock and mini-irrigation
as an urgent solution of the problem.

The usefullness and importance of D.C.U.s is generally
admitted. At that point in time, however, it is difficult
to give consideration to D.C.U. within the scope of work for
the Basic Désign Study.



For the introduction te D.C.U., a list of typical eguipment
for D.C.U.s is shown in APPENDIX 5 of this report.

The sites of Rural Water Supplies Programme and Ranch Water
Development Programme in relation to Kajiado/Narok Ground-
water Development Project have recently been selected by
the District Developmeht Committee of each District and
their implementation has been determined by the Ministry.
However, all of these watef_suppiy'schemes are still in the

initial stage of the project implementation.

Details are to be further studied and final designs will
be completed by the Engineering Department of the Ministry.

Under the circumstance, the Basic Design Study has been
proceeded to identify the outline of the project by using
estimates and some assumptions for the purpose of assessment
of Grant Aid feasibility and identification of necessary
items of Grant Aid in relation to the water supply project
under prepération by the Ministry.

Finally discussions were made between Basic Design Study
feam and Government officials concerned to determine the
proposed specification and quantity of items to be provided
by the Grant Aid Items.
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CHAPTER 2

GENERAL DESCRIPTION OF ECONOMY AND DEVELOPMENT

POLICY OF THE REPUBLIC OF KENYA

2-1 Natural Environment

Kenya is lccated in the eastern part df the African Continent
and covers an area of 580,367 kmz.' The eastéern part faces
the Indian Ocean and the northern part touches the border of
Somali, Ethiopia, and the Sudan., The western part borders
Uganda and its southern part borders Tanzania. Extreme
difference in the weather,.from very dry to fair conditipns,

greatly influences agriculture préduction.-

The Rift Valley divideés Kenya geographically into west and
east regions. The width of the Rift Valley varies from 50

to 80 Km and the height of the cliff of the valley varies
from 600 to 1500 m. There are 9 lakes between the Ethiopian
and Tanzanian border. Lake Turkana, located in the far north
of the country, and Lake Victoria, located on the Ugandan
border are the centers of fresh water fisheries. The hidgh
lands in the central part of the country range from 10060 m to
2000 m above sea level. 1In the central part of Kenya, which
is right beneath the eqguator, Mt, Kenya rises to a height of
over 5000 m. There are 5,300,000 hectares of woodland, and
80,000 hectares of high or mountainous region which has no
vegitation. Total cultivatable agricultural land is
16,600,000 hectares. Land which is suitable for livestock
'fafming (30,000,000hectarest,makes up the largest part;

Out of the total area available, about 18% of the land is
suitable for agriculture with another 9% marginaliy suitable.
Grassy plains suitableée for 1livestock farming covers 52% of
the land and the remaining 21% is wasteland. |



The climate of this area is generally divided into three

zones as follows:

Dry climate Zone = - North-eastern border area
Tropical climate Zone - Indian Ocean area

Semi-tropical Climate Zone - Western highlands located
west of Mt, Kenya

The average annual maximum'témperature on the coast-of

the Indian COcean is 32.7°C and the annual minimum temperd—
‘ture is 20°C. The climate in the highland area is

relatively mild although the temperature is hiqh. These
climatatic features as well as location, altitude and volume
of rainfall directly affect the productivity of the land.
From a climatic point of view, the best suitable agricultural
land is the western highlands which vary from 1,000 to 2,000 m
above sea level. Because its climate is very mild and there
is plenty of fertile soil available it was developed from
early days.

the northern and northeastern regions, which make up

60% of the total land, are semi-desert dry zones . and are not
suitable for agriculture. Table 1 shows the annual tempera-

ture of the country by month and city.

2

Table 1

Mean Monthly Maximum and Minimum Air

Temperature at Major Towns in Kenya

Month Jan. Feb. Mar. Apr. ﬁay June July Aug. Sept. Oct. Nov. Dec.
City L . L
- . 125.3 26.6 25.6 24.8 23.8 23.4 22.5 23.7 26.7 26.4 25.1 24.3
Nairobi

al.$GZ.@O@-%QS.QGQ.$&15®01.0GJ.EG].S&3.Q&3.3Q&.D

Nakuru 25.6 27.0 29,4 24,3 24.4 24.3 23,1 24.3 24,6 24,1 24.2 24.9
(8. (9.707Q2.3¢1.3Q0.9Q40.2)¢0.6)00.5 (8.5 (2.5 (9.1Q0.9

Mombasa |32-9 32.332.2 30.2 29.5 28.3 27.9 28.5 29,8 30.3 30.4 31.3
Q4.1 E3.HE3.YHI.D2.0Q1.H Q0.9 ¢0.9CL.DE2.4HE3.3) Q3.3
€1 Dolec|22-5 24.523.1 23,4 23.3 22,2 20.8 22.0 22,4 22.8 23.0 23.2

(9.9 00.8502.0001.8)00.0) (9.6 (9.900.0) (9.00¢0.900.DQ1.2

29.8 30.3 28.1 28,5 28.3 27.7 27.4 29.2 29.1 30.4 29,0 28.8
Q6.¢7.507.007.906.D06.D05.906.5305.D06.906.3)Q7.6)

() Mininem 'Ik;Tperaturem o
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Rainfall in many regions average 600 mm per year. In the

northeastern semi-dry zone, there is less than '

250 mm of rainfall per year. In the western part, such as

the coastal region of Lake Victoria and the southern slope

of Mt. Kenya, there is approkimately 2,000 mn of rain per

year. Thus, there are great differences in the amount of

rainfall by region and this causes a difference in agricultu-

ral productivity. wWhen dividing the country into regions

according to rainfall, we come up with the following four:

{1) the region from Kitale to Nairobi with approximately
1,300 mm of rain per year, '

{2) the coastal area of Lake Victoria which averages 1,000 mm
of rain per yeér,

{3} the region from Nairobi to the Tanzanian border with

600 mn of rain per year, and _

{4} the coastal area of the Indian Ocean around Mombasa

which has about 800 rmm of rain per vear.

Differences in the length of cycle between the rainy season
and dry seasons in each region regulate the cultivation of
crops - the time for planting seeds and for harvesting,
Although rain falls throughout the year in Kenva,

there are two main rainy seasons. The time for planting
seeds and harvesting is coordinated with these seasons. For
instance, planting seeds of maize is generally done in the
first rainy season. The matured crop is then harvested at
the end of the dry.season before the next rainy secason.

A typical example of agricultural operation is seen in the
farms of the Kikuyu Tribe. In this région, the average
rainfail per year ranges from 9060 to 1,000 mm. The rainy
season and dry season are each divided into two sub-seasons.
The season for planting is largely in the rainy secason

and the season for éultivating is mainly in the first half
of the small dry season.



