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PREFACE

!].gir.ut me great pleasure to introduce the District Water Development Study for Meru
Dístrict.

The luinistry 9f |valer Development has the task of planning for water resources
development, both at national dnd district levels. District's nave ËeJn assigned a Ààlóirole in the development of the country as illustrated by the Districi roàuístrategyíàr
Rural,Development Policy. Consísterit wiftr this poticy the Mi;ÈtnJ oi wrter oerËrcp,ment has put great ernphasis on the studies tor bistriöt watói óàíurophent ptanning.

Water resources development can only be successÍully undertaken if the long-termplanning reflects the balance between àvailability ànà eiptoitation of water. Extensiveinvestigations and monitoring are needed to óetermine tne poteniiàr of the waterresources and the effects of development on long-term basis. Freséniiy, tne oistrËiido not have the research cqpa-crly io carry out tËe necessary studíes inbepenoentry.
To overcome this sítuation, tl'ie ulinistry of water Devetopmenínas àriàoli.r,ed a waterResources Assessment sectíon tnat sópports the Districïs in carrying ort these studies.The Section is being strengthened by tl.rb water neiàrrces Rsséssinent and rianÀNgProject.

I[t t:?:f:j tlYlv provides extensive information on the avaitabitity of water resources,tl" existing supply, the future water demand and the inveótÀenis involved i;
lgye.topi1g.the water resources in Meru District. Èquippeo wÍth thii inÍormation theDistrict wíll be in a better position to plan its suppty iJciritibs. rt ii oniy- after the Districtsucceeds. in explaining to the peofle the timitàtions of the naturai system and thevulnerabilíty of the environmeni invbtuing them àJ mucrr as possioie-ií., tne praÀnin§and construction of their water supplies,Ïhat the oiricutt tasr biói*ioing water to thepeople will see a good end.

I express the wish that this important study will be optimally used to achieve thiscommon goal.

K, MWO )
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1. OVERVIEW AND CONTEXT OF THE STUDY

1.1 Purpose and Cqntext

The District water-Deveiopment study (DWDSI of Meru District is aimed at providing
the basis for the District Water Development Plan (DWDP), which in turn v,iilt Oe tnó
sector input to the District Development plan (DDp):

Ïhe stu.dy .yas..un§ertakgn by the Ministry of Water Development in its role of
sup.porting the districts in their task to develo-p the available watei resources in a safe
and sustainable way. Two conditions will have to be fulfilled to achieve this goal.

- The development of water resources must be in balance both with the capacity
of these resources and with the conditions set by the environment.

- Supply ol water to the community must be sustainable, meaning that the
proposed schemes be desígned in agreement with the technicd anó financial
support capability of the people for whom they will be constructed.

These condítions require a thorough assessment of the situation in the district and a
planning tha! is well tuned with the socio-economic and technical developÀent ót nó
district as laid down in the District Development Plan. ln this ,esprct it should be
understood that the water re§ources are not necessarily the key limiting factor in the
economic development of a district.

The water resources assessment study covers both groundwater and surfacewater
and is intended to give an overview of the available water resources in the District.
Drilling of boreholes forms part of the activities and even though drilling is mJnly tóiexploratio! P.urpo99s, drilling sítes are selected in such away tËat àttài'the boreholes
are used for investigation purposes, they may be used later'as production wells.

The.method.glogy fgr,planlilg of water resources development, embarked upon by the
Ministry facilitates full. participation of the district authoiities, commJnity groups andindividuals concerned in all stages of the planning process which is ií liïe witn tne
District Focus Folicy. The DWD§ can be bonside-r.ed the first stàge of this proceis.
The study provides insíght into sustainable water suppÍy optioni àËà tn" invéstmenÈ
required to realize thern. lt also supports the distiiót auihoriti6s in their search for
donor contributions.

ï.2

The model for preparation of a District Wate.r Development ptan is shown in figure 1.ïhree phases are distinguished in the planning procèdure.

Phase 1 - focusing o.n the.analysis of water demand and water resources. This part
of the study includes assessment of current and projected OemanOs ànO
verification of the compatibility with available reàouïces. lt results in a
description of water development options.

1
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Phase 2 - focusing on the existing water supplies, the technical options for further
water supply development and cost comparison of these technology
gPtio;1._ Lt lg"ytts provide insight into tlie viabitis anO atroiOaÈirity-ó
identífied supply options.

Phase 3 - focusing on assessment of the social, technical/environmental,
institutional and economic/Íinancialelements involved in the design otthd
necessary investments and O & M structures. This part of th-e stuày
provides cost estimates and recommendations for inveitment pact<ageÉ
and includes a proposal for feasibility studies.

The studies and results (phases 1 through 3) are described in the respective parts ofthe DWDS report. The water resources assessment study is pràieÀtó-in al[[aiaË
assessment report. A summary of the key findings is givón iri tne following cr,ripteis.

1.3 lnteÍnatio[al Co-operAUon

The District water Development Studywas undertaken under aTechnicalCo-operative
Agreement between the Governmenis of Kenya and rhe wetherlandi.

The studies were carried out by the Water Resources Assessment Section of theMinistry of Water Development, Nair,obi, Kenya, in co-operation with the rNO lnstituteof Applied Geoscience,'Detft, The Nethedaíds, withiri the Írame*ork of the waterResourcesAssessnnentandPlannlrrgPro|edt6wnan1.

consultancyserviceswere provided bythe trletherlands Economic lnstitute, Rotterdam,The Netherlands and the' lnternational lnstitute toi nyorautic anà ÈnvironmentalEngineering, Delft, The Netherlands.

o
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2. DESCRIPTION OF MERU DISTRICT

§eneral

Meru District is located in the Eastern Province. lt covers an area oÍ g,g22 km2 and it
is bounded by the parallels 0" 30'S and 0o 45'N and the longitudes 37'E and OB'90'E.

Ïhe District contains contrasting geographical features, from the height of the Mount
Kenya massif and the Nyambeni range to the lowlands in the eastànd north. The
tremendous range of altitude gives the District a diverse climate as weil as a wide
range of agro-ecological zones.

Administratively, the District is divided into g Divisions (Figure 2). The Divisions are
Íurther divided into 48 locations and 145 sub-locations. Ífre pi-strict has Íour major
local authorities: Meru County Council, Meru Municipal Council, Chuka Town Counóil,
and Maua Town Council.

Urban and ruralcentres are relatively smallin Meru District. The largest centre is Meru
Town, the District headquarters. Other urban centres are Chuka, Chogoria, Nkubu
and Maua.

Most of the roads converge on Meru Town. However only three roads are tarmac:
Embu - Meru, Nanyuki - lsiolo - Meru and Meru - Maua. 

- 
The upgrading of roads

currently receives much attention from the District authorities anó Inls mày have a
stimulating effect in Íuture on the growth oÍ the centres.

Electric§ is supplied to the main urban centres, to the high potential areas and some
rural centres, such as Mitunguu, Tunyai, Lare, Mutuati, elc.-CurrentÍy electricity lines
are. being extended_ into Ntonyiri_qnd plans exist to supply Mikinduri and t§embe
Division south of Maua. CI all Divisions only Tharana'Oivision is largely fritnout
electricity.

2.2 Physiography and Hydro.geogfaphy

Four main physiographic units can be distinguished:

1. Mount Kenya
2. The Nyambeni Range
3. The Volcaníc Plains
4. The Basement System Area

Mount {e1Ya can he further subdivided into (i) the Upper, (ii) the Middte and (iii) the
Lower Volcanic Slopes.

The upper Votcal!9S/opes of Mount Kenya (5,199 m) are situated above approxi-
mately 3.,500 m. This zone coincides rather weilwith thé former glaciation. At $resent
it comprises a glacial-navalsubzone, an afro-alpine subzone andà moorland subzone.
peyefl glaciers.drain to the Ewaso Ngiro and Tana catchment, but contrary to popular
belief, total discharge from this area is small. The area is mainly a rechar§e aiea with

2.1
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a deep groundwater table, though locally shallow groundwater and moorlands occur
which are associated with perched aquifers.

The Middle Volcanic Slopes of Mount Kenya extend from around 2,499 m to 3,5@ m.
They are covered with forest which tend to thin out to the north-eastern leeward side
of the mountain where little true forest is lefi. These areas enjoy the highest rainfall
and supply a substantial part of the perennial runoff. The terrain is often rugged and

. the rivers are deeply incised. lt is a groundwater recharge and transmission area. At
lower elevations many springs occur.

The Lower Volcanicsíopes of Mount Kenyaare used Íor rainfed agriculture. They are
among the best lands in the country. The terrain is hilly to rolling although steep
slopihg, rugged parts also exist. Stream incision generally decreases in a downstream
direstion as does rainfall. The landscape has a humid appearance in the upper part
of the zone and a semi-arid character in the lower parts, The groundwater table is
predominantly shallow at the transition zone between the Upper and Middle Volcanic" Slopes, but falls gradually to greater depth in downstream directions. Few springs
occur on the leeward side oÍ the mountain, but many in the transition zone on the
eastern side of the mountain where rainfall is higher. This area is mainly a ground-
water transfer zone although some recharge might occur in the upper, humid parts.

The Nyambeni Volcanic Range (2,514 m) is elongated in a north-east to south-west
direction rising Írom the foothÍlls of Mount Kenya and shows superficially a lot of
similari§ with the Lower Volcanic Slopes oÍ Mount Kenya. The soils are among the
best in the country and are used for rainfed agriculture. The terrain is generally steep
although flat or hilly parts also occur, notably near the summit. The landscape has a
humid appearance in the upper and middle parts and a semi-arid in the lower parts.
The groundwater table is predominantly shallow but can be deep at the top of the
range. Many springs are found on the windward side of the range and less so on the
leeward Side. The springs in the Nyambeni Range are less in number but carry much

' parts of the range while most discharge occurs through many large springs on the
contact between ditferent lava flows and the underlying Basement.

The Votcanic Plains lie roughly between 600 and 1,500 metres contour lines. The
climate is semi-arid. They are formed by lavas which have been extruded from,the
Nyambeni Range, and to a lesser eltent Írom Mount Kenya. The topography is mostly
flat to gently undulating with rivers Ílowing through narrow valleys.

The BasemenÍ Sysfem Areaisconsidered as a separate unit. The appearance of the
rocks and the terrain is very different from that of the volcanic areas as are the
groundwater, surface water and climatic conditions. The Basement Area can be
óharacterised as a dusty arid flat, dotted with inselbergs and bare rugged mountains.

The present tandsurface in the Basement country has been lowered well below the
sub-Miocene peneplain which is a sub-volcanic floor, only preserved intact below
protective lava layers or as degraded remnants of resistant metamorphic rocks. This
surface occurs between 1,200 and 1,350 metres at the eastern and south-eastern
margins oÍ Mount Kenya. The second peneplain, the end-Tertiary or mid:Pliocene
penóplain is much more important. [togcurs at.elevations usually between 1,000 and' 1,200 rnetres. According to Baker (1967) volcanicity of Mount Kenya began just beÍore
the maturation of this peneplain. The mature peneplain is the floor on which the

'Nyambeni volcanic pile was built up.

o



According to the District Development Plan, Meru District has 651,Q00 ha of agricultural
land broken down as shown in'Table 1. High potential are"Jgró" ààinry tei, c&ràà,potatoes and maize while cotton, tobaccó, iunÍlower, sorgËum aÀd miltet are for
medium and marginal zones v

lq{t trom the agricultural tand, the remaining part of the distrist consists of forest
I:::ry5."!9_tlqrylfs. Meru Natlglal-P.ark (870'km21and rraóuniGnyà Nationat park
(lrö{J Km') represent together 12.6o/o of the district's iotal area.

Table I Land ClasslÍlcailon oÍ Meru Dlstrict

Category Area (hs):

High Potentiet
líediun PotentiaI
Lor Potentiat
Forest§
llational Parks
0ther

241,000
95,000

315,000
:1391700
125,000
76,500

Total 992,200

Sor.ce: íeru District DeyetoFnent ptan lggg/g3

Figure 3 depicts 
-tfre 

retatiosryp between moisture availabilis zones and agro-zonesas shown in the Meru District Eievelopment plan.

Land in Meru is held under three headings: clan land; individual small-scale landholdings; and large-scaÍe farms.

