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PREFACE

Interprelation of Report

‘The original objective of this NWMP Study is to propose a nationwide framework for
orderly planning and development of water resources in the country. The Study also deals
with the formulation of individual development schemes. However, it should be noted that
the plans formulated in this Study remain at a national level and do not provide complete
details at tocal level. Further details should be examined in subsequent studies on each
river basin, district, and project basis which are separately recommended in this Study.

Administrative Division of Districts

In this Swdy, the original 41 districts were considered and various statistical data,
particularly socio-economic information, were collected for these districts. During the
progress of the Study, six districts were detached from the original ones and established as
new districts. In the report, the data on these new districts are grouped together with the
corrcspondmg original districts as shown below.

Oxiginal D:stric&s New Districts Data included in:
1. Machakas : Makucai Machakos/Makoeni
2. Kisii Nyamina KisiifNyamira
1 Kakamega Vihiga Kakamega/Vihiga
4, Meru ‘Tharaka-Nithi Meru/Tharaka-Nithi
5. " Kericho Bomet Kedcho/Bomet
6. Soulh Nyanza ' Migori South Nyanza/Migori

MNote:  The last thce Districts were established vory recently.
The repost refers only to the names of the original 41 districts.)

The administrative boundary map used in this Study is the latest complete map set covering
the whole country (41 Districts, 233 Divisions and 976 Locations}), prepared in 1986 by the
Survey of Keaya, Ministry of Land, Housing and Physical Planning.

Data and lnformalion

Fhe data and mformat!on contained in the report represent those collected in the 1990-1991
period from various documents and reports made available mostly from central government
offices in Nairobi and/or those analyzed i in this Study based on the coliected data. Some of
them may be different from those kept in files at some agencies and regional offices. Such
discrepancies if any should be cotlated and ad_pusted as required in further detailed studies
of the relevant development pmjecls

Dev_elopmen_l; Cost
“The cost and benefit estimate was based on the 1991 price level, and expressed in US$

equivalent according to the exchange rate of US$1 = KShs25.2 prevailing at that time. The
same exchange rate was used in calcuolating the development cost in KE£/KShs cureency.,






THE STUDY ON THE NATIONAL WATER MASTER PLAN

SECT ORAL REPORT (M)

| lNTEGRATED WATFR RFSOURCES DLVFLOPMENT PLANNING

. 'I‘ABLE OF CON’I‘FNTS

Page

Ml,—_INTRODUCTION...,_ ........ ST SO ORUROTTRRTR V5 |
M2, AVAILABLE WATER SOURCES veteireresrerrereteraeesrcnsnsnnrennses M4
20 S0URCE  DeVRlOPMIERLcuu.iisiieisiessietreeaenaesissseesineesseseresnss M:4
2.2 Surface WAtEr 1\ iveeinpiinarennininas ceernerns crteeeerrinrsierreenniriens M4
2,21 Perennial . rlver....;....-....;...._..._.‘..;.'.-.._.. ...................... M4

D222 LAKES.auae vt eeraniaiiiersaeesteesrieteerireenran e vaeeeanaaes M-5

2.3 Groundwater.._,_.._.-...Q..;....._....._......_.'_ ..... rereree e e e M-5

2.4 - Water Harvesting .....ovvvivnnninnannns, PTITTON [P R M-6

C 240 SMAN AN e s reaae e M-6
242 ROOECACHMENL 1eeiveiveiiiisieieireersares et eresvaeseresvnes M-7

2,43 ROCKCACAMENE viinreeeeeiiiereririesseecsribresaeessreens . M7

2.44 Subsurface/sanddéms ...................... [P M-8

M3. WATER DEMAND bbb eese b beneerntstatans eberareree e nenaarennaas M-9
IR N S )Domesuc and Indusmal Waler....., ......... et rancitrn b ei e M-9
3.2 Inigation Water .e.eiiriireiiierennennns eer e raae e ceireneens MA13
L33 Livestock Water e ieniieceniecne e e M-14
. 34 WlldhfcandFlshery.....; ..... evrererrans b v e et e r et nans e M-1S

C 3401 wildlife e Ceerre ettt s st abenaas M-15

T 3420 FISherY s et M-16
35 'Hydropowcr......,..-........;.;.-.......‘.........._' ................ s M-16
‘M4, 'PRESEN’I‘ AND FUTURE CONDITION OF WATER USE e M-19
0 Al PIODIEM | ATAS..iurerercuerirnne et tasesaenas e besrereeengens M-19
4.2  Balance between Demand and Ava;iable Surface Water ................ M-19
A2 Safe YiEl i M-19
4,22 Mainienance of minimum f1OW..oovirienscenereensinnns M-20
o423 Available surface water ..., vrrererrarrr rreerans - M-21
4.3 Maximum Exploitable Groundwaler......oc.ccoeevcerneececcrnnennns M-22

4. 4‘ Balance bctween Demand and Available Water ....ooconiiiininnnn M-23

MS, WATER SOURCES FOR URBAN WATER SUPPLY cerreereneien. M-24
S50 Domestic Water Supply POCY ... e eeeireriierenneiiestecrininenn, M-24
C 5.2._ WaterSupplySourcesandSupply MEasUIeS .oovvvpivnivinncnrirncnns M-24
o520 Water avaitability vunieni s errearirensians M-24
Ce o 822 Supply MEASUIES.ii s, M-25
83 'Concepl of Urban Waler Supply Deveiopmem .......................... M-25



Mé.

M7.

M3,

5.3.0  On-going schemes....oivl i nnnaliainaana, M25
5.3.2  Studied and planned water supply schemes.............. ceer M-25
5.3.3  Priority order of urbah supply SChemes.. ..., M-25
5.3.4  Assumed improvement of water supply settor......... - M-26

WATER SOURCES FOR RURAL AND LIVESTOCK W;\TER

1 1 34 32 5 O TP creies M-28
6.1  Approach to the Sludy ...... M-28
6.2 Water Sources and Development Menu irvereaend S NRPOR M-28

6.2.1  POtenlial WAl SOUMCES. il o iieiierresreerrreereesesiosreees M-28
6.2.2 Concept of development sequence.......... s M-29

6.3 Potential Water Sources and Their Combinations....................  M-30
6.4 Source Poteatial Evaluation Cmen'i...‘.'...'..'.............-. ........... . M-30
6.5  Source Allocation Criteria - Domestic Water Supply ... ..o.oiveeeennn. M-35

6.5.1 Urbanwatcrsupplyplpelmc......‘....'.............;._ ........ . M-36
6.5.2 °  Basic concept of source allocation plans..... USSR M-36
6.5.3  Allocation between main water sources ' |
(surface water and groundwater) ............ e - M-36
6.54  Allocation rauo of subordinate measures ........... Ciereeaans M-37
6.5.5  Comparison of Waler cost....iviveiriueiveennn. e eerare M-37
6.5.6 Cross check with available water SOUICE..vivivnrens vereneens M-37
6.6  Source Allocation Criteria - Livestock Water Supply.......coueiennn, M-38
6.6.1  Urban water supply pipeling .....ooeviviiiniivnniniinniinnnnns M.38
6.6.2  Allocation beiwccn surface \V‘\tt‘,l’ and groundwaler o
SOUTCES .. isunniiviniinnniatninnionnninns B A PPN . M-38
6.6.3  Subordinate MEasuICs. ... veviveeiveresiuiuniiietinieenns . M-39
6.6.4  Comparison 0f WalEr COSE ..v.vv.iviriiinrennininenesinns e MA39
6.7  Processing of Water Source Allocation Computation ................i. M-39
6.7.1 Preparatlonofmputdala.._...................,..‘..._...-.........- M-39
6.7.2  Computation of source allocation................ccovmnnen.. . M40
6.7.3  Computation outpu'ts'.....; ....... FTPIS T UL SUTIRN . M40
WATER SOURCES FOR' IRRIGATION WATER SUPPLY....’..: ‘M-41
7.0 National POlCy.....vvevevesoritivrssiriierienneneannn, U . M4l
7.2 Imigation Potential .v..cuiiiiiinii sl innn.e, et Medd
7.2.1 SUMfaCe WaleTeeivvrerevioreieniirivieere e csesseeensetieesns e M-l
7.2.2  Groundwaler . oo ioeerninereseenenbaiens et aeean, M-42
7.3 lrrigation Dcvelopmcm ........ s ;..; ..... ......... M-43
WATER SOURCES FOR HYDROPOWER DEVELOPMENT ..... M-44
8.1  Hydropower Potential in Kenya ............ e, e . M4
8.2  Hydropower Potential by Basit...........iiiisiieiiiniins M-44
8.2.1  Drainage Area ! (Lake Victokia Basin)......0.... 0. .. .r M-44
8.2.2  Drainage Area2 (Rift Valley) .....iooiitiiiislvnuernnnnnn. L MAS
8.2.3  Drainage Area 3 (Athi River and Coast) ........ e i rerernia. M-45
8.2.4 Drainage Area 4 (Tana RIVED) il i M-45
8.2.5 Drainage Area 5 (Bwaso N'giro and Nofth).i.....ounss M:4S



M9. WATER SOURCES FOR WILDLIFE AND FISHERY ...

9.1  Wildlife Watering.......ocoovviiiiinniinnn e bererreusiinies
9.2 " Fishery..coooeernnes eeereees fet s a b eenesbenirat et trernbraraaasianes
M10. WATER RESOURCES DEVELOPMENI‘ AND USE PLAN
' BY BASIN........... s aeeriaraes T PO SOOI PPN
10.1 Urban Water Supply . ...................... e reriairierereraaany
10.2 RuralandeerckWaterSapply.........4.......§ ...... ST OTUIN
10.3  Trrigation Water oot e
10.3.1  Small scale imigation project ........... ieereiiateaccnasanaten
10.3.2 Largc sca]c irrigation Project .......uu..e. et iteeeerraenes
104 HydropOWEr «..veveeiiesieeeireiieeneienanseeneenteoneesnens
10.5 * Environmental Empact for Major Interbasin Water Transfer Scheme.
10.5.1  Water transfer to Nairobi ..... e ereeretteriaiberieianbeseaaratan
10.5.2  Water transfer to internal drainage trea .......... e eran
10.5.3  Water transfer to Kajiado ....vviiniennnnn, ereeens eeeeraares
10 5 4 Water transfer to coast ........ PO PP ST
M11. PROJECT COST ......... reserenianronis P PPTPO
111 TEEOAUCHEOR cevseererereereeeireensereeecoreeerreeeereesectenieeeneberenes
11.2  Urban Water Supply and SEWErage ....c..oveeivererinrereerinieisarans
112,17 Urban water supply «..o.covvmviiiiniiiiiiiiiiiiie e vaceeecrnn
18,22 Urban SEWeTAZE...ocuveeerreereereeerremneearrenns
1.3 Rural Water Supply............ Cevereesbettssensensannienntberararareranan
11.3.1  Water exploitation cost......... e
11.3.2  Water SupPly COSliiviiriiriiieririicrrieesserimeereserens '
1t.4 Livestock Water Supply..._ .................................................
11.5 Imigation WatchuPply Er b eeeeen b ieean ittt e ch e taereranecneasirear e
: 11,5.1 Small scale irrigation scheme........icooeeeeiviineiiniirinnns -
1152 Large scale irrigation SCHEME...o.oveiovmersececrnnneninas
116 Hydropower Development........cccovviveiiienens, evrent e eaareans .
117 " Allocation of Dam Cost .........oeuee.. Chrerereraairerineens v eeees
11,8 Project CoOSh..uueiivrueriorimrisieeeeiireiarsiessioerersssesrsasinssenasen
REFERENCE -

