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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 master plan and feasibility study on the Kisumu Water Supply and
Scwerage System in the Republic of Kenya and entrusted the study to the Japan Intemnational
Cooperation Agency (ICA).

JCA sent to Kenya a study team headed by Mr. fchiro Yokota, Nihon Suido Consultants Co,,
Ltd., and Nippon Koci Co,, Ltd., three times between July 1997 and July 1998.

The team held discussions with the officials concerned of the Government of Kenya, and
conducted ficld surveys at the study arca. After the team returned to Japan, further studics were

made and the present report was prepared.

1 hope that this report will contribute to the promotion of the project and to the enhancement
of friendly relations between our two countries.

I wish to express my sincere appreciation to the officials concemned of the Government of the

Repubtic of Kenya for their close cooperation extended to the tcam.

Scptember, 1998

Kimie Fujita
President

Japan International Cooperation Agency



September, 1998

Me. Kimio Fujita

President

Japan International Cooperation Agency
Tokye, fapan

Letter of Transmittal
Decar Sir,

We are pleased to submit this Final Report on Kisumu Water Supply and Sewcrage System of the
Republic of Kenya. This report incorporates the views and suggestions of the authoritics
concerned of the Government of Japan, inctuding your Agency. It also includes the comments
made by the Ministry of Local Authoritics, Kisumu Municipal Council and other government
agencies concemed in the Republic of Kenya during the mectings organiscd by Projoct Steering
Committee in Nairobi where the Draft Final Report was discussed.

The Final Report comprises a total of five volumes as listed below.

Volume 1: Executive Summary

Volume 2: Master Plan

Volume 3: Feasibility Study of Phasc 1 Project
Volume 4: Appendices (1)

Volume 3: Appendices (2)

This report forms Volume t and contains the Study Team’'s findings, conclusions and
recommendations derived from the Phase 1 and Phase 2 Studics.  The main objectives of the
Phase | Study was to investigate current situations, to formulate a long term master plan and to
identify priority projects, whilst that of the Phase 2 Study was to cxamine the feasibility of the

priority project which had previously been identified in Master Plan during the course of the Phase
1 Study.

We wish to take this opportunity to express our sincere gratitude to your Agency, the Ministry of
Foreign Affairs and the Ministry of Welfare of the Govemment of Japan for their valuable advice
and suggestions.  We would also like to express our deep appreciation to the relevant oftices of
the Ministry of Local Authorities, Kisumu Municipal Council and other agencics of the Republic
of Kenya for their cooperation and assistance extended (o us throughout our Study.

Very truly yours,

Ichire YOKOTA

Team Leader, Study on Kisumu
Water Supply and Sewerage Systcm
in the Republic of Kenya






The Essence of the Final Report
On
'The Study on Kisumu Water Supply and Sewerage System
In -
The Republic of Kenya

1. Background

In response to a request from the Government of the Republic of Kenya, the Government of Japan
decided to conduct a master plan and feasibility study on the Kisumu Water Supply and Sewerage
System and entrusted the study to the Japan International Coopcration Agency (HCA).

JICA sent to Kenya a study team third times between July 1997 and July 1998 The team held
discussions with the 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 final report
have been prepared.

2. Study period
21 July 1997 — 15 Avgust 1998

3. Study Area
Kisumu Municipality

4. Counterpart Agency
Ministry of Loca! Authorities & Kisumu Municipal Council

S. Conteats of the Study
Water Supply and Sewerage Master Plan (Target year : 2015 )
Feasibility Study of Phase I Project (Target year : 2005 )



6 Existing Situations

1.

(1) General

®  Water shortage and inadequate wastewater management have emanaled water bome

discases and restricled the growth of economy and employment opportunities.

{2) Management

Unstable water and sewerage charge collection

Vacancy in important posts of Waler and Sewerage Department

Lack of financial autonomy. Some part of water charge collected has been transfoerred
to the general account of the municipality. This has resulted in delayed payment to

cmployee, arrears of electric charge and chemical and undermined sound O/M.