2-2 Population

Although the latest census was in 1978, the detailed results
of the census have not yet been published, According to |
the population census done in 1969, the.total population of
Kenya was 10,942,705. The estimate for the total population
of RenYa'in 197% was 15,000,000. This makes fhe average
popuiation increase between 1969 and 1978 about 3,4%.
According to statistics and estimates published by FAC in
1977, the farming population was about 78.5% of the total
p0pu1ation. But it decreases slightly every year.

In the whole continent of Africa, many different tribes live
together in small regions. Kenya is no exception. The living
condition and style of each tribe varies depending on the
natural conditions of the region where they live. The
following is a list of major tribes in the country.

Language Tribe
Bantu Kamba, Kisil, Luhya, Kikuyu
Nifotes Samburu, Luo '

Nilo-Manites Turkane, Masai
Cushites Sowali

2-3 DeScriEtion of Natidggl Economy

In 1963, the Republic of Kenya gained its'iﬁdepehdende from
colonial British rules. The guideline for the economic
policy after independence is outlined in sessional paper

No. 10 of "Afriéan Socialism and its-ﬁpplications tofPlanning
in Kenya", published in 1965. Following this guideline,

the first S-year plan {1966 -~ 1970) stated clear targets for
economic development, In this Séyear plah, the target_is to
achieve an increase in the per capita income while foliowing



the basic rules of poiitical eguality, $ocialism,_humgn
respect and égual odertunity. Kenya decided to build its
ecbnomy under a free market system. The economic development
concept of the government can be summerized into the fdllow—
ing three iteéms; increase of per capital income, Kenyaniza-
tion of the'economy, and fair distributibn'of'wealth. The
fair dlstribution of ﬁealth_undef_the-free market ecohomy is
planned through the dévelopment of various public corporations

and cooperatives.

The average annual progress rate of the GDP by elemental
expenditures from 1964 to 1972 was 6.6 percent. This figure
combines both the monetary and traditional sectors of the
economy . The former sector showed a growth rate of 7.5 per-—
cent and the later 3.7 percent,

In the field of agriculture, the monetary economic sector
‘marked a 6% growth rate and non-monetary sector showed a

3.6% growth rate. The first S5-year development plan gave top
priority to the Kenyanization of the economy while develop-
ment of the agricultural village was given lower priority.
The second 5-year plan, from 1970 to 1974, set its priority
in the deévelopment of farming villages. Although the capital
investment of the agriculture sector had been allocated to
mechanization and livestocks, it was not given enocugh for
land reformation and development of plantations. The third S-
year development plan from 1974 to. 1978, followed the major.
pelicies of the second 5-year plan. Increased agricultural
production was set as its ultimate target with special -
attention given to the fair distribution of waalth,

Emphasis was placed on agricultufal village development

and the increase of employment opportunities,

As Kenya is not an oil producing country, its

- economy was heaviiy:hit by'the 0il Shock and after taking the
“inflation rate into account the net GDP growth rate per
capital was only an average of 1.9% per year during the third
5-year plan.



At the beginning of the fourth S5-year plan (1979-1983),
the goverhment of Kenya reaffirmed the basic principle of its
economic develépmeht. They are: 1} participation of the
people throughout the country, 2} diversification of
development methods, 3} positive participation of the
governiment, and 4) "Harambee" (Mutual cooperation).

In this fourth development plan, the highest priority was
given to the elimination of poverty and the increase of
living standard.

Table 2 and 3 show the GDP growth rate in the yeéars after
1976. (GDP per capital is calculated based upon a 3.6%

growth rate population.)
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2-4 The Basic Policy of the National Economic Development
Plan

The most highly visible problems of the Kenyan economy are
the wide spread poverty and uneven distribution of the
wealth., Although the government of Kenya has put great
effort into solving these problems they have been straggled,
the same as other develoPing countires, by the ever increase
population and unemployment.

Since independence, the government of Kenya has sought to
increase income, Kenyanize the economy, and distribute the
wealth fairly. Under the present S5-year development plan the
government Bureau of Statistics has beéen carrying out
comprehensive agricultural village surveys in order to
determine an éppropfiate social index. At the same time,
government Ffinancial aid is being given to universities to

conduét socio-economic surveys of the agricultural sector.

From these surveys, differences of the people's incomes in the
different districts can clearly be seen. One of the most irportant
objectives of the government development plan is how to
decrea<e such differences of income between each district.

The lower income districts centered in the dry and semi-dry
regions are of special concern but there are many areas where

income levels are low.

These low income districts generally lack employment opportu-
nities, land with water, good markets, financing, modern
science technology, eneragy education and medical care.

One of the basic policies for development is to provide

equal distribution of these public services.

The development plan'sobject is to provide fair and equal
services to the following 5 groups of the society.

1} Nomadic Pastoralists - those whose income is mainly from

the care of livestock in a nomadic setting.

2-9



2) Small farmers - those with land who derive the majority
of their income from working the land.

3) Landless rural workers - those who have little or no
land and who derive the majority, perhaps all of their
income from farm employmént and non-farm rural activi-
ties. _

4) Urban poor - those who live in poverty in the urban
areas with limited income derived from self or wage
employment.

5} The handicapped - those who must be given skills
commensurate with their abilities, and opportunities

to use those skills productively.

The two groups with the largest number of people are the
nomadic pastoraiists and small farmers. The key  to elimi-
nate poverty in these groups are to provide active economic
promotion. _

The Nomadic pastoral group is spread over half the -total area
of the Republic of Kenya and they own a majority of the
livestock in the country. The greatest possibility for
development is probably in the livestock industry.

It is essential to supply enough water to the people and
livestock. Those regions, where the nomadic pastoral groups
currently live, aye dry zones and groﬁndwater is the main
source of water. It is obvigus its developmént is very

important.



CHAPTER 3

GENERAL DESCRIPTION OF RURAL WATER SUPPLY IN KENYA

3-1 General Aspects of Water Supply in Kenya

Immediately after independence of the Republic, the
government set a goal to provide clean and adeguate water

to everybody in the country by the year 2,000.

Following this policy of water Supply development, more than
3,000 water supply schemes héve been completed, especially

in rural areas.

Generally speaking, rural water supply schemes consist of

very simple facilities. Water sources are commonly taken from
springs and wells and design capacity is relatively small in
dry areas. This can be attributed to the fact that the popu-
lation density is very low and the capacity of watér sources

is limited due to dry conditions in the rural area. Of course,
there are many medium to large scale rural water supply schémes
in the Republic, but the majority of rural water supply schemes

are on a small scale,

Since 1968, the Kenya Government has put a lot of effort
into achieving the stated goal and have received foreign
assistance from the World Health Organization and the
United Nation International Children's Emergency Fund. The
Ministry of Water Development and the Ministry of Health of
the Government have been playing important roles in the
improvement of water supplies. The increasing demand of

rural water supplies, however, exceeds these efforts.

At present, about 2,700,000 people are served by improved

water supply facilities in urban areas and only 1,480,000

People have access to safe and clean water in rural areas.
The total number of people served by improved water supply
at present is estimated at 4,151,000 out of the entire

national population of 14,900,000,



Only about 28 percent of the total population have clean

and safe drinking water.

