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PREFACE

In response to a request from the Government of the Republic of
Kenya, the Government of Japan decided to conduct a development study
on the National Water Master Plan and entrusted the study to the Japan
International Cooperation Agency (JICA).

JICA sent to Kenya a study team headed by Mr. Michito Kato,
Nippon Koei Co. Ltd., composed of members from the Nippon Koei Co.,
Ltd., CTI Engineering Co., Ltd. and Construction Project Consultants,
Inc., four times between January 1990 and May 1992,

The team held discussions with officials concerned of the
Government of Kenya, and conducted field surveys at the study arca. After
the team returned to Japan further studies were made and the present
report was prepared.

Ihope that this report will contribute to the prorhotion of the project
and to the enhancement of friendly relations between our two countries.

I wish to express my sincere appreciation to the officials concerned
of the Government of the Republic of Kenya for their close cooperatlon_
extended to the team.

July, 1992

Kensuke Yanagiya

President
Japan International Cooperation Agency







JAPAN INTERNATIONAL COOPERATION AGENCY
THE STUDY ON THE NATIONAL WATER MASTER PLAN

Mr. Kensuke Yanagiya : July, 1992
President

Japan | Intemauonal

Cooperation Agency

Tokyo -

Dear Sir, R o
: LETTER OF TRANSMITTAL

We are pleased to submit herewith the Final Report of ‘the Study on the National-
Water Master Plan". The Report has been prepared for the Government of Kenya as a
guideline for consideration when implementing the country s future water resources
developments and management in line wtth the nation's socioeconomic development
objecttves : :

The mam outputs. from the Study are broadly grouped into two components One is
Water Resources Development and Use Plan towards the year 2010 (Main Report
Volume-T) which shows the general direction of future water resources development based
on the national water development policy. The Plan indicates that it is time to expedite water
1ESOUTCes development toa greater extent if the declared goal of the national socioeconomic
development isto be attamed _

The other output is the Master Action Plan towards the year 2000 (Main Report
Volume 11 and 111}, which deals with recommendations of various actions to be undertaken
by the Governiment to ensure the co-ordination of relevant activities for the integrated
.development and management of water resources which are one of the essential and most
important resources in Kenya for the improvement of people's lives and national economic
-development, while serious water stress has increasingly taken place in various parts of the
‘country, A framework scenano of the proposed implementation programmes is also
presented P

CAll membexs of the Study Team wish 10 express grateful acknowledgement to the
personnet from' your Agency, Advisory Committee, Ministry of Foreign Affairs, Ministry
of Construction, and Embassy of Japan in Kenya as well as the officials and individuals
from Kenya for the kind assistance extended to the Study Team. The Study Team sincerely
hopes that the results will contribute to the future water resources development of Kenya in
particular and to her socioeconomic development and well-being in general,

Yours sincerely,.

Michito Kato
Team Leader
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SYNOPSIS

OBJECTIVE OF THE STUDY

This study on the National Water Master Plan (NWMP) has been carried out by the Study
Team of the Japan International Cooperation Agency (JICA) in collaboration with the
officials of the Government of Kenya for about 2.5 years since January 1990, The Study
aimed at formulating a framework for planning and implementation of water resources
development consistent with the nation's social and economic development objectives. On
this basis, the Study projected future water demand/development need, evaluated the
available water resources, and then formulated water development plans required for
~achievement of the National Water Development Policy/Target which foresees 1o meet all
the water demand and development need arising towards the year 2010.

NATIONAL WATER DEVELOPMENT POLICY/TARGET

1. Maintenance of low flow Do Conservéti'on 6f minimum flow, for which
river maintenance discharge is to be assessed
for each major rivers

2. Domestic/industrial water ;= Provision of safe and sustainable water

supply - supply towards the year 2010 for all people
3.  Sewerage development :  « Provision of adequate sewerage facilities in

urban centres for people's well-being

4.  Agriculture/irrigation Attainment of food s.clf-silfﬁciency.

development ;

« Promotion of irrigation development to
contribute to improving the production
efficiency in agriculture and the farmers'
well-being

L]

5. = Livestock developmentand - : Provision of water sufficient for promotion
wildlife conservation of livestock breeding meeting dairy and meat
: production requirements

Conservation of watering points for
protection of wildlife resources

6. Hydropower development : < Exploitation of economically viable
: hydropower projects in line with the national
power development plan
7. Rivér and flood control works @ Provision of ﬂobd'cbntrol, Tiver

improvement, and drainage works for
improving people's social well-being

@
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PROPOSED WATER DEVELOPMENT PLAN

The proposed development plans are presented in_the figure titled "National Water
Resources Development Plan™ attached at the end of this report.

{.  Domestic/industrial water supply

(1) Urban water supply . Implementation of 158 urban water supply
schemes-(towns having a population more than
5,000 in year 2000)

(2) Rural water supply : Provision of safe and sustainable water sources

up to 2000 and supply of piped water up to
2010, covering the whole country .

2. Sewerage development . Provision of adequate sewege disposal systems
. including public sewer facilities for 158 urban
centres

3. Imigation development

(@) ‘Major irrigation schemes Tmplementation of 18 projects
(b) Small scale irrigation : Impleme.ntation' of 140 schemes (identified as
schemes ' of September 1991) scattered over the country

4, Livesiock development and wildlife conservation

(a) Livestock water supply :  Conservation of surface water and provision of
various water sources ' '
(b) Enhancement of : Provision of about 560 boreholes/shallow
nomadic pastoralism wells in nomadic pasturage area

{(as experimental work)

(c) Wildlife watering : Conservation of natural water sources and
existing water facilities

5. Hydropower development : Construction of six (6) hydropower projects
assessed to be economically viable

6. Riverand flood control works

(a) Major flood control works :  Implementation of five (5) ccondmicaily viable
' - flood control projects
(b) Urban drainage work : Provision of drainage facilities for 47 major
towns : '

(¢) Minorriverimprovement  :  River improvement work in va.rious rivers

works - where problems arise, particularly in urban
' - areas : _
(d) Stabilization of Lower :  Rectification of msandeﬁng and bank erosion

Tana River channel as a pilot work for the long-term improvement

(i)
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FINANCIAL‘ REQUIREMENT

1. Developmem cost requued for implementation of the above proposed development
plans is estimated as follows:

Required Development Cost

Development Sector : US$ million K£ million

Equivalent - Equivalent

(1)  Domestic/industrial water supply 7,576 9,546
(2 Sewerage development 705 888
(3)  Irrigation development 973 1,226

(4) Livestock water supply 755 951 .

(5) Hydropower development 1,034 1,304
6) River and flood control works 1,067 1,343
' Total _ 12,110 15,258

Remarks : US$ 1 = Kshs 25.2 = K£ 1.26 (February 1991)

2. A very rough projection of total available development budget towards the year 2010
is US$ 6,300 million or K£ 7,950 million (based on an assumption that present
development expenditure would be increased in proportion with the projected GDP
growth). If this figure represents the most likely future condition, the financial
resources available are extremely insufficient. The Government should consider
distributing as much budget as possible to.the water sector, which is essential to
achieve the national water development targets set forth above.

MASTER ACTION PLAN

1. The Study formulated the Action Plans to be deployed henceforth for achievement of
water development plans proposed above. The basic principles are that all the
development targets set forth above would be achieved by the year 2010, meeting the
development d,emands in the year 2000 as an intermediate target.

2. The Study also exammed the implementation programmes under reduced budgetary
and development scenarios.

Reduced budgetary scenario :

¢ Scenaric A . :  Available budgetary resources to be

: ' approximately 50% of the required
development cost

o  Scenario B . :  Available budgetary resources to be

' approximately 75% of the required

development cost :

Reduced devciOIJmcnt scenario for 'domcstic/industrial water supply:

Tn domesuc/mdusmal water supply sector, the-development targct towards the

year 2010 would be reduced to the level of "just meeting the demand projected for
" the year 2000" (i.c. water demand exceeding thc year 2000 level would not be
- met) - _ _

- However, these programmes should be regarded as altcmative scenarios only to be

(i)



.4 in case the budgetary constraint would be unavoidable. The basic policy
gfggll:ledd I;g _f§ deploy allg possible effort for the achievement of the Action Plans

propopsed in 1 above.

FURTHER STUPY PROGRAMME

The im plémentation of the development programmes will require pre-investment and other
supporting stndies. The Study proposes the following study programmes:

(a) Studies and design of individual ~: Forall schemes taken up in the
projects proposed implementation programmes

(b) Integrated river basin study : Nine (9) major river basins

(c) Groundwater resources study for @ 22 urban centres in semi-arid and arid
urban water supply areas

(d) District water resources study : All 41 Districts (plus 6 Districts

recently established)
(e)  Datacollection and water . Country-wide

management, COmprising

+ Surface water management.

» Groundwater management’

+ Water quality and potlution
control -

 Various supporting studies
associated with the promotion of

development activities
(f)  Environmental studies :
s Preparation of Country-wide
environmental guidelines ' '
* Regional environmental 3 selected areas not covered by the
study river basin studies

LEGAL AND INSTITUTIONAL ASPECTS

The general framework of legal and institutional set-up in Kenya appears to have no
substantial problems on the whole. Nevertheless, there are still issues needing
improvement in terms of the implementation of laws and the management of water
resources and use. Therefore, the Study recommended the betterment of a number of
issues in these aspects; particularly the issues relevant to the formulation and
implementation of undertakings proposed in this National Water Master Plan.

IMPLEMENTATION OF MASTER PLAN

This Study formulated a nationwide water resources development plan to be deployed for

the achievement of the National Water Development Policy Target (towards year 2010). In
a context that there may be some extent of budgétary constraint in carrying out the

implementation, the most appropriate method of implementation should be discussed

thoroughly within the Government of Kenya. In addition, the implementation of the plans

should accompany the utmost attention to social and environmental aspects.

(iv)




NOTE

Interpretation 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 local 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 Study, 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
corresponding original districts as shown below.

Qriginal Disiricts New Districis Data included in:
1. Machakos Makucni Machakos/Makueni
2. ~ Kisii Nyamira Kisii/Nyamira
3. Kakamega Vihiga Kakamega/Vihiga
4, Meru Tharaka-Niihi Merny/Tharaka-Nithi
5. Kericho Bomet Kericho/Bomet
6. South Nyanza Migori South Nyanza/Migori

{Note: The last three Districts were established very recently.
The report 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 Kenya, Ministry of Land, Housing and Physical Planning.

Data and Information

The data and information consained 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 émalyzed in this Study based on the collected data. Some of
them may be different from those kept in files at some agencies and regional offices. Such
discrepancies if any should be collated and adjusted as required in further detatled studies
of the relevant development projects.

Development 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 calculating the development cost in K£/KShs currency.
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{. INTRODUCTION
1.1 Objeetive and Framework of the Study

Kenya s rapid development has begun to strain her water resources. Increasingly water
stress has occurred in places where previously water was found in abundance. The
responsibility for water resources development and management in Kenya has been
fragmented among various departments and agencies in accordance with their
respective functions and activities related to water. In the absence of a comprehensive
system to coordinate the multifarious-activities in water resources development and
management, these activities tend to take place in isolation. This may lead to
competition in water use and even duplication of activities and functions. An
integrated approach to water resources development and management is therefore
necessary to ensure future efficient use of water and other resources, and a study in this
regard has become necessary.

This National Water Master Plan (NWMP) Study has been carried out by the ]apan
International Cooperation Agency (JICA) Study Team in collaboration with the officials
from the Government of Kenya for about 2.5 years since January 1990. The Study aimed
at formulating a framework plan for the planning and implementation of water
resources development consistent with the nation's social and economic development
objectives. On this basis, the Study projected future water demand /development needs,

evaluated the available water résources, and then formulated water development plans'
required for achievement of the Naticnal Water Development Policy/Target which

foresees to meet all the water demand and development needs arising towards the year
2010.

The proposed development plam mclude the listing of individual projects. However,
they are listed as one of the components of the proposed framework plan, and it was not
the Study's intent to go into detail on the individual projects. Further details should be
examined in subsequent studies.

The implementation of the plans is presumed to encounter budgetary constraints, and
hence the Study examined alternative development plans under the reduced budgetary
scenarios. The Study also described the important issues of environmental conservation
relevant to water development.

1.2 Output of the Study

The Study contains the foIlowmg two plans and recommendatmns (i) the National
Water Master Plan towards the year 2010 and (ii) the Master Action Programme towards
the year 2000: The output of the study was submitted ‘to the Ministry of Water
Development (MOWD), the executing agency for the Kenyan Government. The report
is comprised. of (i) one volume for the Executive Summary, (ii) three volumes for the
Main Report, (iii) 17 volumes for the Sectoral Report, and (iv) six volumes of the Data
"Book. This volume is an executive summary of all the reports. The complete set of the -
reports is listed up in Table 1.1 below.

EX-1



Table 1.1 List of Draft Final Report

Serial Vol. No.l EXECUTIVE SUMMARY

MAIN REPORT
‘Serial Vol Vol. .
No. No. Title
2 Vol.l  Water Resources Development and Use Plan 1owards 2010
3 Vol.2  Master Action Plan towards 2000 .
Part 1 : National Water Master Action Plan
4 Vol.3  Master Action Plan towards 2000
Part 2 - Action Plan by Province/District
SECTORAL REPORT
Serial Serial
Vol.Vol. Vol. Vol.
No. No. Title No, No. Title
5 A, Socip-cconomy 14 K. Topographic Survey of 11 Damsites
6 B. Hydmology 15 L. Power Development Plan
7 €. Groundwater Resources i6 M. Integrated Water Resources Development
8 D. Domestic and Industrial Water Supply  Planning
9 E. Agriculture and Irrigation 17 N. Environmenial Conservation
10 F. Livestock, wildlife and Fishery 18 P, Lawsand Institutions
11  G. Food Control Plan 19 Q. Database
12 H. Dam Development Plan 20 R. Remole Sensing Analysis
13 J.  Dam Geology 21 8. GiS-based Analysis
DATA BOOK

Serial Vol. Vol
No. No. Title

22 DE.1  Hydrological Data { Study Supporting Data )

23 DB.2  Groundwater Data { Aquifer Test and Well Survey)
24 DB3  Groundwater Data ( Study Supporting Data )

25 DB4  Topographic Survey Data

26 DB.S Inventory of Imigation/Drainage Schemes

27 DB.6  Project Sheet for Urban Water Supply

1.3  Acknowledgement

The Government of Kenya organized the Steering Committee and the Technical Sub-
committee for the purpose of managing the execution of the study. In the same
manner, the Japan International Cooperation Agency (JICA) set up the Advisory
Committee. All members of the Committee are listed in Appendix 1 which include the
members of the Study Team as well

For implementing the Study, JICA Study Team has appreciatively been supported by the
Steering Committee, the Technical Sub-committee, and the Advisory Committee who'
have given a lot of helpful assistance and advice. The Team wishes to-express grateful
acknowledgement to all the members of the Committees. Besides, the Team has
received a lot of cooperation in the fields of data collection and information
presentation through the public entities and agencies concerned from the Government
of Kenya. The Team sincerely expresses many thanks to the officials and individuals
from these groups.
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3, MACRO-FRAMEWORK FOR NATIONAL WATER MASTER PLAN
To formulate a water resources development plan in the future, a macro-framework

towards the year 2010 is projected on the basis of socio-economic conditions, water
requirements, potential water resources, and water balance.