(3} Water supply:

®

(4) Waslewater Management
® Wastewater collected and treated:

® Al existing pumping stations have not been operated.

Actual Service Area:
Actual Daily Consumption:

Capacity of Supply Amount:

Total Poputation:

Population Served:
Service Coverage:

Service Condition

Population with continuos supply:
Population with limited supply:
Population supplied by Kiosk and others:

Water Leakage (under 5 m water pressure):

Main Counter Measures

(1) Improvement of service coverage

*

40 km’
12,000 m*/day
18,000 m*/day

363,159
224,455
62 %

17,838 (8 %)

76,220 (34 %)

130,397 (58 %)
30 %

8,500 m’/day

Inclusion of high population density areas and low income houscholds with low waler

consumption rate.



®  Establishment of two kinds of supply system, namcly Municipal Water Supply System
and Sub-urban Water Supply System.

& Introduction of two different service tevels: Individual House Conncctions and

Communal Taps.

{2) Maximum use of cxisting facilitics for both water supply and sewerage system

(3) Introduction of Appropriatc Technology and Operation and Mainicnance

#®  Use of gravity flow to the maximum ¢xtent possible

®  Separation of the clear water transmission function from that of water disiribution

®  Use of Pipe Malerials which are locally available

(4) Establishment of financial autonomy

(5) Establishment of appropriatc water tarifY on the basis of people's affordability

(6} Inclusion of appropriate costs for improvement of institutional capacity, tratning programme

and reduction of unaccounted-for water

8. Master Plan and Priority Project {Phase I Project) for Municipal Water Supply and

Sewerage System

(1} Water supply system

{D Water resources:

lL.ake Victoria and Kibos/Awach river

@ Water supply and demand:

Existing | Potentiat Phase 1 Phase I
1997 1997 2005 2015
Municipal Area km’ 296.5 296.5 296.5 296.5
Service Area by Piped System | km’ 40.0 377 87.7 87.7
Total Population 3631571  363.157 526.195 869.166
Population Served 224455 | 280844 414,530 690,628
Service Coverage % 62 77 79 80
Ave, Daily Demand m’/ day 12,000 27462 41,865 72,252
Ave. Daily Supply Amount n/ day 18.000 39233 59174 96,336
Max. Daily Supply Amount m’*/ day 18000 | 43156 65.091 105,970
Capacity of Facilities | m*/ day 18,000 44,000 67.000 107.800




@ Facilitics Plan

s

Facilitics Existing Phasc | Phase 1(
1997 2003 2015
Watcr Treatment Works | Kajulu m’/ d 1,400 2800 2,800
Lake mf d 16,600 25,000 25,000
Kitwe | m/d =L __aoo] __soon
Distribution Reservoir | Kibuye m’ 6300 33300 52,300
Kanyakwar m’ - 5,000 8.000
Kogony m’ - 3,500 7.500

Total
Transmission Maing o 200- ¢ 900 , .
Conveyance Mains ¢ 150- ¢ 550 km 16.0 35.2 35.2
Bistribution mains & 150- ¢ 800 km 63.0 112.4 1399
Distribution sub-mains | 4 80-¢ 100 km 49.0 379 611
{2} Scwerage Syslem
{DSewerage Master Plan
Existing Phase | Phase 11
1997 2005 2015
Sewerage Service Area (ha) 599 1,795 3,036
Population served by Municipal Water 224,455 414,530 690,630
Supply System
| Population served by Sewerapge System 133.270 173,850
Population Coverage Ratio (%) 32 54
Wastewater Gencration (m’/day) 38.8%0 66,665
Wastewater Collection (m*/day) 8,500 23,220 55,070
Sewerage Coverapc Ratio (%) 60 83

@ Facilities Plan for Phase I Project

Rchabilitation Component
* Trunk Sewers :

* Scwage Treatment Works:

Replacement {Pipe Dia. 375 mim, Length 420 m)
* Pump Stations in the Central WTD:  Three Pump Stations (Sunsct Hotel, Kendu Lane
and Mumias Road Pump Stations)