Clan land has not been gazetted as adjudication areas. These areas are mainly inlgembe,. Ntonyiri, Tiganià and Tharakà oivisions. ln many oi inere areas, the
9w.lel§lip of the land is vested in the clan (Mwiriga) and the óan oiitriàutes the tandto its individual male members. lt is not.likrily tnaï d ot ot land is communally ownedby the end of this development plan period. '

Most of the land in Meru is now owned by smallscale farmers who work on the farmsas household property. lt js cultivated.by íhe farmer anoÉiJtamiryïói oóir, subsistenceand cash crop farming. The size of thése holdings range trom b.à níto iz frà 
- --

A large-scale Íarm is defined as that which used to be included in the former schedutedareas (white highlands); these were mainly in Timau Division of Meru Distrist. Theaverage size was about 700 ha. Ve,V feqiarge farms still exist due to migration intóthe Division and purchase or these td,ms ov öroupJ ót óàóiàiJirrà-àivision to themembers.

7
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ln 1969, Meru District 1"9 " 
population of 596,506 and in 1979 a population of g30,17g.

The intercensal population growth rate from 1969 to 1g7g wds S.4a/o. ffraCËntà
Bureau of Statistics estimates the Meru District's annual population growth rate from
]990 to 1988 at 3.9ïo. U.sing this estimate, the projected ioiutation dn divisionat tevài
in Meru District is given in Table 2.

2.4

2.5

Pspulatlgn

Table 2 Poputation profecfions 1979 - í988

Dlvtstolr 1979 1988
ResidentiË1,

lrea
(xmr )

Poput at i on
0ensi ty

1988

l{orth Imenti
ïimau
South Imenti
lrithi
Tigania
Tharaka
IgerÉe
iltonyi ri
Central lmenti

107,396
23,389

1 03,543
142,?gg
140,ó51
50,277
90,807
80,790
gl ,039

153,199
33,783

149,569
205,528
203,155
72,619

l30, rg2
116,692
134,015

I

460
790
392
640
612
496
555
167
458

t a

333
43

382
321
312

49
244
100
n3

District TotaI 850,179 1,199,150 ó,590 182

Agliculture an§! trrioatig:l

Source§: : !;"lll;:.ïïïï,'*:'irï'"ïf";oiïxï3.?llíiïH,S"j1.",,j.,3,k" ïB:ï: r, June reE, and updated
.. centrat Bureau oÍ statisticg, pgpgla!!9! projections tpgo:zóó0,-xarch 19853, lteru District Devetopnent ptàn tiAC-t99f

I1"^3r,9f1ge population density for 1979 was 84 persons per km'given an area oÍ
9'922 km'' How.ev€r, excluding non-residential areas líke forest-and parks, the
remaining residential area is 6,590 kmz. This implies a population Oànsity of iZe-iÀ
1979, 147 in 1983 and 182 in 1988.

ln Meru District crop production is wholly by smallholder Íarmers except for wheat and
!9t].y where there. are sorne large-scàle 

-farmers 
growing tne t*o iiops in ïmau

Division. 9t9P productíon estimatós for 1987 indicaiíng heötarage, oràrait proouctlon
and.also yíelds per hectare for the major crops grown-in the disÏria aie snbwn in the
Table 3.

poffee is.the major ca.sh crop in the District, but there is no expansion of theiarea dueto lory prices. Tea is the second molt important cash crop aàO tne hectaràge of this
grop has increased,.in recent years. Cottdn is the major cdsh crop in tnà nwËr areaq
but the area is declíning.

Maize is the lajor fo.od crop in the Distr,ict, The area under this crop is more or less
constant, yields are low due to poor husbandry. Sorghum and miliet are the mà1ot
cereals in the lower areas. Potatoes are grown ínaínly in the Kibirichiiaiea. Bananas
and citrus are the major fruit crops

I



Crop Ha Prod-
( Tons )

Y i etds
(Tons/Ha)

Crop Hà Prod.
( Tons )

Y i etds
(Tons/Ha)

Cash Crope:

Cofíee (Cherry)
Tea (green LeaÍ)
Cottoh
Pyrethrrm
Tobacco
Sunf I oxer
Bar I ey

34,502
7,0?1
8,278

292
1,214

1 0, 500
1 ,500

73,823
32,235

5, 700
67

1,321
ó,510
3,790

2
4
0
0
1

0
z

28
59
ó9
?3
09
62
5?

Food Crops:

l,lai ze
tJheat
sorghtm/],|i t Iet
Beans
CoH Peas
ljahi
Green Gr6Ír§
Pigeon Peas
Irish Potatoes
Bananas
C i trus
Cabbages/Kates
Cassava

72,296
6,500

13,225
3?,,700

4 
'91182,412

4,080
2,E25

10,120
15,242
3,100
1,212
1 ,052

ó0,801
10,395
1 l,ó91
10,193
4,927
2,689
3,771
2,754

65,140
13?,710

1 8,250
,,720
1,635

0.84
1.6
0.88
0.51
1.0
1.1
4.92
0.97
6.44
8.71
5.89
4.72
4.10

Table 3 Crop Production: 1987

Source: District DevetoFnent Ptan 1989 - 1993

Table 4 lrrigation Schemes in Meru District

Name of
Scheme

Division Area
(ha)

Crops Description

Kanjoo
Kather i
Kiorirba
Ki guru
l,later i
Mi tunguu
Mutunyi
Ng'urHe Gakirre
Ngare Ndare
Tharaka Secondary

Proposed Scheres

Nkondi
KaÍruu
Muthuani
Kunat i
Ruungu
K i buga
Gikui ilreru
Akoth i ma
Gatunga
Ki ndani
Kithinu
Íhiiti
Thanantu
Ura l.rest

I gembe
C. Imenti
Tigania
Timau
ïharaka
S. Imenti
Timau
Thàraka
T imau
Tharaka

Tharaka
Nithi
Nithi
Tigania
Tigania
Tharaka
S. IÍrEnti
Tigania
Tharaka
I gembe
Tharaka
Tigania
Tigania
Tharaka

100-500

100
?

200
ó0
20

100
100
150
ó0
?0

20-50
20-50
20-50
20- 50
20- 50
20-50
20-50

150
20-50
50- 100

Vegetabtes
Vegetabtes
tod/veg/lob
Fodder/veg
Fodden/veg
Vegetabtes
Fodder/veg
Fodderirveg
Vegetabtes
vegetabtes

FurroH, Ptan Internationat is introducíng sprinkters
Initiated by farmers (1 acrelfarmer)
Furror, initiated by farmers, poor design
Pipe + s6n61, pressure probtems

Overhead sprinkter, operationat 1985
Furror, scheme started by settters
Phase I and ll corp(eted, Diocese supporting
Furrox, needs rehabi Iitation
Dieset punp, started 1972

Area rill. depend on Hater avaitabil.ity
Furrolr, mainty donestic, minor irrigation
Overhead sprinkter, gravity system
Furrox

Furror, sprinkters, domestic & minor irrigation

Source: 1. Attas of Irrigation and Drainage in Kenya, ltloA, 1990
2. lnfonmation f rom l,loA, lileru

The potential irrigation area in the District according to the DDP is estimated at over
10,000 ha. Currently only about 1,100 ha is under irrigation, mainly by group - based
small holder schemes. Most of the schemes are furrow systems and need some sort
of rehabilitation. Maintenance of Íurrow systems is simple and therefore easy to
organise. But many schemes are experiencing problems of water shortage and
change to sprinkler systems seems the only possible solution in the long run.

The viability of irrigation schemes in the District depends mainly on the marketing of the
produce. Some problems have been encountered in marketing at the Mitunguu
!rrigation Scheme, therefore improvements in the marketing infrastructure still seem to
be needed.
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2.6 LlvestocE

Although there has not been a recent livestock census, estimates of livestock numbers
by the Ministry.of Livestock Development are available based on their dipping and
vaccination statistics. The latest data on livestock production date back to igg6--tgez.

WRAP carried out a livestock census in collaboration with the local administration and
Divisional livestock offices to obtain livestock numbers for all sub-locations in the
District. The data are summarized in Table S.

Grade cows do well in high to medium potential areas while marginal and range areas
tend to support only native catile.

Table 5 Livestock ln Meru Dlstrict

TYPE 1982 198/. 198ó 1988

Grsde Cattte
Beef Cattlè
Sheep
Goats
Pigs
Pout t ry
Donkeys
Bee Hives

94,917
26Í ,018
312,525
322,954

5,0óó
932,885

19,ó53
76,527

4ó,599
200,9E4

)
)525,000
)-

73,000

6,992
224,590

)
)555,552
)-
u2,041

214,709
1r1 ,gg7

)
, &82,613
)-

4,621

sq.rrce: tleru District Devetotrnentlptgn 1984/gg and 1gg9lg,

2.7

Meru district has a total of 104 health facilities including 7 hospitals and g health
centres. The rest are dispensaries, and 2 nursing homes.

A large. number of scltg_ol9_§9c91dary_and primary) take care of the school age
population numbering 399,970 in 1988. The diétrict hà3 a totatof Balprimary and t§t
secondary schools.

The.Ministry 9f Culture and Social Services is charged with the responsibility of
mobilizing .and motivating p.eop.le through the forma[ion of self-help bevetopóeÀt
glguPs which encourage self-reliance thróugh both individual and colieaive aition.
This is 99nt by creating awareness among the people of the conditions around them
and making them re.alise they grg responsible for biinging about positive changestó
improve those conditio.ns. Existing sociat structures Éuön as schools, age groups,
churches, chiefs meetings etc. arb used to reach the peopte. There are Social
Development Assistants in ?very location who work closely with the community to
understand the social organisatión of each socies and theii leadership. lt is on the
basis oJ this lftal Pe.ople are encouraged to start development projecii and groups
according to their felt needs.
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3. WATER RE§OURCES

3.1 SurÍace Watef

The surface water drainage system is determÍned chiefly by three factors:

- the direction of the slope oJ Mount Kenya and the Nyambeni Range- the slope of the end - Tertiary peneplain
- the Basement System structure

Radial and near - radialdrainage patterns predominate on the slopes of Mount Kenya
-a.ng 

thg Nyambeni Hange. Most of the tributaries rising on thé Upper and Middb
volcanic SloPgq are. perennial while the majoris oÍ the §treams risih! on the Lower
Slopes, the Volcanic Lowlands and the Eiasehent System are epTremeral. The
drainag-e.in the Basement System areas is generally cohtrolled by tËe strike and dip
joints of the rocks.

The south-eastern.slopes of Mount Kenya and the Nyambeni Range receive 1,250 to
1,500 mm of rainfallannually. This is in strong contrast with the raiàfallon the lóeward
sides of the mountains and the lowlands of the District: 400 to 1000 mm annually. The
rainfall pattern is bi-modal with the long rains from mid-March to May and thé short
rains Írom October to December.

The higher pans (above 1500 m) of Mt Kenya and the Nyambeni Range are the most
productive areas for.streamflow..generatioó, mainly beiause of the Ëigh rainÍall. ln
addition, rainfall is rather evenly diótributed over the seasons, infiltration óonditions are
Íavourable and aquifer transmissibilities high. Groundwater emerges in numerous
springs and seepages (the.spring inventory identified around 560 jprings, but there
are more in the unsurveyed areas), often discharging in riverbeds. As Jresult, most
of the streams sustain high, steady baseflows.

There are however two areas situated above 1500 m without surface water: i.e. the
Kirua'Kibirichia and the Lare area. There are no springs in these areas to feed the
rivers during dry periods. Bivers therefore are ephómeíd.

Elsewhere in the district streamflow production is largely confined to the rainy seasons.

The available streamflow data from 26 hydrometric stations in Meru District were used
to estimate the total streamflow generaied in Meru Distríct and the total surface flow
from Mt §e.nya_in Meru District albng the Chuka-Meru-Nanyuki road. The results are
given in Table 6.

The expected overall domestic demand Íor the year 2013 of 2.4 cumec (see chapter
f) can.ea.sily be accommodated by the streamfldw availabte at a 960/o proÈability Ërà.
Nevertheless, there are areas in Meru District, like the Northern Grazing Area, íitnout
permansnt rivers. ln these areas groundwater is the only viable alternïtive. 