2.1 Socio-economic Conditions
The socio-economic conditions to the year 2010 were forecasted as follows:

Table 2.1  Socio-economic Indiccs

Ttem 1990 2000 2010 Increment
to 1990
Population (1,0600)
" Original Projection 24,396% 1 34,795%1 478183 (196%)
- Urban 4,778 9,098 15,965 (334%)
- Rural 19,618 25,697 31,851 (162%)
Revised Projection *2 22,749 30,712 40,305 (177%)
- Urban 3,965 7,933 12,698 (320%)
- Rural 18,784 22,779 27,607 (1479%)
GDP at 1989 Constant Prices
Total Amount (US$ Million) 7,188 12,807 18,922 (263%)
Per Capita (US$) 316 415 463 (149%)

Major Agricultural Products (Thousand Metric Tonnes)

Maize 2,774 3,631 4,700 (171%)
Wheat 286 424 590 (206%)
Beef 175 249 139 (194%)
Milk 1,709 2,345 3,176 (182%)

Remark: *1 Official projection by CBS (before the telease of the 1989 census provisional results).
*7 Revised on the basis of the 1989 census provisional results

The future population was revised from the original projection down to the new
projection (shown in the above table as "Revised Projection") at the final stage of the
‘Study, since the 1989 census provisional results were published in the "Economic
Survey 1991" in May 1991. However, these projection figures should be replaced by the
official projection which will be released by the Government. The population
projection in this report has been prepared for the sole purpose of estimating the water
requirement in this current study.

2.2 Overview of Needs for Water Development

Most water is used for domestic, industrial, irrigation, l_i'vestock, wildlife, and
hydropower generation purposes. This should continue in the future, particulatly for
domestic/industrial, purposes.

Although no definite statistical figure has been disclosed, it is believed that more than
half of population is not provided with a public water supply system. Urban water



supply systems are overloaded and the majority of rural people have difficulty in gettmg
access to a water source. Water fetching is still a great burden to women in ruraI areas.

Production of major crops, (maize, wheat, sorghum/ millet fice) at present is nearly at
self-sufficiency level under normal climatic conditions. However, irrigated: agriculture
land (53,000 ha) accounts for only 1.1% of the total agncuitural land (4.65 million ha) and
most of the land is still subject to vagaries of climate. Food demand in 2010 will be
nearly double of the present demand. To support the required agricultural pxoduchon
irrigation development is deemed to be a paramount requirement. :

Livestock production requirement in 2010 will also be almost double the present.
Conservation of the wildlife ecology is becoming increasingly important many reasons
including tourism. Existing water sources for livestock and wildlife appear to be fraglle

in dry years, which need to be improved.

Hydropower is a leading power supply source in Kenya, prOVIdmg 70% of the total
power supply. There are still several attractive schemes for further developmerit.
Hydropower and to a lesser extent geothermal power are the most important resource
available for attaining self-reliant energy production. Maximum development should

‘be pursued.

2.3 Water Demand

On the basis of the above socio-economic framework projection, the water requirements
were eslimated to the year 2010 as shown in the following table.

Table 2.2 Projection of Water Requirements

Item ' 1990 2000 2010 Increment
: . . to 1990
(a) Domestic and Industrial Water (1000m3/day) ' - ,

- Urban 573 1,169 1,906 (332%)

- Rural 532 749 1,162 (218%)

- Industry 219 378 494 (226%)

-Sub-Total : 1,324 *1 2,296 3,562 (269%)

per capita (l/day) 58 75 88 - (152%)

®) Imrigation (1000m3/day) - 3,965 7810 *3 . 11,655 (294%)

©  Livestock (1000m3/day) 326 427 621 (191%)
@ Inland Fishery (1000m3/day) 44 * 61*3 78
©  Wildlife (1000m3/day) 21 %2 2 2
Total (1000m3/day) 5,680 10,615 15,937
 (MCM/year) 2,073 3,874 5,817

Remark: *1 The figure above, () Domestic and Industrial Water for 1990, is a theoretical estimate of
potential demand. It does not mean that all the demand is being met by water facilities... -

*2 The figures above, (d) Inland Fishery and () Wildlife, were estimatod roughly because of & lack
of data, so indicated simply for reference.” The number of wildlife animals is assumed to be
constant even in the future. Water demand is assumed to be conslam in future (no sufficient
information for projection),

*3 'This depends on the actual development towards 2000. A median valve of 1990 and 2010
figures is tentatively shown above,
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2.4  Water Resources and Water Balance
2.4.1  Potential water resources
The annual volume of potential water resources was estimated as follows.

(a) Surface water 19,590 MCM  (including only perennial rivers of
which discharge data are available)

@ Groundwater 619 MCM

-~ Boreholes 193 MCM
- Shallow wells ' 426 MCM

- Total 120,209 MCM

The water requirement estimated in Section 2.2 was 2,073 MCM or approximately 10% of
the available water resources in 1990, and 5,817 MCM or 28% in 2010. In other words,
this simple calculation of water balance proves that the potential water resources are
sufficient for the water requirement in 2010.

2.4.2° Balance between demand and potential available water by zone

Regional and geographical maldistribution of water demand as well as water resources is
one of the salient features in Kenya. This characteristic is illustrated in Figure 2.1 which
shows the balance between water demand and potential available water resources
(surface water + groundwater) by zone in the year 2010 It identifies many zones as the
areas suffering from water deficit. Formulation of water development plans in the
succeeding chapters will examine the measures for solving this water shortage issue.

EX-35



iFig. i _2.1“““1

)
> 8o °F 40°E 41

o 3 6°E 37°E 38°E 39
34 E TR SR LR R ity 5N

@
&
N ®
Gl
S
I-]
LEGEND
city
Ed Deficitin1990  © Nairobi
= Dekciti @ MNombasa
ethtm 2000 @ Kisumu
[l Deficitin2010 @ Nakuru
] Nodeficit ® Etdoret
o baci ® QGarissa
naeabasic g g
Boundaries show subbasing ® Lodwar
5 S TS SO SO ) 598

Nole ; This figuro shows the balance belweon projectad water darnand and potential available walat "on area basis®, Even in ths areas classitied above as
*no defici”, thete may st be waler shonage on loca) area basis. :

Figure 2.1 Balance between Demand and

: . _ THE STUDY _
Potential Available Water oN
(Groundwater -+ Surface Water) THE NATIONAL WATER MASTER PLAN -

JAPAN INTERNATIONAL COOPERATION AGENCY

EX-6



3.

3.1

NATIONAL WATER DEVELOPMENT POLICY AND TARGET

Policy Set-up

The National Water Development Policy has beent formulated to guide public actions in
water resources development and management in support of development of all socio-
economic sectors related to water resources consistent with national development goal
and to adjust various development activities to the limitation in availability and
conservation of water resources.

The general objective of the National Water Development Policy is to free the nation
from water constraints, and thereby to contribute to national economic development,
regional development, improvement of the environment, and sccial well-being. '

Specific bbj:ects are;

eY

(2]

3

@

&)

(6

3.2

§))

@

R

The requisite quantity of flow will be maintained in main rivers in order to
sustain normal water use and to preserve environmental quality.

A public water supply will be developed to improve the social well-being and to
support industrial development. It will be a prerequisite to provide sewerage
facilities for disposal of waste water. '

- An irrigation development will be undertaken to assure the desired level of food

self-sufficiency and to increase farmers' real income.

Sustainable water sources will be provided for livestock husbandry and wildlife
conservation. -

The hydropower potential will be developed to the maximum extent possible to
provide self-reliant energy.

Floods will be mitigated to protect peoples’ life and to reduce flood damage. |
Hydm!ogical' Planning Criteria

Domestic and Industrial Water ' o
-~ Urban :  1/10 dry year (roughly equivalent to MOWD

: Design Manual; 96% probable daily flow)
~  Rural : : 1/2 dry year (roughly equivalent to MOWD

Design Manual; 96% probable monthly flow)
To be improved to 1/10 in the long run

TIrrigation R - ¢ 1/5dryyear

Minimum river flow - - : Recorded minimum daily discharge is

provisionally assumed in this study as the
minimum flow to be conserved in the river. It is
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3.3

(1} Development target

—~  Urban

—  Rural

(2) Proposed facilities
-~  Urban
-  Major rural

—  Rural

(3) Priority order of projects

Domestic and Industrial Water

necessary to determine the required river
maintenance discharge on each river basis.

Supply

To provide ' safe and sustamable water suppiy
to all people by the year 2010.

Provision of piped water supply, meeting the
demands in year 2000 and 2010, respectlvely

Provision of access to safe and sustainable water

sources towards the year 2000 : '

~ Principally, supply of water at source pomts

- Water available at sources is not necessarily
potable

| P10v1510n of piped water supply system towards

the year 2010 : _

- Water is supplied by a combination of
individual connections and communal points

— Water is treated as required and hence potable

Piped grid water supply

Piped grid water supply

Communal/spot water supply -

~ On-going projects listed in the current "District Development Plans”

including rehabilitation and augmentation plans

~ Studied and planned schemes given hzgh prxorlly

- Newly proposed schemes

- Urban

— Rural

(@ Tourism centres (Nairobi, Coast, etc.)
® Major regional centres defined as towns
having population ‘of more than 10,000
- and/or the District headquarters

- () Other secondary towns (population of less

than 10,000) - .
{a)  No spec1f1c prmrlty criteria among the
Districts in view of the importance of
‘attaining equitable development over the
- country
() Within each District, the pr;onty order may
be given with the following criteria: '



- Rural areas supplied in low cost water,
because of economic viability

~ Rural areas relatively backward in terms
of availability of sustainable water sources,
in consideration of regional equity

- Rural areas covered by low quality ground
water; where rainwater harvesting should
be promoted

(4) Non-structural measures

(@) Reduction of water leaks from water distribution pipes and unaccounted-for-

water 7
(b) Water saving : () Ascending tariff structure
: o (i) Metering individually
{©) Cost recovery policy : (i) Full cost recovery in urban areas

(ii) O&M cost recovery in rural areas
3.4  Sewerage Developmeﬁt-'

In the long-run, all people should be provlded w:th adequate sewage facilities or
equipment. The current study assumed that the priority for implementation would be
given firstly to urban centres, at least for the period up to the year 2010. In principle, the
sewerage facilities will be recommended in conjunction with a provision for water

supply facilities.
3.5  Agriculture and Irrigation
351 Aglfic_ul.t_ure ' dev.e_lcp'ment
® D_-ev.el'opmer_\rt‘ iafg;t | Food self-sufficiency
_ Food seIf—suff;mency could be attainable through the following t\&o measures:
(i) - Improvement of farming practices which will increase yields.

-(11) Expansmn of cultwated area

| This study presumes that- the crop pmductxon in 2010 could be attamed as

follows:"
_ Tablc 3.1 Pfojection of Major Crop Production in 2010

. , o N Present (1990) _ _ . - Future (2010)

Crop - Production Yield Cuitivated Area Producuon . Yield  Cultivated Area
Co (1000 tons) . (tonsfha) (1000 ha) (1000 wons) ~ (tong/ha) (1000 ha}

- Maize 2762 . 1.8 1,500 4,700 2.8 1,679
Wheat 298 2.1 140 590 34 173
Sorghum/Millet - 219 0.8 270 547 L5 364
Rice 4. 29 15 : 205 30 68

. ‘Total - o 1,925 - 2,284
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3.5.2

@

In addition to the above major crops, coffee (275,000 ha), tea (124,000 ha), and
other crops (approximately 2 million ha) will be cultivated by the year 2010. The
total cultivated area will be approximately 5.2 million ha (including fallow land)
in 2010. Figure 3.1 shows a very preliminary assessment of future land use
assuming the implementation of the water development master plan.

Agricultural' development potential

According to the land classification assessment in the current study, there are
about 5.0 million ha of arable lands for maize, 1.4 million ha for wheat, 7.2
million ha for sorghum/millet and 1.3 million ha for rice in the country. Thus,
Kenya has sufficient potential arable land for agricultural Rroduction.

Ay

Irrigation development
(1) Irrigation development potential

Taking into account the suitability -of arable land and available water
resources, the potential areas for irrigation development were estimated as

follows:

Table 3.2 Trrigation Development Potential :
' : (Unit: ha)

Water Source Upland Crop Paddy
{out of total)

Surface Water 470,000 340,000

Groundwater 1,500 : ' 1,000

Since the present irrigated land covers 65,000 ha or 14% of the above potential
land, the country has sufficient lands available for irrigation development.

Role of irrigation development

It is envisaged that self-sufficiency in major food production will be achievable
primarily by promotion of rainfed agriculture. However, the role of irrigation
development is still important in respect of the contribution to (i) the
enhancement of national economic development through production of crops in
4 more economical way, (i) the increase in farmers' real income, (iii) the security
for drought, and (iv) the ascertainment of food self-sufficiency.

(3} Priority of projects

— Small irrigation schemes, because they require the least amount of funds and
enhance community development - B '
- Schemes having high economic efficiency, e.g., major irrigation schemes
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l Fig. | 3.1
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3.6 Livestock and Wildlife
3.6.1 Livestock development
(1) Livestock produc.tiOn requirement

To satisfy the total demand of meat and dairy products in the future, the
following successive livestock development would be necessary by the year 2010.

Table 3.3 Livestock Projection
(Unit: 1000 head)

Major Livestock 1990 2000 2010 Increment

: i to 1990

" Dairy Cattle 2,798 3,302 3896  (139%)
Beef Cattle 09,133 . 10,960 13,152 (144%)

Sheep/Goats 15,626 18,751 22,502 (144%)

Camel 719 849 1,002 (139%)

(2) Water development need
The water requirement for the above livestock production is as estimated in
Section 2.2.  Necessary water sources should be conserved or exploited to meet

the increasing water demand.

3.6.2  Wildlife conservation

Water for wildlife should also be conserved or exploited in the areas where the ecology
of wildlife is to be protected.