Conventional STW and Nyalenda STW

iv




Expansion Component
+ Trunk Sewers in Central WTD:
*+ Trunk Scwers in Eastern WTD.
Branch Scwers:
Shallow sewers:
*  Pump Stations:
¢« Scwage Treatment Works:

(3) Project Cost on Phase I Project

Direct Construction Cost

Rehabilitation Component

Sub- Total

Expansion Component

Sub- Total
Tolal
Consultancy services
Contingency
Grand Tetal

(4) Financial Evatuation

Financial Internal Rate of Return (FIRR)
Base Case {Loan Project):
Sensitivity Anatysis
Cost cxceed the estimates by 20 %:
Revenue are 80 % of the base case:

Sale of waler delayed by two years:

Pipc Diameter=250~-400 mm, Length=2.6 km
Pipc Diameter=125-~1,000 mm, Length=:23 km

Pipe Diamcter=200 mm, Length=123 km
Pipe Diameter=100 mm, Length=91 km
Labour Collcge PS and Nyalenda STW PS
Conventional STW and Nyaleida STW

Unit: Thousand US$

Watcr Supply system 7,952
Sewerape System 1,388
9,340

Water Supply sysicm 40,178
Sewerage System 12,346
53,024

62,364

7,844

21,015

91,223

645%

4.98 %
395%
5.18%

Special Case (without Rehabilitation Component): 7.69%
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JICA STUDY ON KISUMLU WATER SUPALY AND SEWERAGE SYSTEM

1 INTRODUCTION

i.1 Background and Objectives

Kisumu is the third largest city in Kenya. It is the administrative center of Nyanza provinee and

Kisumu district. The city plays a strategic rote in economic links between the three East African
countries: Kenya, Uganda and Tanzania,

The city has suffered severe water shortages in recent years. There has been no expansion in
water supply capacity in the last 10 years, though the population is estimated to have grown by
more than 3% per annum. This has created scrious shorlages with the resultant water borne

discases and tack of water has constrained the growth of industry and employment opportunitics.

Recognising the situations in Kisumu, the government of Kenya has requested for Japanese
technical assistance. ln response to this request, a Japanese Preparatory Study Team was sent by
the Japan International Cooperation Agency (hereinafter ceferred to as “JICA”) which visited
Kenya from 18th to 3ist January, 1997. The objectives of the Team was to discuss the Scope of
Work for the Study on Kisumu Water Supply and Sewerage System in the Republic of Kenya.

The Team had a scries of discussions with the Kcnyan authoritics concemed- particularly the
Ministey of Local Authorities (the fonmer Ministry of Local Government, hereinafler referred to
as “MOLA™) and Kisumu Municipal Council (hercinafier referced to as “KMC”). Kenyan
authoritics and JICA agrecd on implementing amangement termed “The Scope of Work for the
Study on Kisumu Water Supply and Sewerage System in the Republic of Kenya (hereinafter
referred to as “the Scope of Work” or “S/W”Y” on January 30, 1997. JICA entrusted
implementation of the Study, based on the Scope of Works, to a consortium of Japanese
consultants (hereinafier referred to as “the JICA Study Team”) comprising Nihon Suido
Consultants Co., Ltd. as the managing company and Nippon Koei Co., Ltd.

The Study aims to prepare a Master Plan covering the requirements of Kisumu up to the year
2015. Priority projects for immediate implementalion nced to be identified. The prionity projects
are designed to meet the requirements up to the year 2005, Technology transfer to the Kenyan

counterpart personnel in the course of the Study was an important objective.

The Study was carricd out in two phases.  The first phase was completed in 1997 and the second
phase in 1993,

SUM -1



JCA STUDY ON KISUMI WATER SUPPLY AND SEWERAGE SYSTEM

The scope of work under Phase I included the following: a) collection and analysis of existing
data and information on the water supply and sewerage sector in Kenya and the Study Area; b)
understanding of existing services; ¢) preliminary ficld surveys and analysis; d) formulation of a
Master Plan; and ¢) identification of a Priority Project/s.