M-43

M-72

M5



LIST OF TABLES

Table No. ' Title
M2.1 Numbcrs of Existing Small Dais by Basm
M22  Exposed Rock Hill Arca by Sub-basin ................ TR
M3.1 Connection Rate by Service Type...vcocvvvvvniennnes
M3..2 Unit Consumption Rate......cccooiviiiiiiiniiiniicrerseninnens
M3.3 Unit Water Consumption Raté by Industrial Type 1989 - 2010 ....... .
M3.4 District Distribution of Industrial Water ReQuitem_eﬂt: 1939.- 2010
M3.5  Potential Domestic and Tndustrial Water Demand m 1990....c0vnevvine
M3.6 Potential Domestic and Induktfial Water Demand .in 2000.....cc.ovenee.
M37 Potential Domestic and Industrial \Vatef Demand in 2010.............. .
M3.8 Area and Number of Planned Irrigation Schemes by District ORI
Mﬁ.9 FulurelrrigationWa.terDemand..._ ....... ..........
M3.10  Estimated Carrying Capacity in Each Disticter. oo.. oo
M3.11  Average Live-weight......... e s Ceenererene et
M3.12  Sub-basin Livestock Water Demand ................. .....
M3.13  Summary of Load Forecast - Calender Year......... e,
M3.14  Summary of Revised Load Porecasl
M3.15  Summary of Updated Load Forecast (Updat_é _(_if 'NPD.P).._ .........
M4.1 Relationship between Probable. Daily Discharges and | .
Flow Duration Curve on Monthly Discharge Basis...................... .
M4.2 RunoffRatioochr‘énnial Rivers in Kénya.._._.....-. ......
M4.3 Balance beiween Doﬁacstic and Industrial Demands - |
and Avaifable Water................... evaenes eeeeeestaiarsairreereninns
Mé6.1 Combination of Water Source Development (Summary)............. vevce
M6.2 Criteria for source Allocation between Susface Water o
and Groundwater,....... e teastererrrrraarn Cereiretaines rreaireaies feiveresn
M6.3 Criteria for Assessing Share of Small Dam Development.......oiianai.
Mé.4 Criteria for Assessing Need of Roof Catchment Development ............
Mé6.5 Criteria for Assessing Share of Subsucfaée Dam Deycldpinent...‘..'.....
M6.6 Criteria for Pipcline Water Alocation for LAVestock Usé....evinrrinennn,

iv

Page



Table No. . Title Page

M17.1
M7.2
M7.3
M7.4
M5
M)

M82

M8.3
M38.4
M8.3
M10.1
Mi0.2
Mi0.3
M104
M10.5

M10.6

M10.7
M108
MI0.9
‘M10.10
CMitd

MI12
 MI113
M114

MILS
“M1L6
‘MiL7

Irngatlon Potential by Sub-basin..........cveueeiiiainninieiciieeieren MT-31
. Groundwater Availability.........-... .......................................... MT-35
Guideline for Evaluallon Trrigation Water Quality........ ereetrertaarenas MT-36
Recommended Maximum Concentrations of Trace Elements in _
Imgahon WALETS.1eiveranrecrnenrennans D PN MT-37
Crop ToIemnceTable.......................,...........‘....................-.. MT-38
Potentlal Hydropowcr Rcsourccs (Dramagc Aréa Driieeneninn MT-39
Potential Hydropower Resources (Dramage_ Area 2) ..... R MT—40
Potential Hydropower Reéource.s. (Draiﬁagé: LT I) NN MT-41
Potenlial Hydropower Resources (Drainage Area 4)....eevemneennn... MT-42
Potential !{ydfdposirér Resources (Dratiage Area 5)......r..omemmmirnee MT-43
Raw Watcf Source for Urban Water Supply ......... e SRR MT-44
Selected Dam sites for Source Dcvclopment toward year 2010 ........... MT-47
Intra-basin Water Transfer Schemes ........... TP MT-48
Inter-basin Water Transfer Schemes.....v.covvvinnnns e MT-49

Watéf Balance C‘alculation of Urban Water Supply for the Year 2010... MT-50

Water Source Al!ocamn for Rural and Livestock Water Supply......... MT-52
Wateting Points m Noma{ilc Pasmrage ATCRecrtorr s ssereenens MT-53
Preliminary Screening Results of Hydroelectric Projects...........uu..on MT-54
Preliminary Scrccmng Results of Hydroelecmc Candidate Pro;acts
(Update of NPDP, 1991)..ccccciiiiiiiisine. MT-55
Recommend Generation Expan_sion Plan (Update of NPDP, 1991)..... MT-56
Total Cost for Urban Water Supply..coocoviiviiiiiiiiinniin. MT-57
Total Cost of Urban Sewerage Development .......ovevvveenennn, earaenns MT-60
Unit Water Exploitation Cost by Sub-drainage Atea...........rv.ree.... MT-62
~ Source Devélop'meﬁt Plan for Rural Water Suppl Yerrrrireeeeees reeens MT-65
: _. Construction Cost for Rural Water Supply SYSIEDM v vvrevreveanirarennene. MT-69
Sourcc Development Plan for Livestock Water Supply.....ccoccirennne MT-70

AlNocation of Dam COSIS. . iiiinieonmeeseoiiniereeiimsiseisesons MT-74



LIST OF FIGURES

Figure No. | Title - Page

M2.1 Location of Existing Smali Dams/Pans TR PP S iaeae MF-1
M2.2 Typicat Layout of Small Dam ..........cec.coes. e, MF-2
M23 Typical Small Damy .............. beobeseanninnenasie e e ME-3
M2.4 Storage Tanks fbr Roof Catchment ..., s MF-4
M2.5 Typical Layout of Rock Catcﬁment ........ ...... MFS
M2.6 Location of Exposed Rock Hill Areas ooo....... et Mﬁ—ﬁ
M2.7 Suitable Arca for Subsurface Dam .......... MF?
M2.8  Suitable Areafor Sand Dam ......iecvvereeeeniesivnrninnn. oo MBS
M2.9 Typical Layout of Subsurface Dam .............. D MF-9 -
"M2.10 Typical Layout of Sand Dam......... e . _.‘MF-IO
M4.1 Concept of Minimum Flow ..........coovviiinininannn. Cheshareraterinaas MF]I
M4.2 Annual Mean RunoffDep_th........- ...... ertiiens et iaereteeareies ceverene MF-12
M43 Minimmﬁ Momhly Runoff Depth .o, bereereerianas MF-13
Md.4 Balance between Demand and Available Sunfacc Waler e ............. MF- i4

M4.5 Balance between Demand and Maximum Exgloitable Groundwaler .« MF-15

M4.6 Balance bctwcen Demand and Available Water.........., eerertrneniianare MF- i6
M7.1 Water Quality Eva!pauon Criteria for_Imgallon Waler. . cueeennennnn, eee MF]’I
M7.2 Area of Grouridwater Unsuit.ablc for kﬁga!ion... Ceeaeens | s oa ....... MF-{8
M10.1 Location Map of Potential and Existing Damsites........ et berenieaiaea MF- 19
MI10.2  Water Transfer Schemes........... SRR STP I MF—:Z_O.
MI10.3  Water Source Allocation for Rural Water Supply rerraerbarsesastaTasrnnae ME-21
M10.4  Water Source Allocation by Dmmage Arca e L
{Rural and Lwestock Water Supply).....ccovviieiiiiiieiiiinnreiinn. veeeen MR22

M10.5  Alocated Ratio of Water Source | o

' (Rural and Livestock Water Supply)......... e, ME-24

M10.6  Location Map of Proposed Irrigation Project ................ vreiiinnaiinne MP-25

vi



Append_ix No.
M..l
M.2
M.3
M.4
M.S
M.6
M.7
M.8

M9
M.10

LIST OF APPENDIXES

Title
Storage Balance Caleulation for Small Dam
Storage Batance Caleulation of Roof Catchment
Walter Balanbe Ca!éaulmion of )\v_ai!abie S.urface Water
Dala and Parameters Assessed in Rufal Water Supply
Source Allocation Plan by Sub-drainage Area |
.Numbe_rs of Proposed Faciliies by Sub-drainage Area
Water Explonation Cost by Sub-drainage Arca
Source Allocation Plan by District
Numbers of Proposcd. Facilities by District

Water Exploitation Cost by District

vii






M1, - INTRODUCTION

. Waler rcsourcc is aﬁ 1mportant constituent in pracuca!ly evcry phase of soc:al and economic
life. Successful and well batanced planning for water resource development takes an
n‘nportam rol¢ in view of timited availability and geographical maldistribution of water

~ SQuUICES. Expenence has proved that the supp!y of clean water to an individual is the
foundanon on whlch rests the heallh and economnic progress of Ihc communily.

The rate of water use is affected ‘by clmmtc and ecologlcal factors There are relatively
abundant water sources in htgh potential land areas than in medium and low potcnual areas,

~ and this is. rcﬂected in the disteibution of population and the level of ¢conomic
development In most areas of low potcnnal the population density is very low and the
cost per. caplta of water supply schemes in’ these afeas 1s consndcrably higher than
- elsewhere, assumm g lhe sarne degree of services. '

Utban centres have been more advantagcd in lhe supp!y of piped water than mra! areas.
The advantage | lies in the fact that local authorities have methods of raising reveaues which
make lhem compelent to borrow from mtcmallonal banks at low rates of interests. -

‘_The development of rural COmmumty centros was a govemmcnt straiegy for dcvelopmg

rural arcas, The govemnment then provided amenities at these community centres, one of

~ which was puhl:c health and a communal water supply pomt for domestic and Iwcstock
walter supplles - :

'Wa{er supply for :mgauon dcvelopmem is a]so nnponam to achxeve food seif~sufﬁc1cncy
Cin maj()r food, producuon To devetop irrigation potential areas, the schemes with high
~priority can be drawn up ‘considering government policy and present socioeconomic

fcondmon of Kenya they are, (i) small scale i irrigation, (ii) irrigation area adjoining densely

' populated Dlslnct or Location and (iii) the area where only irrigation is the watering method

: for agrlcullure - :

'Thc hydrdpower development is in and around geographical region of the Kenya
‘Higblands which provide the two important sources for hydropower generation; they are,
(i) perennial river flow providing water source and (it) water head as the difference in
clevation. At present, hydroelecmc power generation plays a key role in supply of electric
power in the country. As of June 1989, the share of hydropower stations is 70% in terms
of the installed capacity and 87% in energy supply including energy import (rom Uganda,

“On the other hand, Kenya is blessed with abundant wildlife, one of the most valiable
~ natural resources in the country. Wildlife viewing is a major component of the tourism
-industry which is an imporlant source of foreign exchange for the national economy. To
"supply the walcrmg points for w:ldhfe is therefore inevitable under the formuhuon of
development plan. -~



Water resource dcvelopmem by the above m'uor water use’ 5ec16r$ has camed out
independent of one another because the combined demand in the past did not exceed the
readily available water sources. However, the shortage of water has already identified in
many places of the country at the year 1990 fevel of demand in spne of the avallable wafer
FeSOUrces exceedmg the combined dem"md asa whole SEEEE S

Asthe readily a\vailable Water sources ot major water demam’. appe'irs to have already becn
commlttcd an lmegrated approach to the developmcnt of waler sources will be i neccssary )
meet the requirement of all the sectors of major water demand to avoid compeuuon and
conflictin water use and to optumzc the use of lumted walter resources P
The avallablc waler sources and their water cosls in lhe l990 price !evel are descnbed in
Chapter M2. Chapter M3 shows present water deniand of major sectors and the projection
of combined water demand in the year 2010. Chapter M4 describes the present condition of
water balance in Kenya and the design criteria for the integrated water - resource
dev e!opmcnt towards the year 20!0

Developmem polrc;es for ma_]Or walter use seclors are dep:med in (‘hapters MS to M9 they
are, domestic and industrial water supply (Scctora! Repotl D}, ruial and livestock water
supply (Sectaral Reports D and F), irrigation water supply (Sectoral chon E), wnldhfe
and fishery (Sectoral Report F) and hydropov.er de\relopmenl (Sectoral Report L) ’
Ch‘apler MI190 describes the mtcgr‘aled water resource d_evelopmem plan lowa‘rds the year
2010 by basin. The plan is established with the high priority of domestic and industrial
water supply. The development cost for the plan is summarized in Chapter M11. '

The schematic diagram for integrated water resource development is showa below.