3.7 MHydropewer
National powef devel_opmenf-plan' was Kenya is formulated by the '.M‘inistry of Energy
(MOE) and the Kenya Power Company Ltd. (KPC). The hydropower development
projects in this current study conform to the plans contemplated by MOE and KPC.
Basically, development projects’ that have been selected are competitive with thermal
alternatives from the point of economic efficiency. '
3.8 River and Flood Control Works

(1) Policy of flood control projects

Flood control projects, which are assessed to be economically viable, should be
selected and implemented towards the year 2010.

(2 Urban drainage projects

Major densely inhabited urban areas such as Nairobi, Mombasa and major
municipalities should be installed with urban drainage systems.
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(3) Other river improvement projects
Rivers with problems such as erosion and insanitary water stagnation should be

improved in accordance with necessity. Rivers in urban area will be accorded a
priority. .

EX - 13



4.1
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WATER DEVELOPMENT PLAN (TOWARDS TARGET YEAR 2010)

Domestic and Industrial Water Supply

Utban water supply

By the target year 2010, 158 urban centres each havmg a population of more than

5,000 in the year 2000 will be served by plped grid water supply systems, provided
that the required financial resources are made available. These centres and the

water systems are shown in Table 4.1. The plan envisages to augment the present
supply capacity to the level which will meet future water demand (2000 and 2010)
as shown in the Table. Their locations are shown in Figure 4.1.

Rural water supply

Of the entire rural centres in respective to "Locations”, the major rural centres
will be covered by a piped grid water supply system and the other rural centres by
a piped point supply system.- However, some rural cenires will still have to
depend on rainwater harvesting facilities such as roof catchments, rock
catchments, etc for their water supply. The outline of the rural water supply
schemes in terms of the source development plan is summar:zed below and also
shown in Figure 4.2, aggregated to District totals. ' '

Table 42 Summary of Rural Watér Supply Schemes - Source Development Plan

Source Development Water Exploitation. '

- velop - (m3/day) %  No. of Facilities™
Surface water 695,627 0.0 . i—
Borehole 144,530 12.5 4,576 holes
Shallow well 162,142 14.0 30,510 holes .
Roof catchment 43,876 : 3.8 1,139,271 tanks
Smatl dam 34,977 3.0 664 no.
Subsurface dam 2,17 Q.2 - 389 no.
Sand dam 1,917 0.2 354 no.
Rock catchment 2,147 0.2 ' 292 no.
Existing pipeline 72,333 6.1 -

Total —_L159720 - 1000

Note: * Based on a typical design assumed for each source Vdevclopmem measute’

Roof catchment : 3 m3 tank equivalent, :
- Not estimated. No. of facilities subject to detail planning on each project basis.
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Table 4.1 List of Proposed Urban Water Supply Schemes (1/2)

EX-15

Location Urban Name ity River  Populetion Puture Raw Water Source Dersand (1n3/day)
Cods - Name Cada Basia  in 2010 1990 2000 010
1100 Neiobl Nedrobi U 3BA 3465400 Thika Dem, Ndarugs, Ruinn-A, Chomis-B 32,826 552294 902,168
2111 Kiambaa . Karuri u. 2 3BA 46,400 Kizmbaa Dam (Rui Ruaks ) 2554 5070 7557
2114 Kismbu Municipality Kimmtn . u- 3 3DA 16600 Kiambaz Dan (Rui Rusks r) 1589 3202 450
2121 Npseds ’ Grolundy & Npends U- 4 8D 2000 Thirifka River 170 332 450
2133 Limuwn hmure U s IBA 4600  ChbeniaPA. 91 1599 FX3 Y
2141 Ruinm _ Ruim u- 6 18C 40900 Ruin River 2,602 $P18 7456
2144  Thika Municipality Thike u- 7 33 209500 Chania River (Eows) 113 2477 39,416
2155 Citbungus Gitmguri u- 8 38C 14900 Ruinu river 671 1521 2444
s166  Kikupu Ky u- ¢ 3BA 22500 KikuyuDam 4361 8031 10,567
PLE  Tebere Wapguny u- DA 1500 ThibaRiver 181 341 450
1122 Kine Sapana (LN } 4BC 1,600 Rapani River 518 1,91 1950
2223 hoi Kerugoys u- N 4DA 34,100 Kirings River 1395 3263 3443
2232 Kibwe Kutus U DA 23500  Thiba River 915 2,130 3575
114 Muruks Kmdars - U W fled 1300 FhikaRiver 103 193 m
013 Ninta . Mersgua U 1S 4pF 91200 Githmji river 5183 9343 13813
034 Iysge Kengzma u- 18 4BD 3500 Mathioya River 249 45 590
2343 MuA Murpngs u- 17 4RD FOU00 Muirzgis rivey 3B41 092 12,449
2351 Makuya Makuyu U 18 4BF 15,500 Metoha siver M 1589 2499
2413 OlKslon Ol Relow U 268 37860 MalewaRiver 1.740 43 6662
254z Koaym Karning u- 4BA 20700 Regai River 975 2,152 3,605
3561 Karime Othays U 21 2AD 18400 Tuthi river o2 1523 2796
3520 Nyeri Muniipality Kyeri U = 4AC 370700 Chenin River 15,559 35042 s
L2 Meriakwt Muriskni L X ] IMB 33,100 2nd Mazima PA. 3,954 7518 16,501
m2 T Kilif u- 24 AA 54508 Rareseservoir 2118 5288 854
343 Gedo - Wtz U 2 3HO3 9200 Sehaki pipeline 306 801 1359
244 Matindi Town - Malindi U 26 3LR 159800  Sabeki Pipeline & Ram Dam 3818 145805 25408
A6 Magarini Mantesi U 13s D2 14400 Sebaki river 466 1024 2092
3211 Shimba ol Kwile U 27 e 15200 Mares pipelins 547 455 2318
310 Kinmngo South Kingngo u- 28 3MC 5800 Marere pipeline 0 660 88
3241 Mamabwen Munbweni u- 29 T3K 34,504 Borholes + Myunimuji siver 1298 3304 5411
345 Lamghmga Luwgatungs U 136 K 8200  Umbavivar ' an 959 1404
B[O Wim Win U 30 &G 12500  Mkondo wa Chm¥ river 454 1145 1,987
332 LamuTown Lamu v oH 4KB 34000 P/L fonn Tans River + BH 1691 3351 N7
3400 Mombase Mombsa ¥ 32 D 904400 2nd Mama/Mwerhi Dep, Probz Dam 100256 151434 1080
3511 Tevéla Tavetn B 137 3y 23,900 Njoro Spring 254 1850 5449
ELFT S Yok U1 LA 36000  Znd Maim pipelice 217 4257 655
3532 Werngh Wundmyi V.M 3LA 8000 . Sigaso/Manguri River P B 157
3623 Bum Bua & Madogo v 38 4GB 2800 TamsRiver 149 334 450
33 Favak Hoka U 3% <OF 34800  TansRiver 1371 1515 5862
3641 Bilisa Garten U 37 4G ¥,700  TanaRiver 570 1212 1852
4118 Kengiasd Sowh Rumysajes v, 38 4EC 6100 Enariver 40 82! %]
4121 Nthewa - Siskego u- 4EC 800 Ena River . 50 &8 12
4137 Bmbu Mumicipaity Emba u- 4 4DC 72900  Lowes Kapingazi River + Upper Rupingszi 3,010 1201 11,299
211 Ceard - - Iddo u- 8 DA $3,100  Bowholes ¢ Spring X 9559 18914
a2 OCldouyonyio ©1 Deinyo Nt U a2 DD 17.600  Ewaso Ngiro River 788 2,064 3,681
4221 Cotane Oarbatuls u- 138 SFA 7600 Boreholes 10 5% 1,550
43,1 Mami Mot U 139 55D . 22700  Ewasa Ngiro 1021 2668 4757
M4 Chemgeitia Kitui U4 4HA 40890 Masinga Dsm 1560 4017 6759
4332 Muotome Mupmo U- 44 4HA 1600 Sub-Surface daog ou Tiva river 87 Coirs 242
444 Mwing | Muwingi TU- 48 4ED 32000, Kizmber Dam 1,076 2879 4288
4411 Buved Machakos u- 46 IFA 356400  Athi River P/L. 14,309 33,756 56,431
M12  Mitsbow Mitabooi U 47 3AC 114000 Kasthana Rives 4288 - 10248 17,29
423 Serdement Area Atk Rivet u- 48 3AB 98200  Uppor At Dam 4591 10907 17649
4443 Kiman | UagnifTawa v 4% 3EB 760 Tawariver 37 ] 105
4451 Keogundo Kangundo - 50 3EA 43500 Pigeline from Athi Kiver 1,695 4m7 6812
45T Mumgul Tala U- i40 3BA 6400 Fipeline from AT river 667 1259 1951
M14 Kilbgu Nuzguai [T IFA 1000 Kyangomyo tiver 62 17 181
4481 Makueni Wors U- 14t IEC 900G  Kaitisiver + Noieni fiver a3t 935 1,629
4483 Nreu Emali U- 52 IFA 800 . Nol Tresh PAL. 50 89 1
4454 M Andi Mitita AndeiAKibwezi TR <} IR 13,500 - Pipeline from Ahi river 357 1264 2048
. 45L1° - Nosth Homr . Mo Hom U 142 31 6300  Boieholes 3 79 1244
522 Keg " Kaigi u- 54 5i 16600 Bomheles + Subsusface Dam 764 1910 3,90
4531 - Kar' Ko U- 143 w0 12200 Bowhies 1030 2166 3411
454[ Mountain Marsabit - 58 SEC 42,700 Borehcler +Smail Gama/Sub-auface den/s 2201 3350 9.078
4552 Sololo Sololo U. 58 SER 14300  Domboles €58 15652 2,832
4551 Mogals Moyale u- 57 SEA 26200  Homholes + Small Bam 1493 3348 3,956
4614 Hima Mema - U- 58 AEA 319900  Kathiu fiver 13,209 ILB6 50m
4631  Niaem Wista U- 59 . 4FA 20300  Thingithu River T A Y Y ] 3102
d541  Chogeda Chogoria U- &0  ° agEs 2900  North Mara River 161 329 40
2663 - Karingani " ke u- .6l 4EB 12400 Tungaciver 550 1244 1594
4572 Maan Maa UL 82 4FB 12400 Urariver 590 1244 1894
5131 Masdogmin " Mugda Guhe U & SFA 6700 Boreholes + Subsurface Dy 359 m 1,141
5152 L Tjura U 4KB 3200  Boreholes + Small dam 173 i "848
5153 Koils Kotile U- - 65 e ] 3,200 Borchales/Subsurface DamfTess 15 T 545
5154 Maeslari Masalani U 40P 3200 TanaRiver n 409 545
51_ 9.1 Seakuri Garizsa u 67 Fie o 115300 Tara River 4,862 12392 20,030
5211 Mumdora Mandera U & 568 18160  Daua River 1222 2236 3,602
53.1  Hwik Bwak u- & S0A 25400 . Borchores 1,730 2876 4,242
$24.2° Rhnmw Rbamu u- 1 -1 10,200 Daua River T 1202 1,772
3524 Wjir Tommstip War uon SEA 75500 . Boreholes + Ewaso Ngire River 3428 1459 124m
5362  Bume " Buma U- 72 SEA 18700  Borholes(Lago Bor rives) 1,087 200 3,004
5372 Buwe Buz, - B SEA . 6160 Borehotes + Smail Dams 353 564 1068
6112  Ermge Manga U- 4 1HE 2,100 Bunyunyu Dam 136 252 3N