'

The chemical quality of surface water is good for domestic use, cattle watering and
irrigation.
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mean 802 96r
Streamflor{ ínto the Iana River
Streamftor into the Eraso llsiro BasiTotat Streamflor generetea Yn ieru-ó

Strearftox otong t{t Xcnya, rindrard side 4Elle. ilt Kenya. lcererd side 5ÉEchuka-ilanpki Rd r{t xeniÀ; iínrau:,ieïóii side 5D

n
ietrict

70
t0
80

29
3.6
5.0

17
5

20

7.6
1.t
0.8

E
2

l0

4.9
0.5
0.3

crmec
clIlpc
GUnec

curËc
curEc
cLmc

tïota treamfa OIt I thepass ng Chuka roadI-lleru-llsnyuk 3é 10 5.7 cu[ec

Table 6 summary oÍ streamÍrow in Meru District

rotc: there are no rel, leble me€surelrEntE avaitabl,e for the estimate on the Timau-lsiol,o side

3.2 GrounCwater

The subsoilof Meru consists of two Tajgr units:the Basement system and the Tertiaryvolcanics. Groundwater is found in boih unitJaÀíiíin" shailow ailuviat sediments ontop.of these units. The Basement system È ;ËËdeiireà ov tné óiËsence of tocataquifers: thís means that there are many sma[, isotàteo gÀrË&àt§i-iocxets in thisunit that usually coincide with fractured'and/ói *ààïÀereó zones. Èoienop siting istherefore critical in the Basement Rocks.

ln contrary, the Tertiary volcanics Íorm a predominantly regional aquifer. The partsabove the 1500 m cóntour are charaddri.rd iy;ydtemé of cadcading perchedaquifers: infiltrating.groundwater flows downward íoiËe {ràirgdiËi.on its way, itencounters impervio_us layers (e.g. lava flows or oikes). Grffi;water tends toaccumulate on top or such laydrs-giving *gv io inJroiníatd ;f 
'Ë;;hed 

aquiÍers.springs can be expected where thése àquifórs coÀe ctose t" idöóund surface.Borehole yields of such smatl, local systenis tend to be low. aorenótösiting is criticaland should be done by al experienóeo nvoróóéóÉöirt as there are nó geophysicatmethods to find such §erched'aquifers.

Perched aquifers are missing in the two zones with recent parasitic volcanic activi§:the Lare and Kibirichia'Kirua àreas. t'lere, iniilti"tinjtrornowàterïrróolài". downwardunhindered bv impervious layers. tt.is ÉigÀty iiÈéivinàt these .ónéi àià unoertain byvery produc'tive aquifers at gieater deptnl ' l - .

Below the 1500 m contour, there is a continïgus aquifer in most of this unit: it is likelythat a major part of the water dischargeo oy tÉéipryör near the Ewaso Ngiro comesfrom the higher parts of Mt Kenya orine lívàmuJni;il

Baseflow analysis indicates that the aver.qge baseÍlow generated during a normal dryseason of 3 months amounts to about 4ímm. For a wet season the-baseflow maybe at least 507o higher. The annual baseflow tor tÀàsl areas should, thereÍore, be inthe order of 225 mm or more.

The baseflgw generating area ro-ughly encompasses the votcanic area minus the semi-arid volcaníc plains. ThÉ area ot àooït 4B0o ,i# próilces a totat carcutated baseftowof 1,082 million ms per year or 34.3 cumec. Thé resutts córrerpónàïràl with thoseobtained from the gioundwater flow calcutations.
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Fo1 a first.phase oÏ groundwater development a groundwater abstraction,of 30o/o of theestimated groundwater recharge can be taken às ísate yield. As it may be assumed,,
lf,at tl9 average groundwater- recha.rge equarrtr,e totà ói oijónait* 

"orponents(including baseflow and evapotranspiàioni iiiÀ iàà to take g0% oi ïne baseftow asa basis for groundwater dev'àbpment.

This amount of groundwater avail-able for a first phase of development would besufficient to sustain more than 3000 boreholes ài rö 6s7nóur. 
---'-r'

A borehole inventory-carried out by.WRAP identified 163 boreholes. only 64 wereoperational (Figure 8). These boróholes are óoÀcentrated in lgembe, Ntonyiri andTharaka.

Grourdwater availability can.be.subdtuided lnto ftuezones with 
lgsnegltvety: (i) Very High, (ii) High, (iii)Medlu.r.n, (iv) Lov anà §) Uncertaiíbróunotnàter'ÀriiàËiiitv. The characrerrstics of the zonesregarding groundwater avaitabitÍty are summarÉea in rig*àï]aha described ÉË,

Areas oÍ Very High Groundweler Availability

The aquifers are contlnuous ln this area. Yields of properly constructed boreholes, like the ones drilled 
,

bv WRAP, will be vïy higlr,.posqiUlyàr9,t"d po"iglti 
"iil; substanttaly htgher with 20 or 30 tnchdiameter hores. usind suétr óorehorLs, inigàtÉn wÍHörrià-*"t"r is feasibre.

volcanic Plains: The.recharge potential i: yrry good; most recharge comes from the higher parts ofthe Nvambeni, and to a le-ssór exeÀt y1 rieiyà-' ÀË;; yield oÍ.existÍng boreholes is high.Groundwater struck levels are railter itratlow 
"s'àL" 

grorní*i"r rest levels ino 
-ooretrole 

depths.Groundwater quatis in thsse vorànu Ëör, n uruàirv Ëry ö;.
There are only 56 permanent sprlngs ln this area but thelr average dlscharge ls hlgh.

Areaa oí High Groundwater Availability

These areas are endowod with numerort:prllg: 
_"J 

g"P q.uality water. g!t"n, aquiÍers are perched;the most productive aquifers are found in cinoeiaveË.- ReJË;e potentiat ls very good. Aquifers arecontinuous and hydraullcally interconnectà Éi tióuËs 
' 'vv' ier vv rsvre! lllqr t§ YE t v gíJ

wlndward Mount KerYa s/opes (Meru-chy!<a Area): There are oltty !í boreholes ln thls area, maintyFfto or the.large h.qrF.r or bprlngs-. boi"nóËviJàl 
"Ëi"rher 

htgh as is rhe success rate. TheaveÍage groundwater stíuck levels.ls só m, Grounqwàrgi quariry ln tnesör"ràrËlóàà is usua,y gooo ,

ilff iff f,lïJ"":},?ïl';JË:,#ËJï:ïll'il;m';líix;ifu t;,fji,ïf "r*lHn,sprng!ïere
Nyambenl Hllls: There are only 13 boreholes ln this area but a large number (1 1 7) of permanent springs.The average spring discharge rs nbh rnhiià1h;;'À;ËË;:i[y*is excerrent.

Areas oÍ Medlum Groundwater Avaitabillty

Leeward Mount Kerrya slope.s (Nanyuki'Timau area): There are only 37 springs with good quality water:the §prlng denslty ls much les's trràn h the ralnler wlnowaro'sue out the ylelds are nlgn. The use oÍsprlngs instead of boreholes should be preferrad

There are 11 boreholes ln this area but onrl ïglrt are successful. Groundwater rest levels are ratherdeep and borehole vlelds are medlum. ar óro"rtlrL-fr'ÀJiJËil in rhe votcantcs, siting rs nor crÍticatwhile the most proàuctive aqJiÍÀis àie ïouno in cino't*iàvàisl The recharge potentiar rs good andaquifers are continuous ard rryorautiàity interconnàóteo -u'iiËsures.

Groundwater quality in these volcanic rocks is good, sultaHe for both domestic use and irrigation.
Arsas oÍ Low Groundwater Availability

compact Tuff A'rea: Groundwater in this area occurs mainly in fine volcanic tuffs, lahars and lava flows,
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There are no permanent'springs. Borehole yields are very. small, only sufÍicient for handpumps.and

uoierrole sitin§ is not critieà]. öroundwater siruck and resf levels'are near the ground surface. Water'
quality is expàcted to be: g3nerally good enough Íor domestic use' : . , ',

Basement Area: Groundwater occurs mainly in Íractures, faults and in weathered zones toimip smalt, ,'

isolated water bearing cells of low permeability: groundwater quantities are usually small. Borehole

sitingiherefore is critiial: proper appiication andintérpretation of geophysics could improve the success

rate of boreholes. Boreholes should be near rivers or laggas ó a's io facilitate recharge. Borehole

yields are tow (<3.0 m3/h) but water struck and rest levels are shallow.

Groundwater quality is not good: usually mildly saline to very saline, and hard to very hard. Fluoride

levels often exceed the standard oÍ 2.5 mg/1.

The overall success rate oÍ boreholes is about 30oÉ takíng into account sufficient discharge for a

handpump and the permissable chemical concentrations.

.:
There are no Permanent springs.

ï:;:":,:ï:ïï::'ï:::ï:Ï"Lïoccurs in rarse amounts at sreater depth (>200 m), but

now àóep is not known. perched aquiÍers wíth sutÍicient yiAd Íor handpumps do occur sometimes at

sÀatowei depth: in tnà Larà area, onty t*o out of a totai of 13 boreholes have a diseharge.which is

iuri"i"nt for irandpumps. tn"re aïe very few permanent springs. Borehole siting is not critical; striking

a perched aquiÍer seems to be a matter of luck.

Water quality is expected to be generally good enough Íor domestíc use but there are no data. : l

Water Besources Development Potential3.3

3.3.1 SurÍace Water Development Potential

There is ample potential left in Meru District Íor develoP.mel of.surface -water, 
for

domestic usà anb even for development oÍ low flows for irrigation. Valid surface water

permits are issued for around 1,700 different abstractien points along. rivers endorsing

à totat dry season abstraction of 8.4 cumec before the rivers leave the District or join '

the Tana River.

The available low flow with a probability level of 807o (design flow Íor.irrigation projects)

of 20 cumec (equals arounà G30 milÍio1 ms/yeal) is sutficient to irrigate an area of

abóut 200 kmà liven an irrigation requirement of about 10 mm/daY; Thls acreage

could be substantially increaéed with óonstruction of proper storage facilities (dams)

along the main rivers.

ln some of the semi-arid areas of Tharaka where the distance to the nearest perennial '

itrea, is too large, sub-surface dams and sand-filled dams in the beds of seasonal '

iiuers may prouíde reliabte water points, particularly,fgf cattle watering.'. .npol
catchments can be an impoftant sup$bmentary source of drinking water provided that ,

the storage tank is properly constructed.

However, the chemical and biological quality of the streams is in danger as more than

100 cotfee factories dispose thàr etfluent without proper treatment. into the rivers.

Uniortunately, peak cotiee production coincides with the onset 9f ,.low, flows when,

dilution is not 
"r 

rtroÀg aíOlring tl're rainy season. So, the poisönous. coffee èffluent

is àischarged into the-streams ii a time when about 7Oo/o al the population depends
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3.3.2 Groundwater Development potential

Large parts of Meru District have more than sutficient surface water to satísfy presentand future demands. Baseflow in many oÍ these àÀr. originai;À f;il spring waterwhích ensures a oernanent supply tnrougnàuiih. cliy seaJon. Groundwater supplyrrom boreholes is.ten ;l;;ffisive-àfiàinatirJ ilni"n may not- be economicaly
I-"-*i9tq .rol .Tqnv tvpes or usb. However, *Àèr".t'. qràÍfty ói lJrrr.e water isunsuitable Íoi domestic,use during a large óàrt öiiÈ" year, groundwater suppty Íromsprings, boreholes or-dug *ellj §nouu-oe àoniioàieo. The benefits in the form ofreduced incidence of illÀesses may outweigh tne 

-nign 
costs of construction ortreatment.

llflt eastern slopes of Mount Kenya and the western part of the Nyambeni Uptandssprings are almost everywhere and as,such their deverop*énii, p-,i#ir"o.

on river flow for their drinking water. only strict law enforcement by curbing illegalwaste water disposal could alleviate this siÍuation.

ln the leeward slope-sof Mount Ke-nya and the volcanic plains (including the Northern
9l*tng Area) whbre gprings ,r"irí-oi il-;rËËï,'*r,.,. suppry from borehores isconsidered generalty fèasi6le for domóstià usË. 