_M;'z |
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M2. AVAILABLE WATER SOURCES

2.1 Source Developnent

In Kenya, many water supply syslcms depend on unreliable water sources, and such
systems have been affected by frequent supply faiture for long periods. This is one of the
reasons why the consumers in the service area are reluctant to support the water supply
systems. It is a fact that some systems having received less support have been poorly
maintained to the cxtent of being broken down

The water holding capacity of lhc drainage arcas in Kenya is generally low and rives flows
reach their minimum flow almost every Iwo years or so. As a result of this, a low level of
supply reliability, for example 80 % dependability, causes supply failure in almosl every
two years or so. It becomes necessary to select a rather hrgh supply reliability, not only for
benefits of water users but atso for sustainability of water resources development facilities
themselves. '

Water source developmenat shall proceed from less expensive sources (0 expensive ones, in
principle. Development of clean and perennial flow (river or spring) by gravity
transmission offers the cheapest alternative. However, most of such sources have already
been uhhzed In this Study, evesy possible development measure is to be consndercd in
order to balance water demand and supp!y

Source development, such as interbasin water transfer o closed river basins, may raise
environmental issues. If environmental issues are 0 be considered on a priority basis, it
may cause other secial and economic issues which are beyond the scope of this Study.

Hence source development for balancing water demand and supply 1S exammed firstly and -
related issues are examined in Sectoral Report N. '

Available water sources development in Kenya were mainly classified into the following
methods; '

(a) Water supply from perennial main river channel and lakes,
{b) Water transfer from the other subbasins,
{¢) Groundwater, and
(d) Water harvesting
2.2 Surface Waler
2.2.1 Perennial rivers
Surface water has been predominanily wtilized among water resources in Kenya Present

water balance shows that the readily available waler has been consunied in the sub basins
with major water demand.
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In such sub basms it is nécessary not only to devclop a water supply system to provide
consumplwe water but also to augment available surface water by constructing storage
dams for flow rcgulauon I no potential damsite is'in the sub basin and no additional
_ slorage is avallablc, it is further necessary to transfer water firstly from another sub basin in
the same river basin (intra-basin water transfer) and secondly from another river basin
_ (mle:r-basm water transfer).

The present water abstract;,on of surface water can be estimated based on the water permit
data in the database of MOWD. The data is classified inlo two categories: that is, (i) under
normal flow condition and (ii) under flood flow condition. - According to MOWD's
information, in ¢ase that the river water level at water abstraction point is lower than 80%
of annual mean Water level, the water peraiit on {lood flow condition is not effective -
nanicly, thé watet permit on normal flow condition has been issued mainly for the purpose
of domestic water supply. while those oa flood flow condition have been issued for
irrigation water supply The water pcmut data on normal ﬂow condition are enumerated
below. : :

Surface water abstraction rates by drainage area
(normal flow condition) o
: (Unit: MCM/ycar)

Drainage Area - 1 2 3 4 5 Total

Water Permil 254.3 6.8 1330 $954 421 1.071.7
Sounx- ‘Waler permit dalabase, MOWD

2.2.2 Lakes

The fresh water lakes holds about 315 MCM of water that is currently underutilized. it is
expected that domestic water supply and small-scale irrigation projects in the ri parian areas
will be mmaled to utitize the lake water. Besides, :rngatton fish farming and recreational
use of lakes wm be added forms of economic activitics that might boost dcvclopmem
around the lakc_s. n '

23 Grmmdwater

The major use of borcholes is for domestic, industrial, irrigation and livestock water
supplies of the rcglstered 9,462 boreholes in the database of MOWD, 2,147 boreholes are
' uhhzud for pubhc waier supply ahhough about half of boreholes have no mformmon

From the rr.:sults of the weil survcy carncd out under this study, the ratio of produChon 10

ahe sum of inmal y:eld Wwas esumatcd ar22. 6% Using this ratio, the present groundwater
abs!racuon rate in Kcnya is csun‘iatcd at S’I 2 millaon m3{year as enumcrated below
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Estimated groundwater abstraction rales by drainage arca : :
{Unii:  MCM/fyear)

Drainage Area . 2 3 4 5 Totat
Abstraction Rates 234 - it.67 27.76 4.79 3.65 57.21
‘Source: Sectoral Report C -

2.4 Water Harvesting

Water harvesting, which has been practiced for many years in the arid and semi-arid
regions, is the process in which rainfall from house roofs and runoff from small catchment
area is redirccted and collected in tanks and reservoirs for the consumption mainly during
the dry months. It is particularly suited for the supply of walter for smali domestic and
livestock demands,

The potential for water harvesting providing a viable water supply at specified locations is
mainly determined by the following conditions.

—  The amount of rainfall and iis seasonal variation,

—  Availability of existing catchment surface such as rocks and corrugated iron roofs,
—  Cost of water harvesting,

- Availability of alternative source, and

- Culral acceptability

In the Study, a method with relatively high reliability among water harvesting methods was
adopted to the altocation study for source development.

2.4.1 Small d_am

Small-scale earth dams or pans are designed to provide either seasonal waler lasting only
during the rains and for a short time in seasonal rivers or alternatively as permanent and
reliable water sources in perennial rivers. However, its retention of water depends on low
permeability of the soils, An experimental result at Baringo District (Ref.M.1) shows that
the working range of seepage for the observed pans was 2 mm/day in depth for 3 m deep-
pan on an average.

The location and number of existing small dams and pans which were extracted from the
topographic map of 1:50,000 scale are shown in Table M2.1 and Figure M2.1,
respectively. However, it should be noted that the small dams thal have not been inseited
in the topographic maps have not been included. From the figure it can be seen that the
existing small dams and pans arc mostly distributed in semi-humid and semi-arid areas and
within the range of more than 400 mm of annual rainfall. It is conceivable that for
scattered and small water demand, small dam and pan are unquestionably reliable water
sources in view of their relatively Jow construction cost and unreliable rainfall compared
with a large dam. ' '
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The typical layout of small dam is shown in Figures M2.2 and M2.3. The average storage
capacity for water supply was assumed to be 50,000 m3 and about 77,600 m3 of gross
storage is estimated including sediment and evaporalion loss in reservoir. The small dam
oftén requires rchabilitation by desiliation to maintain its life-span. A storage balance
calculation with 90% dependability was carried out for various catchment area for ecach
subbasin as given in Appendix M.1. The water cosl was estimated at 9.18 US$/m3 on an
average.

2.4,2 Roof catchment

Rainwater [ rom sheet metal or corru gated roofs of households, schools and public
buildings is collected through gutters and stored in tanks for use. Water is usually of high
quality and is mainly for drinking. As the population and income increases in both urban
and rural areas, corrugated iron roofs are becoming popular for household. This method is
suited to rural areas which are remote from more conventional water resources. Typical
tanks for roof catchment are shown on Figure M2.4 (Ref.M.2).

A storage balance calculation with 90% dependability was carried out for various roof
catchment areas and demands by sub basin. The following criteria were adopted 10 the
calculation;

Initial loss : 0.6 mm/storni in tolal, where direct evaporation of 0.1 mm and
retention loss of 0.5 mm.
Effeciiveness : 0.8 (for removal of dirty water )

The resulis are given in Appendix M.2. The water cost was estimated at U8$2.92/m3 on
an average assuming that the average roof arca was estimated at 53 m2 for a semi-
permanent house in Kenya and the construction cost of water tank with a capacity of 3 m3
was at KShs 7,700,

2.4.3 Rock catchment

The rainfall on the exposed rock surface is collected, drained towards the lowest point and
stored in a tank or reservoir_'. The tank or reserveir may be filled iwice a year during wet
seasons. Water is extracted from the tank or reservoir by gravity flow through a pipe with
separate outlets for domestic and livestock consumptions. Problems associated with rock
catchments include (Ref.M.3);

(1) low water quality due to the open nature of the reservoir,

- {2) keeping the catchment arca clean and clear of vegetation or silt,
(3) unsound wall foundation conditions,
(4) waterproofing and scaling the reservoir, and

~(5) evaporation from the reservoir surface

Typical small scale structures of rock catchment are shown in Figure M2.5. However,
suitable locations where rocks are exposed is quite limited in Kenya. Table M2.2 and
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Figure M2.6 show the possible site for rock catchment where there is exposed rock
extracted from the topographic map on a scale of 1:50,000. '

An average total storage capacity of wall structure was assumed at about 600 m3 including
evaporation loss of 250 m3. The average unit cost per 1 m3 of water was estimated at
US$0.39 on an average. :

2.4.4 Subsurface/sand dams

Building subsurface or sand dam can be a good alternative to build surface dams when
solving a waler storage problem. This is due to the high consiruction cost of surface dams,
evaporation losses, sedimentation and their occupation of valuable land. :

(1) Subsurface dam

Subsurface vertical wall are constructed across the river bottom in the alluvium and
down (o the bedrock to intercept subsurface water flowing within the alluvivm, The
wall is usually constructed of stone masonry with a cement plaster for
waterproofing the upstream face. The storage is limited due to the space taken vp by
the alluvium particles within the reservoir. Water quality is usually better than water
from open surface reservoirs as it is less accessible to animals and human.

{2) Sand dam

Low dams with a few metres high are built across the luggas retaining only the low
velocity flows which carry sand. After a few flood seasons the space behind the
dam is filled with sand. Water flowing in the wadi fills the sand reservoir in the
pore space.

In view of suitability of storage water in riverbed, the suvitable area for the construction of
subsurface flow dams was selected by the following area criteria; that is, (i) for sand dani,
mainly geology excluding volcanic and quaternary in geology map and (ii) for subsurface
dam, soil textures of heavy (fine texiured) and medium (moderately fine texture, medium
textured and moderately coarse textured) in soil map. The estimated suitable arca for
subsusface dam and sand dam are shown in Figures M2.7 and M2.8 respéblivcly. _

The average storage capacity of subsurface and sand dams was estimated at 3,500 m3 for
supplying water of domestic and livestock as shown on Figures M2.9 and M2:10. The
unit cost per | m3 of water was 0.53 US$ for subsurface flow dam and 0.39 US$ for sand -
dams, ' '
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M3.

3.1

()

WATER DEMAND

Domestic and Industriat Water

Water use in general

In Kenya, population has concentrated on high lands, often on ridges far from
perennial water source.

- Ia the paSt when population density was low, pcdples living on high lands took

~ water from small sireams or springs nearby. Small water supply systems were

2

developed relying on such water sources, Nowadays, population has grown and
water demands exceed by far the supply capacily of such sources.

Perennial water sources with large quantity {perennial rivers) are often located far
from the demand centers of water or in the lower elevation. Such relationship
between water sources and demand ceatres makes water supply development in
Kenya dlfﬁcult and expensive.

Water undertékers -

The Water Act Sﬁpulates as follows:

124, (ij'For the pufpose of the disﬁibu:lion of walter supplies in any area, the
Minister, after consultation with the Water Resources Authority("!), may appoint
water undertakers who shalt be responsible for the provision of an adequate supply
of water for the area within their limits of supply, and who shall comply with the

provisidn of this Act.