Table 4.1 List of Proposed Urban Water Supply Schomes 212y

o Diven Soes City Rier  Popdaion Puture Rew Waler Source __ Demand {miday) -

Coss Nume Code Pain 02010 1990 20530 2010
s11.5  EsKinw Kecoki u- 7 iKR 6,400 Bm.:}'u_nm Dam 56 :mg 154
§12.2  Fsat Mugirmgo Nyemira + Kebirigo y- 144 1HD 32400 Kuja river 1671 1322 5,090
$15.0  Kini Municipliyy Kitii u. 1 |13 136500 Bunyu_nw Dam 7818 15,630 240
6174 Mijogs Chache Qgembo u- 7 1K8 2700 Kuja river 182 258 A2
21 Weat Kinmzn Muzeno U.- s .H]B 50,600 Edzawa Dam 7413 13,794 19934
6221 Bast Kisyiou Kisumu & + Kibosws (VR jAls: ST8700  Kibos dam 2,052 54,5653 B934
6231 South East Kane Abero u- & Helh 26,900 Nygado rivez 1.784 329 4,864
£352  Muboreai Muhareni u- 8l GD 26,100 Nysndo River ta2z 2937 4,70
6324 West Sakwr Beado U- 148 LEE BE00  Yalwriver o 13 W
633.2 FastGan Tals U 82 tFE 6,500 Yalaviver 683 216 1,758
o411 EestAlego Siayz u- 83 105 57200 YalaRiwer 3,245 6283 9,778
§15.4  Noah Ageys Ukals u. s 1EE 2700 Nrola River 162 284 4n
641.1  Xeayads Weat Homs Bay u- 2% 1HE B Lake Yictoda 3545 8308 12,41
644.3  Suna Bast Migori u- g4 1KC 6100 Wigom river 13U 2,18} 4151
6463 Bukira Bwf Keharcha + Teramgianya 1- 146 1KC 9,500 Migon fiver 353 1038 1481
4458  Bugombe Weal Nyabibsye U- 147 tke 9300  Borholea 5238 980 1408
5474 Centrs! Ketipul Oyugs U- 148 1HD 9800  lLiantariver{Awach Tende} 624 1,158 1,625
6451  Ceowst Keschuonyo Kendu Bay u. 87 1HD 5,700 Lake Victoria 635 1311 1,974
494 Scuth Sekwe AwtndofSae u- 149 1K8 O Samriver 1942 ms 5w
Ni§ Odomengi Qlaiwkink U- 88 3G 24,500 Nol-Turesh Spring 98 2098 $004
L1 Npong Ngong U. &9 2H E1,800 Kerwrapon Spricg 2814 1278 . 13414
T30 Ddmmu Kajisde v w0 3FA 34,100 Kiserixo PAL s P20 s517
7135  Namanga Nenaogs U- .9 3N 27300 Numangs Spring T 2342 4496
Me) Magwdi Mezed U- 9 20 16,000 Olabonels rver 524 14B4 2,71
7] Keplendo Sonk g 93 1IF 16,600 Kipsonol river 1,295 2443 3,540
7155 Kericho Towmhip Karicha [T e 145000  Dimlitch Dam, Rimugung Dam 8,024 16,974 27491
7261 Kipkslion Kigkelion U- % 1GC 1800 Nyando fver 310 iy 1210
I Looisal Londiani U. 56 1GC 11300 Lendizzd dsm 504 1598 1516
PBLS  Nmypdd Nenyuki .97 SBE M4500  Liki river 4,459 1,167 20,546
T34 Rumunu Ruanurti u- 150 SAA 8200  Rururas Duin + Borehole 435 1015 1,651
33,9  Nysharory Towistip Nyshunay U- 98 SAA 60,0006 Nyaburwu dam + Borebole 2642 6,505 11,055
12 Oipl Gl [EA ] Ak T3R00  Turasta PfL & Malews Dam 2328 5340 12,065
7441  Nuivobs Nevshy Y- 100 26D 194,500 Turasha PfL & Malowa Dam 6151 16,152 31924
7461 Njero Njoto U- ol 2PC 46000  lore Bam 1463 3599 2608
#73  Hbwg Ebargon U- 102 EC 62700  lure Dam 1553 5353 W20
7475 Moo Scuth Moto u- 103 16G1 55,100 T Dam 183 30 9,259
1498 Makoor Municipslicy Naturu U- 1 2°C 259,900 Turashs PAL + Matewa Dmn + hare Pam W623 35313 151,753
751 Lower Melili Naok H- 105 2KA B5200  Upper Nazok Dam 2,084 2240 14516
7525 Ketkeayoike Niiregie Nyare U- 10§ H 2500 Nasampolai fiver 2 20 413
7544 Ussin Gishe Emt Kilgons u- 30 1XC 15300 Poroio Tiver Y 1326 186
7550 SiriaFast Lotkonisn (LR £.7] 1XC §400  Migori fiver w9 788 1,391
7623 Kinde Kitsle U 107 186G 249200 Keilobas Tives 2391 23345 40,566
7624 Kiminini Kiwinini/Saboti +Spr.)ite u. 108 G 4200 Kabewym river n 450 542
7653 Frdeboes Endebes/Kwsont U. 109 IBE 5700 Hoiwbos river s 73 1029
T Mo Brdgs Moi's Baidge U. 151 1BE WG0  Neeisriver w4 975 1577
TIL4 Tutbo West Tusbo G- 154 1C3 000 Sosrwnitiver 21 1342 2,85
T3 Fldoret Muricipality Eidoret u. 11 1B 485500  Buibea Dam + Nzoie viver 20,374 47,355 4,415
F146  Olue Burat Foeay o j[av 700G Kigharen fiver 330 637 1,124
8125 Fabarnet Mosop Ksbarmt g2 2EH WI00  Kirdick Dam 1475 3349 5358
8143 Mafi Mazesd Maji Mazusi U- 113 2ED 19200 Maji Mazuri ivet 85 L45 291
2045  Hdane Ravine Fdsma Ravine B 114 IEF 20700 Chemusws Dam 502 1585 1372
8151 lembue Soi Mogotio Y- s 2RG2 10,700 Moler river iChemusyss Dam 436 915 14662
8162 Msigu Marigat U 155 2ER $600  PerkermaTiver 451 M 1,340
8204 Kipuilong Ten+Tambach U 118 ple] 19,700 Moften Dam 9452 P35 3,154
8313 Chemeld Nuadi itk U 17 tFD 4200 Mokoog River 877 1587 2457
8322  Chermundu Kapsabet+Bargion [EE. 31} VEC 56,200 Mokong river 2114 5238 9.002
3414 Mueralat Mrralel U 119 SCA 74800  Leikar/Ysno fiver 3036 7296 13,177
BAt4  Wamba Wby U 129 5nD 13600 Borcholu 593 1449 2,651
8436 Elverm Brragoi P 521 iz} 13500 Boreholes + Sub-surface deaa 512 1265 294
8535 Lodwsr Lodwar V- 122 2BD 33,400 Boreholes & aub-awrface dam 1590 4343 7841
861t Kspmmgwia Keponguria/Makuteno U123 2BC 48200 Kapengunis Rivet 1846 43312 3%
S04 Mistakisi Mawalie + Malatisi U- 156 1AB 10700 Malilkisi river 617 1376 2,084
9124 Musikoma Bungoms U- 124 rAG 142700  KuywaRiver 3098 13,776 23,561
9131 Kimilili KimiJili v 1S 1DB 31,500 Kiwilil River ad 2,735 4,735
9142 Weduyr Webays U- 126 1DA 123,10¢ Nzoiz River 4,054 11472 19,598
9161 Chepia Chapaia y- 157 TAA 0000 Sasus siver 48 1876 1575
9.3 SwthTose Busis U- 127 1AH 0,200 1 Siorves 2,108 6439 i3
$222  Cevtrd Bukbayo Nunbale U- 158 TAH 8,100 Sioriver 308 i 1,83
S West Bumyere Luapda U- 128 133 12600 Edzawa fiver 00 1,563 2478
9323 Cratesd Mazegoli VitigatMapage U 13 Hag 14400  Edzaws River {Kimondi River) 80t 1,591 2392
931 Shamakkokho Kaimosi - 130 1FE 1,300 Galaggli ivee 168 1R . 498
M3 West lukha Khayepa U m 188 1400 Yalariver 158 17 E1i)
9354 Kskumepa Munkipality  Kakamegn U 132 1EH 187500 Isiukhu River, Makulusi Dom 7,884 18,548 30259
W82 Cenod Manama Busrs g 133 PEG 1400 VinoiRiver k11 758 1021
9344 Ceotral Wanga Mumis U 134 DD 75900  Nzoia River 3,886 7923 11,814
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v Fig.

Water Source Allocation for Rural Water Supply

Surface water
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Unit : m3/day
Water Source Dormestic Livestock Total
Surface water 695,627 248,489 944,116
Borchole 144,530 133,675 278,205
Shallow well 162,142 151,320 313,462
Raaof catch 43,876 0 43,876
Small dam 34,977 14,404 49,381
Subsurface dam 2,171 3413 5,644
Sand dam 1,917 4256 6,173
Rock catch 2,147 0 2,147
Existing pipeling 72,333 ‘3,114 75,447
Total 1,159,720 558,731 1,718,451
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4.2 Sewerage Development

In conjunction with the provision or addition of water supply systems, urban centres
will have sewerage systems which should be selected according to the practical facilities
required for each centre. The following three sewage disposal alternatives by population
have been assumed for the purpose of a preliminary cost estimate:

Facilitics Assumed (%)

Population of Town Public Sewer Septic Pit
System Tank Latring
(@ Over 100,000 50 25 25
(t) Over 10,000 25 50 25
{© 10,000 - 5,000 25 25 50
Note:  Sewerage facifities are only proposed for towns having a population of more than 5,000 in
2000.

In the cost estimate, it was assumed that only the cost of public sewer facilities is to be
included as the government's undertaking and the rest would be borne by private
households.

The Stﬁdy has proposed for sewerage development projects for 158 urban centres, which
is identical to those listed for urban water supply schemes..

EX-19



4,3 Trrigation
The following schemes are proposed for imp‘nemmtafion towards the year 2010:
o) Major irrigation schemes:

Proposed are 18 pmjects (all projects having more than. 500 ha of 1rrlgated land)
having a total are of approximately 110,000.

Tablc 43 Major Irrigation Projects o be Implemented by 2010

Project Trrigation River Source of * Main Crop
- Area (ha) Basin Water ' Sl
Arror - 1,340 Kerio. Arror River MV, E
Bunyala Extension 10,480 Nzoia Nzoia River Cty, M,B, R
(Lower Nzoia) : : .
Kano Plain 25,640 Nyando Sondw/Miriudam M, R, Ct, B
Magwagwa dam .
Kanzaly 4,055 Athi Munyu dam or "M,B,Cf,R
: Ndarugu dam
Kibwezi 13,200 Athi Yaita dam M,B,Ct, V
Kimira 2,000 Awach Kabuan AwachKabuan R, M, C, B
Kunat 1,050 Tang Thanantu River  Ct,M, V., T
Lower Ewaso N'giro 10,000 Ewaso N'giro .~ Oldorko dam. ‘M,B
South .
Lower Kuja 1,900 Kuja . Kuja River ‘M,B,CL V
Lower Rupingazi 1,300 Tana Rupingazi River  Ct, T, M,V
Mwea Extension 2,900 Tana . Thiba dam R, He
Sabaki Extension 3,000 Athi Sabaki River M, B, Ct
Taita Taveta 3,780 Lomi Lumi River - M,B
Tana Delia 12,000 Tana Tana River R
Thanantu 2,520 Tana Thananta River Ct, M,T,F
Tuorkwel 600 Tokwel . Turkwel River Ct,M,B,F
Upper Nzoia - 7,550 Nzoia Mzoia River FEMV
Yala Swamp 7.540 Yala Yala River R

Remarks: M: Maize, B: Beans, V: Vegeiables, F: Fruits, R: RiCB 1z Cotion,
Cf: Coffee, T: Tobdcco, He: Horticulture .

The location of the schemes is shown in Figure 4.3.
(2} Small scale irrigation schemes
The proposed schemes include 140 projects having a total area of approximately

7000 ha. The schemes are scatter over 30 Districts. The approximate location is
shown in a water resources development map attached at the end of this report.
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4.4
4.4.1

€

2

Livestock, Wildlife, and Inland Fisheries
Livestock water development
Water sources for livestock
Water for livestock is supplied by surface ‘water, groundwater, or rainwater
harvesting. The water is provided at water source points in principle. Water

exploitation by type of source has been planned as summarized below and also
shown in Figure 4.2 presented earlier.

Table 44  Livestock Water Supply - Source Development Plan

Water Exploitation

Source Development (@day) %) No. of Facilities™
Surface water 248,489 44.5 -
Borehole 133,675 23.8° 4,582 holes
Shallow weli 151,320 27.1 27,030 holes
Small dam 14,404 2.6 688 no.
Subsurface dam 3473 0.6 527 no.
Sand dam 4,256 0.8 608 no.
Existing pipeline 3,114 - D.6 : -

Total 558,731 100.0

Remarks: * Based on a typical design assumed for each scurce development plan
- Not estimated. Subject to detail planning on each local basis.

In arid areas, some of the livestock water demand was planned to be met by a
piped point supply systern once the piped supply system is established for
domestic demand in rural areas. This demand was assumed to be 20% of the
total livestock water demand in the mid-potential area and 50% in the low-
potential area. Its facility cost is included in the construction costs for domestic
water supply schemes.

Promotion of ASAL pastoral development

To promote ASAL development, a watering point will be provided in every 25
km sguare in pastoral land which has been classified herein as bushland and
grassiand on the vegetation map. According to a rough éstimate, 560 points for
boreholes or shallow wells are proposed for the country.” For preliminary
estimate of the cost, the current study assumed, tentatively, that the installation

‘of boreholes/wells would be the watering facility.. However, this should be

supplemented by small dams or water pans once the potential site is found.

This attempt is somewhat of a controversial issue and hence requires a careful
step-wise approach as follows; (i) firstly a survey of wet season pasture
avatlability, (ii) secondly the environmental evaluation of the appropriateness -
for provision of watering points which may, in some cases, cause over-grazing,
devastating the dry land ecology, and then (iii) provision of watering points.
Taking into account that this is an experimental attempt, it is assumed that only
30% of the contemplated work would be implemented by the year 2000.
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4.4.2

(1)

@

4.4.3

wildlife watering

Water source conservation

The current study does not propose any structural measures for wildlife due,
chiefly, to the lack of relevant information. The following suggestions have been
tentatively proposed:

~ Conservation of the dry season flow of rivers in the national parks and game
reserve areas. In areas where no information of the ecological balance of
wildlife in terms of water is defined, water transfer from the rivers upstream
of the parks and reserve areas should not be introduced in principle.

- Rehabilitation of existing watering facilities.

Future Development

Of the 31 national parks and game reserves for which data are available, 13 of
them have some manmade facilities such as waterholes, boreholes, or dams for
wildlife. A further 12 consider that additional water facilities should be installed
in the future. Although this study does not propose any facilities for wildlife, the
concept of watering facilities proposed for livestock (Subsection 4.4.1 above)
might be applied to wildlife animals as well. The proposed facilities would vary
by District. '

Inland fisheries (Fishpond)

The current study does not propose any structural measures for fishponds. The
fishponds consume a relatively small quantity of water compared to the total water use.
In most cases, water for fishponds is taken from sources during rainy season and flood
stage. Thus, water demand from this sector seems to have little influence on the water
balance during the dry season. '
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4.5 Hydropower

In KPC's power development plan, the following six hydropower projects are envisaged
as promising projects. They are proposed to be commissioned towards 2010. The

location of the respective schemes is indicated in Figure 4.4. .

Table 4.5 Hydropower Projects to be Implemented by 2010

Project River  Capacity(MW) Completion Year Remark
Sondu/Miriy No. 1 Sondu 60 1997 Multi purpose (rrigation)
No. 2* 20.6 1998 Additional power station
Low Grand Falis** Tana 120 2000 Single purpose ,
Oldorko Ewaso N'giro 72 2002 ‘Multi purpose (Irrigation,
. o Water supply)
Magwagwa* Sondu 120 2003 Mulli purpose (Irrigation)
Gitaru #3 (Extension) Tana 72.5 2003 . Single purpose
Mutonga ** Tana 60 2005 Single purpose
Tota! 525.1

Remark: * Evaluated to be feasible in the recent feasibility study. _
** High Grand Falls project is considered as the aliernative, which should be examined further

4.6 River and Floed Control Works
(1) Flood control project

Presented in Table 4.6 are five projects which are economically viable and will be
implemented by the target year 2010. Figure 4.5 shows their locations and affected

area by flood.

Table 4.6 Flood Control Projects to be Implemented by 2010

Design Flood - Land Use Completion

Project River (st Siage) Condition Target Year
Kano Plain Nyando 25-year “Agricuftural land 2000
Nairobi City Nairobi, etc.  25-year Urbanarea 2000
Yala Swamp Yala/Nzoia  25-year Agricultural land 2010
Kuja Rivermouth Kuja 25-year Agriculural tand 2010

Lumi Rivermouth Lumi 25-year Agricultural fand 2010

(@ Other Projects related to River Improvement

(@) Urban drainage schemes: urban drainage schemes should be introduced in 47
selected major towns (41 are District headquarters under the District structure,
and the other six are major towns having an estimated ‘population of more
than 100,000 in 2010) in succession by 2010. The towns are listed in Table 4.7,
The necessity for an other six District headquarters, recently established, will
be subject to further study depending on the growth of the towns.