-'-""i 
l

only the Kibericha-Kirua and the Lare Areas rack surface water. Groundwater isextremely deep and deveropment is consiàèiào nignry qràrtiö"àËre. - ev' rv.slv'| rs

ln the Tharaka Basement Area the:iy_?pti.o,,n Íor. groundwater suppry is driiling ofboreholes' ïhere ?re maly local aquif'ers'with riàitËo supply capacity and water ofacceptable quality, but theiisiting re{uiresnyorogëöËgicar and geophysicat surveys.
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Figure 7 projected Domestic and Livestock Water Demand in Meru District
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WATER'DEMAND

4.1 Proiection oÍ Water Demand

* Scenario 1 -

* Scenario 2 -

Table 7 summarises the grovuth rates used in the scenarios

Table Z Annuat Growth Rates ïggg-2Oig

§cenario 1 Scenario ?
Àppt ied Poputation Grorth Rates

i{ajor Urban Areas.: }leru
I'linor Urban Areas: Chuka, l{kubu

Chogoria, l,laua
Rura[ Areas : HisÈ poaénïí;l

! llediun potentiat
: Lor{ potent i a t

Resutting District poptrtation Groxth Rates

Apptied Livestock Grorth Rates: High pot.

f:Í'#,ï''
Apptied Schoot crorth Rates

Apptied Heatth (ilo. of Beds) Grorth Rates

Appt ied ComDerciat/Administr. croHth Rates

4.2 %

7,2 %

4.A y,

3.5 %

2.5 Z

t.1 %

2ré
2%
?.A

'8X

4%

7r

5.0 i4
8.0 z

4.5 %

4.0't
3.o,À

4.1 'A

4%
57.
6%

102

6r,
8"À

Water Demand was calculated for each Sub-location within the District. This demandwas divided into four major categories:

- human domestic demands, further subdivided into demands derived from urbanand rural populations
- livestock demand, calculated for each of the major types of animal- demand from,institutions, mainly schools and héafth'ö"ntr.slàno- other demand from (smalt scale) inOustriei. 

-

The demand for irrigation was not estimated independenfly, but the water available forirrigation was estimàteo by comparing the total*aïàr, resources with the water demandfrom the above named uóes 1sèe Sjction 4 3)

water Demand was calculated for 1988 and projected for 1gg3, 2003 and 2013.

Demand projections were based on two scenarios. These scenarios were in turnbase{ on the.projections of .District population and àcoromic gàwtÀ.-Ín, scenarioswere intended to represent the minirirunr and maximum growth-rates wnicn Àil ö;;in the District. Brief descriptions of the scuÀrriós .iË'r, foilows:

minimum.. growth scenario considering current assessment oÍpossible limitations set by the physicd énvironrneÀt. 
-

maximum growth scenario baded on the growth iatàs adopted atnational and district level.

21



4.2

Figure 7 summarises the demand projections by Scenario showing domestic water
de,mand (including also demand from schools, health facilities, offices, shops, hotels
and bars) and dernand for livestock watering.

Water Resources Avallability Èompared to Water Demand

Water Resources were divided into two main categories

- surface water obtained from rivers and springs, and
- groundwater obtained from boreholes or dug wells. i 

,

The availability and quali§ of these resources was assessed from available data, from
additional ob§ervations of surface run-off, from an inventory of springs and boreholes
and, Írom exploratory boreholes in combination with geophysical surveys undertaken
by WFAP,

The analysis of water availabili§ for water supplies was carried out for each Location
in the Oiótrict. The approach Íollowed assumes full use oÍ surfacewater and springs,
but use óf groundwater only where shortages exist. This implies that in Locations with
good groundwater potential, the actual availabili§ is higher.

The procedure followed was directed at an equal distribution of the water resources
betw'een the Locations. ïhis distribution was undertaken per Division. A summary of
the water availabili§ per Division is presented in Table 8.

Table 8 Water Resources Availability and Water Use in 2013 - Scenario 2
(mlday)

Division

Uater Resources Avai tabte ïotat. llàter Use

Surface
lrater

spr i ngs Grourd
lrater

Tota I Dooest i c
L i vestock

Irrigation
IÍdustries

Basef t or{ Totat

c. IlrElrÍl
I GEltBE

II. II'IENTI
NITHI
XTO}IYIRI
S. Ii{ENTI
THARAKA

Ï I GAIiI IA
TIMAU

136,076
e3,833

1 00,51 0
497,O03
20,500

211,071
337,933
133,341
65,069

52,253
69,984
15,501
40,871

86
81,173

78,835
1 1 ,403

4,705
9,882
6,162

0
?3,693

1,O14
2,005
9,934
2,088

195,015
103,ó99
1?2,173
537,871

44,2W
326,261
339,938
222,110
78,560

24
21

34
46
16
32

8
55

7

,870
,073
,534
,D4
,782
,2Íj,6
,714
,89
,090

143,750
73,7O0
77,050

406,700
16,750

252.000
351,200
162,40O
59,700

21 ,115
E,%7

10,178
83,901

0
11 ,975

0
25,78
1 1,814

193,035
1 03,640
121 ,76?
537,395
33,53?

326,261
339,9'.14
221 ,927
79,604

MERU DISTR. 1 , 558,539 50,10ó 59,4U 1,967,928 2?5,882 'l ,523,?50 206,937 1 ,956,0ó9

Future water demand must be compared with the available resources to determine the
level of development of water supplies. This comparison was executed for each
Location in the District and is summarised per Division in Table 8.

Table 8 shows the quantity of water available as well as the allocation of this quantity
for the different water uses. This allocation was based on proposed priorities for water
use as described in section 4.1. The water use was estimated:
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- for domestic and livestock from the maximum water demand calculated for the
20 year planning period (year 2019, scenario 2)

- for baseflow from 20 o/o of the surface run-off entering the Division (rivers
sometimes cross several Locations, therefore total baseflów per Divisíon È less
than 20% of the run-oÍf)

- for ir-rigation and industries from the quantity remaíníng after subtracting water
use for domestic, livestock and baseÍtow fróm the tota'íwater available.-

The following conclusions can be drawn:

- The demand for domestic and livestock use can be easily satisÍied in most of
the Divisions, although in two Divisions demand needs-to be covered with
surface water from other Divisions, i.e. in North lmenti from Central lmenti and
in Ntonyiri Írom lgembe.

- The required quantity from groundwater is limited, but if needed more
groundwater is available in some of the Divisions; the indicated quantity in TablèI is not the total available groundwater quantity, but only represehts thó quantity
required to supplement surface water and spiing resources.

- The water quality of surface water is expected to deteriorate with an increased
water use and supplies will require treatment facilities to ensure safe water.
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5 EXTSTTNG SUppLy, TECHNOLOGY OPTIONS AND COST

5.1 EXisting Water Suppty

water supplies in the Dístrict can be divided into two categories:

- protected supplies, which are relatively safe from contamination and should be
suitable for drinking, and- unprotected supplies, the quality of which cannot be assured.

Assessment of existing supplies found that about 7oo/o olthe District population relies
on unprotected supplies from surfacewater or groundwater. The reliàbility and quality
of these sources is.generally not satisfactory.- To improve this situation it ls oi ÈigÉ
priority to increase the number and coverage of protected supplies and to rehabilitate
existing supplies by..relocating intakes, replacing leaking pípes, protecting storagé
reservoirs and including some form of treatment,-like Íiftràtiàri, chlórination ór otnef

The use of unprotected sources is largest in the dry areas of the District (ggo/o of the
population).ang generally smaller in ine areas with more rainfall (to a minímum oÍ
about 1Ao/oin the tea.zone). The type oÍwater sources used is shown in figure à,
indicating that the majority of the póiulation uses surÍace water. This informàtion ió
based on a household survey cariieà out by WRAP.

About 45o/o oÍthe total population is covered by the existing supplies, with the MoWD
supplying 12o/o. The number of people covered by proposéd or'not working srpptiei
is about 11olo. Therefore 44o/oat the populationis not benefitting froà aÀy trjrin ot
Y3tq supply, either existing or p.lanned. This information is based'on an inventory of
all existing supplies (AppenOix i;.

The major water supplies ín the district have been located on topographical maps and
the outline of the served areas and the intakes are shown on plaÉ 1'.

Table 9 lnventory oÍ the Existing Water Suppties

oHner/operaton
Iota I
No. of
Schemes

Operating Schemes Onty

No. of
Schemes

Benef i ci ari es Uorking Condition

Nr.rmber Í oí
tota I

Good Fai r Poor tlot
Knorn

ilol,D (- Urban(- Rural
Oiocese of l,leru
GOK/MoA,/l.loE
Sel.f Hetp,/Ptan I
Set f Hel.p
Other

1

4
7
7
3

21
42

2

4
7
6
2

14
97

2

39,?69
í05,179
120,850

2,610
32,44O

139,96
1,190

3
9

10

3
12

2
3
3
I

13
35

1

1

:
I

30 32

3

l
't

Sub- Tota I 186 132 441,493 37 58 35 31 5

Groundrater Suppl ies
Supplies not in inventony
SuppL ies not rorking/proiosed
Population not served'

8
90
55
24

000
124
000
533

1

5

I
7
1

,|

44

Tota t 'l ,199,150 100
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Otherresults from the inventory of existing supplies are:

- a total production capacity of 57,716 m'1hr meets g4o/o of the lgBB water
demand, although efficiency of supply will have to improve greatly to achieve Íull
coverage and minimum service levels- tl''e production per beneficiary varies considerably, but is on average 100 lpcd.- the majori§ of the schemes have individual connections, witÉ about tO
beneficiaries per connection- many schemes are not completed, mainly due to financial constraints- financial information is not available and otherwise often incomplete for most of
the self-help supplies; the average revenue of the MoWD sup§ties collected as
a percentage oÍ operation and maintenance costs is 467o for urban systems
(excl. Meru water supply) and B0% for rural systems- the production costs per m' are around 2-4 Shs. and per beneficiary about S0
Shs. per year

- availabilid of accurate and reliable data on technical, operatíonal and
organisatíonal aspects of supplies is insufficient to atlow detaileb analysis.

The conclusion from the inventory is that existing supplies require significant
improvement in virtually all areas of operation in order td meet the futuË water
demand' The organisation of the O&M is generally poor, except in some NGO assisted
water supplies. A major problem in O&M is lack of funds; therefore, the collection of
revenues is a crucial factor.

ln many parts of the District small su_pplies have been organised by selÍ-help groups.
These water supplies are often inetficient and of poor töchnotogi. ro imiróvà tÉ
service level such self-help groups will have to cbmbine to largïr supplie's with an
improved organisational structure. However this may not Ëe achieved without
assistance from NGO's and/or the MoWD.

5,2 water supply Development rechnologies and cost

Choice of the technology appropriate to the need depends on several considerations
The most important among them are:

the type of area in which it will be used which determines the environmental
context, quantities.required, the availability of maintenance support, and
the resources available.

Table 10 summarises the technologies considered by the study, and their feasibility, by
area oÍ use.

piv.9n that.government.policy on cost sharing is to be implemented, the costs of supply
technologies are of..prime importance in ch-oosing a tdchnology bption. ln order to
include this issue in the.study, a cost effectiveness ànafsis was ii''Oeirtàxen, the results
of which are presented in Table 11.

Detailed cost estimates oÍ water supply technologies are included in Appendix 2.
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Supply Area Source Devetopnent tJater Supply oevetogrent

teasibitity

Urban Rurat

Dornest i c Surface lJater Intake
Spring protection
DriIted retts
Dug/Dritted retts
Dug/Dri tted retts
Sub-surface Dam

Roof Catchnent
Rock Catchnrent

Treatment + gtorage + distribution
storage t distrihJtion
l,lotorFrrp + storàge + distribution
Hand Ërps (smatt Ènits)
lJirdnitt + storage (targe uÍlit)
Dug uett + Han{iurp or tlirdnitt
Gutters + storage (irdividuat)
Storage

++
+
++
n, a.
n.a.
n. à.
+

n.a.

l+

++
l+
++
+
+
+
++
+

L i vestock
in ASAL Areas
1)

Surface llater Intake
DuS./Dritted yett
Dug/Dritted retts
Dug/Dri L ted rel, t
Spring protection
Dam constluction
Rock Catchinent

Storage + distribution
uindnitt, storage, trough
Hand punps
llotorpíp + storage
Storage + distribution
Fencing, trough
Storage

n.a.
n. a.
n. a.
n.a.
n.8.
n.9.
n.a.

++
++
+
+
+
+
+

Irrigation Surface lJater lntake Storage + distribution n. a. ++

I rdustry Surface tlater Intake
Dri t Led wel, t
Spring protection

Treatment + Storage + distríbution
llotorPutp + storage
Storage + distribution

++
++
+

++
++
+

Table 1O Recommended Technologies Íor Various Types oÍ UseÍs

1) Suppty may be used atso in conbination rith suppty to rural population, provided
measures are taken to ensure adequate rater quality.

2» ++ high feasibitity, + nediun Íeasibitity, n,a. not appticabte

The conclusions of the cost etfectiveness analysis are:

- The most cost effective systems are generally spring supplies with or without
gravity distribution, however springs are feasible in part of the District only.