124. (3) The area of the limits of supply of a water undertaker shall be determined

" by the Minister, after cansultation with the Water Resources Authority*1), and

water shall not be Supplled by the water undertaker to any person outside such
limits of supply without the prior consent of the Minister.

Water undertakers are

Ministry of Water Development
~National Water Conservation and Pipeline Corpor'mon
Muaicipa! Councils
County Councils
Institutions such as schoo!s and prisons
Kenya Railway Corporation
Religious Organizations

(*1) The Water Resources Aumdrhy was defunit, The MOWD has been porforming its function,
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3)

C)

Water supply associations (s‘el!‘ help)
Privaie

The exact number of water undertakers is not known, although the Water Act
stipulates as mentioned above. The aumber of the gazetted waler suppl:cs is around
500, far smaller than the existing water supply systems. :

Water supply systems’

Itis beheved lhat lhere are more than 1,000 water supply systems, bm the exact

“number is yet unkaown. According to the Socioeconontic Survey carried out under

this study in 1991, out of 1,783 centres, 1,570 centres repor(cd to have water
sopply systems as shown below: (See Sectoral Report A) - '

MOWD systems : 5719

NWCPCsystems -~ @ 188

Community systems ~ : 339

Self-helpsystems - @ 243

Local authority systems  : 164

NGO systems : 53

Donor systems : 4 ~ Total + 1,570
No information 2130 Total : 1,783

The total amount of domestic and industrial water actually supplied and consumed
in all of Kenya is not known, sinte almost all the private systems have no
measuring devices and some public water supply’ system also have no or broken
measuring devices. The water abstraction permils give a very rough ﬁgurcs of 2.9
MCM!day or 130 litres per capita per day. ' : >

Domestic water demand projection
For the purpose of water deinand projection, the Desngn Manual for Waler Supply
in Kenya (Ref.M.4) stipulates standards and criteria, For this Sludy, the followmg

pianmng horizon has been adopted:

initial year 1990

future 2000
ultimate 2010
- Residential demand

population projection: as explained in Scctoral liepojn‘ A
service type

potential in rural area: ~ high, medium and low poicnl_ial areas ..
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measured by ovérlappin g administration map
on agro-climatic map by GIS -

urban housing class: The following figures were adopted.
: o high class 5%
mediam class 70 %
low class 25 %

: 'indi\'}idualconneaién rate: Table M3.|
- Livestock demand
‘livestock population Livestock populal:()n in Iocallons is assumed to
B o © distribute in proportion to population dlsmbuhon
In urban areas, pér capita livestock holding is

. assumed to be one forih of that in rural areas.

!nsmunonal demand : : .
: Rural - . Urban

: ',boardmg schools (pllpllfpop) o 2% 2%

"day schools  (pupil/pop.) ) 28 % 28%

~ Inpatient hospital (bed/t,000pop.) : 0 299

outpatient {pop./1,000pop.) 2.5 2.5

admlmslralne offi cer (pop./1,000pop.) 0 83.6

- Commerclal demand

- holels’ High (bed/1 OOOpop) 0 4
7. Medium 0 8.7

- © Low 5 - 4.5

- shops {no.f1,000 pop.) 0 23.6

- Industrial water demand
Separately estimated as explained in next Subsection,
Unit water consumpltion rates as shown in Table M3.2

Domcsnc waler demand prq;ecuon was made on the Location basis. Results were
-prescnted in Sectoral Report D.

5) _Inc_lustnal water demancl projeciion

- lndusma! water requlremcnt was estimated as a product of thre¢ components : 1)
“the number of manufaclurmg establishments by industrial type; 2) value added (VA)
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of respective industrial lypes and 3) unit water consmnpuon ratcs (cublc meter pef o
value added (KShs billion)) by industrial type. : ~

The former two components were already combined and estimated as "District”
distribution of VA aggregated for all industrial types into a manufacturing sector.
The distribution is broken down to the "Location” level up to the iargel year ‘2010

“Since infonnation on unit water conswmption rates by mdusmal typc in Kenya are

~ not made public, consumption rates which were surveyed in Japan in 1986 as

(6)

indicative of industrialized conditions, are applied for estimation of water_
requirement with the following maodification: : . o

a)  Monetary v'alues such as production and ‘value added are transferred by
following foreign exchange rates: KShsl6. 2]US$ and J¥160/USS (year
1986) : ,

b) Water r‘ecirculalion system was not laken into consideration in estimation of

the industrial water consumption in 1988. It was assumed that water recovery

" would reach the level of a half of the recovery rate achicved by industrialized

countries. For instance, the food, beverages and tobacco mduslry consumes

8,330 m3/day/KShs. billion of value added in 1988, but it would reduce net

water consumption 1o 6,610 m3/day/KShs billion in 2010, as shown in
Table M3.3. :

c) lndustn’al_ walter requirement by “Location” was estimated by distributing the
value added to each location. : U '

Table M3.4 shows the water requirement of mannfacmring industry by District to
the year 2010. In 2010, water demand in Nairobi was estimated as 282 thousand
m3/day, accounting for 57% of the nationat total requirement, Secondly, Mombasa
accounts for 14% or 67,000 m3/day. Manufacturing establishments in Nakuru,
Machakos, Kiamnbu, Kitifi, Uashm Gishu and Kisumu Districts would also
consume plenty of water. - o

Total poten!isi! water demand

The table below tabulates the estimated total water demand for Kenya.
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Total Water Demand in Kenya
' unit : Thousand m3/day

| 1990 2000 2010

Rural  Resideatial 3762 560.2 932.6
. Nonmsidental 1559 1891 229
Sub-totat - 5321 1493 1,161.7

Uban  Residential 4912 10045 16429
B Non-residential 822 164 4 263.2
Sub-total 5734 L1689 1.906.1
Clivesock 3267 4265 6214
Chdusy R8T 3715 4940
 Toual ‘ 16509 27222 41832
‘Ovcrali percapita(VC.’d) S 89 104

| Co (Sec d«.l,azls in Tdb!Ca M3.5 10 M3, 7

ey As shown in the above tab]e, ihe polenual demand for resadennal water in lhe urban

3'2

(1)

areas and industrial water is projected 10 grow rapidiy due to rapid urbamzauon and
mdusmah?allon Per capita levels of water consumption mcludmg livestock

_consumption seem moderate when taking into account the large livestock popuhuon

in the country.

| Ir_ri_?galion Water

P_résent éondition .

I Kenya l‘nrec major lypes of irrigation are practiced, i.e. private large scale
lmgauon smallholder i irrigation and Govérnment managed irrigation. Total area of

_1mgancm covered by thesc three types is about 75,500 ha as tabulated below.

_____..._.-—__.......____._f.___.__.._...4.__._..--—_-.._____.__‘1__.___4“....——

Ferigation Typc Arca (ha)
T PrhvaletageSeale 25800
Smallhalder . . 27,200 -
Govemmcm managed o 12,000

_The size. of these schemes vaned from less than 1 ha to 20 000 ha. 100 large

schemcs are occupying about 38 000 ha or 73% of the total arca. More than 60%
of t‘hc lotal number of scbemes have an,a of less lhan 100 ha

Momhly Wat'pr usc by cxisting irri gauon scheme was estim ated as shown below,
-While basin by basin water demand of the existing lmgmon schemes are described

in Sectora! Report E.



Water Use by Existing hrigation Schémes :
: ' Unit mi¥séc

JAN FEB MAR APR - MAY - JUN JUL AUC SEP OCT NOV DEC A\erage

23.7 269 452 530 57.2 432 397 40.4 504 54] 5?3 545 45‘9_'

(2)

Note:  Involume: 1,448 MCM,I) car or 4.0 MCMfday {annual a»crage)
Demand projecti()n

About 160 1mgauon schemcs with a total area of about 118 000 ha have been
proposed by various agencies as given in Table M3.8. Water demand calculauon
was made only for those schemes ivhich havc enough 1nformauon for esﬂmalmg, .
such as area and location, :

The calculanon method descnbed in Sectoml Report E was apphed éxcept in water
permit forecasting. For estimating future water permits, past trend curve was
prepared for each Basin. However, it was not posmble to establish a trend for all
Basiis. Then the annuat mean water permits was applied for estlmatmg addmonal
waler permus in future, - :

 The esnmated monlhly lmgauon water denmnd in 20]0 is glven 1n Tablc M3 9 as

summarized below.

Irrigation Water Demand in 2010 -

Unit m¥see

FEB MAR AFR MAY JUN JUL  AUG SEP T I\OV DEC A.verage
100.4 126.1 1339 143.9 130.4 110.2 128.6 158.6 1843 162.5 146.4 1349

..wv__________Lﬁ.,_______.,f____...___..h,ﬁ__ —_—— — S e e e

Livestock Water

Present condilion

The number of livestock per subbasin was estimated by redistribution of district
based livestock data in order to estimate basm by basin livestock water demand.

Water demand for each subbasin in 1990 is sumnnrlzed below.

Livest_ock Water Demand in 1990

Demand (m3/s) 1257 0770 0412 0.616 0703 3.763
(MCM/day) - 0.109 0067 0036 0053 0061 - 032
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@ Dennahd projcc'tion

~ Future carrymg capacily in each District as glven in Table M3.10 was esnmalcd
“based on the {ollowmg 1ssumphons

- Pnomy order for usmg land is;
first for crop land
~ second for managed pasture for grﬁde caitle
third for grassland for other livestock.
- lecslock may move over within crop and grass land

: ln lhls Study. pro_;ected LU in each District was used to estimate hvestock water
'demand in each District and Location disregarding the livestock distribution stated
abovc R

A unit water requnremem of 50 hlm’d'ty /LU was used toestimate the water demand

for livestock, To convert livestock population into livestock uiit , average live-

. weight ofeach livestock as given in Table M3.11 and uni weight of 1LU of 450 kg

U wefe used. ‘Average live-weight is estimated from MOLD information of herd

‘ Composiuon and s!andard weighl Tdble M3 12 presenls the calculations and the
rcsulls :

3..4 ~Wlldhf'e and F|shery
3 4 1 W:Idlife ’

Therc are maiy vaneties of amma! species in the country The distribution and abu ndances
of somé of these animal spccncs are monitored and assessed by DRSRS. DRSRS has
conducted a detanlcd survey of livestock/witdlife population over rangelands of 15 districts.
The total surveyed area assessed in 1987 - 1988 is about 439,700 km2. which is
- approximately 75% of total arca of Kenya. The estimated numbers and distributions of the
major speCiés are mentioned in Table F2.1 of Sectorat Report F.

" The ma}or spccws were groupcd into (1) Gmup A with dally water consumpnon of
5 0 htrc/l{)() kg -weight and (i) Group-B of 2. 5 Iure]l()ﬂ kg-weight,

On the basw of the above estimated water consumpuon rates and the estimated wildlife
numbers, water demands for the major 20 species were calculated in 15 districts. Total
daily water demand for 20 major species was estimated at about 7 ,700 m3 in the 15
dlslm‘:ls Takmg the coverage of surveyed area (75% of total area of Kenya) and many
other species of wildlife into consideration, total daily water demand for witdlife would be
more than 21,000 m3 of fresh water.
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3.4.2 Kishery

There is no infonmation available at all about water consusuiption amount or rate for fish
farming. Hence, the following assumptions were made to estimate présent water use:

- water will be changed once a year
- average water depth is 1 m

- water will be supplied with compensation amounts of 5 mm for evaporation
-and | mm for percolation.