(® Minor river improvement: there will arise the need for river improvement
works for the improvement of people's well-being, particularly in urban
areas, to which the appropriate budget should be applied. The schemes
should be proposed through identification of the problems in each river.
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Table 4.7

List of Proposed Urban Drainage Schemes

*1 Projected population in 2010 is more than 100,000 people.

Construction cost of drainage works above was estimated based on the following assumption.

Civil works per km2 of drainage area:

Improvement and new construction of drainage channels without concrete/masonry slope protection works.

Typel :
Type I1:

Closed channel {culvert):

Lateral (concrete pipe):

Unit Price:  Area=

1 km2 class
Arca= §km?2 class
Area =10 km?2 class

bottom width=4 m, height=2 m, slope 1:2.0

bottom width=i0 m, height= 2 m, slope 1:2.0

3m wide and 2.5 m high
0.6 m dia.

US § 8,000,600
US § 6,000,000
US § 4,000,000

EX-27

200 m long cach
200 m long each

100 m long
1,000 mlong

_ Location of Town Centre Town Estimated
Town Name — Arca Const.Cost  Remarks
: District Location Name (km2) (1000 %)
——*fd_ﬁ. - .
i Nairobi 110 Nairobi 90.00 360,000  *i
7 Kiambu 210 Kiambu 2114 Kiambu Municipality 1.62 12,920
1 Thika 210 Kiambu 214.4 Thika Municipality 1.85 14,800  *1
4 Kerugoya 220 Kirinyaga 222.3 Inoi 0.96 7,680
s Muranga 230  Murang'a 234.3 Mbiri .25 31,500
¢ OlKalou 240 Nyandarua 241.3 OlKalou 0.75 5,980
7 Nyeri 250 Nyeri -257.0 Nyeri Municipality 1.64 13,120 *1
g Kilifi 310 Kilifi 313.2 Tezo 0.62 4,940
g Malindi 310 Kilifi 3144 Malindi 0.95 7600  *1
10 Kwale 320 Kwalc 321.1 Shimba North .90 7,200
11 Lamu 330 Lamu 333.2 Lamu Town 0.88 7,000
12 Mombasa 340 Mombasa 3400 Momtbasa 11.64 46,550 *1
i3 Voi 350  Taita Tavetla 3524 Voi. 1.15 9,200
14 Wundanyi 350  Taita Taveta 353.2 Werugha 0.28 2,240
1S Hola 360 TanaRiver 363.3 Zabaki 0.93 7,400
16 Embu 410  Embu 413.7 Embu Municipality 0.95 7,600
17 Isiolo 420  Isiolo 421.1 Central 0.45 3,600
18 Kitwi 430 Kitui 4314 Changwithya 0.46 3,640
19 Machakos 440 Machakos 441.1 Muvuti 2,76 22,080 *1
20 Mitaboni 440 Machakos 441.2 Mautituni 0.20 1,600 *1
21 Marsabit 450 Marsabit 4541 Moumnain 0.11 840
22 Meru 460 Mermu 461.4  Ntma 0.34 2,700 *1
23 Garissa 510  Qarissa 519.1 Sankuri 0.80 6,400 *1
4 Mandera 520 Mandera 52}.1 Mandera’ 0.06 - 500
25 Wajir 530 - Wajir 5324 Wajir Township 0.19 1,540
2 Kiii 610 Kisii 615.0 Kisii Municipality 2.64 21,080 *1
27 Kisumu 620 Kisumu 6222 Central Kisumu 5.58 33,480
28 Siaya 630 Siaya 634.1 East Alego 0.12 960
29 Homa Bay 640  South Nyanza 641.1 Kanyada West 1.15 9,180
36 Kajiado 710 Kajiado 713.1 lidamat 1.16 9,240
31 Kericho 720 Kericho 725.5 Kericho Township 1.17 9300 *1
32 Nanyuki 730 Laikipia 731.5 Nanyuki 1.96 15,640  *i
33 Naivasha 740 - Nakuru 744.1 Naivasha 0.90 7,200 *1
34 Nakuru 740  Nakuru 749.0 Nakurg Municpality 12.95 51,800 *1
35 Narck 750 Narok 752.1 Lower Melili 0.81 6,440
35 Kitale 760 Trans Nzoia 762.3 Kitale 4.20 25,200  *1
37 Eldoret 77¢  Uasin Gishu 772.5 Eldoret Municipality 8.58 24,320 *1
38 Kabarnet 810 Baringo 812.5 Kabarnet Mosop 0.16 1,280
39 Iten 820 Elgeyo-Marakwet 8224 Kiptuilong 0.33 2,640
40  Kapsabet+Baraton 830 Nandi 832.2 Chemundu 1.64 13,120
41 Maralal 840  Samburu 841.4 Maralal Urban 079 5,600
42 Lodwar 850 Turukana 853.5 Lodwar 0.22 1,760
43 Kapenguria/Makutano 860  West Pokot 861.1 Kapenguria 0.35 2,800
44 Bungoma 910 Bungoma 912.4 Kanduyi 1.87 14,960  *1
45 Webuye 910 Bungoma 914.2 Wcbuye 0.23 1,840 *1
46 Busia 920 Busia 921.5 South Teso 0.11 900
41 Kakamega 930 Kakamega 9354 Kakamega Municipality 2.07 16,560 *1
Total cost 873,990
Notes: Town area was oblained from the maps of 1: 50,000 scale.
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o Tana river channel stabilization project: this project is proposed as a pilot
scheme for the long-term channel improvement work which would be one of
the essential programmes for the development of land and water resources in
the Lower Tana river basin, The main work components of the pilot work
will be the rectification of meandering and the protection of bank erosion.

Water Source Development Plan

Taking into account the development needs and plans of the respective sectors, the
water balance study was conducted in every river basin, for surface water, and in every
location, for groundwater. In addition, water transfer plans were proposed for water
deficit areas. As a result, the water sources development plan was summarized as
follows:

(1

2

Dam schemes for water supply, largewsca.le irrigation, and hydropower

The current study proposes 28 dam schemes which are to be implemented by the
target year 2010. Table 4.8 briefly outlines them and Figure 4.6 illustrates their
location. The proposed schemes comprise 19 dams for water supply, 2 dams for
irrigation, 2 dams for hydropower, and 5 dams for multipurpose development.

Since some dam schemes have the other alternatives, further comparative study
would be required prior to their implementation.

Groundwater for urban water supply

There are 22 urban centres, out of the total 158 centres in the country, which do
not have enough surface water sources (see Appendix 6.3 for the list of 22 urban
centres). Their water supply systems will depend, to a large extent, on
groundwater sources.

A problem foreseen is that, if the water demand is to be met orly by the ordinary
extent of safe groundwater yield (30-80 m3/day), the area required for
groundwater development would be unpractical, of the order of several ten km
in radius for the most of the towns. Therefore, the agencies concerned should
survey potential groundwater resources to find high yield aquifers, since
maximum groundwater development is necessary to meet the water

requirement. A further description of the proposed survey is given in Subsection
5.2.1(3). '

There may be a possibility that the availability of groundwater resources will not
meet the demand. Assuming this case, the Study examined a very preliminary
alternative source development plan (mostly a water transfer scheme) for some
of the towns, which is described in the Sectoral Report D.



Table 4.8  List of Proposed Dam Schemes

Prospective Site

Water Supply Irrigation Hydropower
proposed in the Study
Ttem Purpose - Remarks
No. Damsite Sub- Service Large Tiri. Hydropower
basin Urban Centre Scheme Scheme
L.Victoria Dminagé Area
1%1 (Moiben) 1BA W+*2  Eldoret/iten - - detailed design stage
2 Mukulusi 1EA W Kakamega - - smatl dam
3 Londiani 1GC W  Londiani - -
4 Kibos 1HA ¥ Kisumv/Mascno - -
5  Tare JA W Nakuru/Molo/Njoro - -
{Elburugon/Rongai
Mogotio
& *1 (Sondu/Miriu) 11G P, I - {(Kano Plain)  Sendu/Miriu  run-of-river type weir
_ detailed design stage
7 Magwagwa G P i - Kano Plain Magwagwa  multipurposc
$ . Bunyunyu 1KB W Kisii Co— -
Rift Valley Drainage Area
9 *] (Chcxﬁususu) 2ED W  Eldama Ravine ~ - detailed design stage
10 *1 (Kirandich) 2EH W Kabamet - - detailed design stage
11 Malewa 208 W Nakuro/Giigil/ - -
: Naivasha
12 . Upper Narok 2KA W Narok - .
13 - Oldorko 2KB P, 1, W Magadi Lower E.Ngiro Oldorko multipurpose
Athi River Drainage Arca
14 Upper Athi 3AA W Athi River - -
15 *1 (Ruska (Kiambaa)) 3BA W  Rural Centres - - cenires near damsiie
16 Ruim- A 3BC W Nairobi - -
17 Kikuyu 3BA W . Kikuyu - -
18 Ndarugu 3CB W,I Nairobi, Ruiry, Kanzalu - multipurpose
Kiambu
19 Yatta 3FB i - Kibwezi Ext. -
20 Rare 3LA W Malindi - - off-stream reservoir
21 Mwachi 3MB W Mombasa - -
22  Pemba 3HC W Mombasa - - run-off-river type weir
Tana River Drainage Area
23 Chania-B 4CD W,1 Nairobi " {small irri.) - muhtipurpose
24 Thiba 4DA 1 - Mwea EX1. -
25 . Mutonga 4FA P - - Mutonga
26 = Low Grand Falls 4FB P - - L. Grand Falls
Ewaso Nigro North River Drainage Area
27  Rumwmti SAA W Rumumii - - :
28 - Nyvhurury SAA W Nyuhururu - - small dam
Note: *1 shows a dam scheme in detailed design stage.

*#2 W Water supply [: Irrigation P : Hydropower
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Water sources for rural water supply and livestock water supply

Water resources development plans for rural, domestic, and livestock demands
were devised, location by location for all 976 Locations (based on 1986

“administrative units). The proposed water sources are mostly small facilities as

presented in Sections 4.1 and 4.4.
Water transfer schemes

Water transfer scheimes were examined to ascerntain whether they could be
introduced into urban areas as sources of urban water supply. Water transfer
schemes include (i) inter-basin water transfer and (ii) intra-basin water transfer.
If the scheme, particularly (i) above, exerts an unfavourable influence upon
downstream areas, sufficient environment research should be carried out before
implementation. The water transfer schemes proposed in this study are shown
in Tables 4.9 and 4.10 and Figure 4.7.
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Table 4.9 List of Inter-basin Water Transfer Schemes

No. Intra-basin Water Transfer ' Yiclkd for
Sub- Sub- D&l Remarks
Drainage  Water Source  Drainage  Demand Center Walcr .
Area Arca . (ln 3/(|3Y)
1 1BA  Moiben Dam 2CB  Tien & Tambach 2,538\
2 1EF  EdzawaRiver 1HB  Maseno 17 40N
3  1JA  Ttare Dam 2EC  Elburgon - 9,664\
2BG1  Molo ' 8,715\
2FC  Njoro 7,040
2FC  Nakuru 86,400\
4 2GB Malewa Dam 2FC  Nakuru 17,951\
5 2EH Kirandich Dam 2CB.  Kabarnet 4,147
6 2KB Qloibortoto River*  2H Magadi 2,328\
7  3AA  Kiserian Dam 3FA  Kajiado 5,37\
8 3G Second Mzima* 3LA Voi ' 5,235\
3MD2 Mombasa 25920\ .
& 3HC  Sabaki Extension* 3MD2 Mombasa 25,920\ Alternative for Mwachi Dam
3LB  Malingdi 18,005\ Alernative for Rare Dam
t0 4CA  Chania B Dam 3BA  Nairobi 65,664\
11  4CA  Komu transfer* 3CB  Ndarugu Dam 691,200\ :
12 4CA  Komu transfer* 3DA Munya Dam 691,200\ Alternative for Ndarugu Dam
13 4CB  ThikaDam System 3AA  Nairobi 224,640\
14 4DE  Masinga Dam** 4HA  Kitai 5,470\
15 4GF  TanaRiver* 3KB Lamu 5,710
16  5ED Ewaso Ngiro . 5EA  Wajir 6,235\

Note: Marked "*" means inter-basin water transfer scheme without dam.
Marked "**" means existing dam.
"Inter-basin water transfer” is defined here 10 be transfer of water {rom a river basin to another river basin,

Table4.10  List of Intra-basin Water Transfer Schemes

No. Intra-basin Water Transicr Yield for
Sub- Sub- : D&l Remarks
Drainage Water Source -Drainage Demand Center Water
Area . Area ' (m3/day)
1  IAG  SioRiver* 1AH Busia 8,928\
2 1IBA Moiben Dam 1CB Eldorct 51,000
3 1EA Mukulusi Dam 1IEB  Kakamega 27,027\
4 1GC Londiani Dam 1GC  Londiani 1,663\
5 1HA Xibos Dam I1HA Kisuomu 72,432\
6 1KB Bunyunyu Dam 1IKA  Kisii 20,153
1KB  Keroka 1,376\
7  2ED  Chemususu Dam 2EF  Eldama Ravine 5,596\
2EF  Mogotio 1,200\
8 2GB Malewa Dam 2GC  Gilgil 11,096\
2GD  Naivasha 29,336\
9 2KA Upper Narok Dam  2KA  Narok 13,248\
10 3AA  Upper Athi Dam 3AA  Athi River 11,002\
11 3BA  Kikuyw Dam IBA  Kikuyn 9,230\
12 3BA  Kiambaa Dam 3BA  Karuri 7431\
3BA Kiambu 4,200
13 3BC Ruiru A Dam 3AA  Nairobi 25,9200
14 3CB  Ndarugaz Dam 3BA  Nairobi 299,163\ o
15 3AC Munyu Dam 3BA  Nairobi 299,163\ Alternative for Ndarugu Dam
16 3DA  Athi River* 3EA  Machakos . 53,078\
17 3DA  Athi River* JEA  Kangundo 6,619\
18  3DA  AthiRiver® JEA Tata 1,872\
19  3FA  AthiRiver* IFC  Mitito Andei 2,015\
20 3MC Pemba Dam 3IMD2 Mombasa 2,592
21 3MB Mwachi Dam 3MD1 Mombasa 103,445\
22 3LLA  Rare Dam C3LB Malindi 9,768\ Altcrnative for Sabaki P/L
23 5AA  Nyahururu Dam 5AA  Nyahururu 8415\
24 5AA  Rumuruli Dam SAA  Rumuruti . 1,530

Note : Marked "*" means intra-basin water transfer scheme without dam,
"Intra-basin water transfer” is defined iere to be transfer of water from a sub-basin to other sub-basin (s)
within a river basin.
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Note :Water transfer schemes with relatively long pipeline are shown.
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4.8 Financial Requirement

The total costs of water resources development schemes are enumerated in the
following Table 4.11. These development plans have been established to meet basic
human needs for domestic/industrial water and of livestock farming and to satisfy
national economic development needs for irrigation, hydropower, and flood
control/river improvement by the target year 2010, - '

Table 4.11  Construction Costs of Water Resourcas'_ Development Schemes

_ ) Development Cost
Development Secter US§.Million. K£ Million
Equivalent Equivalent
1. Domestic/Industrial Water Supply
(a) Urban water supply (incl. industrial water) 4,949 6,236
{b) Rural water supply 2,627 3,310
Sub-total _ _ 7,576 9,546
2. Sewerage Development 705 888
3. Irrigation Devélopmém
(a) Major irrigation schemes 963 1,213
by Small irrigation schemes 10 - 13
Sub-fotal 973 1,226
4. Livestock Water Development”
(a) Source development 670 844
(b) Provision of water points in
nomadic pasturage area 85 107
Sub-total 755 951
5. Hydropower Development 1,034 1,304
6. River and Flood Control Works
(® Major flood control projects 63 L
(b) Urban dminage works 874 1,101
{© Minor river improvement °0 113
(@ Lower Tana channel stabilization - 40 50
Sub-total _ 1,067 ' 1,343
Total 12,110 15,258

Remarks:  Cost of dams and water transfer facilities is included in respective sectors
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4.9 Economic Evaluation

For the four main sectpys - water supply, irrigation, hydropower and flood control
projects - the overall economic evaluation was preliminarily conducted at a master plan
level. The res_ults are shown in the following table.