The number of people having access to safe and clean
drinking water in the Republic is summarized by
province in Table 4.

Table 4

Size of Population Served by'Improved Water Supply

in Rural Areas by Province

Province Population Total [
with Water Population Percentage
Supply
I —_—
Nairobi 877,000 865,000. 93
Mombasa/Coast 880,000 1,331,000 66
Rift valley 565,000 2,902,000 19
Nyanza 510,000 2,895,000 17
Eastern 435,000 2,486,000 17
Central 433,000 2,221,000 19
Western 4?0,000 1,795,000 24
Northern 21,000 278,000 )
| = — =
TOTAL 4,151,000 14,873,000 27.9

Source: Min. of Water Development

At present, only about 28 percent of the people have access to
improved water supply. This percentage is only an average

and as can be readily seen the percentage for each province
varies widely. The provinces of Nairobi and Mombasa/Coast
have a high percentage of their population with improved

water supply while the majority of the remaining Provinces
have a very low percentage. Nairobi Province 15 very small
and covers only a limited area extending frdm the capital,
Nairobi,. ‘
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The second largest city, Mombasa and most other cities along
Indian Ocean Coast are in Mombasa/Coast Province,

Table 4 indicates that there is significant difference in
accessibility to the improved water supply for urban and

rural areas.

Among these provinces unable to receive the benefits of the
improved water supply, Western Province has relatively
favourable natural conditions. The rest of these provinces
however, are covered to a much greater extent by dry areas.
This is characteristic of the water supply problem in the
Republic since more than 70% of the national population is
distributed in these dry areas which occupies almost 80% of
the land.

The land area in the Republic is ecolegically classified

{(See Fig. 4) into 6 categories as follows:

Zone I Mountain Mooriand and Forest
Zone II High Potential Zone

Zone II¥ Medium Potential Zone

Zone IV Dry Farming Zone

Zone V Non-Arable Range Zone

Zone VI Non-Arable Pastoral Zone
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As shown in Pig. 4 excluding the Non-Arable Pastoral

Zone (Zone VI) in the northern part of the Republic,

people in wide areas of Zone II1-V have a very low percen-
tage of accessibility to improved water supply. The produc-
tivity of these areas should be incorporated in the plans
for future economic activities of the Republic.

Both the Government concerned and the 1ocai people need to
put greater effort into eliminating the significant
difference in accessibility to improved water supply for

urban and rural areas.

3-2 Working Body of Water Supply in Kenya

The Ministry of Water Development is responsible for all
aspects of water development in the Republic.
As shown in Fig, 5,  the Ministry consists of various
functional Departments, Pivisons, and Sections,
Since the Ministry was established in 1974 as an organization of
different groups concerned with water development, a lot of
effort has gone into improving reinfoicinq'ifs functions.
The Creation of the Water Resources Department is one
example. s

b
There have also been various kinds of international coopera-
tion efforts from many donor countries and international

organizations.
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3-3 Groundwater Development

About 12% of the Republic receives annual rainfall of more
than 850 mm/year and about 74% of the country has annual
rainfall of less than 650 mm/yearf There are two different
seasons; namely, the dry season and the rainy season.

In most of the drier areas surface water is available only
for limited periods of the rainy season. Accordingly,
groundwater is a more reliable and favourable water source
than surface water where groundwater aqguifers exist.

Groundwater development currently is of high

priority in the Republic. The Groundwater Division of the
Water Resources Department {See Figs. 5 and 6.) plays an
important role in groundwater development. Its major
activities are to assess the available amount of groundwater

in the country and to construct production wells. At
present 91 government officers are working there.

Geoclogists 28
Groundwater Inspectors 27
Groundwater Technicians 17

prilling Engineers 3
Drilling Inspectors - 16
TOTAL 91

There are more than 10 drilling crews working'at different
drilling sites all over the country. Even so, these crews
cannot meet the current demand for horehole construction in
the country. For this reason, the Ministry is looking for
help from business in the commercial drilling market.
Reinforcement of the drilling section with equipment and
machinery, together with skilled staff, is an urgent necessity.



pDuring the past fifty years, more than 4,000 boreholes have
been constructed in the country. oOut of these boreholes,
190 boreholes were constructed between 1928 and 1934.

These are called P-Series holes. Another 133 boreholes were
drilled during World War I1I and these are referred to as the
SA-Series heoles.

After that an additional 4,279 boreholes were constructed
for various purposes. However, about 20% of these boreholes
were abondoned and no details are available at present.

{sec Appendix 2.)_
Existing boreholes with recorded details are classified as

below:
Purpose Number Depth' Yield £/min.~n
of B/H m A/min.
Irrigation 782 124 143 26
Industry 126 | 128 |. 189 147
Livestock ' 96 © 127 63 _ 35
Water : -
 Supply 586 | 115 137 42
1 _
Table 5
WATER RESOURCES DEPARTMENT
CHIEF ENGINEER Mr. D. M. Kirori
SECRETARY ' Ms Elizabeth Kungu

GROUND WATER DIVISION

DIVISIGN HEAD (Mr. E. M., Mwai)

DRILLING Mr. Ali Sheihk
Mr. W. Bagstrom

CGEOLOGY Mr. E. M, Mwai
Mrs. Oswana

SECRETARY Mrs. Karugutu

Mr. M, K. Migwi
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SURFACE WATER DIVISION

DIVISION HEAD
MON ITORING
ANALYSIS
WATER LAW

KENYA HYDROLOGY
PROJECT

Mr. S. H. Charania
Mr. O K. Bobotti
Mr., J. H. Kirimi
Mr. P, J. Odero
Mr. J. M. Kanyanjua

- WATER QUALITY AND POLLUTION DIVISION

DIVISION HEAD

ADMINISTRATION

3-4 : Development Programmes Related to Rural Water Supply. .

Mr. Meadows
Mr. Thitai
Mr. G. N. Monda

Mr. P. F. Allube
Mr. J. K. Ikumu
Mr. E. M. Bosiye

and Implementation System

At present, the Ministry of Water Development is respbnsible
for rural water supplies. Previously, however, water supply
was handled by many' different institutions and organizations
and transfer of responsibility for water supply from the
different institutions to the Ministry is not entirely
completed today.

Since the 1970s, new ideas such as integrated area develop-
ment have been introduced into development programmes.

The deVelopment programmes and their coordination with rural

water supply has become more complicated.

In the National Development Plan, froa 1979 to 1983, there
are 16 Development Programmes related to water supplies.

(See Table 7.)
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Table-6

Numbers of Government Employees in

the Water Resources Department

", R

NUMBER OF

GROUND WATER DIVISION

GEOLOGY
SECTION

DRILLING
SECTION

POLLUTION AND
WATER QUALITY
CONTROL
DIVISION

'SURFACE

WATER
DIVISION

GEOLOGISTS

20

8

GROUND WATER
INSPECTORS

27

GROUND WATER
TECHNICIANS

17

DRILLIKG
ENGINEERS

DRILLING
INSPECTORS

Principal Chemists
Senior Chemists
Chemists I
Chemists 11X

lo

26

CO b W

Senior Lab,

Technologists

LAB., Technologists
Grade 1
Grade 11
Grade 111

HYDROLOGISTS

28

Assistant
Hydrologists

42

Technicians In Surface Water Division (JOB G.