Based on these assumption, total amount of waler use is csnmaled at 1b0ul 16 m:lhon tons

in whole Kenya.
Fish Farming Watet U__St: in K{'nya ) o ‘
. Unit : million tons
Basin 1 Basin2  Basin3 Basind  BasinS  Total
Amount 3.4 03 08 . . 81 36 16.2

Future ﬁsh production demand was esnmmed at 222 000 tonsl* ‘) in lhe ycar 2010
however it was not possible to allocate this demand projection to the three fi shery aclwlncs
i.e. marine fishery, lake fishery and fish farming. The fuwure fish farming activity was
therefore based on the trend of fish fanming production. The production of fish farming
was estimated at about 2,240 tons("2) in 2010,

Assuming it is possible to achieve a national produciion of 2.5 t/hain future, 896 ha of
ponds would be required to produce 2,240 tons of fish. Taking into account the above
assumption, the total fish farming water use in the year 2010 was estimated at about 28.6
MCM or 0.906 m3/sec. Required 896 ha ponds will be absorbed by newly constructed
reservoir which will be implemented under the dam devclopmen: plan towards 2010 ‘This
dam development plan will bear about 23,000 ha of seservoir.

3.5 Hydropower
(1) Power Supply System

KPLC is operatmg a nanonal power gnd The system is orgamzc.d mto six reglons
since 1989/90:-

(i)  Nairobi region,
(ity  Coast region, _
Gii)  Central Rifi Yalley region,
(iv)  Westem region,
(v} MuKeénya region, and
(vi) NonhRift Vallcy region

(") 40,205 5400 pervn x 5,5 kpiperson = 222 ()00 tons
Tm’;d proytion of fish farming activitics from past 10 years, Soc Fi :gure F3.7 of Scetoral Report
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(2) Power Generation

Power geacraling facilitics in Kenya are classified into hydrocleciric, conventional

thermal and geothermal power plants. The total installed capacity of these facilities
- as at Janvary 1991 in the inferconnected power system was 705 MW, Composition
.- of generating faculmcs is summarized as follows:

o _Pl_anl T Instalted Capac:ly ~ Effective Qutput -

o ' - MWY) (%) Mw) (%)
u,dropomr* | 4953 70.3 4778 4.5

.+ Convenlional thermal 1459 S 207 1128 17.6
-~ Geothermal 45.0 64 43.0 6.7
Diesel 183 2.6 8.0 1.2
Total T04.5 100.0 641.6 100.0

* cxciudmg Turkml (106 MW) and Owen Fall suppIy

: | Historical records of generation'by plant type are outtined as below:

1979 1984 1988/89 Share  Growth*

. _ (GWh) - GWny - (Gwh) (%) (%)
- Supply (GWh) . : .
Hydo. 1288 1471 2,449 835 7.00
_Gcolhe:mal . 233 322 1.0 -
Ol Thermal - 25 17 25 0.9
Dicsel & GT. . . 2 . 1 2. 03
Cdmport 160 a5 38 .
Total Supply 1,655 2,094 2,031 1000 620
Station Uso - Taw 27 -
Net Supply 1,633 2066 2,904 6.25
System Losses 220 276 466 8.22

Nole‘ * Gmmh rate dunng 9.5 yuars from 1979 10 i988{89

" As seen in the above tables, hydroelccmc generallon plays a major role in the
supply of power and energy in the country; 75% in effective power output and 84%
in energy generation {ex¢luding hydropower from Uganda).

(3 Pm_ver Dcmand Projection by KPLC

Electric power and energy demand in Kenya were forecasted up to the year 2005 in
the "Nauona! Power Development Plan (NPDP), 1987". The forecast was

‘amended in “Feasibility Study for A Geothermal Power Station at North East
Olkaria (]989) "

Nauonal Power Development Plan ( 1987)



The forecast was based on a comb:muon of demtled dls'iggregated forecasls in
short term (1986 - 1990), and on cconmmc models of tolal power S‘i!C»S in lhc '
longer tenm afier 19'90 ' f

Three load fore-cast was prep'ired namely an cxpcclcd mcdlan forecast, a hlgh
forecast and a low forecast as given in Table' M3,13; ‘The medlan forecast
anlicipated an improvemeat in the performance of the Kenyan economy due to
greater eﬂ“uency of new capital investment, and higher growth in the agnculluml
and indusirial sectors than ctpenenced The low forecast after 1990 § is largely a -
continvation of the historic growth rates in Kenya since 1979, The hxgh forecast is
based on the Government of Kenya's official target growth rates. : The median
forecast indicates an avérage annual growth rate of 6.0% in energy generanon from
1685 lo 1990 and then 5.3% from 1990 to 2000.

Feasibility Study for North East Olkaria Gemhen’nal'P_']e-lﬁt. (1989) :

“The power and encrgy demand forecasis made in lhc N'iuonal Power Developmenl
Plan were updated by EPL in their feasibility swdy for the North East 0]kana
geolhennal plam based on the melhodology '1d0pled by N PDP

The principle method of revising the lmd forecast was 1o use the acteat sales for
1987 as a base, and to assume growth rates for 1968 to 2006 ¢onsistent with those
of NPDP's medium or h:gh forecast.

The results of the revised demand rorecasls were convened from calendar year to
fiscal year as given in Table M3 14, because of changes in KPLC accoummg and
record- kcepmg procedure.

Updated National Power Develobmem Plan

The National Power Development Plan (1987) had listed 11 hydropowcr schemes
worthy of further consideration, but recemly its updated plan (1991) was re-
examined for 8 hydropower schemes. In the updated NPDP, the load forecast in
NPDP was also updated as shown in Table M3.15. -

M- 18



M4, PRESENT AND FUTURE CONDITION OF WATER USE

RE Problein Arcas

In Kcnya, rcadtly aVallable surface water has already been consumcd in the subbasins with
major water demand centres. Although the development of groundwater use has been’
dcvcloped in the whole country, the estimated groundwater abstraction rates show that
- father small volume of 57:2 MCM/ycar is utilized comparing it with that of surface water of
1,071.7 MCM/year dunng low flow. Water harvesting, which has been practiced for many
years in ASAL ngons is particularly suited for the su pply of water for small domestic and
lwes!ock demand

The ptoviSidﬁ'bf pipe'd'walér 10 'l'he'c'omnumit)ihas grown considerably, For example; less
than 7 % of the population had access to clean water in 1963 and 15 % of the population
had access 10 piped witer in 1978 (Rcf M.35). The situation conlinues to improve with the
current govemmem pc)hcy : : :

There are rclam'cly more abundanl waler sources in high potennal land areas than in
medium and low potential land areas, and this is reflected in the distribution of population
and the lovel of economic development. In pace with rapid socioeconomic development in
high potcnnal aré¢a; subbasins with water deficit are expanding gradually. The relatively
large deficits will occur in the year 2010 at urbanized areas such as Nairobi, Machakos,
Kitui, Mombasa, Eldoret, Nakuru and Nyahururu.

In subbasms with a seasonal nver, no surface water is utilized during 10-year drought. The -
~ combination ot‘ groundwater dc\clopmem and water harvesting is necessary for permanent
and reliable water sources in these areas. For the development of groundw'uer. it is cheaper
to supply water from shallow well than from boreholes.

4.2 Balance between Demand and Available Surface Water

4 2 lSat‘e ylcld

' The concept of safc yteld is defi necl in thc "Desngn Manual for Water Supply in Kenya
(MOWD)" as follows, e

(1) for pnnmpal tmms and urh'm cenler:. B
_The 96% - probable dally Iow flow shall be regarded as the safe yield of a river.

The flow - frequency anaiys;s shall be made by using the lowest recorded daily
flow of each calendar year for which records are available for the dry scason.
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(2) for rurat areas and local centers

The 96% - probable monthly low tlow shall be regarded as the safe yield of a river.
The flow-frequency analysis shall be made by using the recorded lowest average
flow during one calendar month for each year for which records are available for
the dry scason. '

Since rivers having daily discharge records with durations long enough for probability
analysis are limited in number, and long-tenu river discharges over the country had 1o be
generated on the monthly basis due to limitation of data, it was necessary to check the
relationships between the probabitity of daily discharges and the monthly discharge.

To do this, discharge records at 15 water leve! gauging stations having daily discharge
records for more than 15 years with few missing data were selected. The data, however,
was not for 15 consecutive years. E : : :

Atfirst, the flow - frequency analysis was made by using the lowest recorded daily flow of
cach calendar year and the probable low daily discharges were estimated for the recurrence
intervals of 2, 5, and 10 years. Secondly, the flow duration curves by station were
developed by sorting all the monthly data in descending order. :

Table M3.1 shows that the mlaz_ionshi;i between the proba.ble daily low flow discharges and
flow duration curve on a monthly basis. The probability of low flow discharge is
equivalent to the following duration on average. : '

Recurrence Daration
interval on monthly basis’
(years) (%)

2 ' 95.6
5 0 99.2
t0 998

Therefore, the recorded minimum monthly discharge is equivalent (o the daily discharge
with the probability of once in 10 years. In case that an intake structure is designed on the
basis of recorded minimum monthly discharge, the supply faiture would occur f{)r 21 days
on an average in 10 years. While, in the case where the design discharge'héving‘% % -
probable monthly low flow discharge is adopted at rural areas as mentioned in the "Design
Manual for Water Supply in Kenya®, its probability of daily low flow dischargc is
equivalent to the recurrence interval of once in about 2 years on average.

4.2.2 Maintenance of minimum flow
The concept of minimum flow of perennial river is not mentioned in the "Design Manual

for Water Supply in Kenya”, The minimum flow of pereanial river is required to maintain
water depth, conservation of groundwater and people’s amenity. The minimum flow of
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perennial river is also the indicator of the allowable limit of water withdrawal from the
river. The concept of minimum flow is schematically illustrated in Fi gure M4, 1.

In the water balance calculation of the Study, the recorded lowest daily discharge was
assumed, tentatively, as minimum flow which needs clarification by rivers. The ratio of
recorded minimum daily discharge to annual average discharge was roughly estimated at
6.2 % on the basis of the discharge record at the aforementioned 15 stations.

4.2-..3 Available surface water

(1) Perennial River Model

Perennial river model for surface water balaace calculation was established
according to the following procedures;

(@)

(c)

Catchment

Subbasins with a perennial main river were further divided into sub-basins
taking the location of potential damsite and the confluence of tributaries into
consideration,

Point of water balance catculation

Water balan¢e was calculated at the following points;

(i) downsiream end of catchment,

(ii) confluence, and

(i) immediatc downstream of potential damsite

Naturalized discharge

Naturalized discharge without present water abstraction was estimated for
subbasins with a perennial main river. In the Study, the objectives of the

“estimation of naturalized discharge were to (i) clarify the water deficit by
~subbasin during low flow discharge with a 10-year probability and (ii) to

specify subbasins where a water deficit will occur in 2010.

The generation of naturalized discharge was carried out on a monthly basis for
30 years by the one of following 3 methods - namely: (i) pretiminary water
balance model for Drainage Area 1, (ii) discharge correlation for Major rivers
and (iii) runoff ratio in semi-arid arcas on the basis of that of the Tsavo River.

- Sec Appendix B6 of Sectoral Repont B).

. Tablc M'3._'2 shows the run-off ratio of perennial rivers in Kenya, The annual

. munoff in the Table is the naturalized discharge at the downstream end of river
basin. Table shows that about 9.5 % of annual rainfall depth flows down
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(e)

through main river channel. ‘The isohyetal map of annual average r_u:iofl‘ depth
is shown in Figure M4.2 and that of minimum monthly runoff depth is also
shown in Figure M4.3. :

Demand

Water balances in the years 1990, 2000, and 2010 were calculated by
subiracting the future demand from the natvratized monthly discharge for 30
years. The future demand was first organized into domestic, industrial, and
livestock demands (First Frial}, while, the irfigation demand was not counted
on the premise that the irigation water would not be absisacted at such a
critical drought period as occurring once in 10 years.