- The next most cost etfective supplies difÍer per supply area: boreholes have
preference'Íor urban areas ('but only if borehole depths are smaller than about
40 m. and if yields are good); surfacewater supplies have preference for rural
centres.

- The most cost effective supply technology for boreholes is motorpumps, partly
because solar pumps or windmills can not operate during some periods of the
year.

5.3 Proposed Water Supply DqvelopErent

Based on the information on water availability (section 4.3) and existing water supplies
(section 5.1) a proposal for the water supply development in Meru District has been
outlined, to bov'er the water demand in the ultimate year 2013 oÍ the planníng period
for the maximum growth scenario.

The required development of domestic water supply is 168,842 m3 /day of which 70%
will be covered by new supplies, 21o/" by rehabilitated existing supplies and 97o by
existing supplies.
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'Table 11 Besutts oÍ Cost EfÍectiveness Anatysis

Ranki n9
iluÈer

Technology

gl lday»

ïota t
Yietd

(shs)

Tots I
capi ta t
Costs

(Shs)

o&it
Costs

per ye6r

5
ó
7
8

10
13
Í5
16
20
22

Urtan Area

Spríng, Gravity Distrih.ltion, 2OO # St.
Spring, cravity Distribution, í00 nl St.
2 Borehotes, tlotorpurp, Distribution
2 Borehotes, Hotorputp, OistrihJtion
2 Borehotes, li{otorp(rlp, Distribution
2 Eoreholes (t00m), l,lotorpLnp, Distrib.
Surface yater, [.rei r, Distribution
2 Boreholes, Soter ryrp, Distribution
Surface Uater, lJeir, pup, Distrih.rtion
Surface Lrater, Dam, pLnp, Distribution

200
100
ó00
200
100
200
200
100 (2)
200
200

4,987 ,5OO
2,562,500

12,6ó2,50O
5,037,500
?,
5,
5,
3,
7,

&3
637
937
812
562
187

750
500
500
500
500
500

,

13

304,750
159,750

1,419,625
524,375
262,688
é!3,375
723,375
17?,,625
895,ó25
941,975

4
11

1Z
14
17
19
21

Rurat Gentre

Spring, 40 nl Storage
Surface lrater, Cha[Èer, Gravity Distr.
§urface llàter, Ueir, Gravíty Distr.
Surface lrater, ChaíÈer, Hydram, 0istr.
2 Borehotes, lilotorpwp, Limited Distr.
2 Boreholes rith trindnitt
2 Borehotes, Solar punp, Limited Distr

40
40
40
40
40
40 (2,
40 <2)

1

1

1

I
2
z

925
387
425
612
787
150
432

000
500
000
500
500
000
500

t

,

t 54,500
6ó,875
67,250
u,125

106,875
34,7r0
49,5?5

1

?
3
9
81

Rural Area

Spr i ng
Dug tlett rith Handpurqo
Borehote rith Handpr"rnp
Surface_lrater, Chamber, Gravity Suppty
Dug ret l, uith uindri I t

10
10
10
10
20 (2)

37,500
1 87,500
262,500
431,250

1,012,500

500
500

1,875
15,513
17,063

Notes (1)
(z)
(3)

Total capital costs inctude.investment + reptacenent costs for a period of 20 years,
lrppty per year during I00 days onty.
Roof and rock catchrpnts and sub-surface dams nere not inctuded in the anal.ysis, becausemore detaited sttdy is needed on their feasíbitity and because 

"ài-iàutu cost estimates arenot suff icientty accurate.

The propoged do.me.ïic water supply.development with additional livestock supply is

ffit:l"g in Table 12. The table indicates àn additional tivestoór< suppry ot àö,óoó
m- /day, which will have to come in total from new supplies. The total 'àoéts invoived
are presented in Table 15.

Jfe pppo"sed domestic and livestock water.supply development is also presented onPlate 2, where for each Location the contrioutibí of new, existing and rehabilitated
supplies to the suppty capacity is indicated in a pie diagram.

The quantity of water available for the development of irrigation and industries wasderived by- subtracting from the total water resources available the amounts of waterallocated for domestic and livestock use and the amount of water reserved forenvironmental purposes (maintenance of baseflow, see also section 6.1). using anestimate for the w?tqr reguirement per hectare, the tbial area was estirnated which canbe irrigated in each Location ffabË 19 and etàte S;.
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DIVISION

1988 - Existing SituatioÍr 2015 - Scenario 2 REOUTRED DEVEL(»I{ENT OF STJPPLIES

Tota I
Poputation

PopuIation
covered

Existing capacity
Totat

Poput et i on
Requi red
Capaci ty

tnl uoayl

Additionat
Poput at i on

Covered

Capacity Devetopnent

Tota I 1
Good

(Írf /day)
To Rehab.
trl laayl

llel.
(# /day)

Rehabi I i tate
(rÍl /d8y)

C. I}IEilTI
I GEÈIBE

lt. It{E}tTI
}IITHI
ilTONY I R I
S. II,IE}ITI
IHARAKÀ

I IGAIIIA
T I II{AU

134,014
130,592
153,197
205,r27
116,692
149,568
72,618

203,155
33,783

43,480
46,E20
73,190
59,514
85,50Ö
54,675
1 3,750
ó8,100
7,83

32

'5ó
48

'.29
73
37

.19
.34
.,?3

743
4,377

293
4,350

- 300
590
300

4,O44
416

090
990
000
,97
410
1tg
0

500
582

7,

7,
9,
1,
6,

1,
1,

385,578
379,fiz
442,800
606,4%
285.89e
4r2,Ut+
1óó,7'.|'
534,503
89,0ó7

24,870
21 ,O72
54r535
46,792
16,783.
32,2U
:81713

33,739
7,090

342.098
333,132
3ó9,ó'10
546,922
200,392
398, ló9
152,965
4óó,443
81,584

'17,037
1 5,705
27,242
12,*5
15,073
25,517
8.413

28,195
5,092

7,

7,
9,
1,
6,

090
990
000
597
410
149

0
500
582

I
I

I,IERU ÏOTAL 1,199,146 452,712 38 '15,1.'13 35,51 8 3,343,787 225,80 2,991 ,075 175,149 35,318

Table 12 Proposed Domestic and Uvestoclt Water Supply Development

l{otes: 1. Existing capacity is not knoln accuratety and atso knorn for onty part of the suppties.

tt must be understood that this estimate is based on water availability only and not on
land suitability. Planning of irrigation projects involves studies beyond the scope of
WRAP, therefore further analysis of irrigation potential and cost estimates have not
been embarked on in this study.

Table 13 lrigable Area Based on Water Availability

LOCAT I ON

TotaI Area
of Division

(km':)

Avai tabte Lrater
for Irrigation

<r? lday1

Coverage
inÍoÍ

Area

Coverage
in

hectares

CENTRÀL I',IE}ITI
I GEI'IBE

NORTH IiIENT I
NIÏHI
NTO}IY t RI
SCX,JT}I IHENTI
THARAKA

TIGANIA
T I I.IAU

475
634
511
ó89
325
405
405
óó0
761

1

143,750
73,755
77,0ro

106,700
16,750

25e,000
331,200
162,400
59,700

1

5.
1.
?.
0.
0.
2.
2.
3.
1.

7
l
5
2
1

7
4
3
3

2,88
827

1,276
7,043

174
5,149
3,413
2,195
1 ,009

I,IERU TOTAL ó,8ó5 1,523,2r0 3.5 23,775

l{ote: Coverage in hectares based on irrigation uater requirernent in a dry year
in Ín3/h6/year (ó0Í irrigation ef f iciency) f rorn lloltD Design l'lanuaI
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GUIDELINES AND RECOMMENDATIONS FOR INVESTMENT PACKAGES

6.1 Design oJ lnyestment packages

lnvestment Packages are assumed to.comprise one or more investment project(s).
Each project must be designed to suit its ciicumstances.

Four factors were identiÍied as centralto the design of successful investment projects.
These were:

- Appropriate technical choice
in terms of its ability. to produce the required quantity and quality, and to avoid
adverse impact on the environment; thd latter ib parti''cularry bensitive as there is
insufficient data on the direct and indirect impact of water schemes on the
environment.

' The socio-economic base
which determines the attitude to participation in the project; this involves
consideration oÍ the different priorities foi availability/qtlatity/uie by differeni
social groups.

- The institutional base
for execution of planning, design, construction and operation of the investment
project, including community óonsultation and involvement during all of these
phases.

- 'ïhe financial base of the project
including the policy framework, particularly on cost sharing and on districtfinancialautonomy,andthefinancialsysteósused.

Each of these considerations etfect the economic demand of the people for water onthe one hand, and the ability of the MoWD and other bodies tó supÉilit on the other.

The major conclusions from consideration of the above factors are:

- A.policy framework must be developed to allocate resources. WRAP suggests
allocation according to the following priorities:1. domestic water supplies (induóíàg livestock at homesteads)2. protection of environment: part oI the surÍace water oàsètíow should be

reserved.to prevent dry riverbeds and to retain a minimum inflow into the
Tana and Ewaso Nyiro rivers

3. livestock water supply in ASAL (row potential) areas
I irrigation. warer suppry in ASAL (row iotentiarj areas5' industrial water 

Pu.pply (maÍnly ioffeè factorias and agro-industries)6. other uses, eg. irrigation ín hilh potential areap, nonËgrà-industriés, etc.

- gosl sharing pot1c199 wltn respect to government/donor schemes may need tobe rtexibte depending on the commuiity serued;'tuÍ cósi;631j;ó (cËpii;r ;;o&M costs) may be Íeasible in urban-schemes, but for rriàt §chemes costsharing may have to be limited to recovery of o&M 
"osts t"t 

Ërit initíally)

- even with tE!.?lfled o§ectives,.the.choice of technology must be appropriateto the communities ability and willin§ness to pay, in pàÉicuiàr iural schemes
must have minímum O&M costs if théy are to be"Éornb by the community
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6.2

.in order to implement the District Focus policy which gives the District Water
Office responsibility for co-ordinating the provision of water to the Meru com-
munities, ieveralfacets of the operation of the MoWD at Centraland District level

should change. The most important are Set out in section 64 below. ,

Appraisal oÍ Packages

Based on the above considerations, speciÍic criteria were developed for use in the
appraisalof investment projects. These criteriawere incorporatedin asimple checklist,
a'versíon of which, attei mbditication by the District authorities, should be included in
the DWDP. Such a checklist will enable a quick assessment of the impact and viabili§
of a proposed project.

The checklist covers the Íollowing topics:
- water resources
- land use planning/ environmental impact
- social impact
- institutional/ community participation
- economics
- affordability
- finance.

An example oÍ the full checklist is given in Appendix 3 of this summary.

The result of the assessment in each of these areas (except finance) will indicate,
either qualitatively or quantitatively, whether the proposed project is viable. lt is

suggesied that piiority ïor implemèntation should be given to proiects according to
theiiperformance agàinst financial cost recovery criteria. Projects which,are self-
sustaining (that is, re-cover both capital and O&M-costs) will be highest prioiity.

6.3 Cost Estimates oÍ Water Development

The study sets out a methodology to design investment packages, suitable for
establishiàg the broad outline oÍ donor funded projects. This methodology requires
that specifió assumptions be made as to the growth scenario and cost sharing policy
(and consequent choice of technology). Using the maximum growth scenario the
upper límit oi the investments required for domestíc and for livestock water supplies
may be provided (l-ables 13 and 14 and Appendix 4).

The total capital costs required to obtain a full coverage of domestic water demand will
increase from 529 million Shs, in 1993, to 1,280 million Shs. in 2003 and to about 3,149
million Shs. in 2013. These are large amounts of money, which are based on the
assumption that coverage by protected water supplies is raised from the current 30o/o

to 100% in a few years.

However, implementation of projects willprobably be planned in phases. Thls planning-

is not inclucied in this study, because phasi;rg of investments and prioritisation of
proiects is the responsibility oÍ the District. lt is propbsed that this planning will be
incti,rOed in the DWDP on the basis oÍ decisions made by the DDC.
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good srJpply,,!:eliabili§, much. better than most of the existing water projects in the
area. Once this is realised then people may be willing to contribute more than what
was indicated in the household survey

The present study does not attempt to provide cost estimates per project. These
should be based on feasibility studies, which will follow the preparation oÍ the DWDP.
The cost estimates given must therefore be considered as preliminary.