200
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Development_grogrammes Related to Water Supply

Table 7

Training

The

Rural Water Supply

Water Conservation

. Livestock Water Supply
County Council Water Supply
Self-help Water Supply
. Mombasa and Coastal Water Supply

. Mombasa Pipeline Board

Water Resource & Pollution Control
Sewerage & Sewerage Research
Miscellaneous Water Programme

Rehabilitation of Water Supply

Tana River Development Authority

Minor Urban & Service Center Water Supply

. Headquarter, Provincial and District Infrastructure

Water Supply for Integrated Rural Development Programme

budget allocation for water development is estimated

as shown below for the 1979-1983 National Development Plan.

B _KE 1,000 at 1978 Price
Year 1978779 | 79780 |sose1 |siss2 | s2/83 |roman
Development | 38,567 | 40,500 | 41,000 | 40,000 | 40,000]{200,067
Fund .
Current Fund | 6,587 7,200 | 7,870 | 8,602 9,402 39,661
Total 45,154 | 47,700 | 48,879 | 48,502 | 49,462|239,728
Foreign 16,198 | 18,342 | 16,077 [ 16,830 11,930] 79,377
. Assistance . : N
Local Fund 20,956 | 29,358 | 32,793 | 31,772} 31,472|160, 351}
| — e S




the water development budget from 1979 to 1983 is estimated
at about 4,800 million shllllngs.

Rlmost 50. percent of this is expected to be provided by

Internatlonal Organlzatlons and donor countries.

The Ministry receives foreign assistance for its various

activities

and many water supply projects.

In a recent record the following international assistance

was received from different donors.

Table 8

Recent International Cooperation Provided for

l3l

14,

15,
16.

17.
18.
19,

IBRD

IBRD
ADB
U.S.AID
U.5.AID
CIDA
U.K.

E.E.C.
Holland
ADB

K. T.2.
K. T.2.

K. T.2.

‘SIDA

SIDA
SIDA

Norway
CIDA
DANIDA

(13

-

[ 33

123

-

-

Water Development

Group Ranch Water Supply '80/'81 Sh 29.1
million _

Rural Water Supply Phase 1V

Ranch Water Supply

Ranch Development Northern Kenya

Arid & Semi-Arid Land Study KE£80,000
Rural Water Supply Phase IV {one project)
Meru, Embu, Isioclo Rural Water Supply
Phase IV

- Pesign of Self Help Project

Pipes for Self Help Project Sh 14 million
Self Help Project

Urban Water Supply

Construction Units for Northern Ranch
Development

Construction of Store and Workshop

Rural Water Supply Phase III

Rural Water Supply Phase IV
Construction of Workshop for Drilling

" bivision

Urban Water Supply and Sewerage
Training of Harambee
Rural Water Supply Phase I1II
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Among these development programmes to be undertaken by the
Ministry of Watexr Development, the follow1ng four programmes
fall into the category of rural water supply.

1. Rural Water Supplies Programme

2. Ranch Water Development Programme

3. Self-Help Water Supplies Programme

4. County Council Water Supplies Programme

The Rural Watér Supplies Programme and Ranch Water Develbp—
ment Programme will undertake major activities in rural
water supplies. The number of schemes and the size of
population to be served will be decided under these

programnes. (See Chapter 4.)

Under the Self-Help Water Supplies Programme, technical

and financial assistance are provided by the government to
privéte water supply schemes. A total of Sh 253 million is
budgeted for this purpose in the National bevelopment Plan
from 1979 to 1983.

The County Council Water Supplies Programme provides necessary
assistance for County Council Water Supply.

Several water supply facilities used to be maintained and
operated by the local government County Council,

Since 1972, operation and maintenance of most local

water supply facilities were transferred to the Ministry of
Water Development. However, some of these water supply
facilities are still . operated by the County Council with
assistance from the Ministry. A totalQof-Sh 10 million is

"~ allocated for this purpose in the National Development

Plan from 1979 to 1983.

One of the mbst important policies of the Nationél Deﬁelop—
ment Plan 1s the participation of community members in the
development programme. Accordingly, District Development
Committee glves aue weight to the local majorityis interests to
projects when ‘determining the priority of rural water

supply pro;ects. The f1na1 priority list is submitted to
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the Planning Division of the Engineering Department of
the Ministry of Water Development. After the‘flanning
pivision finishes the feasibility study, the Designing
Division and the Construction Division make final decisions

on project implementation.






CHAPTER 4

GENERAT, DESCRIPTION OF RURAL WATER

SUPPLY DEVELOPMENT PROGRAMME AND ITS PLANNING

4-1 General Description of Rural @ater'Supply Programmne

The targetto complete 100% water supply to everybody in

the country by the year 2,000 is still the basic guide line
of the water development in Kenya. To help'meet this target,
water supply facilities have to be constructed to serve an
additional 10 million people within the next 20 years.,

Major development programmes following this development
guide line are the Rural Water Suppiies Progfamme and

Ranch Water DeQeIOpment Programme. However, at present
there is no fixed programme to be completed by the year
2,000. Water supply schemes are constructed at full speed
by the Ministry where and when financial sources are
available. The criteria to determine the priority of the
project implementation is project's effecton eliminating the
difference in service levels between advanced areas and these
areas far behind. In this sense, dry areas where the
percentage of population in the Province served by improved
watexr supply is 1eés than 20% in the ecosystem Zones 11,
111, IV, V, have high priority for project implementation.
Kajiado/Narck districts are identified as one 6£ these
high priority areas.

Rural Water Supplies Programme Phase I was compléted by
1970fProviding72 new rural water supply. schemes at a cost
of Shs 43.1 million. Phase II completed 29 schemes in 1972.
Cost for Phase III is recorded as Shs 56.7 million. An
additional 70 rural water supply schemes were planned for
Phase III and its progress as of April, 1981 is as shown

below: .
Planning Stage 12 schemes

Design Stage 26 schemes
Construction Stage 18 schemes
Completed 14 schemes.
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Cost for the above progress was Shs 391 million. cCost for
the entire Rural Water Supplies Programme Phase II1

was estimated at Shs 1,780 million. out of this estimate

Shs 45 million and Shs 75 million are supposed to be provided
by Sweden and the United Kingdom,

Rural Water Supplies Programme Phase IV commenced in 1978
with a total construction estimate of Shs 1,043 million.
Progress repbrt indicates achievements as of April, 1981
as shown below (Also see Fig. 6.):

Planning Stage 24 schemes
Design Stage 34 schemes
Construction Stage 4 schemes
'Completed 1 scheme
Abondoned 2 schemes