‘Table 4,12 Overall Economic Efficiency by Sector

Sector _ Internal Rate of Return (%)
(D) Water Supply Schemes o
- Urban water supply Very small*
- Rural water supply Very small*
{2) Irrigation {18 large-scale pro;ecis) - 9.6
(3) Hydropower (Five projects)** 14.1
(4) Flood Control (Five projects) ' 101
.k Average of all schemes shows a negative value. A posmve value was evaluated for 42
.urban water supply schemes.

#%  Excl. Gitaru#3 Extension

As seen in the above table, the water supply sector had a extremely low efficiency from
an economic point of view. However, this sector should be promoted from the point of
basic human needs. In time peoples willingness to pay for potable water will rise in
accordance with an increase of household income and the water supply business will be
managed independently on the basis of reasonable water charges. However, the
government must initially support these undertakings by grant or other
countermeasures.
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4.10

(1)

2

&)

Lnvironmental Conservation

Dam schemes

The construction of dam and reservoir works brings various general social and
environmental problems, however, the 28 dams proposed in Section 4.7.(1)
might not create serious influences on the social and environmental conditions
around the selected site. During the time of implementation, however, it is
important to minimize the adverse effects of the schemes as much as possible.
The potential issutes needing due attention are;

(@) Compensation for submerged lands and xesettlement of people: Magwagwa
and Ndarugu dams

(b) Submergence and deforestation in forest areas: Itare, Mukulusi, and Upper
Narok dams

(@ Water quality and sanitation problems: Oldorko, Mwachi, Pemba, and Rare
dams

{d Consideration of water utilization downstream: Oldorko and Malewa dams

Irrigation

In irrigation schemes generally, common environmental problems prevail
rather than specific problems isolated to an individual ‘scheme. Nevertheless,
specific issues needing attention in respective schemes will be;

(@) Problems for public health: _
Kano, Kanzalu, Kimira, Ewaso N'giro, Mwea, and Tana Delta schemes,
(b) Problems for water utilization in downsiream areas:
Ewaso N'giro and Turkwel schemes,
(©) Water quality problems in downstream areas:
Kano, Kimira, Kuja, and Tana Delta schemes,
{d) Influence on vegetation in ASAL areas:
Ewaso N'giro and Turkwel schemes

Of the 18 irrigation schemes, Ewaso N'giro and Turkwel schemes have noticeable
problems such as in the (b) and (d) above. Although these problems may not be
serious enough to exclude the two schemes from the proposed list, careful
consideration should be made before implementing them.

Flood control schemes

Social and environmental problems that would be brought about by the five

flood control schemes proposed in Section 4.6.(1) are considered to be relatively

insignificant, as their construction takes place in the existing river courses or, the
construction itself, is a repair of the existing river dykes. Even in the case of new
dykes, the problems should not influence the surrounding areas because there
are few inhabitants along the rivers.
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(4) Water transfer schemes
(a} General problems

Environmental problems from water transfer schemes are classified into the
following two aspects.

(i) Decreased river flow downstream from source rivers
ii) Change of the water environment (quality and quantity) in receiving
rivers and lakes from transferred water

These problems occur frequently within a closed basin. In this Study,
therefore, the following points were taken into consideration.

(i} ‘The source rivers for water transfer are restricted into rivers which have
affluent water flow and little difficulty of water shortage in downstream
areas such as Nzoia, Yala, Nyando, Sondu, and Tana rivers.

(i) Water must not be transferred from closed basins in principle, aith'ough
water from Malewa River is an exception (discussed later). This point is
quite important for rivers which are functioning as water resources for
key production areas in ASAL regions, such as Turkwel, Kerio, Ewaso
N'giro North, and Ewaso N'giro South rivers. Also, the Mara River is
added as the river has the same characteristics, though its basin is not
closed.

(iii) Water transfer into closed basins is, in some instances, necessary from
the point of view of satisfying the basic human needs in water deficit
areas. ‘The potential problem is that the transferred water may
contaminate the water catchment areas, ie., lakes and marshes, and
become a s_econdary water pol!utzon problem. However, this problem
should not always deny the introduction of a water transfer plan. On
condition that the maximum volume of transferred water is considered
in regard to the ecological balance, water transfer plans should be
carefully introduced in water shortage areas.

{b) Water transfer schem_es for closed hasin
(For example the Nakuru water transfer scheine)

The Nakuru water transfer plan (Phase II) is under planning as an urgent
scheme to solve the water shortage problem in Nakuru city. Phasel of the
scheme is not foreseen to involve any significant environmental issues,
however, the proposed Phase Il water transfer plan involves some
controversial issues, and it is 1_mperat1va to promote a countermeasure for the
environmental deterioration = problem of Lake Nakuru from transferred
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water.  The following countermeasures are proposed for env1ronmenta1
conservation of the lake:

() Total regulation of water utilization
{Non-structural measure)

~ Regulation of xegmnal development w1thm Nakum basm by
enforcing a local act.’

- Diversification of development acthtles in outlymg areas of
Nakuru basin.

~ Introduction of a special water tariff in Na_kum basin primarily to
encourage the saving of water use and secondly to procure the funds
for the structural countermeasures proposed below.

(ii) Structural measures

~  To furnish an urban sewerage system to prevent water pollution
(Improvement of the existing sewage plant is an urgent work to be
undertaken) _

- To pump treated sewerage water to ‘outlying areas of Nakuru basin
and then use the water for 1rr1gatmn (though thls is a relatively
costly proposal). -

- To divert or retain the mnoff durxng the rainy season and to transfer
it outside the Nakuru basin. For this purpose, it will be necessary to
provide diversion drainage facilitics and flood retention dams. The
water will be used for irrigation in outlying areas.

To establish these programmes, a "regional water use study" should be carried
out urgently. An important element in the proposed study is to formulate an
integrated regional development plan aimed at diversification of
development activities to the outlying areas of the Nakuru basin. The study
area shall cover three lake basins; Nakuru, Elementeita, and Naivasha.

Provisions set forth in the Ramsar Rules {(convention on wetlands of

international importance especially waterfowl habitats) is another aspect to be
taken into account in the formulation of the Lake Nakuru conservation plan.
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5. - ACTION PLAN TOWARDS YEAR 2000 and 2010
2,1 Implementation of Development Plans

5.1.1 Implementation of water master plan - proposed development
programyie

All the sc_h_emes listed in Sections 4.1 through 4.8 have to be implemented to meet the
water demand estimated in Section 2.2 and to satisfy the national water development
policy mentioned in Chapter 3. The capital investment schedule of the schemes is
enumerated in Table 5.1 assuming that the plans are implemented over 18 years from
1993 to 2010.

Table 5.1 Development Cost - Disbursement Schedule

(Unit: US$ Million, K£ Million)

1 Cumulative Disburscment Schedule
- Development Sector . Development Cost : (Period Total)
1993 1993 1993 1996 2001 2006

- : ' - L =2000 <2010 - 1995 - 2000 - 2005 - 2010
1. Domestic/industrial : US$ 3470 1,576 1,517 1,953 2,069 2,037
Water Supply KE 4372 9546 1911 2461 . 2607 - 2,567
2. Sewerage Development : US$ 420 705 242 178 128 157
' ' j &3 529 888 305 224 161 198
3. Trrigation Development 1 USS 201 973 77 124 300 472
) _ Kt 253 1,226 - 97 156 378 595
4. Livestock Water Development @ US$ 252 755 04 158 251 252
K& 318 951 118 200 316 317
5. Rydropower Development : US$ 542 1,034 99 443 492 -
. : KE 683 1,304 - 125 538 621 -
6. River and Flood : US$ 624 1,067 110 514 217 226
Controt Works - K£ 785 1,343 139 646 273 285
: C Total US$ 5509 12,110 2,138 3,370 3,457 3,144

KE 6940 157258 2695 4245 4.356 3.962

Acédrdihg'to this estimate annual investment is roughly US55690million (equivalent to
K£870 million) in the 1993-2000 period and US$660 million (equivalent to K£830
million) in the 2001-2010 period.

The'detailed'impiemet\tation programnme of the proposed development schemes is
contained in Appendix 2. :

5.1.2 'Development scenarios in accordance with availability of financial resources
(1) Estimate of a_vailablé financial resources

The table below compares the necessary capital costs estimated in the previous
" section and the projected available financial resources. The available resources
- were estimated at US$6,309 million or K£7,951 million as the accumulation until
the year 2010. The process of estimating financial sources is explained in Table
5.3, it assumes that the present budgetary resources would be increased in
proportion to the projected GDP growth.
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Table 5.2 Comparison between Reguired Development Costs and Available Financial Resources

{Unit: Million)

""" - (A) ®) BYA)
Development Sector Required Development Estimated Available
Cost . Resources (¥)
US$ Equiv, K£ Equiv. USS$ Equiv. K£ Eguiv. %
1. Domestic/Industrial 1,576 9,546 2,596 3271 343
Water Supply
2. Sewerage Development 705 888 220 278 313
3. lmigation Development 973 1,226 604 761 62.1
4. Livestock Water Development 755 951 - - -
5. Hydropower Development 1,034 1,304 2,875 3,623 278.0
6. River and Flood 1,067 1,343 14 18 1.3
Control Works . _
Total 12,110 15,258 6,309 7.951 52.1
Remask : The development costs represent the necessary costs covering only the projects proposed in

this Study, while the available resources should cover other expenditures for projects not
included in the Study. The comparison should take into account this aspeci.

Reduced budgetary scenarios

As seen in the table, the financial sources are 'extrémely insufficient in all sectors
except for hydropower. Taking this situation into account, the following two
alternative scenarios were examined:

Scenario "A™  :  Available budget to be about 50% of the total requirement
(which represents a case that the availability of funds for the water sectors
would be similar to the present level; 52% in the above table) '
Scenario "B"  :  Available budget to be about 75% of the tofal requirement
(which represents a casc that the availability of budget would be in
between those of the Futl Development Scenario (Subsection 5.1.1) and.
Alternative Scenario "A")

The capital investment costs and accomplishment rates of the respective
scenarios by the year 2010 are shown in Table 5.4. The details of the selected
projects for the respective scenarios are presented in Appendixes 3 and 4 for
Scenarios "A" and "B", respectively.

Reduced development scenario of domestic/industrial water supply schemes

A great unfavourableness noted in the domestic/industrial water supply
development programme proposed in (2) above is that the development be
restricted to a limited number of projects and badly distributed, geographically.
This would not be fair and equitable to the districts and people who would not be
benefitted. : :
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Table 5.3 Trend of Projected Public Expenditure for Development up to 2010

(Unit : K.Pound Million)

1989 1990 1995 2000 2005 2010
Itern _ Provisional 1990/ 1995/96 2000/01 2005)06 201011

U

1. GDP at 1989 Constant Prices *1 71,3305 7,762.8 10,351.5 13,832.1 16,805.0 20,435.8
(a1 Factor Cost) .

2. “Total Expend. by the National Government 3,522.7 37004 47428 6,000 74110 90122
1) Recurrent Expenditure 2.516.2 2,6538 . 3,463.4 4,520.1 54916 6,678.0
3) Development Expenditure 1,006.5 1,046.5 1,279.4 1,579.9 1,919.5 2,334.2

a) Approp_riatioris-in-Aid 5439 560.2 620.5 687.3 835.0 1,015.4
b) Net Expenditure 457.7 486.3 6589 892.0 1,084.5 1,318.8
3. Capital Expenditure 6659 6183 743.6 8152 . 990.4 1,204.4
a) Gross Fixed.Capi!a.l Formation 603.4 613.5 666.3 - 7236 879.1 1,069.0
4, Expenditure for Projects Related 2254 . 232.8 2737 3223 391.6 4762
to Water Development '
a) Bxpenditure by MOWD 75.2 78.5 96.9 119.6 145.3 176.7
b} Expend. by the Agencies Concerned 150.1 154.3 1769 202.7 246.3 299.5
5. Accumulation of Expendilure - - 1,284.0 2,795.0 4,608.9 6,813.9
for Projects Related 1o Water Development after 1992 '
a) Expenditure by MOWD ' - - 446.0 9965 16695 24876
b) Expend. by the Agencies Concerned - - 838.0 1,798.5 2,939.4 4,326.4
Equivalent in US$ (US$ Million) *2
Total Expenditure Accamulation - - 1,188.8 2,587.8 4,267.3 6,308.9
1) Expenditure by the Ministry
a) Expenditue by MOWD - . 4129 9221 1,545.8 2,303.2
b) Expend. by the Agencies Concernod - - 775.9 16652 27215 40057
2) Expenditure by Scctor*3 '
a) Water Supply - - 489.1 1,064.8 1,755.8 2,585.9
b) Sewerage ) - - 41.6 90.5 148.2 220.5
¢} Imrigation - - 113.8 2476 408.4 603.7
) Livestock . - 0.0 0.0 0.0 0.0
¢) Hydropower ; - 5417 11793 19446 28749
) Flood Control ' ' - - 2.6 5.7 9.4 13.8

Source: A1, A.13 and A.24 (Scctoral Report A)