6.4 lnstitutional Requirements

ln order to implement the DWDP in the conte)d oÍ the District Focus policy several
institutional strengthening measures are required. These measures will reinforpe the
actions already uàdertaXón by the MoWD. The two objectives of these measures arel

1) To provide the District Water Office with the means and resources for their co-
ordinating tasks in the provision of water to communities, and

2) To strengthen the Central MoWD in its suppofiing role towards the districts and
in its role of formulating and implementing the natíonal policies and guidelines
regarding water distribution, provision and conservation.

The most important measures required to achieve the first objective are:

Strengthening of assessment and planning.capa.city at districJ level. This in turn
' requires provision of equipment and of training in these subjects
Strengthening administrative and financial systems along lines already under
discussionwithinthe MoWD. Specificallythefollowing measures are suggested.' rDistrict Water Otfices shouid be enàbbd to retaiÀ revenues collected, as an

incentive for better collection and to ease cash flow problems. ln the
interim, the "appropriations in aid" policy with respeclto funding of recurrent
expenditure should be reassessed so as to ensure that it will not disad-
vantage high cost schemes and that it will provide a real incentive to
efficient management.

. Financial systems should be revised to enable etfective management and
implementation of District Focus and Cost Sharing policies, in particular, full
costs and revenues should be brought together in one set oÍ accounts ,

. Flexibility ín pricing policy, reflecting the different operating costs of water
schemes, will be required also to effectively implement the national cost
sharing policy.

Additional equipment and training are required to implement these measures.
District otfice staff also require training/support in O&M activity and in catalysing
community participation.

The most important measures required to achieve the second objective are:

- Central otfice staff, in their role of supporting the Districts, require better training
r in higher level skills in the areas of trainíng, water resources planning, O&M,

financial systems, communi§ mobilisation, technical design, environmental
management and project appraisal, and

- MoWD in general, should put more etfort in strengthening the'links to other
agencies and organisations, both public and private, involved in provision of
water supplies.
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7 MAJOR ISSUES RAISED BY THE STUDY

35

The major issues raised by the study are:

- Gan the District Water Otfice achieve the organisational and financial autonomy
it requires to. effectively implement the oistiict Focus policy? Ànd will it have
the capacis to do so?

- can the necessary infra-structure be imptemented to improve the collection of
revenues on water use, to achieve the, aim of selÍ sufÍiciency of water supplies
in at least operation and maintenance?

- willthe policy of cost sharing and communis participation achieve the expected
improvement in water supply conditions?

Does the District have sufficient capacity to formulate and implement a
comprehensive District Water Develoimerit plan, using the preiài studiesprepared by wRAp? And will it be able to update such É ptan'in the future?

How reliable is the projection oÍ water demand as the basis for the planning of
yvat-er development in respect of the incompleteness and general inàóóurac! otbasic data?

Can the District, the Central MoWD and the District Water Offíce be organised
lg_a_cquire and co-ordinate efiernal assistance from bi-lateral, multi-tàtí4 anO
NGO donors for water supply projects?

Can an admínistrative framework for co-ordinatíon of water resource manage-
Iglt be achieved, encompassing Ir4oWD and other organisationi ór.n as the
Ministries of ASAL, Health, social servíces, Agriculture and Livestock?
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Appendix 2

Development Costs of Domestic Water Supply
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Appendix 3

Example of Checklist for Assessment of lmpact

and Viability oÍ proposed projects



EXAMPLE OF CHECKLIST FOR ASSESSMENT OF IMPACT AND VIABILITY OF
PROPOSED PROJECTS

a) Water Resources

The basis Íor these criteria is the water Resources Assessment study by wRAp. This study contains allthe existing basic data on the availability and quality of both sur{acewaíer and groundwater. The basicquestions to be answered are:

Can the required present and future water supply be met from the indicated water source throughout the
Year?

e.g lf a surfac.ewater reservoir is proposed, how witl sittation affecrs ls capacity?
or if a groundwater source is proposed, how wilt groundwater levels oàvéiàp in future.

ln ASAL areas can the required water supply be maintained during drought periods?

Does the proposed technology make optimum use of the available water source?

e.g it a groundwater sot)rceis proposed, does Íhe pump capacity match the weil yietd?

ls there an alternative water source and has it been considered? Maybe to serye as alternative if the firstsource is out of order? 
:.

,i.e a sysfem using tvvo different sources is more retiable

ls the quality of the water suitable for its intended use?

e.g for livestock water suppty quality criteria are /ess than for domestic water supply

b) Land Use/Environmental tmpact

The basis Íor these críteria are the District Development Plan and documents on land resources. Thebasic questions to be answered are:

Does the project supply water to activitíes consistent with the District Development plan?

e.g is water provided for expansion of irrigation?

Are the Íacilities/plant of the project consistent with the existing and future usage?

e'9. can the water sources supply the quantiti.e.s required by the present and projected land usee.g. is wastewater treatment upstream capable of'coping'with'increased tdàds ordoes thewater suppry treatment have to be designed for tutire upgrading?

Are the Íacilities/plant of the project consistent wirh plans for urban/rural development?

e.g is there suftjcient,capacity for likely increases rn production of the local crops
e'g will the proposed slting of the resevoir witt not stbritise mineraL aeposrrf ó r btock Íhe mostappropriate route tor an upgraded access road?

will the Íacilities/plant oÍ the project, or their construction, have an adverse envÍronmental impact?

ïhe major forms of impact to be considered in the Meru District are:- pollution from processrng plants, especiàily coffee plantts- pollution from urban areas especialiy stormwater runnoff and sewerage' the degradation of vegetation' cover and soirs from erosion- the impact of dams which.intercept surface water cau9.ing downstream wet lands to dry
lp - this may have a significant impact on some wildlife-- heavy pumping of ground water may cause sprrngs to'dry up, affecting animals and
sornetimes people.

- possible pollution of water sources from agricultural inputs and farm wasÍe
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c) Social lmpact

It is difficult to discuss appropriate criteria Íor social assessment in the absence oÍ a socio-economic
study of the district which is designed to develop such criteria. However, some signiÍicant issues have
been raised in consultation with local people. These are:

Where traditional groups are affected by the scheme, does the proposed scheme work within the cultural.
context of those groups?

lrhrs issue should be balanced against developmenÍ goals in so far as sub-groups, such as
women, within these groups should be given the opportunity to develop their talents

Does the proposed scheme improve the welÍare of the people of the district, pafiicularly lower,income
groups and/or women?

i.e. does it provide employment, or does it provide opportunities for people to earn income from
conditions created by the scheme?

d) lnstitutional/Community Participation lssues

lnstitutions

The major tasks which must be addressed with respect to institutional issues are design, constructíon
and operation/maintenance of the systems. The organisation, or grouping of organisations must be able
to carry out these tasks effectively. One organisation should be in charge of co-ordinating these tasks,
and, preÍerably, this organisation should be that which will operate and maintain the proiect. The key
issues are thus:

Which organisation is co-ordinating the project?

Does it have a realistic project organisational structure and implementation schedule?

Which organisations have responsibility for design, construction and operation of the schemes?

Areskillsandfinancíalresourcesavailableforeachoftheseorganisationstoundertaketheirtasks?

lÍ not, who is to supply training/funds to achieve the required levels oÍ performance?

Are there written agreements with the co-ordinating organisation to support the above statements?

- Community Particioation

Community participation can occur in any oÍ the above tasks. ln small scale water supply projects, it is
likely that it will occur in all of these tasks. The organisation oÍ this partÍcipation is thus a key element
in the successÍul implementation oÍ the project. The main issues involved are:

Are the leaders of the community organisation representative of the communitf

- i.e are the ones promising resource inpuïs capable of organising the delivery of those inputs?

Can they deliver the promised labour and money inputs to the project on time?

- l.e does the community have the resaurces?

Can the community organisation efÍectively carry out the liaison activities that are required to implement
the project?

- e.g with government, contracÍors etc.

ls the organisation recognised by the local government agencies and will/can they provide the
organisational and logistic support required?
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e) Economic lssues

The methodology required to undertake an economic assessment oÍ the project is set out in the main
report. For small scale projects which are to be implemented and paid for'byihe community, lt may be
assumed that the economic beneÍit is proven by the level oÍ commitment shown. Where'substaítiat
levels of government or donor Íunds are to be uóed, a Íeasibitity study of the piojàct should include an
assessment of economic. viability, and the average/indicative vàíues used in tire hraín report should bereplaced with those apptícabte to the specitic pójóct.

Í) AÍÍordabitiry lssues

Based on the above analysis, the issue of affordability can be addressed. The Househotd surveyindicates the levels of_affordability which the respondanÉ Íound to be acceptable. These levels cannot
be regarded as definitive, but can be taken as a guide. The issue.s of affordàbility and wittingnessió pat
are complex, and bound up with slowly changiÀg traditional beliefs and prioritiós. 

-

lÍ the community is to implement. and pay Íor the water scheme, there is little need to assess wíllÍngnessto pay. Only confirmation of this must be obtained in Íeasibiíity studies. wheie góvernment and/ordonor involvement is envisaged, the feasibility studies must addiess this issue in söÀe detail.

ln the latter case, the main consideration is the level oÍ cost sharing required by the government or donoragency. This will determine the Íee or tariff set in the scheme. Gàneràt guideÍines írr'icn are tixety tà bàadopted require Íull cost recovery in urban schemes, and, outside urban àreas, ,""oràiy of operatión anàmaintenance costs. The basic questions are:

Does the sum involved in cost recovery constitute more than Solo oÍ the income of, say, the poorest 20%of the population?

- if so, use another technorogy or review rever of cost sharing

lÍ not, what is the community attitude to paying this amour"rt of money?

- if negative, as it often is, then additionatquesfions are required

ls there an acceptable arternative source and what is the cost?

- if there is no alternative, or if it is more expensive than the proposed scheme, then there is agood prospect ot .achieving a sufficient levet of wittingness'to fray given adequate institutional
sysÍerns and political support

' if there is an alternative which is acce.p,table. to the peopte, even if the water is technically inferior,another technology should be considered, or the leiet of cosf recoye i s,ioiia be reviewed.

g) Financiat lssues

The key financial issue is the sustainability. oÍ..the .ploject with the above analysis complete, andconcurrently with the determination of aÍfoidability, ii is'possible to proJect lixely àómand for, and thecosts of, the scheme over time. The feasibility ótudy must identify thó source's oi iunos íor design,construction and operation/maintenance. The-projeótion of the eipenditure of these funds must berealistic' A basic cash flow analysis can then be'carried out to identiiy poteÀtial-riquÉity probtems, andmeasures developed to overcome them. The financial return on the pioject 
"un 

ài"à o" catcutated.

Financial.systems Íor revenue collection and recording financial Ílows (símple records oÍ costs andreceipts) have been developed, and could be applied to öu"n iÀó imallest scrremes. Éór targer schemes,simple procedures Íor capital budgeting and ïunding ot prevenàtive maintenance schemes could bedeveloped based on experience in Éomà NGo projecïr. rtnesà tvpes oÍ procedurài *irr take some timeto establish, however.

The key criteria are thus:

Does the cash flow show that expenditures are covered by revenues rhrough the life oÍ the project?Are procedures for revenue collection and monitoring of'reuenues and eipendituiei oescribed andrealistic?
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Appendix 4

Cost Estimate

Domestic and Livestock Water Supply



COST 'E§TIMATE. - YEAR 1993
DoMESTTc AND LrvEsrocK wATER supply

APPENDIX 4

Rehabititated tJater Suppties TOTAL TOTAL COSIS
Required Unit Cost Total Cost COSTS PER

Capacity Ksh. per BENEFICIARY

Year 1993
ïotal Required t"/ater Unit Cost Total Cost

Population Capacity Source Ksh, per

Né' w tlater Suooties

TION Covered n5/day m3lday Ksh. rÉlday rn3,rday Ksh. Ksh. Ksh.