Also in Phase 1V, various kinds of cooperation in the form

of grants and loans from donor countries and organiZations
¥

are provided as summarized below:

‘Source of Aid | Number of Proposed Amount | Contracted
Schemes Shs (millions) '| Amount by
1 o Cct.'81.
ADB 4 - 41.5 . 0
CIDa 7 515.0 ' 0,
DANIDA 2 77.5 0
IBRD 33 1,098.2 1 138.0
Japan 1 15.1 15.1
Netherland 16 329.0 0
U.K. ' 2 38.0 -0
TOTAL 65 2,168.5 ] 125.8

At present, the total amount proposed by foreign donors is
estimated at Shs 2,168.5 million, This includesthe Ithanga
scheme completed by a Grant Aid from the Japanese Government.
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In the middle of the 1970s, the Ranch Watex Development Division
began preparation for the Ranch Water Development and
construction started in the late 1970s. The present status
of the Ranch Development Division is summarized as shown
below {Also see Fig. 7.):

Présent Status of Rangh'Water Dévélopmeng

Progress Stage Number of Schemes Districts
Planning Stage 12 Kajilado, Narok,

Lamu, Tana River

Construction Stage 10 Kajiado, Kware,
Isiolo
Completed 5 Kajiado

Total cost spent for the above progress is estimated at
Shs 3 million, Thisprovided 30 cubic meters of water per hour for
50,000 cattles and 1,000 people engaged in ranching.

4-2 Future Schedule

According to th2 schedule, the remaining schemes of Phase IiI and
Phase IV of the Rural Water Supply Programme are to be completed in
the near future. PhaseV iscurrently inthe planning stage.

For the formulation of Rural Water Supplies Programme

Phase V, the Ministry has requested each District bevelop-
ment Committee to submit a priority list of rural water
supply schemes with necessary details of each scheme for
further planning purpose. As of the end of April, 1981

all the lists of priority schemes were submitted except for
four districts, These proposed priority lists are being
studied by the ministry for further plaming.

At present 80 schemes have been selected for a feasibility
study to be undertaken by the Planning Division of the



Ministry. According to the Ministry's schedule for Phase V,
all the feasibility studies will be completed by the end
of October 1982.

Water supply schemes under KLDP Phase II were proposed for
about 130 sites, howéver, implementation has been delayed
due to lack of equipment and manpower, Ranch Water Develop-
ment Programme has undertaken about 200 schemes in KLDP
Phase IT and III but these cover only less than 50% of.the
total present demand.

The procedure to determine priority of the schemes is the
same as that of rural water supply schemes. The priority
lists of Ranch Water Development are first

submitted to the Ministry of Livestock Davelopment and then
to the Ministry of Water Development.
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Fig.-8  RANCH WATER DEVELOPMENT PROGRAMME PLANNING DESIGN TENDERING CONSTRUCTION
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CHAPTER 5

THE PROJECT: KAJIADO/NAROK GROUNDWATER DEVELOPMENT

5-1 Project Area

The project area encompases the Kajiado/Nafok Districts at
the southern end of the Rift Valley Province next to the
boarder of Tanzania. Geographical location of £he project
area is between 0°35' and 3°15' South and between 34°30°
and 37°55" East. ' '

There are seven rivers in the project area, however, surfacg
water is available only in limited areas and period due to
relatively dry climatic condition. An aveéerage annual rain-
fall rangés betwéen 400 mm and 500 mm a year. There 1s more
rainfall in some places of high altitude like Mau Narok,
Ldita and Chyulu hills. '

Population in the project arxea ét the 1978 Census was
estimated at 350,000, Some people are living in the Billy
areas but a majbrity of the population is scattered over the
flatandrollingdrylahd¢overin940;000km2h_Thisarea‘seconomy
relies mainly on livestcck. The number of livestock is
estimated at 2 million including goats and sheep.

By the target year 2,000, the population is estimated to
increase to about 700,000. The number of livestock
will also increase to about 50% more than the existing

number assuming a minimum growth rate of 3%,

Kajiado and Narok are among the districts where the percentage
of population served by improved water supply is less than
20%. Future development of these two districts appears
easier than other rémote arecas due to their geographical
location, easy access to major national highways, and
closeness to the capital, Nairobi. In addition, as shown in
Fig. 4, these two districts have higher potential for agricul-
tural and livestock development compared with other districts
with dry conditions. '
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Fig.-9 PROJECT AREA OF THE KAJIADO/NAROK
GROUNDWATER DEVELOPMENT PROJECT
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5-2 Supply and Demand Balance of Rural Water Supply

in the Project Area

In the census of 1978, populatibn was estimated.ét'

350,000, It 1is assumed this figure will double by the year
2,000. Another significant aspect of this area is that
since the ¢limatic condition is relafivel? dry, the major -
industry is livestock; This is expected to be the same in
the future. According to the livestock census in 1970, the
number of livestock in the project area is as shown below:

District Cattle - Goat and Sheep
Kajiado 580,000 210,000
Narok 580,000 680,000

Assuming an annual growth rate of 3 percent, the number of
livestock in the year 2,000 is estimated to be alwost
3,000,000,

Assuming the water consumption rate shown below:

Domestic Purpose 60 [/day/cap
Cattle 25 f/day/head
Goat and Sheep 12 A/day/head
total demand of water in the year ' 2,000 is estimated to

be 102,000 m3/day.

The number¥ cf existing water supply facilities in the project
area is 12 and their total design population is 30,000 people.
At presents the total amount of water produced by these water
supply facilities is estimated to be 1,070 m3/day as shown in
Table 9.



Table 9

Existing Rural Water Supply Facilities

—_—

Name Year of Construction| Pesign - Design
Consumption jProgramme Population Capacity
NAROK DISTRICT (m’/day) |
Narok 1948 - 6,000 300
Angata 1974 RWS 111 800 a0
Lemek 1972 RWS 500 25
Bolgnen 1974 RWS 1,000 50
Motijo Loita 1971 RWS I 1,500 75
TOTAL 9,800 490
KAJIADO DISTRICT
Kajiado 1972 3,000 150
Ngong 1947 - 2,000 100
Loitokitoki - - 1,000 50
Namanga - RWS IXI 1,000 50
Bissel - _RWS II1 400 20
Ongata 1974 RWS III 3,200 160
Ilassit 1972 RWS 1 1,000 50
- : - —_—
TOTAL 13,600 580

In addition to the water supply facilities shown above,

there are 164 bofeholes recorded in the project area.

According to the borehole records in the Ministry, total

yield of these boreholes is estimated at 7,800 m3/day

assuming 10 hours of pump operation.

The. total amcunt

of water available in the project area for drinking purposecs
is estimated to be 8,870 mJ/day.
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Table 10

Supply and Demand Balance of Rural Water Supply

in Kajiado/Narok Districts

Existing | Existing Demand Additioﬁally
Supply Demand at Year | Required
' 2,000 Amount by
' Year 2,000
_ ' _ , '
Domestic - 15,750 42,000
Cattle : 29,000 43,500
Goat & Sheep 10,680 16,000
TOTAL 8,870 55,430 101,500 92,380

As shown in Table 10, existing design capacity and borehole
yields can supply only 16% of the present demand for
drinking water. 1In order to satisfy the future demand,
estimated for the year 2,000, an additional 90,000 m3/day
will be required.