Second, after ensuring the water source for domesiic, industrial and livestock
demands, the irrigation demand on monthly basis in 2010 was examined in
surface water balance calculation (Second Trial). The "momhly irrigation
demand was then subtracted in case that the simulated monthly discharge
ensures the 80% reliability. ' '

Flow regulation by existing dam

Flow regulation of existing dams was considered in the generation of
naturalized discharge in the upper reach of the Tana River, Therefore, the
naturalized discharge in Tana river basin was already been controlled by the
existing dams. '

l'or the remaining subbasins, the naturalized discharge was estimated under
"without-dam” condition. o '

(2) Water Balance between Demand and Available Surface Water

4.3

Perennial river modet and its results of water balasice calcutaion of First Triaf are

given in Appendix M.3. The water balance calculation for the years 1990, 2000,

and 2010 was carried out taking the increase of domestic and industrial demands
into considerations. In some subbasins, surface water deficit has already been
identified in 1990, especially in urban areas. The deficit in these areas will expand
gradually in propottion 10 the increase of domestic and industrial demands toward
the year 2010 as shown in Figure M4.4, = -

Maximum Exploitable Groundwater

The data of existing recovery tests and recovery tests obtained in the field surveys of
NWMP were analyzed and drawdown analyses carried out for 927 boreholes. The results
of drawdown analysis show that available boreholcs, which are pumped up at the rate of
their initial yield after 20 years of pumping, have a maxifnium drawdown iithin 10 meters,
A ratio of available boreholes to al! the boreholes referred to as "availability factor means -
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ratio of production boreholes which can continue to produce their initial yield afier 20 years
of pumping and the maxinium drawdown will be within 10 meters. The availability factors
are calculated by tocation and an average value of the availability factor in the country is
estimated to be 0.0766. . N

The detailed “safe abstraction rates of borcholes dre estimated by location. Total safe
abstraction rate in Kenya is estimated at 193 million cubic meters per year.

The water balance expressed as maximum exploitable groundwater volume vs. required
water demand was examined by subbasin as shown on Figure M4.5.

4.4 Balahc‘e betweé’n Demand and Potential Available Water

To clarify the potential available surface water and maximum exploitable groundwater is
one of indexes defining the subbasin which requires the construction of storage dams or
water transfer scheme. Table M4.3 shows the subbasin having deficit in the year 1990,
12000 and 2010 and their major demand centers. Many urban centers in Kenya, however,
are located astride a few subbasin so that the same urban area is mentioned as the major
demand center in a few subbasin. No major demand center is mentioned in rural areas.

Figure M4.6 shows the result of water balance calculation by subbasin.
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MS. WATER SOURCES FOR URBAN WATER SUPPLY

5.1 Domestic Water Supply Po!ic_v,"

The latest statement on the water supply policy is shown in the current Five-Year National
Development Plan for the period from 1989 to 1993 as "During 1974, Government
promulgated the Nationat Water Plan with the expressed aim of ensuring the availability of
potable water to within 4 kilometers of every household by the year 2000". The earlier
documents made statements ensuring of piped water by the year 2000.

Targets during the curtent five-year development plan period are to increase the proportion
of the population in the rural areas having aceess to water from 26% (4.91 million people in
1987) to 50% (11 million pcople) by 1993 and in the urban ar¢as from 75% 10 95% by
1993, : _

Taking into account the Government policy on the water supply sector, this Study assumes
provision of safe and reliable water to all the population in the year 2010.

§.2 Water Supply Sources and Supply Measures
5.2.1 Water availability

In Kenya, meteorological and hydrological conditions vary largely with Location, and there
arc few or no reliable surface water sources in ASAL areas.

The groundwaler sources, if its quality is suitable for drinking use, require least cost for
teeatment. However, uncertainty of successfully exploiting the planned quantity of
groundwater, the often shortening of lifetime of boreholes owing 1o screen trouble, ¢tc. and
the high exploitation, operation and maintenance costs of boreholes give a rather low
priority to groundwater development. Hence, groundwater development for the domestic
water supply might be limited to the following Locations: :

Locations having no reliable surface water source

Locations with low demand density which will result in a high cost of surface water
supply

In these two types of Locations, methods of water harvesting will be taken into account.

Major springs, in general, provide good quality water at a low cost. However, most of the
spring sources are already utilized, except for several springs like Mzima. Future spring
source utilization is therefore considered as a continuation of present use with improvement
(spring protection),



5.2.2 Supply measures

Long Term Guideline of Infrastructure Facilities in Various Level of Centres (source:
PPD's Chart for Urban and Rurat Organization) in the Design Manual stipulates the
following guideline for the water supply:

C.c._nlm B Posp:;::;én _ Pg‘;;?é:ﬁ"  Water Supply
Principal >1,000,000 >100,000 Pipcd Grid Water Supply
‘Utban >100,000 >5,000 Piped Grid Water Supply
Rural . >50,000 52,000 Piped Grid Watcr Supply
Market 15000 Negligible Communal Point Water Supply
Local >5,000  Negligible _ Communal Point Water Supply

In this Study, the Principal Towns and Urban Centres are considered for bulk water
supply, and other Cenires are considered to be covered by areafrural water supply. In
principle, rural water supply in the high poteatial areas and part of the medium potential
areas where permanent surface water is available, will be covered by piped water supply
from surface water sources. The remainder of the medium potential areas and low potential
areas will be covered by spot supply from groundwater, water harvesting or others.

5.3 - Concept of Urban Water Supply Development
5.3.1  Oun-going schemes

According to the Project Status Report prepared by MOWD in February 1991, there are
many water supply projects under construction as seported in Sectoral Report D. Most of
them are expected to be conipleted by 1993, However, com pleuon of some of them will
have to be postponed omng to financial constraints.

5.3;'2 Studied and planned urban water supply schemes

There are many proposed water supply schemes which have been studied and planned in
the past, but not yet implemenied. Among those schemes, there are some having an
ultimate supply year in the period between 1995 and 2010 which corresponds to the period
of this Study. Their implementation is gencrally behind schedule, and completion of their
ultimate phases, therefore, might not be realized until tate 2010's or so.

§.3.3 Priority order of'urlian supply schemes

The water supply sector is one of the most dilficult sectors in which to give a clear priority
10 schentes within the sector. There is no appropriate yard stick by which 10 measure
seriousness of water shorlage '\pphmble throughoul the country. Hence, attention should
bcpatd to {hlS ISSue :



The Kenyan economy has always been affected by the ceiling of the foreign exchange .
reserve. Hence, an increase of foreign exchange earning is a must. To do this, it is
necessary to improve tourism, but this demands the reliable supply of high quality potable
water in large quantity. In this context, argumentation of reliable safe water to Nairobi, the
coastal sinp, north and south of “Omb'lS‘!!NId[mdl and elsewhere should be’ urgent maltel‘s
given high pnon:y

Rapid urbsmzanon is on- gomg However concentration into N.urobl and Mombasa is "~
causing serious urbanization problems. Hence, development of secondary urban cities, say
towns with population of more than 10,000 in 1990, should be looked into with priority to
curb further growth of Nairobi and Mombasa. The shifting of urbanization to thc
secondary towns may relicve water supply system from hlgh water demand. ‘

5.3.4 Assumed imprm'eménl of water s:ippl_\' sector

In planning the urban water supply development, several improv ements i the wa(er supply
sector were assumed. :

(@) Reduciio_n of Le'akage and Unaccounted For Losses |

The present high rates of leakagc loss and u naccounled for losscs will be reduced
gradually but steadily to a total loss of around 20% of the water produced and
supplied will be reached by the year 2010.

(b) CostRecovery

Itis the Government policy to recover the full cost of urban water supply schemes
and the O & M cost of rural water supply through collection of users’ water tariff.
It is assumed that this Government policy will be realized by the year 2000. Then,
the urban water supply schemes will become self-sustaining afier the year 2000
with arrangement of appropriate financing measures such as long-term credit or
bond. :

In order to facilitate collection of users’ water tariff, it will be neccssary to ms:ali
waler meters in waler supply systems,

(c} Water Saving Policy

It is assumed that the Government will mke policies’ o inimize wasteful use of
treated walter such as ascending tariff structure and phasing out of flat rate system '

(d) Emergency Preparedness
Kenya has suffered from severe drought in the past, whlch caused cnncal

conditions in the medium and low potential areas. Preferably boreholes and
shallow wells may be sought as standby supplies or emcrgcnl suppllcs for
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augmentation during severe droughts. On this account, a higher supply reliability
for raw water sources is sought for : supply failure for less than 20 days in 10
years.
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M6. WATER SOURCES FOR RURAL AND LIVESTOCK WATER |
‘SUPPLY '

6.1 Approach to the Study

In view of the vastness of the study area and varying type of water sources e::lvisaged. it

was found almost impracticable to formulate definite water supply plans specaﬁc. to ea_rfh

rural area. The study therefore atempted to cvaluate potential water SOurces available in

each area and to estimate the conceptual costs of the development.

The study adopted the following approaches for this purpose:

Step - 1:  Listing of potential water sources and their combinations envisaged in cach
sub-basin/Location (Ref. Section 6.3)

Step-2:  Setiing-up of source potential evaluation criteria (Ref. Section 6.4)
Step-3:  Setting-up of source allocation ¢riteria (Ref. Scctions 6.5 and 6.6)

Step-4:  Computer processing for assessing water sources development in each sub-
basin/Location (Ref. Scction 6.7)

6.2 Water Sources and Development Menn
6.2.1 Potential water sources

The following water sources were examined in this study:

Source Description Purpose .
Surface water This includes springs, streams and Domestic (D)
rivers available as natural runoff. and _
Livestock (L)
Groundwater Either by borehole or shallow well. Dandl.
Roof catchment Rainwater collected by roofs, mainly D only

for domestic drinking purpose. Water
quantity exploitable is varying by sub-
basin dependent on rainfall,

Smalldam Small surface water storage built on D and L,
streams. Water quantily exploitable is
varying by hydrological region (sub-
~ basin) and size of reservoirfcatchment,
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Sﬂbsurface dam

Rock catchment

Pipeline

The main objectwe of lhlS source evaluation study is to examine the potentiat development
of perennial water sources. Other type of seasonal water sources are dealt with separately
and only as supplementary measures which would be eftectwc in shortening the access

‘This inctudes both sand dam and DandL

- - subsurface dam. A typical design is
. assumed for each.

- This source development is quile - DandL

location specific, and therefore
applicable only to area where the
potential is identified.

Pipeline built for urban water supply. DandL
This could serve for some rural areas on
the pipeline route.

distance to water in 1he rainy season.

6.2.2 Con'c‘ept of.dcvelomneut sequence

This study assumed that the development of water sources in rural areas will be undertaken

in lhc foliomng two (2) stages:

S!age 1: Provision Of water sources within walking distance; i.e. within 1 km in
' high potential area and within 4 km in semi-arid/arid arcas, but the water

' avai!able is Aot al_ways of "potable water” quality.