NTRAL II.IENT I

HUGUCH I 5?,33'l 050 000
TIMBI

HIA
IRICHIA

38
?2
30

000
000

35,
32,
22,

995
345

22,000
22,000
22,Ooo
22,000

725
0

0

359
287
220

132

s
S

S

s

15,950,000
0
0

7,999,000

1,470
1 ,533
2,023

0 7,899, 000

1,175
ó53
940
357

15,000 22,
15,000 22,
15,000 30,

000
995
315

000
000
000

ToTAL 121 ,970 '.l ,084

I{BE

GE

23,848,000 5,026 75,390,000 99,238,000 814

=== = ======-========= - ================:============ === = ======== =====================:============ó09 s 22,000 15,398,000 120 13,398,000 991
0s?2,0a00000
0 s 22,000 0 0 15,000 0 0 00s22,0000015,000000

799 s 22,000 17,579,000 170 17,578,000 952

EGO

IA

TA

I
IU

13

10
40
?8,

5?3
536
700
991

?0,643

TOTAL 114,396 1,/t08 50,976,000 290 0 30,97ó,000 271

503
ó83
55ó
284
762

I RUA

IRI
IMA

AKI

17 ,387 1 , 188 s
10,353 79? s
16,557 0 s
28,085 ó85 s
11,302 905 s

000
000
000
000
000

22
22
22
22
22

?6,136,000
17,4?4,o9o

0

15,070.000
19,9 1 0,000

0

0

4,8?8
I ,400

0

2ó,136,000
17 ,1?4,000
72,120,000
3ó,070,000
1 9,91 0,000

000
000

5

5

000
000

420
000

7Z

2
I

ToTAL '113,684 3,570 78,540,000 6,2?8

0
17,07?,000

0

4,796,000
0

17 ,402,000
11,638,000

15,000 77
15,000 5
15,000 8

93,420,000 171,9ó0,000 1,513

15,000 18,195,000GUMON I

ÍHI

GE

I NGAN I

T HAMB I
IA

ERA

JUK I

30,111
13, 530
45,582
27,55'
25,763
57,000
15,529

1 8, 1 95,000
17,07?,000

604
1,?6?
1,701

372
328
470
749

0
776

0
218

0

791
529

S

s
s
S

s
S

S

22, 000
22, 000
22,000
22, 000
22,000
22,000
22, 000

1,213
0

5,1ó8
364
5ó3

0

0

T7 ,520,000
10,256,000
8,415,O00

17,$2,000
1 1 , ó39,000

520, 000
4ó0,000
445, 000

TOTAL 195,069 2,31t1

IRI

50,908,000 7,309 109,ó20,000 1ó0,528,000 823

HIMA

ÏI
TUBE TL'E. K,
H I RU. RUUJ ,

14,430 10,200,000

7,950.000
2,250,000

750,000

3?,860
23,700
'19,104
1 5, 780
7,9A0

2,277

1?,406
9,121

17,891

1,030 s
1 ,000 Gr.r

507 s
615 s
325 s

ó80

t30
150
50

15,000

1 5,000
15,000
15,000

2?,000
23,700
22, 000
22, 000
22, 000

z?,660,000
23,700,000
11,154,000
13.550,000
7,150,000

000
000
000
000
000

642
540
730
142

TOTAL 53,848 3,477 78,194,000 1 ,410 21,150,000 99,344.000 1,945

H IMENÏ I

14,11? 0 1,0ó8 15,000 1ó,020,000 1ó,020,000 1,133
TINE

TA

E

TUNGUU

YAK I NE

11,899 1 5, 975, 000

ó, 450, 000
11,145,000

1 5,975,000
21,010,000
22,510,000
48,501 ,000

7,502,000

22
22
22
22
22
?2
22

20,a34
12,349
40,726
15,000
16,201

955
730

1,698
341

0

S

S

S

S

S

S

s

000
000
000
000
000
000
000

1 ,0ó5
0

430
743

0

1 5, 000

15,000
1 5, 000

0

21,010,000
1 6, 0ó0, 000
37,356,000

7, 502, 000

1,072
1,049
1,823
1, I9l

5770 1,1?3 15,000 'ló,945,000 1ó,845,000 1,040

ToIAL 131,35'l 3,724 81 ,928, 000 4 ,4zg
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COST.ESTIMATE - YEAR 1993
DOMESTIC AND LIVESTOCK WATER SUPPLY

APPENDIX 4 (Cont.)

Year 1993
Toté t

Poputation
Covered

Nex !later Suppties Rehabi t iteted UIater SuooI ies TOÏAL
c0sTs

IOTAL

BE}IE F

LOCAÏ I ON

Required tJater Unit Cost
Capacity Source Ksh, per
m3/day n6/day

ïotat Cost

Ksh.

Required Unit Cost
Capacíty Ksh. per
n9lday rn3/day

TotaI cost

Ksh. Ksh

T HARAKA

GIKINGo 12,820 295 S 22,000 ó,490,000 0

ÈiARIMANTI 31,705 1 ,461 S 22,000 32,208,000 O

N. THARAKA 13,067 62? S 22,000 13,684,000 0

s. THARAKA 14,317 255 S 22,000 5,ó10,000 0

ó,4go, ooo
32,208,000
1 5, ó84,000
5,ó'10,000

TOTAL 71 ,909 ?,636 57,99?,000 0 0 57,992,000

ÍIGANIA

Irl I TUNTU

UR I NGU

1,972
13,737

0
0

483
614
736

0

1 ,769
381

0

1,038

s
s

6r{

S

S

S

S

S

S

s

2?
22
23
22
22
22
22
22
22
2?

000
000
700
000
000
000
000
000
000
000

0
0

11 ,447,100
14,168,000
1ó,192,000

0

38,918,000
8, 582 , o0o

0
22, 936, ooo

0
0

0

0
0

0
0

388
0

0
0

11,417,100
1 4, 1ó9,000
16,192,000

0
38,9'l8, oo0
g,3g2, ooo

20,820,000
22,85ó,000

MBEU

K IANJA I

AKIÏHI I

MUT HARÀ

KARAMA

MIKINDURI
THANGATHA

'17,255
16,770
22,989
19,439
16,375
37,646
3'l ,798

15,000 20,820,000

177,981 5,051 11'.|,943,100 1,388 20,820,000 132,763,100

TIMAU

========================== = = === ==:============ =============a= =============-===================-===

oNTULIL! 1?,806 0 s ?2,000 0 192 '15,000 2,880,000
KIRIIIARA 7,790 2t Z S 22,000 5,324,000 130 15,000 1,950,000
KrsrMA 1?,659 0 S 22,000 0 1,120 15,000 1ó,800,000

?
7

880
271

000
000

1ó,800.000

TOTAL 33,255 212 5, 324, 000 1 ,412 21,630,000 2ó,954,000

MERU TorAL 1,013,463 ?3,506 519,ó55,100 27 ,521 408,465,000 928,118,10q

Notes GH = Groundxater
S = Surface Uater or Spring
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' Year 2003
ïota t

Poputation
oCATIoN Covered

NTRAL IMENTI

HUGUCH I

Requi ned Water Unit Cost Total Cost
Capacity' Source Ksh, per
n$lday r3/day Ksh.

=== == = = = = == = = - =: = == = = = = = = = = = = ====== ==: = = = =

COST E§TIMATE - YEAR 2OO3
DOMESTIC AND LIVESTOCK WATER SUPPLY

APPEN DIX 4 (Cont.)

.Rehabi I i tated LJatér' Suppl i es TOTAL TOTAL COSTS
Required Unit Cost Totat Cost COSïS pER

Capacity Ksh. per , BENEFTCIARY
ffi/day n1/day Ksh. Ksh. Ksh.

===========-============================3============E===

ÏII'IBI
HIA

BIRICHIA

57,31?
57,57'.1
5ó,858
37,175

2,552
1,?93

0
1,260

===== ========================:====== == ========== ============E;===================:===

?2,000 56,144,0_OO_ 1,470 15,000 22,050,000 78,194,000 1,36422,000 ?8,416,000 1,620 15,000 24,300;000 52,746',000 91622,000 0 3,548 15,000 5j,220,000 S:,2ZO,OOO 936?2,A00 27 ,720,000 o 27 ,7?O,OOO 746

s
S

S

s

ïorAL ?08,946 5,105 112,310,000 6,638 99, 570, 000 2 1 1 ,890, 000 1 ,014

EGOI

HIU

IA

21 ,875

17,56?
67,5?5
53, ó55
39,246

688 s
500 Gtl

OS
712 s
985 s
951 s

1 ,000 GH

15,'13ó,000
1 1 ,850,000

0
1 5, óó4, oo0
?1 ,670,000
20,922,000
23, 700, 000

A 22,000
23,700
22,000
?2,000
22,000
22,000
23,700

120

0

?71
429
170

15,000 1,900,000 1 ó,95ó,000
1 1,850,000

0
19,729,000
28,105,000
?3,472,A00
23.700,000

15,000 4,
15,000..ó,
15,000 2,

0ó5, 000
435,000
550,000

774
512

0

?92
521
596
604

TOTAL 199,863 4,836 1 08, 912 , 000 990 1/.,850,000 123,792,000 619

H IMENTI

I RUA

IRI

IMA

30,816 1,670
500

17,114 923
500

89,809 3,?46
56,774 2,622
19,553 1,552

========== = -===== == =
S

Gu

s
GLr

s
S

S

22,000
23,700
?2,ooo
23,700
22,000
22,000
22,00a

== ==-=========== =- ==t:======= =!==_===============================:_=_=36,710,000 0
11,850,000 6,740,000 1,191

1 1,950,000 39418,106,000 0 1a, roo,ooo 1,05g
1 1 ,850,000 1 t,850,000 69?
71 ,4'12,000 5,ó00 15,000 8/i,000,000 1SS',41?',OOO 1,750
21,99r,900 1,400 15,000 21,000,000 78',684',000 1"3634,144,000 0 34,144',,0A0 1"716

TOTAL

T.H I

214,096 10,913 241,786,0A0 7,000 105,000,000 . 346,786,00A 1,6?0

================================= ==============:==========:=a=:i=======================

I NGAN I
HAME I

A

ERA

UKI

15,703
24,379
80;830
48,729
49,057
61,797
21,883

0
1,139
3, 002
1,770
1,478
?,361

905

22,000
22, 000
22, 000
22,000
22,O00
22, 000
22,000

0
658,000
04/r, 000
940,000
51ó,000

51,942,000
1 9, Bóó, 000

1 5, 000
1 5,000
1 5, 000

91 , 500,000
5 , 4ó0, 000

í 2, 000, 000

s
s
S

s
S

S

s

2,207 15,000 33,105,000 33,105 ,000 724
1,?gg
1,919

911
907
811

908

0
100
364
800

0

0

6,
31

66
3B
32

31 , ó59,000
157 ,544,000
44,400. 000
41 ,r16,000
51,942.000
19,96ó,000

ToTAL 33?,378 1 0, 953 240,966,000 9,471 142,065,000 393,031,000 1,152

======== ======::== ======:=== ==========:=== =====:================== =========a======

IRI
========:=========-===
IMA 37,725

UATI 31,359

TUBETI.'E.K. 17,A15

IRU-RUUJ. 27 ,575

========
?,679
1 ,500

777
500
617
500
877

0

22,000
?3,700
22,000
?3,700
22, 000
23,700
2?,ooo
23,700

58, 958, 000
35 , 550, 000
17 ,094,a00
1 I ,850,000
11 ,234,000
11,850,000
19,291,000

0

1 5,000

1 5, 000

15,000

1 5, 000

1 0, 200, 000

7,950,000

2, 250, 000

750,000

ó9,139,000
35, 550, 000
25, 0ír4, 000
1 1 ,950, 000
16, /.84 , 000
11,950,000
20, 044 , 000

0

§

Gw

s
Gr.,,

S

Gw

S

6H

ó80

530

150

50

1 ,833
94?
799
378
969
696
7?7

0

TOTAL 113,673 7,480 168,810,000 Í,410
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COST EST]MATE - YEAR 2OO3
DOMESTIC AND LIVESTOCK WATER SUPPLY

APPENDIX 4 (Cont.)