Remuk:  *1 Refer to Table AS.1. (Sectoral Report A)
*2 Foreign cxchange rate : KSthl.6/US$ (as of December, 1989)
#3 Distribution(1) in Table A2-48 is app.licd.
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Table 5.4 Development Cost and Accomplishinent Ratés
under Reduced Budgetary Scenarios

Full Development Alternative Alternative
Dresctiption Scenario (Chapter 4} Scenarioc A Scenario B
2000 2010 2000 2010 20600 2010
Development Cost ' :
Domestic/indusirial
Water Supply:
~Us$ mittion 34710 7.576 2,081 4,330 2,606 5,685
- K£ million 4,372 9,546 2,622 5,436 3,284 7,163
Sewerage Development:
-~ US§ million 420 705 353 588 371 620
~K£ million 529 888 445 741 467 781
Trrigation Development: _ ) .
--Us$ million 201 973 201 486 200 598
~K£ million 253 1,226 253 613 252 754
Livestock Water Development: _ _
- Uss million 252 775 128 N 192 566
- K£ : million 318 951 161 475 242 713
Hydropower Development '
- Us$ miltion 542 1,034 542 1,034 542 1,034
-KE£ million 683 1,304 683 1,304 683 1,304
River/Flood Control Works: )
~Uss : million 624 1,067 235 504 462 798
-K£ million 785 1,343 296 635 582 1,005
Total
- US$ million 5509 12,110 3,540 1319 4,373 9,301
~K£ million 6,940 15,258 4,460 9,224 5,510 11,720
Achievement of Development :
Domestic/Industrial Water Supply:
{a) Urban water supply ) ) )
— No. of cities/towns 151 158 42 - 42 65 66
— No. of beneficiaries {million) R:] 13 6 io 8 13
(%) 100 100 77 71 100 100
(b Rural watey supply
— No. of beneficiaries (million) 10 28 9 i8 14 28
(%) ito 100 39 65 61 100
Sewerage Development: :
— Ne. of citiesftowns 151 158 42 42 60 65
—No. of beneficiarjes {million) 8 13 [ i 8 13
: (%) 10 - 100 -7 77 100 100
Imigation Development: : : '
(a) Large scale irrigation
- Irrigation srea . {thousand ha) 15 1t 15 58 15 81
(%) 100 100 100 52 100 75
{a) Small scale irrigation _
~— Jrrigation area (ha) 3,506 7,012 3.506 7012 3,508 7,012
(5%} 100 - 100 100 100 100 100
Livestock Water Development:
{a) Livesiock water supply
— Livestock served (milt. Lu) 3.8 11.2 1.9 56 2.9 84
(%) 100 160 50 30 75 75
(b) Water points in nomadic area :
~No. of water poinis {No) 171 559 G o O 0
{95) 100 100 0 ] 0 0
Hydropower Development
. ~ No. of water poinis {No) 2 6 2 6 2 6
(%) 100 100 100 100 100 100
River/Flood Contrel Works: '
(a) Major flood control projects : .
- No. of schemes (No) 2 5 1 2 1 3
: (%) 100 100 50 40 " 50 60
(b} Urban drainage work S : '
-~ No. of cities/towns (No) 5 46 ¢ .2 1 13
- (%) 100 160 0 4 20 28
{¢} Minor river improvement works '
. (%) 100 100 50 - 50 75 75
(&) Tmprovement of Lower Tana river ’
(%) 100 100 50 50 75 75

E%) : % 1o the case of Full Development Scenario
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An alternative solution may be to select a reduced development scenario where
each scheme is proposed at a reduced development scale, while the development
would cover as many schemes as possible. On this basis, the Study examined an
alternative case that the development meets the demand in the year 2000 and
would be effected towards the year 2010. This implies that water demand after
the year 2000 level cannot be met and rationing of water supply would be
inevitable. This criterion was applied to all schemes including the schemes for
major urban centres such as Nairobi and Mombasa.

The estimated cost and accomplishment rates for development of this
programme are summarized below. The implementation programme under this
development scenario is presented in Appendix 5.

Table 5.5 Developmeni Cost and Accdmp!i_shmem Rates of Domestic/Industrial
Water Supply under a Reduced Development Scenario

Alternative Budgetiry Scenarios

Description A :
. ' 2000 2010 2000 2010

Development Cost:
Domestic/Industrial Water Supply

— US$ million 1,904 3,837 3,032 5,788

— K£ million 2,399 4,835 3,821 7,293
Sewerage Development

- US$ million 203 407 310 563

— ‘K& . million : 256 513 390 709
Achievement of DPevelopment:

Domestic/Indusirial Water Supply
(@) Urban water supply

— No. of citiesftowns - 81 87 143 151
~ No. of beneficiaries  (million) 7 11 8 13
_ { %) - 88 88 100 160

() Rural water supply
~ No. of beneficiaries (million} 14 28 14 28
' (%) 88 88 6l 100

Sewerage Development
- .No. of cities/towns 88 88 152 158
— No. of beneficiaries  (million) 7 11 8 13
o ' S { %)Y . 88 88 100 100

Hotes: Water supply only meets the demand at year 2000 level
$.1.3  Proposais for financial procurement

It is beyond the scope of the Study to recommend which of the above development
scenarios is the best for the future conditions in Kenya. Nevertheless, the Study
recommends that all possible arrangement should be made to achieve the proposed
Master Action Plan (Full Development Plan proposed in Subsection 5.1.1) and that
Kenya Government should distribute as much of the budget as possible to the water
sector, Without financial back up, the national water development policy set forth in
Chapter 3 can not be achieved.
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The development budget will be procured from the following financial resources:

Table 5.6 Availabi!ily of Financial Resources

——

Urban  Rural  Sewerage Irrigation Livestock Hydro- River

. ' Water Water  Develop-  Develop-  Water power Fload
Financial Source Supply Supply ment ment Develop--  Develop-  Control
(Urban) miend ment Works
@ Grant
Government Subsidy o I o o o o
Extemal Donor < o o o o o -
NGO - o - o o - -
) Loan . o
Internal Lender o ol o o Y i) o
Exicrnal Lender o) - o 0 - o o
) Fand '
Revolving Fund - o - o o - -
Co-operative Society*2 - o - o o - -
Private Entity*3 o o o - o - -
Contribution of Beneficiary™ o o o - o - -
@ Others _
Voluntary Service™ o] o 0 o el e} o

Remarks:  *1  Low interest personal loans for individual connection, rainwater harvesting facilities, septic

tank, etc, : . : :

*2  1n case of an existing community or a newly organized society which is concerned in the
schenie, it could provide or procure some financial resources for capital investment.

*3 A local leading entity could provide a water supply system for the people within the
surrcunding area of the entity; ' o . _

*4  Some beneficiaries in the service area of the water supply systems could afford to contribute

_to part of capital costs of the systems, . :

*5 The labour force of beneficial people could be available (semi-)voluntarily, which might be
effective for construction works of water Sysiems. : :

- Deemed 1o be not major source, but there ray be the case of financing from these sources.

Constraint from financial resources is foreseen to be most critical in the water supply

sector. To increase the investment funds, core agencies concerned with water supply

systems such as MOWD and NWCPC should Ppositively exert themselves to propose

viable projects for facilitating the acquisition of the necessary budget. In addition, they
should strive to raise the funds by improving the cost recovery of water supply

undertakings through improvement of revenue collection and revision of water tariffs

and by reducing the government recurrent expenditure for supplementation of new

‘water undertakings. It is essential that these funds are added to the investment funds.

Other agencies such as MOLG and local authorities should ‘also exercise similar effort in

collaboration with MOWD/NWCPC. Contribution of efforts from cooperative societies
and NGOs will also be helpful to lessen the financial burden of the sector, -
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5.2
5.2.1

(n

@

Recommendation on Further Study Programmes
Further studies proposed
Study and design of the proposed individual projects

Implementation of the projects usually requires preinvestment studies and
detailed design thereof on an individual project basis. These studies/design will
be carried out for all the proposed schemes in Chapter 4. The proposed study
programmes are presented in Appendix 6.1. :

Integrated water resources development study by drainage basin (River Basin
Study)

Regional water development master plans by major drainage basin should be
formulated to utilize the water resources consistently and effectively on various
industrial fields in the basin. One of the important objectives of the river basin
study is to examine the potential of multipurpose projects through formulation
of optimum water uses and the need/possibility of major water transfer schemes
through water balance assessment of the basin. This master plan would be a
prerequisite to effectively exploit such a large quantity of water as corresponding
to 28% of the potential water resources in the country (explained in Section 2.3.1).
LBDA, KVDA, and TARDA have already formulated this kind of master plan.
The plans should be reviewed every ten years and considered as rolling plans in
pursuance of the up-to-date manner. The study is proposed for 9 river basins as
illustrated in Appendix 6.2. The leading agency in this exercise will be the river
basin development authorities, while MOWD should provide proper

_ coordinatiori in the light of its roles as river administrator (see Subsection 6.2.7

3)

@

hereinafter).
Groundwater resources study for urban water supply

Twenty two (22) urban centres in arid land have to rely on groundwater sources
for their water supply as described in Subsection 4.7.(2) , where, however, the
available groundwater resources would presumably be critical compared with the
water exploitation requirement. To find productive aquifers, an intensive
groundwater potential study is proposed for 20 urban centres as presented in
Appendix 6.3. '

District water resources study

The Water Resources Assessment and Planning (WRAP) by MOWD with
assistance of the Government of Netherlands has produced satisfactory results in
water resources development in some Districts. Entire Districts should be
covered by the same kind of programme in succession. Afterwards, this current
master plan should be reviewed and upgraded on the basis of the resulis of these
programmes. The proposed programme is illustrated in Appendix 6.4.

-
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(5) Programmes for data collection and water management

()

@

A pertinent plan is essential to develop a scheme effectively and efficiently, A

prerequisite to this is the accumulation of accurate- and proper data and

information. The same could be said for attaining proper: water management,
Although the agencies concerned have exerted themselves to do so, some

additional data and research, listed in Appendix 6. 5 would be requ:red to be

accumulated systematically in the future. :

The proposed programmes include the data collection and wmanagement
activities relevant to (i) surface water management, (ii) groundwater
management, (iii) water quality and pollution control and (iv) various
supporting measures to facilitate the development and water management
activities.

Environmental studies

Progxammes specifically proposed under thls artlcle mciude the following two
items: , -

(a) Preparation of environmental 1mpact assessment and management
guidelines : :

{(b) Regional enwronmental study for Mara river basin, Lake Jipe (mciudmg Lake
Chala), and Lake Turkana, which would not be covered by the river basin
studies proposed in (2) above.

. The .proposed study programme is presented in Appendlx 6.6.  Other

environmental issues will be examined in the river basin studies, Dx.stnct waler
resources studies, and individual project studies.

Estimate of Study Costs
The financial cost required to achieve the study programmes proposed from (1 to

{6) above, amounts to 1JS$1,225 million or K£1 543 million. . The estimated cost
is summarized by study 1tem as follows: .
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Table 5.7 Further Smd'y Programme -

Estimated Cost

Estimated Cost

Study Programme USS$ million K£ million

o Equivalent Equivalent
4)] Studles and dcmgn of individual projects 751.9 947 .4
(2) River basin study 255 321

(3) Groundwaler resources smdy

* for urban water supply schemes 51.0 64.3
(4) District water resources study 59.0 743
{5} Data collection and water management 47.0 592
{6) Environmental studies* 7.5 9.5
(7) Other miscellancous studies™ 282.6 356.1
' - Total 1,224.5 1,542.9

Note: *  Specific studies on project, river basin and District basis are not included.

#% 30% of the totn! of (1) thru (6}

It is noted that the study programmes listed in this Subsecnon cover the major
items, but presumably not all items.. There would be other miscellaneous studies
which may become necessary in the course of the proposed implementation
 programmes. Item (7) of the above table was listed to cover those expenditures. A
~ very preliminary budgetary schedule is shown in Appendix 6.7.

5.2.2 Major source development schemes for further consideration:

There are many other source development schemes other than the schemes
proposed as objectives to be implemented within the target year 2010. Further study is
proposed for verifying the viability of those other schemes.

(1) Multipurpose dam plans

The following dam schemes are prospectwe for multipurpose development in

‘the future
Table 5.8 Listof Mulupulpose Dam Schemes
: (Polenual Scheme in Future)
Project : River Basin "Objective of Remark
: o " Development* - - :
" Nyando Dam Nyando D.IPFE Also proposed in Grcatcr Rift Water
. o Transfer Plan . :
Nandi Forest Dam Yala DLP Water transfer to Kano plain irrigation
Kimwarer Dam Kerio DILP One of Kerio Valley Development Plans
Sererwa Dam Arror D1P One of Kerio Valley Development Plans
Munyu Dam - - Athi D.LP The aliernative of Ndarugu dam
High Grand FallsDam  Tana ~ D.UF The alternative of Low giand Falls and
) . ' . Mutonga Dams -
Adamson's Falls Dam Tana P.LF To contribute to downstream basin
' dévelopment of Tana River
" P.ILF ~ To contribute to downstream basin

Kor.a“D'am _ . Téma_

developraent of Tana River -

Remark: * D:Domestic water supply; Ilmgauon, P:Hydropower; F: Flood control
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2

Dams fér improvement of the hydrological regime {flow augmentation)

Dam plans to supplement and to maintain minimum flow in downstream of
in rivers might be necessary in some water deficit areas. The details of thig
situation, refer to Section 6.3.1(5), are mentioned later. The possible dams are
listed below.

Table 5.9  Dams for Improvement of the Hydrological Regime (Flow Augmcnh&hon)
(P(nentxal Schemes in the Future)

River Basin Polential Dam ' " 'Remark -

Kerio Kamukuny Dam ' Altcrnduvciy, o be developod asa subsurface dam
Athi Yaita Dam Toi improve the hydrological regime downsiream
- B of the river in addition to irrigalion purposes
Ewaso N'giro North  Kikoto Dam Irr:gdnon hydropower, and hydrological regime
Archer'sPost Dam improvemeni
(3) Potential dam schemes other than the proposed 28 schemes

@

Table 5.10 shows various dam schemes other than the 28 dam schemes'
proposed for implementation towards year 2010.- Some of the dams may be
worthy of further consideration as alternatives to the proposed 28 or for
development addltmnally

For urban water supply schemes, 19 dams were enumerated for
1mpiementat10n towards 2010. On top of those, another 19 dams are listed in
Table 5.10. These schemes shall also be subject to further study as alternative
or additional dams.