Stage2:  Provision of piped watcr supply systcms wuh water treatmcm to ensuee its
potablhly :

For'each of the Water sources, the development sequence would be;

Stagé 1 . Stage 2
- Surface water . Waleras available on the site Piped water supply, with
' (abstraction of water by ~ treatment (except for spring
pcople themselves) water) '
Gf{f)hﬁd}#é[_éf B Spolsupply art the. Piped' w_ale.r‘srup'bly, with

borchole/well sites
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\
Roof catchment Ratnwater as stored As Stage l No water
' treatment is deemed
NECEsSary.
Small dam Water as impounded, with Piped water supply, with
protection from contamination  treatmeat
sources {e.g. livestock)
Subsurface dam Water as stored and supplicd Piped water supply, with
at pipe outlet {(sand dam) or treatnient
well (subsurface dam)
Rock catchment Water as stored, with As Stage 1. No water
protection of catchment treatment is deemed
Necessary.
Pipeline (built for Supply of water at wateq Extension of branch pipeline
urban supply and stands provided on the system. Water is treated.
passing in rural pipeline route. Water is

areas) treated.

The descriptions in this Chapter deal chiefly with the availability of water sources in cach
regionfarea with a concept of “Stage 1" devetopment above. Cost requiremeni for
upgrading to “Stage 2" is discussed separately in Chapter M10. -

It is noted that neither piped water supply nor water treatment is required for livestock
watering, i.e. livestock water supply is planned at "Stage 1" level.

6.3 qucnlial Water Sources and Their Combinations

In the preliminary evaluation of the availability of water sources in all sub-basins, various
combinations of water source development werc delingated as summarized in Table M6.1.
Bearing these source development menus in mind, succeeding Sections 6.4 to 6.6
examined various evaluation criteria.

6.4 Source Potential Evaluation Criteria
For each sub-basin and Location (administrative unit), the potentiality of water sources
development was then evaluated. The evaluation was based on relative comparison

indices. The paramclcrs and criteria set out in the evaluation are described hereunder.

(1) Pipeline (PL):



)

This was applicd to specific Locations where a treated water pipeline (built for an
urban water supply) is passing. The pipeline coverage area was assumed as
follows:

PLi: Coverage of 1 km width on both sides of the pipeline in high potential area
PL2: Coverage of 4 km width on both sides of the pipeling in semi-arid/arid area
PL3: No pipeline scheme proposed

The coverage ralio in % was assessed for cach of the relevant Location and given as
input data.

Perennial rivers/streams coverage (PR):

Coverage of perennial rivers/streams were evajuated for each Location {1 ki on
both sides in high poteatial area and 4 km in semi-arid/arid area).

PR1: Coverage 75% over
PR2: Coverage 50- 75%

- PR3: Coverage 25 - 50%

(3)

PR4: - Coverage 25% under
PRS5: No perennial niver/stream

Groundwater resources:
Four parameters were evaluated:
(a) Groundwater development activity (GA):

GA1:  Present development activity is high.
GA2:  Present development activity is moderate.
GA3:  Present development activity is low.
GA4:  Present development aclivity is nil.

(b) Groundwater quality (GQ):

GQ1:  Groundwater quality is good (meeting WHO guidelines).

GQ2:  Groundwaier quality is acceptable {below WHO guidelines, but within
a usable tinit). '

GQ3  Groundwater quality is not so favourable for meeting the domestic
use. o

(c) - Share between borehole/shallow well developments (GS):
Type of groundwaler development was assessed for each Location in

consideration of hydrogeological characleristics and classified into the
following five groups:



(d)

Borchole Shallow Well

GS1 - 20% 80%
GS2 40% 60%
GS3 60% 40%
GS4 80% . - 20%
GSS 100% Nit

Groundwater cproil:ilion cost (GC):

- Cost of groundwatcr exploitation was dssesqed for each location by lype of

development. The estimated cost indexes are shown in Tabte CS. 3 of Secforal
Report C. The index was used for prioritisation of development between
groundwater development and other water harvesting measures (see Section

6.5.5).

(4) Roof catchment (RC}i

Cost of water exploitable by roof catchment was evatuated for each hydrotogical
tegion (sub-basin). This index was used mainly for compmson with groundwaaer '

COst.

(5) Small dam

Three parameters were evaluated for each sub-basinfLocation.

(a)

(b)

Small dam-hydrological potential (SH):
SHI: Small dam can have pxrcmm! water storage
SH2: No pcrenmal water storage is expected due to less raml‘all and high

evaporauon

In this hydrotogical evaluation, the calchmem area of small dam was assumed
to be 10 km? as a typical case.

Small dam topographrcal pozenual (ST)

This mdex was evaluated only for areas where SH mdcx above is classmed as
SH1L. :

[‘xlsung ~ Topographical

| development potential

STI . ©  Active  High -~
ST2 Moderate Medium

ST3 Scarce - Low

ST4- Nil _ Nil
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(6)

(¢) Small dam water development cost (SC):

Water exploitation cost was assessed for each hydrological region,

- assuming a typical design of small dam. This cost index was used for
comparison of relative merit wuh groundwater ¢xploitation. The above
evaluation assumed a typical small dam having a ¢atchment area of 10 km?
and an acnve slomge volume of S0 ()()(}m3

Subsulface dam
This includes two tyi)es of developments; i.e. (i) sand dam and (ii) subsurface dam,

for both of which a typical development plan was prepared as well as an estimation
of the construction cost and water exploilation cost (per m3).

For evaluation of subsurface dam potential in each area, two paramelers were
examined:

- (a) ' Subsurface dam - topographical potential (TP)

This evaluates subsurface dam development potential from viewpoints of
t0p0graphy and river morphology in the arcas.

TP1: -~ Development potential appears to be high

TP2: Development potential appears to be tow, but still exist

TP3:  No notable potential or no need of developmenl parucularly in surface
ST walter abundant area :

| ?igufes M2 7 and M2.8 show the potential of subsurface dam development
evaluated by GIS from the viewpoint of soils and geology. Thls ml'omlauon
was taken into account in the above evaluation.

b Subsurfacc dam - lypc of development (T D)
The sludy attemptcd to sclecl one of the two types of dcvelopmems e;thcr (i}
sand dam or (ii) subsurface dam, through examining topographical and river

- morphological aspects of each area. However, there were exceptional cases
- where both types of development would still be envisaged.
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Hence, the following assessment critesia were set forth:

Development Potential i in the Area

Sand Dwm Subsurface Dam
TD-1 100% Nil .
TD-2 75% 5%
TD-3 _ 50% 50%
- TD-4 25% - 15%
TD-5 Nit 100%

The above assessment was made only for the arcas where thc,n__qed and
potential of subsurface dam development was delineated in the TP index.

evaluation above.

{7} Rock catchment

)

This type of devetopment is very locational specilic as was noted before. 1t was
impraciicable for this master plan siudy to idemify all the potential sites.
Nevertheless, an identification attempt was made on 1: 150,000 topographic map
The result is shown in Figure M2.6.

In this source development assessment, it was assumed that all the potential sites
identified on the map will be developed as a subslitute of either small dam,
sutbsurface dam, or groundwater development. :

In the calculation, the sumber of potential sites was given as input data for the
assessment. A typical plan was assumed to estimate water yield aad cost as shown
in Figure M2.5. :

Other water harvesting measures
(a) Water pan

 This is regarded as a reduced size development of smalt dams. A postion of
water development allocated to "small dam” could be substituted by “water
pan”, especially in relatively humid areas where the water pan could sustain a

perennial water storage. The cost is regarded to be covered by that assessed
for small dam.

(b) Small groundca:chrﬁent
This include smallcr water storages in excavated water pxls and/or pools (such
as road catchment) mainly for livestock watering., These facilities could be

built anywhere in the country, provided that the area has a certain amount of
rainfall, In most cases, these facilities can not be a perennial water sources
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. and are hence regarded as a supplementary measure provided by people on ad-
hoc basis lo shorten access distance to water points during the rainy scason.

(c) * Water hole.

Thisisalsoa seasonal waler source available during and immediately after the
rainy period. This facility can be built by people’s own effost and expense
- and hence it facitity was aot included in the source evaluation study.,

(d) Pé_ved ground calchment

The concept of this water exploilation is similar to that of rock catchment. The
facility could be butit everywhere in the country, provided that a certain
amount of rainfall is available.

In this source potential evaluation study, this facility was regarded as an

~ alternative to roof catchment andfor groundwater development, onty 10 be

- apptied to specific areas where water demand could not be met by roof
catchmemfgroundwatcr TeSOUICEs.

" (e) Large dam

| Conﬁlrucuon of large dams spemfscally for rural walter supply was not
considered in this study. Instead, a group of small dams were taken into
account in the development menu. Howwet, there may be cases where
~ preference ay be given to the constraction of Yarge dams rather than that of a
group of small dams. This examination will be left to subsequent detailed
. studies to be vndertaken for each region/location.

6;5 30urce Ailocalioh Criteria - Domestic Wale:f Supply

Poteatial water sources available i in each sub-basin/Location are evaluated in the preceding
section (Section 6.4). The next step of evaluation is to determine the allocation of waler
sources to'nicet the demands in the respective areas.

In view of the varieties of water sources and demand area characteristics, there would be
essentially -an almost indefinite number of source allocation menus if all sub-
basins/Locations ar¢ scanned, The study had to adopt a simplified approach to evaluating
the source allocation plans just sufficient for the formulation of a future water development
framework in cach region.

The establishment of quantitative allocation criteria relied on rather rute-of-thumb estimates

‘based on empirical judgement since no previously known criteria was available.



6.5.1 Urban water supply pipeline

A number of inter-regional pipeline schemes are proposed for urban water supply 'fsce
Chapter M5). Some of them pass through rural arcas. The arcas covered by these
pipelines were assumed to receive supplies from the p;pehnes. :

6.5.2 Basic concept of source allocation plans

The study adopted two basic concepts:
(@) Main water supply sources would be surface water and groundwater, and

(b) Other water harvesting measures be planned as subordinate measures to supplement
and/or substitute the surface water/groundwater sources. :

With regard to (b) above, the folmwizig groupings were proposed in vic\y of dcvelopmcnt.
concepts given below: ' .

(i) Subordinate measure 10 supplement/substitute surface waler so_un:cS:

- Small dam: This is virma!ly augmentation of surface water tesources.
The facilities are provided at headwaters where the catchment
is relatively small and/or at middleflower reaches where
perénnial flow decreases. :

(ii) Subordinate measure to supplement/substitute groundwater sources:

- Roof caichment:  To be planned in semi-arid and arid areas where perennial
rivers/streams are sparse. ‘The need is significant in areas
where groundwater quality is not favourable, :

- Subsurfacedam:  To be developed pariicularly in areas where  only:
groundwater sources are available andfor groundwater
quality is not favourable. o T

- Rockcatchment: . To be developed in areas where the potential site exists, with
the same concept as for subsurface dam, In view of a beter
quality of water exploitable, a preference is given (o rock
catchment over subsurface dam.

6.5.3 Allocation between main water sources (surface"waler and
groundwatesr) - ' o e Lo

A primary assumption is that the development of surface water sources will preceded that

of groundwater sources, in view of easy accessibility and in most cases cheaper abstraciion
cost. On this basis, a set of allocation scenarios were proposed as shown in Table M6.2.
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6.5.4  Allocation r_alio of subordiuate measures

A sct of sOurce allocauon scenarios was 'l[SO established for each small dam, roof
catchment and subsurface dam (sand dam and subsurfiace dam). They arc shown in Tables
M6.3 to MG.S, respcchvely :

In the scenarios, maximurn exploitable water quantity was assumed as follows for each
type of development from the viewpoint of practically achievable limits:

-~ Small dam: -  15% of surface waler development

- Roofcatchment:  70% of rural housings at the maximum, assuming that
’ - corrugated iron sheet roof will be dominant in future

- Subsurface dam: 5% of groundwater development
‘As for rock catchinent, it was assumed that all known potential sites would be exploited
substituting small dam/subsurface dam primarily and groundwater development
secondarily.
6.5.5 Comparison of water cost

After the initial allocation of water sources, unit water exploitation costs (pcr m3) was
compared and the foltowing adjustments were made:

‘(a) If the water cosl of a subordinate measure is cheaper than that of groundwater, the
water allocation to the former is increased by 15%.