To meet this future water demand, this project will provide
watér for local people through the Rural Water Supply
Programme and for livestock and people engaged in ranching
through the Ranch Water Development Programme.

5~3 Concept of the Project

The intent of this project is to construct rural water supply
facilities under the Rural Water Supplies Programme to
contribute to the natioﬁél target of 100% rural water supply
by the year 2,000 and to_improve water supply for livestock
development under KLDP for which IRDB loans are available.



At the same time, the project will reinforce the drilling
division in the Water Resourceé Deﬁartment of the Ministry
of Water Development by organizing new special drilling
crews for the project area fully equipped with new machines
and equipment to be provided by a Grant Aid from the
Japanese Government. The need for this can easily be
appreciated because the capacity of the Drilling bivision
of the Water Resources Department has so far been insufficient
for the increasing demand of.groundwater development, To
meet this need, private drilling companies were scught in
the commercial market. This, of course, costs more for the
ministry than operating their own equipment and machines.

5-4 Proposed Project Sites and Their Hydrogeological

Conditions

5-4-~1 Project Sites

Sixty-six sités were proposed for this project as a part of
the Rural Water Supplies Programme Phase V and Group Ranch
Water Development Programme in accordance with the project

formation procedure.

Propased Project Sites

RWS Phase V R.W.D.

Kajtado District - 9 sites 30 sites
Narok District 10 sites 17 sites
Total 10 sites 47 sites

These projeét sites are distribute over a wide area in
Najiado/Narok Districts as shown in Fig. 10, '

The sites proposed for Rural Water Supplies Programme Phase V
are as shown in Table 11.
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Table 11

Proposed Project Sites for Rural Water

éqpply Programme Phase V

Narok District ' Kajiado District

. Kajiado Town

1. HNairage Nkare 1

2, Ololounga 2. Nol Turesh

3. Ewaso Ngiro 3. Kibiko

4. Narosura 4. Kisanis

5. Olmasutie 5. Elangata Mkorai
6. Emafti 6. Oloorera

7. Enabelbel 7. Eukorika

8. Enengetia 8. Kiseria Nkorai
9. Mosiro 9. Mparasha Pipeli

10. Olopironit

In addition, 47 prOject sites have also been. selected for the
project under the Ranch Water Development Programme as
shown in Table 12,



Table 12

Proposed Project Sites for

Group Ranch Wager Development Progfamme

Kajiado bistrict

1. Ewuaso Onkidongi
2. lLoodoariak

3. Kilonito

4. 0Oldonyio-Onyokie
5. Shombole

6. Endoinyio Narok

7. Olkeri
8. Toroseil
9. Meto

10. Lorngosua

11. Ilpartimar

12. Oldonyio-Orok
13. Mailua

14. Enkaroni

15. Nkoile

16. Esokata

17. Sajiloni

18. Endorika

19. TLolgirra

20. Olkulului

21. Osilalei

22, BEmotoroki

23. Lolarash-West
24. Lolarash-North
25. Lolarash-South
26.  Mbirikani
27. Kuku .

Narok District

1.
2.

3.

4.

12.
13.
14,
15,
le6.
17.

Ewaso Nyiro
Oldonyo Rasha
Olenkuluo

Maji Moto

Narosura
Ololulunga
Nkorkorri - Lemek
Moyoi Transmara
Oloirien - Transmara
Entasekera

Olmetie

Morijo Loita
Naikarra

Leshota

Noorpopong - Suswa
Olkinyei

Koivaki

28. Individual Ranches - Ilbissil Area 2B/H
29, Individual Ranches - Kaputiei Plain 3B/H
30. Individual Ranches - Kajiado Area 2B/H



orm and Geology of The Project Area

5-4-2 LandF

The object of this survey is in the south western part of

The Kajiado and Narok districts are adjacent to

Kenya.

Together there are 425 km long and 125 km wide,

or 40,619 km2 in area.

Tanzania.

18,513 km2).

trict;

1s

i

(Kajiado Qistrict; 22,106 km® and Narok d

Topography of the Project Area

11
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As is seen in the topographical map (Fig.ll }, the surveyed
area is locatéd on-a plateau whose elevation varies from
1,000 to 3,000 m above sea level. This area extends from the
foot of the dentral mountains to the southern part of Kenya.
the typical treeless plain of this area is called savanna.
They are covered with a scattering of small and grass fields
which turn green only during the rainy'seasons. The land is
pasically flat with small roliing hills. A large graben
called the Rift Valley runs through this area from north to
south. This graben is very large and starts far north in
Syrié and runs through the Red Sea, Ethiopia and Kenya, then
via Tanzania, Malaui, Mozanbique and to the Inidan Ocean
covering more than 6,000 km with width of 70 km, and depth
said to reach as deep as 700 m.

In the center of this afea, there are depression lowlands from
which Lake Magadi and Lake Natron were formed. Both Mt. Kenya
(5,199 m) and Mt. Kilimanjaro (5,895 m) were volcanos produced
as the result of this depression. They are the two highest
mountains in Africa. The majority of rivers running through
the area are dry except for some in the Narok district. On
the whole, they are small rivers., The Ewaso Ngiro River is
one important river which recdives water from the central
mountains and passes through Narok and runs west to the Rift
Valley. _

The major components of the geology in the project area are
Pre-Cambrian metamorphic rocks Tertiary rocks along the

Rift valley and Quarternary surface deposits. Distribution

of these rocks are shown in Fig. 12.

Pre-Cambrian, Tertiary and Quarternary formations are distri-
buted in the Kajiado district in a ratio of 4 to 3 to 3. From
central to eastern'part, basements of Pre-Cambrian widely
distributed while Tertiary formations spread along the Rift
Valley structural line and the foot of Mt. Kilimanjavo.

Thin Quarternary formations cover the rest of the alluvial
plain basins.
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in the Narok district, this ratio is 5 to 3 to 2. Pre-
cambrian basements are distributed from the central to
southern part of the district. Tertiary rock lies along

the Rift Valley structural line and in the western side of
the district while a wide range of the central part is
covered by Quarternary rock. '

The major part of the Pre-Cambrian layer is composed of
gneiss, which is one of the metamorphic rocks, béing followed
by Quartzite, marblex and schist. The Tertiary layer is
composed of volcanic rocks such as Basalt, Trachyte,.

phonotite, Tuffbreccia and Tuff.

The Quarternary layer was formed by material shot out during
volcanic eruptions such as Volcanic sand, agglomerate, and
ashes and by other alluvial layers made of clays and sands.
Since the Pre-Cambrian layer is the oldest stratum of the
carth, rocks have been highly consolidation due to compression
over a long time.  The Tertiary layer is relatively new and
less consolidated. The Quarternary is a much newer layer

and consists of soft stratum not yet consolidated.