Year 2003
ïota I

Population
Covered

NeH Uater Supplies Rèhabi t i tàte.i Lrater Suool ies TOTAL TOT

cosTsRequired tlater Unit Cost
Capacity Source Ksh. per
n$lday n3lday

ÏotaI cost Required Unit Cost Totat Cost

LOCAT I ON

Capacity Ksh. per
Ksh. m3/day n5/day Ksh. Ksh

IGOJI
I.I I T IilE
A806ETA

IGOKI

NKUENE

I.IIIUNGUU
KANYAK I NE

?7,226
28,995
31 ,',|12
20,936
73,761
22,170
30,279

536
0

1,737
1 ,541
4,257

896
563

S

S

s
s
S

s
S

2?,000
22, 0oo
22,000
22,000
22,0A0
22, 000
?2,000

1',| ,792,000
0

38, 21lr, 000
33,902,000
93, ó54,000
19,712,000
I 2,38ó,000

1 ,400
1,885

0
430
743

0
1,1tt6

1 5, ooo
1 5,000

21 ,000,000
28,275,000

32,792,000
28,275,000
38, 214,000
40,352,000

101,799,000
19,71?,000
34,676,000

'15 , oo0
1 5 ,000

6
1

450
145

000
000

'15 
, 000 z?,290 ,000

TOTAL 234,479 9,530 209,óó0,000 5,911 89,1ó0,000 298,920,000

T HARAKA

GIKINGO
I4AR I MANT I
N. THARAKA

S. ÏHARAKA

17,403
45,750
19,182
23,285

489
2,523
1 ,093

614

S

s
S

S

2?
2?
22
22

000
000
000
000

I 0,758,000
55,50ó,000
24, 0/ró, 000
1 3, 508, 000

0

0

0

0

1 0, 758, 000
5r,506, 000
24,016,0O0
13,508,000

TOTAL 105,620 4,719 1 03,818,000 0 1 03,81 8,000

M I TUNTU

UR I NGU

5,760
21,83'.1

0

182
1,000
1,1t0
1 ,808

901
3,733

906
1 ,012
1 ,871

s
S

Gr{

5

S

S
c

S

S

s

22,004
22, 000
23,700
22, 000
?2,000
22,000
22, 000
22, 000
22, 000
22, 000

4
23
2l
39
19
82
19
?2
41

004
700
080
776
822
126
93?
924
162

0

000
000
000
000
000
000
000
000
000

0
0

0
0
0
0
0

1 ,500
0

4
23
25
59
19
82
19
15

004
700
080
776
822
126
932
424

0

000
000
000
000
000
000
000
000

MBEU

KI ANJAI
AKITHI I
I,{UT HARA

KARAI,IA

MIKINDURI
THANGATHA

25,793
32,052
39,87
33,392
26,112
58,923
47,064

15,000 22,500,000
41 , 162,000

293,944 12,583 278,526,000 1,500 22,500,000 301,02ó,000

ONTUL Í L I
KIRIMARA
KISIMA

20,632
13,076
18,880

397
549
811

S

S

S

22, 0OO

?2,000
22, 000

8, 734 , 000
1 2,078,000
17 ,812,000

270
130

1,182

1 5 ,000
15,000
15,000

4 , 050, 000
1 ,950,000

1 7, 730,000

12,7*,000
14,029,000
35,572,000

TOTAL 52,588 1,757 38,ó54,000 1,582 23,730,000 62,194,000

2,021 ,497,000

Notes: Gll : Groundwater
S = Surface l.rater or Spring
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CO6T ESTIMATE.. YEAR 2013
DOMESTTC AND LIVESTOCK WATER SUPPLY

Year 201J
Totat Required Water Uni t Cost ïotat Cost

LOCAT I OÍrl

Poputation Capacity Source Ksh per
Covered nB/day n8/day Ksh

===========i=================================_=====:============

CENTRAI. IMENTI

=============E=====================
ABOTHUGUCHT 96,184 6,679

A|PFNDIX 4 (Cont.)

.. Rehgbi I itated Uater Suopt ies
Required unit cost lotat coÀi
capacity Ksh. per
nB/day r5lday Ksh.

= == = ===== = = = = = = = = == === È= =:= = = = ==a= =

TOTAL TOïAL COSïS
COSTS PER

BE},I€FICIARY
Ksh. Ksh-

======:========a======E

===========;:==========-==:==================_====
= ===== = = = = ==E==E===-===Ë=====_===*=È=

GATIHBI 92,281
HT,JANGANTHIA 93,769
KIBIRTCHIA 59,861

4,534
2,679
1 ,116

s
S

S

s

22,000
22, 000
22, 000
22, ooo

1 4ó,959,000
99,749,000
58,91ó, 000
69,212,000

1 5,000
15,000
1 5, 000

22,050,000 'l 69, ggg, 000
1 24,049,000
1 19,916,000
69,212,000

'l ,470
1,620
/t, 000

0

300,000
000,000

24
60

1,757
1,341
1,269
1,156

TOTAL

I GEI.IBE

342,098 17,037 374,914,00a 7,ago 10ó,350,000 4g,1,1ó4,000 1 ,107

==============================:=========
KANGETA 33,995 1,831 S

500 GrKIEGOI 28,473 930 sAKÀCHIU 107,947 3,471 sMAUA 94,591 1,362 sNJIA 68,136 2,611 s
2,000 cil

==i===============================
t 0,292,0a0 1?0 15,000
11,950,000
20, /160,000 076,362,000 271 15,00095,964,000 1g 15,00057,44?,000 170 15,000
/r7,400, 000

=ïffi 
ï;====ï;ï;;;;;====ï;;;;

1 í,950,000 319
20,4ó0,000 ?194,0ó5,000 90,1?7,OOO 7456,435,000 102,3gg,ooo 1,0g52,550,000 sg,99z,ooo sgo
47,400,000 696

22,000
23,700
2?,000
2?,000
2?,000
22,000
23,700

TOÏÀL

NORTH IMENTI

333,13? 15,705 349 ,760,000 990 14,950,000 3ó4,ó10,000 1,094

1,ó31
2t1

1,466

===================:==============
KIIRUA 5,1 ,198 3,795

RUIRI 26,734
500

1 ,792
500

1 0, 879
6,957
2,929

s zz,ooo $,;;;;;;;=='===
Gr.J 23,70O 11 ,850;000s 22,000 39,201,000
Gw 23,700 i 1,850,000s 22,000 259,338,000
s 22,000 155,054,000
s 22,000 62,238,000

= = = = = = = == = = = == = = == = === === = ==== ==== =:= = === _= ===
0r 93,490,000

0 1 1,650,000
. 39,204,000

:,g!! 1:,goo 84,ooo.ooo ,ll;ïi3:333'1,400 15,000 21,000,000 174',O54"OOOo 62,23}-,00A

NTIl'lA
NYAKI

GIAKI

1 58, /,88
1A1 ,50?
31,689

443
040
715
964

2,
\,
1,

ToTAL 369,UA 27,212

NITHI

= ============= ===== ===== == === = == =IIAGUMoN! 69,t+62 2,A61
t'4t,ONGE 11 ,143 Z,g5O

ó01,024,000 7,000 105,000,000 ?a6,o24,OOO 1,g10

2?
==: ===:== =====:= ========= _== ===:= =_=== = ==: ===================

INGANI 137,682 10,000
HAHBI 81,2ó0 5,126

A B7 13

S

s
S

s

s
s

z?
?2
?2
22
22

,000
,000
,000
,000
,000
,000
,000

0

, 100
364
800

0

0

6

22
45 , 408, 000
ó4, 900, 000

220,000,000
112,77?,000
119,834,000
124,992,o00
34,691,000

2,333 15,000 34,995,000

15, 000 "91

'15, 000 5
15,000 12

80,
64,

311,

403,000
900,000
500,000

1,159
1,577
2,262
1,455
1,515
1,257
1,123

0 5

000
000
000

500
160
000

1 1 g, 232,000
1 31 ,834,000
1?4,99?,000
31,694,000

ERA

KA NJUKI
99 46 5
30 90

,417
,681
,577

TOTAL 516,92? 32,945 72?,590,000 9,597 143,955,000 Bóó,545,000 1,5g4

= == = ==:=i= == ==== == ===== = ============10,200,000 136,238,000 1,898
59,250,000 8267,950,000 47,1g4,000 g13

23,700,000 4062,250,000 52,258,000 1,131
17,775,0A0 óe3750,000 26,?76,000 64?17,775,000 426

===================a===*=========:==
12ó.038,000 ó80 15,000
59, 250,000
39,534,000 530 15,000
23,700,000
30,008,000 150 15,000
17,775 ,00a
26,026,000 50 15,000
17,775,000

=============- ==============s 22,000
cr"r 23,7A0
s 22,000

GH 23,700
s 22,000

Gw 23,700
s 22,000

c!, ?3,100

5,729
2, 5oo
1 ,797
1 ,000
1 ,364

750
1,193

73A

YIRI

THIMA

TI

UBETI.'E.K

TH I RU- RUUJ.

71 ,762

58,380

28, 533

11 ,7'17

ToÍAL 200,392 ,15 
,073 340,106,000 1,410 21,150,000 361,25ó,000 í,g03
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COST ESTIMATE . YEAR 2013
DOMESTIC AND LIVESTOCK WATER SUPPLY

Year 2013
ïotal Requ red Llater Unit Cost Totat Cost

Rehabi titated uater SuPotigs
Required Unit Co§t Ïotat cost

APPENDIX 4 (Cont.)

TOTÀL

cosTs

Ksh

21,000,000
31,350,000

ÍOTAL
PEN

BE}IEF I
PoBr [ation Capacity Source Ksh. Per Capacity Ksh. Per

LOCATION Covered m3lday m3/day Ksh. m3/daY ni/daY Ksh.

==============;:=====3==========a-a======ÉÉ=:== = ==3=======gE======= ==== == == ===-== ====-= = ===== === = = ==

sot TH llrtEt{ï l
====== ====:::= = =======:=====-==== ======= =i=::=====

IGOJ I

Ii,!I T I NE

ABOGEÏA

I GOKI

}IKUE}IE

}II TUNSUU

KAIIYAKI NE

47,417 ?,454
1,57?
3,489
3,202

10,'123
2,056
2,651

53,
31,
76'
70,

?22,706,000
45,232,000
58,32e,000

'l5, o0o
1 5,000

988,000
584,000
758,000
444,000

22,000
22,000
22,000
22,,000
22,000
22, o0o
22,000

995
516
27?.

317
961
891

49
48
34

130
35
51

1

2

74,9811,000
ó5,934,000
7ó,758,000

400
090

0
430
743

0

I
1

I
2
I
t
t

15,000 6,450
t5,000 11,145

7ó,894,000
233,851,000

45,?32,OoO
80,ó1Z.oo0

,000
,000

1,4Í36 15,000 2?,290,000

IOTAL

THARAKA

= = === === = = == = = =E = = ======= = = ===

398,1ó9 ?5,547 5ó2,034,000 6,149 92,255,000 654,269,000 1

181854,000
97,944,000
39,952,000
28,33ó,000

GIKINGO
]'tAR II.IANÍ I
N. THARAKA

S. THARAKA

857
1,452
1 ,816
1 ,288

18,854,000
97 ,944,000
39,952,000
28,33ó,000

23,650
65,634
?7,687
35,994

s 22,000
s 22,000
s 22,000
s 22,000

0
0
0

0

t
I

TOTAL 152,965 8,415

IIGANIA
====E========================================È=i===-==:=E3=======--

t

01 85,08ó, 000

0
0

0
0
0
0
0

500
0

000
000
000
000
000
000
000
000
000
000

000
000
700
000
000
000
000
000
000

??
22
23
22
22
22
22
22
22

185,08ó,000 1

TI I TUTIÏU

URINGU

Ii,tBEU

K I A}IJA I
AKITHI I
tiIUTHARA

KARA}IA

}IIKIilDURI
ÏI{AiIGATHA

7rs
768 S

2, 000 ct{
?,165 S

4,136 S

?,866 s
7,185 S

2,031 S

3,466 S

3,503 S

1 ,650,
16,89ó,
47 ,400,
47 ,630,
90,992,
63,052,

1 58,070,
44,682,
76,2,?,

22,000 77,066,

11,0?2
41,990

38,574
55,480
63,190
53,880
41,82?
90,693
69,752

15,000 22,500,040

1,ó5o,oo0
16,896,000
47,400,000
47,ó30.000
90,992,000
ó3,052,000

I 58,070,000
44,68,2,000
98,752,000
77,066,000

466,403 28,195

Í I I.IAU

i==:====;É===!========= == = === = = ==3====== - 3== 
= =;= == = =

ollTULILt 32,688 1,457 S 22,000
KIRIilARA 20,688 1,149 S 22,000
KIStilA 28,008 2,486 S 22,000

623,690,000 1,500 22,500,000 64ó,190.000 I

32,054,000
25,278,000
54,ó92,000

270
150

1,182

1 5,000
15,000
15.000

4,050,000
1 .950, 000

'l7,73o, ooo

36, 104,000
27,228,000
72,42?,ooo

I
I

TOTAL 81,384 5,092 112,02ó,ooo 1,58?'

===È======È===============:=========E======-======= ==É==a==E=B===i===i==-====tàE===

MERU ÍOTAL 2,891,075 175,149 3,871,128,000 35,318

23,750,000 135,754,000 1

529,770,000 4,400,89E,000 1

Noteg i GH = GroundHater
s : surface tlater or Spríng
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