Large-scale water transfer schenies

There are several large-scale water transfer schemes which have been
proposed in previous studies (see Table 5.11). Not only do these schemes
need a huge capital investment, but they also contain socio-environmental
difficulties and/or are in trade-off conflict with beneficiaries downstream.
Thus, the 1mplementatlon of these schemes: reqmres in-depth pre-investment
studies.
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Tabte 5,10 Potential Dam Scheines as Alternative Scheme or for Additional Development (1/2)

- Prospective Site Alternative Site” Water Supply Irrigation Hydropower
proposed in the Study  Fulure Dev't Potentials
Rem - - Purpose - Remarks
Ne. Darmsite - Sub- Damsite Sub- Service Large I, Hydropower
basin - basin Urban Centre Scheme Scheme
L.Victorie Drainage Arca
1 *1 Moiben iBA W Eldoretfiten - -
2 Moi's Bridge IBE PLW - Moi's Bridge  inter-basinfiransfer
3 * Hemsted Brg. 1BD W, 1, P Great Rift W/S Upper Nzoia  Hemsted Brg.  inter-basinftransfer
4 . Kibolo ICE w - -
5 Webuye Falls 1PA P - - Webuye Falls
& Teterrii 1DB P - - Teremt rural hydro-clectricity
7 Mukulusi 1EA . W Kakamega - - small dam
8 Kimondi 1FC W,1 Great Rift W/S - - inter-basinjtransfer
9 Nandi Forest IFD  LP,W - Yala Swamp/ Nandi Porest nwliipurpose
Kano Plain
10 Mushangumbo  1FE P. - - Mushangumbo
11 Londiani 1GC W Londiani - -
12 : Nyando 1GD1 W, LF Great Rift W/S Kano Plain - inter-basin w/ransfer
13 Kibos iHA W Kisumu/Maseno - -
14 lare 1A W Nakum/Molo/Njoro - -
[Elburugon/Rongai
Mogotio
15 Timbilil 1I1C W Kericho - -
6 S . Sisei LIF W - - -
17 *1 (SonduMiiiv)  1IG ) P - (Kano Plain)  Sondw/Miric  run-of-river lype weir
) ) detailed design siage
18 Msgwagwa UG Pl - Kano Plain Magwagwa  multipurpose
19 Bunyunyu iKB _ W Kisii - - :
2 Katieno KB W - - -
2 Namba Kodero  1KC W, P - - Namba Kodero
2 Amala 1Bl W Nk - -
Rift Valley Drainage Area
23 " Kimwarer 2CB W.PI - Kinwarer Kimwarer multipurpose
24 Kipsang 2cB 4 - - -
25 Aror 2CC w - - -
26 - Sererwa - ¢ P, i, W - Arror Arror multipurpose
27 Wascges 2ce W - - -
28 ) Kamukuny 2CC W, 1 - - - flow sugment,
29 *1 (Chemususuw) . 2ED " W Eldama Ravine - - detailed design stage
30 ‘ Aram 2EE W - - - run-of-river Lype weir
31 Ratat JEE W - - -
32 *1 {Kirandich) 2EH W . Kabamet - - detailed design stage
33 Melews 2GB - W Nakun/Gilgil/ - -
Naivasha
34 UpperNaok  2KA W Narck - -
35 Oldorke 2KB P, I, W Magadi Lower B.Ngire Oldorko multipuspose
25 ' Leshota KB P,W - Co- Leshots
Athi River Drainage Area
37 Upper Athi 3AA W AthiRiver - -
38 Ruin-A 3RC W Nairobi - -
3% Kikiyu 3BA W Kikuyu - -
40  Ndarugu aca W,1 Nairobi, Ruiru, Kanzalu - mulipurpose
) ) Kiamnbu
41 Munyu 3DA W, 1, P Nairobi - Munyu multipurpose
42 Mbauni _3BA W Machskos - -
43 Kiteta 3EB - W rural - -
44 “Thwake " 3PFA LW - - -
45 Yot 3IFB - o I Kibwezi Bt ~
46 Tsavo . 3G W.  Tsavo - -
- 47 Bar-icho HD W - - -
48 Rare 3LA ) W Malindi - - off-stream reservoir
49 Mwachi 3MB "W Mombasa - -
50  Pemba 3HC W Mombasa - - run-off-river Lypc weir
e cOMtinued
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Table 5.10 Potentlal Dam Schemes as Alfernative Scheme or for Additlonal Development (2/2)

Prospective Site Altemalive Site Water Supply Irrigation Hydropower
proposed in the Study  Future Dev't Potentials
Tiem Purpose - Remarks
No. Damsile Sub-  Damsite Sub- Service Large lmi. Hydropower
basin basin Urban Cenue Scheme Scheme
Tans River Drainage Area
51 Maragua 41BE w -
52 Chanix- B 4CA W,I Nairobi (small irt.} - multipurpose
53 Ndiara 4CA W - - -
34 Thiba 4DA LW - Mwea Ext -
55  Mutenga 4FA P - - Mutonga
56 Low Grand Falls 4FB P, - - L.Grand Falls
57 High Grand Falls 4FB PW.I - - H.Grand Falle mwitipurpoce
58 Adsmson Falls  4GA PW, 1 - - Adamson Falls moltipurpose
59 Koea 4GB PRWI - - Kora stultipurposs
€ Urnaa 4HA w - - - :
61 Mutuni dHA = W - - -
62 Kitirmui 4HA . W - - s
Ewaso Nigro Noeth River Drainage Aren
63 Rumurui SAA W Rumoruti - -
&  Nyuhomuro SAA W Nyuhururo - - small dam
& Archers Post sba w,Lp - - - flow sugment.
65 Crocodile Jaw  5DC PW,I - - Crocodile Jaw flow augmenl.
Kirium 5DC P - - Kirium
&7 Kihoto SBC w, 1 - - - flow augment.
63 Nundoto SCA W Muaalal - - omali dam
59 Lag-Bor SBA W - - - *
10 Buna . 5EA W  Buna - - )
1 Habaswein 3EC W Habaswein - - R
2 Merd SEC W Mei - 2
! Moddogsshe SEA v - - 2
L) Dadab SEA W - - Oldorko ¥}
15 Kutulo-Elwak  5GA w - - Leshota 2
76 Tekaba 5GA W - - 2
77 Mandera 5GB W Manders - *
7% Neboi-Mandera  5GB w -~ - .2
9 Rham Mandera  5GB W - - *2
20 Arabic SGR W - 2
81 Fino 56B W - - 2
82 Kalatiyo S5H w - - Y
8 Muarkamarni S5H W - - 2

Note: 1 shows a dam scheme in detaited design stage.
*2 potential sites proposad by MOWD. No delailed information availabte.
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5.3

Table5.11  Large-scale Water Transler Schemes
{Potential Schemes in Future)

Project Source - Target River Objective of the Development
- _ River Basin :
Grealer Rift Water .~ Nyando  Rift Valley Domestic and industrial water and Itrigation
Transfer Plan - orNzoia  Arca {at reconnaissance survey slage)
Nzoia-Kerio/Suam  ~ Nzoia ~ Kerioand Hydropower and Irrigation
Double Water Transter Suam " {at reconnaissance survey stage)
Plan
~ Amala Diversion Amala Ewaso N'giro  Hydropower and Irrigation
Water Transfer Plan ) Souih (at 2 stage of a tentative plan)
Mbala_r_nb_alzi Diversion Tana Ewaso N'giro  Regional developmém in downstream

Watcr Transfer Plan North areas of Ewaso N'giro North River
: : o {at a concepticn stage)

Of these plans, the study on Nzoia-Kerio/Suam Double Water Transfer Plan
should precede all others in view of its relative attractiveness revealed in a
previous study.

Recommendation for Implementation of Projects

(1) Executing agencies

¢4

Implementation'pi‘ogrammes_ contained in Appendixes 2 through 6 show the
proposed executing agencies of respective projects/studies which would be most

" appropriate under the present organizational set-up. Since lhe existing

organizations are functioning well, as a whole, the study is of the opinion that
there would be no specific need to reform the present organizat'ions. However,
since there are many implementing agencies involved in the respective sectors,
proper allotment on the implementation and co-operation among them must be
contrived carefully. This point is discussed in more detail in Chapter 6.

Selection of priority projects

The major problems on implementation in the respective sectors are (a) lack of
budget; (b) lack of well-trained personnel; and (¢) lack of physical facilities such as
vehicles, equipment, etc. Among these points, the inadequacy of funds is the
most fundamental problem with regards to the executing agencies.

Since the inadéqﬁécy of funds is not a problem that can be solved in a short time,

the existing financial resources must be used in the most effective way. In other

 words; the competent agencies select the priority projects and/or the priority

puiblic affairs and implement them in that order. It would give more satisfactory

- results to implement 10 projects of two years by installment in five serial terms
-rather than to implement 50 projects for ten years in parallel.
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(3) Buildup of personnel required

The Governient aims at refofming itself into a small organization, so it should
be promoted with prudence to increase personnel required for implementation,
The Study presumes that most undertakm;_,s excluding some special . works
which would be managed by MOWD and NWCPC directly, would be handled by
positive private sectors (consultants/contractors), henceforward, reducing the
number of the agencies’ own forces. This issue would apply to every agency
concerned. - ' '

Yet, as mentioned in Section 5.1, the number of . undertakmgs will increase
drastically in the. future, so it would be a prerequisite to increase some
supervisory/ management staff for implementation. The Study examined a draft
plan of the staff reinforcement required for achieving the implementation of the
proposed development programmes, which is presented in Vol. 2 of the Main
Report.
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6. RECOMMI‘NDATION ON LEGAL AND INSTITUTIONAL ASPECTS

The general framework of Iaws and administration related to water development in
Kenya has no 51g1‘uf1cant problems on the whole, as mentioned in several references {for
example WHO research 1973).  The problems.are not in the framework of laws but on
implementation of laws and on management of water resources and use. Therefore, the
current study recommends the improvement of implementation and anagement in
these aspects; parhcularly those regarding formulation and 1mp1ementatlon of projects
proposed in this National Water Master Plan.

In view of the importance of these legal/ institutional issues, most of the descriptions in
the Main Report Volume I are quoted in this Summary Report.

6.1 Laws Related to Water
6.1.1  Issues of existing laws
(1) Water Act
- The Water Act; the supr_ef_ne law-on water, is now being revised by MOWD, The
draft version of the Act was reviewed through discussion with the Attorney
General Chamber and is now at Cabinet level. The proposed revision appears to

be reasonable, in general. This revision would improve the lmpiementatlon and
management of water issues in the future.

(2) - Tana and Athi Rivers Development Authority (TARDA) Act

In the present Act TARDA is assigned as the agency of “"advice and
coordination”. It would be revised so that TARDA functions as the
implementing agency as LBDA and KVDA are so enpowered.

(3) Wafer (Watef Undertakers) Rules

These rules should be apphed to all existing water’ undertakers mciudmg non-
gazetted water undertakers and local authority water undertakers, on a uniform

basis and without exceptions.
@ 'Lakes and vaers Act
In view of the mcreasmg need for the- plotectlon and management of river
- courses, the regulations regardmg management issues on rivers and lakes should
" be added to the Act. In this case, MOWD will be closely related to the Act,

~although the Act is: presently admmlstered by Ministry of Transport and
Commumcanon

(5 . Local Govemment Act

The Act gwes power to undertake sewerage, drainage, and water supply works to
local authonnes such as cxty commission and mun1c1pal town, urban, and
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county councils, At the same time, the authorities should take up the duties
appointed under the Water Act as water undertakers. Form this point of view,
the two Acts should keep consistency in legal power and obligation.

(6) Estab]ishment of environmental assessment and management guidelines

There are no comprehenswe environmental gmdelmes in"Kenya, other. than a
guideline included in the Environmental Management Report (NES, 1978). The
preparation of comprehensive guidelines will be prerequisite. - The guidelines
should be legistated in the future.

6.1.2 TImplementation of laws

The active and strict implementation and enforcement of the law are’ essentlal to
manage water development and use pertinently. As mentioned before, the problems
encountered arise from a low level of enforcement from the agencies concerned, so the
active and strict prosecution of their duties is recommended as the most essentlal issue.

~To prosecute eff}aentiy, the following three unpmvements are required: (i)
decentralization of implementation responsibilities, to the district offices in particular;
(ii} training of the officials in charge of implementation and enforcement; and (m) wider
use of existing powers (rather than making new regulations in vam) '

6.2  Issues Related to Planning and Implementation of Undertiakings
6.2.1 Domestic and industrial water supply
(1) Implementing agencies

The various implementation agencies are re}ated to water schemes The active
utilization of present existing institutions would basically be sufficient to
promote the future projects. In the long run, it would be better to- apportion
responsibilities between them as follows:

MOWD: It must function as a comprehenswe policy .
formulating agency with regard to water resource
development, water use, and river management of
the country, including the administration. of water
supply, sewerage, dramage, and water quahty contml

NWCPC: It must take over ma]m lmplementmg functions of
' MOWD as a practical implementing agency covering

the whole country. It also keeps the important’

function as a bulk water suppher to water

undertakers
Other Ministries and _ The respective mlmstrles and agencies should carry =
Agencies related to on development of water schemes, because they are
water supply schemes: most familiar w1th the needs of the deveiopment of
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(MOLG, MOTC, MOTW, the relevant sectors, However, éngineering aspects
MOLD, MOCSS, MOLH (planning and designing) of water schemes should

and MORDASAW) actively rely on MOWD and NWCPC.

River Basin They should facilitate water supply development
Development ' through formulation of multi- -purpose. development
Authorities schemes, where MOWD and NWCPC would be

* actively involved for coordination

* Local Authorities: Operation and maintenance of water supply systems

is the major duty for them. They should also expand
the service areas and proceed. to develop water
resources in their territories. It would be efficient for
them to rely on NWCPC regarding large-scale water
resources development, '

NGOs: ' Their efforts contribute a lot to the development of -
the water supply sector in the country, particularly in
rural areas. They should rely on MOWD for further
technical and administrative co-operation.

Operation and maintenance (O&M) of water supply works

Water supp]y systems are operated and ‘maintained presently by various
orgamzauons, such as MOWD, NWCPC, local authorities, local communities,
and NGOs, as mentioned above.  In the long run, however, O&M should
preferably be handled by local authorities representing the beneficiaries, which is
the county council in case of rural water supply schemes. Bulk water supply
should be operated and maintained by NWCPC continuously.

Improvement of cost recovery

The foﬂoWing three measures are recommended for improving the cost recovery
of the water supply works:

(i} Extension of individual connections and metering measurement
(ii) Reduction of water leakage from the piping networks, e.g. establishment of
a leakage inspection team for each major system.

~ (jii) Introduction of an ascending water tariff system
Diversification of water demands

The curreht"s_tudy ‘has: revealed that the balance between water demand and

pdtential available water will be more and more critical in many areas. The

following are particular areas which would need specific attention:-
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