5-4-3 Hydrogeological Conditions in the Project Area

As the Pre-Cambrian layer is highly consolidated it would
normally be difficult to find any good aquifers with high
permeability. However, it is believed that this layer had
been sul-jected to_Considerable weathering over an extended
period. There is hope that aguifers storing watér can be
found in the weathered zones.

The Tertiary layer which -is less consolidation may have
considerable openings and thus could have some gocd équifers.
The Quértérnary is not yet consolidated so the largest amount
of water is expected to be found in this layer. However, on
plains where this layer is not thick, there can be little

storage,



Good storage areas should be found however, at the foot of
volcanos. ' '

Fig. 13 is the hydrogeological map of the area. Looking at
this figure, the following areas are considered to be the

most promising groundwater basins for this project.

Kajiado District

o District along the Rift Valley structural line.
(Excluding surrounding areas of Lake Magadi, a salt lake
and mountain tops.)

o Foot of Mt. Kilimanjaro

o0 Areas south of Nairobi |

o Alluvia around Lake Aboseli. {Except areas close to

Amboseli.)

Narok District

o Districts along the Rift Valley structural line
o Foot of Mau Escarpment

o Plains west to Narok.

ﬁuring the basic survey,.these arecas were carefully checked

for groundwater storage,

5-4-4 Occurrence of Groundwater Aquifer in the Project Area

Qccurrence Qf aquifers appears to be concentrated in recent
deposits of sands and gravels and also in weathered zones of
Pre-Cambrian formations. In the project area, Pre-Cambrian
formations are predominate. Existing the 164 boreholes in
the project area are marked in Fig. 14. There boreholes are
classified as shown in Table 13.
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Table 13

Classified Boreholes in the Project Area

— b

Tertiary & Quaternary| Pre-Cambrian [No. of Boreholeg

Total No. | No. of dry|Total [No. of [Total | No.
drilled wells No. dry | No. dry
drilled| wells|drilledi wells
Kajiado 40 7 (18%) 115 [21(18%) 155 [28(18%)
Narok 7 5 (71%) 2 1(50%) 9 6(67%)
Total 47 12 (26%) 117 22(1923) 164 §34(21%)

The contour of the static watéer level is drawn in Fig. 15 and

summarized as below:-

i. Within the Rift valley area, static water level is
approximately 1008 m.  Further north, at the foot of
volcanos, it lowers to about 200 m.
ii. Half way up Mt. Kirimanjaro, the static water level is
also low.
iii. In basin low lands of Amboséli, Lengesim, Stong and
Athi districts in the Kajiado area, it is within 25 m.
iv. In districts of the Narok area, close to the Rift
Valley, static water level is also low.

Generally, static water levels in areas around the foot of
voicanos areilow due to high permeability and the difference
in elevation from sea level. This is also the case for the
volcanos in the projéct area.

Deep receiving hed rock is thought to be the rezson why the
static water level in and around the Rift Valley is low.

Water resting conditions generally observed in groundwater
storage have also beer observed in the project areas; for
example, water levels in basins have been found to be shallow.

5-17
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tThis is particularly evident in the vaste Amboseri basin at
the foot of Mt. Kirimanjaro where there is plenty of water
recharge and even artesian wells.

5-4-5 nyarogeological Constants

Hydraulic constants such as the coefficient of permeability,
differ greatly in aguifers according to the grain dia-meter,
grain composition, consolidation degree, and various other
factors. The coefficient of permeability represent the
degree of easiness with which water can pass through under
ground voids and the coefficient of transmissibility shows
the dimension of the aguifer by multiplying the coefficient
of permeability by the thickness of the aquifer.
permeability, a property of the aguifer, is determined by
the coefficient of permeabilitf.

Although there were many wells checked during this basic
study, no hydraulic constant is available yet. Efforts
however, have been made to obtain an approximate hydraulic
constant based on the dynamic water level data of scme wells
and uéing certain assumption as shown in APPENDIX 2,

Based on the hydrogeological constants determined during the
basic study, a preliminary analysis was made as summarized
below:~-

1. Thefe are 16 wells which show specific yield of one-
figure number (60%) showing.that there are many wells
yielding small amount of water. On the other hand,
there are 6 good wells which have a specific yield of
three-figure number repfesenting 40% of the wells tested,
together with normal wells with speCLflc vield of two-
figure number. ' '

2. As for the coefficient of permeability, generally
1-x:10_4 cm/sec. is used as a standard to distinguish
aquifers and aquiclude. In the above examples, 14 wells

5-19



out of 27 wells (52%) are more or less at this level
indicating some aquifers are in unfavourable condition for
yield. There were 6 good agquifers with a coefficient of
permeability of moxe than 1 x 10“2 cn/sec.

3. Generally, all wells are with deep dynamic water levers

and some of them exceeding 75 m.

Based on this information, an average yield for each borehole
in the project area is estirated at 60 (/min. - 120 [{/min.
Although this is a relatively small amount, it is possible
that groundwater can be developed for small scale rural watexr

supply schemes.

5-4-6 Watexr Quality

During the geoelectric survey for this study, electric
conductivity of groundwater was measured.

The results are summarized on the geological map in Fig,. 16,
The characteristics of groundwater conductivity distribution

are as explained below:-

1. Generally speaking, electric conductivities of these
groundwater are relatively high about 1,000 MR/cm.

Only some of them indicates low conductivity of 650 M}/cm.
This can be attributed to the'day condition of climate.

2. There appears a fendancy that conductivities of ground-
water increase as location of boreholes goes to down-
stream in catchment areas.

3. Around the salt water lakes of Lake Magadi and Lake
Amboseli, mineral content shows a sharp'increasé. This
reflects increased salt content due to evaporation.

In addition to the above study on water quality, all available
data on water analysis were reviewed as shown in APPENDIX 2.
The groundwater has relatively high salinity however, most

of the water satisfies the standard drinking water gquality
grade 2 established by W.H.O.



5-5 @General Description of the Project

Since details of the water supply facility for each proposed
site is subject to further planning and design only a
general concept for each scheme is possible. 1In order to
estimate the size of the project for analysis assumptions
were made for unit water consumption according to the design

criteria for rural water supply projects'as shown below:-

Unit Water Consumption

People Private connection 50 (/day/cap
Public tap 25 f/day/cap
Cattle Livestock unit 15 f/day/cap.

Also the size of population was estimated for each proposed
site of Phase V of'the Rural Water Supply Programme, as shown
in Table 14. Using these assumptions, the design capacity

of each water supply scheme is estimated,

In the same manner the design capacity for each Ranch Water
Development scheme is estimated assuming that 47 of water
are required for each hectare of ranch area. (See Table 15.)

According to Table 15 and Table 16, about an additional
30,000 people will be served safe and adequate drinking
water by the water supply schemes proposed. Total design
capacity for proposed schemes and Rural Water Supplies
Programme Phase V for the project area is estimated at
1,560 ma/day.