{b) If the case is comréry, water allocation is decreased by 15%.

' The above is also applicable to the comparison between small dam and groundwater, in
case both developmcms are feasible togelher in the area,

6.5.6 Cross check with. available water source
(1) Check with available surfacc water
" “This intends to check whether surface water resources could meet the development
requirement. The check was made by comparing the following two parameters for
each sub basin:

(a) Tota! walter requirement allocated to "surface water” source in the sub-basin

(b)  Available surface water resources, herein defined as the 10-year probable dry
discharge available in each sub-basin
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A specific criterion adopted herc is that (a) should not excecd 50% of (b). This -
criterion was introduced in consideration of conservation of water sources for other
water uses (¢.g. minor irrigation) and also maldistribution of the sources within the
sub-basin. In case this condition cannot be satisfied, use of surface water would be-
reduced to 50% of (b) and the balance be substituted by groundwater exploitation. -~

(2) Check with available groundwater source

There may be some cases that groundwaler source cannol meet the water
development requirement; for example, due to water quality reasons. In such a
case, maximum affordable development of roof catchment and subsurface dam was
- planned, ircespective of the criteria set forth in Subsection 5.5.5. The rest of
shortage will have to be supplemented by other measures such as water transfer
from another area and/or provision of paved ground catchment. This will be
examined separately for each specific case, once this sort of problem has been

identified.
6.6 Source Allocation Criteria - Livestock Water Supply
The criteria set for allocation of livestock water sources are virtally similar to those applied
to domestic water supply (Ref. Section 6.5). Several specific criteria separately applied to
livestock water supply are described hereunder.

6.6.1 Urban water supply pipeline

Pipeline water (basically treated water) will be allocated to livestock use only in semi-arid
and arid areas. Quantilative criteria are given in Table M6.6.

6.6.2 Allocation between surface water and groundwater sources

Livestock could have more dependence on surface waters than the case of domestic
supplies.

(@) Livestock can move over a longer distance in search of water than humans.

(b) Livestock can have more watering points wherever stagnant water surface is
available (e.g. waler pans, water pools, ¢ic.).

Ine this context, the study assumed that the viilization of surface water seixrces by ii\}estock

would be at least 25% more than the ratios estimated for domestic waler supp} ,
M6.2). valer suppiy (Ref, Table

In this case, groundwater use is reduced by the corresponding quantity,
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6.6.3 Subordinate measures
- .'Ihe-fol.ldwin g é_r_iieria were introduced:
Small dam: : Same allocation ratios as given in Table M6.2 to be applied.

A targer allocation of surface water sources is already taken
into account in Section 6.6.2.

Roof éa{c_hn'len!: Not considered for livestock

Subsurface dam! More positive development particularly in dry areas,
assunicd to be 15% increase from the ratios given in Table
Mé6.4.

Rock catchment: Assumed that this fac:l:ly is exploited primarily for domest.c
walter supply

6.6.4 Cozhparison of wafer cost

Adjustment of source allocation is made by applying the same concept and method as given
in Section 6.5.5,

6.7 Procéssing of Water Source Allocation Computation

6.7.1  Preparation of input data

Input data for assessment of source development for rural water supply (domestic and
livestock) constitule the following:

Data
assessed for
(a) Waler demand (Ref Sectoral Repon D):
- Domestic and mdusmal water demand Location
. Livestock waler demand ' "

(b) Demographlc data (Ref Sectoral Report A):

- Populauon ' Location
Landarea : - "
No of persons per household District

. Average housmg arca ' "

(c) Source potenual parameters evalualed for items shown Location
in Secnon 6.4 :
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(d) Water yicld and cost data: | eation
- Groundwater aHen
- Smalt dam (for typical plan) _ Sub;basm_ _
- Rock caichment (for 1ypical plan)
- Roof catchment (for typical plan)
- Subsurface dam (for typical plan)

L
Common to
all region
‘Data and paranieters assessed above are shown in Appendix M.4 of this repori.

6.7.2 Computation of source allocmion

Then, lhe data were pmccssed using a compumuon programnie spemﬁcally prepared for
this purpose. The computation was based on criteria sel out in Sections 6.5 and 6.6

6.7.3 Computation oulputs

The computation produced the following outputs:

Per Sub-basin_ Per District _
(a) Source allocation plan (m3/day) Appendix M.5 Appendix M.8
(by No. of proposed facilities (¥) Appendix M.6 Appendi)_c M.9
{c) Water exploitation cost (*} Appendix M.7 | Appendix M.10
- total exploitation cost
. average waler cost per m3
Notes: (i) - The above represents source development plans at a level of

“Stage 1 development” (Ref. Section 6.2.2)

(i) (*) Excluding the facilities/costs for surface water exploitation
wherein no arificial facilities are proposed at Stage 1 developmen!
level ({0 be included in Stage, 2 development).

Nos. of facilities was not estimated in view of unpracticability of
establishing a standard design (ihe size of facility is quite location
specific). The Stage 2 development cost including water
abstraction cost {intake cost) was estimated on the basm of waler
supply volume per km? (see Sectoral Report D).

Gii) (¥) Excludmg also the f’icnlmec/costs of waler supply pomts on

urban water supply pipelines, which is to be mcludcd in the urban
water supply scheme.,
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M7. | WATER SOURCES FOR IRRIGATION WATER SUPPLY

7.1 National Policy

Accorduiéto the sixth Dcvék’)pmem Plan 1989-1993, the Gaverament set up irrigation
dcvelopmeni targets dunng 1989-1993 period 10 be as follows.

lmga!:on Developmenl Target

_ ~ Unitiha
Targels _ .1939_ 1996 1991 1992 19937
Present 35.000. 34,380 3_5._760_.__3_8—.54_0___21._3_36___
[ocrement 1,380 1.330 2,680 3.440 3.670
Total 34,380 35,760 38,440  41.880  45.550

This Development Plan emphasizes a low cost approach in the implementation, and the
small scale irrigation projects and utilization of gravity flow are given preference.

7.2 Ir'.ri;galiogn' Potential
7.2.1 -‘Sﬁ;.'fa_c‘é 'xi’afer B

Estimation of the irigation potential for each subbasin was derived through matching mean
flow/80% dependable monlhly flow and i trng.mon demand and indicating the following
assumpu()ns

Domestic & livestock water usage takes priority over irrigation,
~ Return flows are disregarded,
JSurplus water is allocated to downstream reguirements,
" No storagé facilities are considered, and
Sub-basin imigable area is limited to be the area accorded to have irrigation land
polential as assesscd above.

L7 TN - LA L

In case that the basin mean monthly flows were apphed to the calculation, about 470,000
ha of fand is available. for upland crop irrigation and 3490, 000 ha is available for paddy
irigation. A basin-wise break down of the irrigation potential is indicated below and Table
M7.1 shows irrigation potential area of each subbasin.

N lnig_a:lion.Poiem_ial Arca by Surface Water

_ _ - _ Unit : 1000 ha
Crop Basinl  Basin?2 Basin3 ~  Basind Basin $ Total
Upland Crops 2142 84.3 224 132.7 16.0 469.6

_ (178.5) (52.0) {(21.0) (89.2) 9.3) (350.0)
Poddy 136.6 419 219 117.3 146 3383

(14,7 (33.%) (20.3) (85.0) (8.5} (261.6)
Note : Parenthesized figures shows the resulis for applying 80% dependable monthly Now.
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7.2.2  Groundwater |

Terigation potential for gronndwater is also

assessed in the same manner as assessment of

surface water potential.

(1)

Groundwater availability

Ground water availability for each sub-basin was estimated as shown in Table
M?7.2 and summarized below (see Section 7.3)_.

Groundwater Availability |
Unit : m¥/sec

B Basinl . Basin?2 Basin 3 Basind Basin 5 Total

walker _ '

availability 1403 3.668 2.6 4,985 7.939 20.604
(2) Groundwater qualily

€)

The quality of groundwater was evaluated for 1,169 boreholes where water qualuy

data was available. Based on the FAO's evaluation guideline, the criteria for this
evaluation was made as shown in Figure M7.1. Tables M7.3, M7.4 and M7.5
presents the FAQ's evaluation guideline. Applying this criteria to available water
quality data, about 500 boreholes have unsustainable water for irrigation use. The
distribution of these boreholes is as shown in Figure M7.2.

Potential area
Irrigation potential for each subbasin was derived through malchihg groundwater
availability and irrigation demand and taking into account the followmg

assumptions :

1 Available groundwater is calculated b)f multiplying tand poteatial

area with unit groundwater yield,
2 Return flows are disregarded, and

3 Surplus water can not be allocated 1o other subbasin

Calculation of the water balance between water demand and avaitable groundwater,
indicates that about 1,500 ha of land is available for upland crop irrigation and

1,000 ha is available for paddy irrigation. A basin-wise break down of the
irrigation potential is indicated below. ' '
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irmigation Poteatial Area by Groundwater

| Unit: ha
“Crop Basin 1 BasinZ - Basin3  Basind4  Basin 5 Total
Upland Creps 598 544 372 0 0 1,514
Paddy 155 660 210 9 4 1,038

7.3

Kenya has considerable potential for irrigation. At present, only 17 % of potential area is
irrigated. To develop these potential areds, the following strategy can be drawn up taking

Irrigation Development

into account the government policy and social & economic conditions in Kenya.

Under the abovc stralegy, present proposed small scale irvigation schemes and some
selecied large scale irrigation schemes (see Section 9.3.2) are recommended to attain the
agriculturalfirrigation development target and to explon the huge amount of irrigation

‘small scale irrigation scheme would be given the top priority

irrigation aréa adjoining densely p()pu!dted District or Loumon would be given high
- priority
those area where only irrigation is the watering method for agriculture, would be

given high priority

potential in Kenya.
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M8. WATER SOURCES FOR HYDROPOWER DEVELOPMENT

8.1 Hydropower Potential in Kenya

Hydroelectrie potential in Kenya is in and around the geographical region ?f the Kenya
Highlands which provide the two important sources for hydropawer generation; they are,
(i) perennial river flow providing the source of water and {ii} water hcad as the difference in
elevation. The existing hydropower generation facilities are listed below. '

Five small hydroclectric projects

—  Mesco, Ndula, Sagana Falls, Selbey Falls, and Gogo
(6.5 MWV in total) '

Seven cascade hydrocleciric projects on the Tana River

— Wanjii 7.4 MW

— lLow Tana 14.4 MW
- Masinga 40.0 MW
—  Kamburu 94.2 MW
- Gitaru 145.0 MW
— Kindaruma 440 MW
—  Kiambere 144.0 MW

Committed hydropower project
~  Turkwel 106.0 MW
The remaining hydropower potential by drainage area is summarized as follaws (Ref. M.6).

Hydropower Potential in 1991

Drainage Area . 1 2 3 4 s Toial
Inst. Capacily (MW) 355 245 84 583 155 1472
Annval Encrgy {GWh) 1.680 739 463 2,560 675 6,177

Source : Appendix Vol. 2, NPDP (1987)
8.2  Hydroepower Polential by Basin

8.2,1 Drainage Arca I (Lake Victoria Basin)

Hydropower potential exists on the rivers flowing from the western slopes of Highlands to
Lake Victoria. Potential instalted capacity in the basin was estimated at about 355 MW
yielding 1,680 GWh/year of average energy and a firm output of 1,450 Gthycar. The

poiential hydropower resources are summarized in Table M3 1. .
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8.2.2 i