At the same time 47 schemes proposed under the Ranch Water
Deveiopment Programme will serve an additional 15,000 km2
of ranch area. Total design capacity of these schemes is
estimated at 6,000 m3/day. The results of the above

estimate is summarized as shown in Table 16.
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Table 14

Outline of Rural Water Supplies Phase V

Population |Size of | Design | Estimated
Area | Capacity Cost
kmz ton/day million
: K Shs

Narok District

1. Nairage NKare 5,600 225 640 4.8
2. Ololounga 150 75 38 0.6
3. Ewaso Ngiro 500 50 30 .4
4. Narosura 500 50 30 4
5. Olmesutie 1,000 100 50 .

6. Ewarti 1,000 100 50 .

7. Enabel 500 50 25 .4
8. Enengetia 500 50 25 .4
9. Mosiro 2,800 | 115 150 A
10. Olopironit 600 60 30 .5

Total 13,750 748 11.7

Kajiado Distriet

1. Kajiado Town 8,000 6 400 6.8
‘2. Nolturesh - 600 25 30 0.5
3. Kibiko 500 80 45 0.9
4, Kisamis 1,800 - 90 .| 11.5
‘3. Elangata Mkarai 530 240 27 0.5
6. Dloorev 1,800 80 20 “+1.4
7. Eakorika 800 36 40 0.7
'8, Kiseria 1,200 50 60 ‘1.0
9. Mparasha 600 24 30 0.5

Total 812 13.8

16,230
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Table 15
Outline of Ranch Water Development Progranme

Size of.. bési?h Approximate Cost
Area Capacity Estimate
km? m3/day X Shs Million
_harok.DistrigE
1. Ewaso Nyiro 2717 110 1.1
2. Oldonyo Rasha 100 40 0.4
3. Olenkuluo 152 61 0.6
4. Maji Moto 300 120 - 1.2
5. Narosura 600 240 2.4
6. 0lolulunga 250 160 2.0
7. Nkorkorri- 749 300 3.0
Lemek
8. Moyoi 3i0 148 1.5
Transmara
9. Oloirien~ 174 70 0.7
Transmara
10. Entasekera 200 80 0.8
11. Olmetie 90 36 0.4
12. Morijo Loita 157 6 0.06
13. Naikarra 120 48 0.5
14. Leshota 80 32 0.3
15. Noorpopong-Suswa 44 18 0.2
16. Olkinyei 78. 322 3.2
17. Koiyaki 876 350 3.5
Total 5,185 2,081 20.9
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Table 15

Outline of Ranch Water Devélopment Programmne

Approximate Cost

5-24

Size of Design
Area Capacity Estimate
kmz m3/day K Shs Miilion
Kajiado N -
1. Ewaaso 713 285 2.9
onkidongi _
2. Loodoariak 570 228 2.3
3. Kilonito 634 101
4. Oldonyio- 684 274
Onyokie
5. Shombole 618 247 .5
6. Endinyio Narok 360 144 .4
7. Olkerxi 258 103 .0
8. Torosei 482 193 R
9. Meto 290 116 .
10, Lorngosua 380 152 .
11, Ilpartimar 200 80 .
12. Oldonyio-0Orok 274 110 .
13, Mailua 658 263 2.
14. Enkaroni 113 45 0.
15. Nkoile 60 24 0.
16, Esokata " 40 16 0.
17. sajiloni 205 82 .
18. Endorika 276 110 1.
19. Lolgirra 130 . 52 0.
20. Olkulului 150 60 .
21. Osilalei 391 156 0.6
22. Emotoroki 195 78 0.8
23. Lolarash-West 425 170 1.7
24, Lolarash-~-North 388 155 1.6
25. Lolarash-South 323 130 1.3
26. Mbirikani 110 44 0.5
27. Kuku 980 392 3.9
28, Ilbissil Area 100 ' 40 0.4
29, Kapuhei Plairs 100 40 0.4
30. Kajiedqrﬁrea 100 - 40 91#
Total 9,826 3,930 39,3




Table 16

Outline of the Project

Design

No. of Sites POpulatibn/
’ Size of land |Capacity
o | . | o (n*/day)
Rural Water Supply Programme
Kajiado 9 16,230 people 812
Narok 10 13,750 . 748
Total 19 29,980 people| 1,560
Ranch Water Development
Kajiado 30 9,826 kn> | 3,930
Narok 17 5,185 km> | 2,081
Total 47 15,011 kn® | 6.011

5-25




5-6 Cost Estimate of the Project

In order to estimate construction costs of the project,
assumptions were made as described below. As shown in
Fig. 6 and 7, various types and sizes of rural water
supply schemes have been'desiqned in the past for Rural
Water Supplies Programme Phase III and .V. According to
the design data of these schemes an average :onsturction

cost per capita is estimated as shown below:-

Unit Cost per Capita

Rural Water Supplies Programme Phase III 860 Sh/Cap.

(an average out of 84 schemes)

Rural Water Supplies Programme Phase IV 716 Sh/Cap.

fan average out of 64 schemes)

Among these schemes there wére some extreme values for
construction cost per capita, however, a safe average
taking this into consideration was estimate to be about

850 Sh/per capita. Another factor which might affect the
accuracy of the estimate is that there were only 15 schemes
for the Ranch Water Development Programme which have been

completely designed.

These, however, are the only available records.

For the estimate of construction costs for ranch water supply
schemes, 40 Sh/ha is used in the Ranch Water Developnent
Division. This is equivalent to Shs 4,000/km2,

Using these figures, construction costs for each proposed
scheme is estimated as shown in Table 14, and 15, and

summarized in Table 18,



| R.W.S. Phase V |Ranch Water Development
No. of | Size of |Cost | No. of| Size of |[Cost | Total
Scherpes Population|mil. [Schemes |Populationimil. Kshs
L . {Kshs ) (Kshs)
Kajiado 9 16,230 13.8 30 9,826 39.3 53.1
Narok 10 13,750 |[11.7 17 5,185 [20.9 32.6
g ;
! Total 19 29,980 25.5 47 15,011 60.2 85.7

Table 18

Estimate of The Project Cost

Based on the above, total construction cost of the Project
will be Shs 85.7 million.

5-7 Working Body of the Project Implementation

The implementation of the project will be performed according

to the procedures set up

Development.

by

the Ministry of Water

The flow chart of the procedure for each

related division is summarized as shown below:-

1. Water Resources

DEPARTMENT

2. Engineering

3. Engireering

4. Engineering

9. Water Resources

BRANCH
Groundwater
Planning &
Designing
Implemeﬁtation

Implementation

Groundwater

5-2

DIVISION
Drilling

Project
Planning

Construction
Agricultural
Service

Dritling

7

TYPE OF WORK
Water Source Planning
Planning & Deéign
Construction of
Phase V

Construction of
Ranch YWater

Construction of Boreholes
for RWS Phase V and
Ranch Water
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