During Phase 1, Prionity Projects were identified and agreement was reached with the Kenyan
authorities that it should be the subject of subsequent Feasibility Study. The scope of work
under Phase Il focuses on Feasibility Study of the Prority Project which includes an
environmental impact assessment of the proposal, plans for institutional development, proposals
for implementation, cost estimates, a financial analysis of the proposed scheme, and an overall

evaluation and recommendations conceming implementation.

1.2 Composition of the Report
The Final Report consists of five volumes. They are:

Volume 1:  Executive Summary

Volume 2:  Master Plan

Volume 3:  Feasibility Study of Phase I Project
Volume 4:  Appendices (1)

Volume 5:  Appendices (2)

This Exccutive Summary presents the main conclusions and recommendations of the Study as a
whole. Volumes 2 and Volume 3 are self-contained so as to facilitate access by those concerned
with only individual parts of the overall study. Volumes 4 and 5 compile all the supporting and
back-up information with respect to Yolumes 2 and 3.

1.3 Project Management Structure

Key decisions on the overall content of works and approach of the the Study were guided by the
Steering Committee. This committee was formed by the Kenyan authorities to formulate basic
policies for the Study and to coordinate Kenyan instilutions concerned.

The government of Kenya appointed a Counterpart Team which worked with individual

members of JICA Study Team. This team included officials from MOLA and KMC and is

SUM -2
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formed to facilitate technical transfer and to assist the JICA Study Team in conducting ficld
surveys in Kenya.

Guidance to the Study Team was provided by the JICA Advisdry Commitice. This committee is
organised by JICA to extend technical advice on all aspects of the Study.

SUM-3
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SICA STUDY ON KISUMI WATER SUPPLY AND SEWERAGE SYSTEM

2 MASTER PLAN

2.1 Study Area

Kisumu District is located between the Kendu-Nyabondo Escarpment in the south and the
Nyando Escarpment in the North.  Kisumu Municipality is bordered by the Nyando Escarpment
in the North. The southwestern part consists of picdmont narrow plains bordering on the
Winham Gulf of Lake Victoria, and the castemn part falls onto the low lying Kano Plain.
Kisumu old town is located on a hill to the cast of Kisumu Bay.

Kisumu lics just south of the cquator, 35 degrees cast of Greenwich at an clevation around
1,100 MSL. Temperatures are fairly constant all year round with daily maximunms and
minimums of about 30 and 17 degrees Celsius respectively.  Annual rainfall averages 1,500 mm
and falls mainly between March and May; evaporation is high.

National census data for Kisumu shows a population of 112,613 in 1969, 158,053 in 1979, and
258,923 in 1989, indicating an incrcasing growth rate from 3.45% to 5.06%. The
administrative area of Kisumu Municipality was increased from 268.2 to 297 km2 in 1992,
bringing the rura! type area to over 80% of the total arca.  Population densitics in 1989 were
between 170-680 persons’km?2 in rural type arcas, 1,500-3,000 in urban areas, and
approximately 10,000 in the densely populated peri-urban arcas of Nyalenda A and Manyatta A
which are located on the fringe of the fairly compact old urban centre.

Information on tand use shows that industrial activity is dominated by agro-proccssing and
beverages, and has not expanded significantly in recent years,  Future expansion is expected in
the fisherics and mineral based (soapstone) industries.  Commercial growth will be linked to the
revivatl of the East African free trade economic zone as Kisumu is strategically located for trade
with Tanzania and Uganda. As the Provincial capital for Nyanza province, inslitutional land

use will continue to be considerable for administrative functions.

In the past, planned development for housing and industry/commerce has been to the north and

cast. The structure plan prepared by KMC for the year 2013 shows future development in the
north, cast and west.
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Public health information on Kisumu shows that malana is cndemic, and water bome diseases are
the most common.  Kisumu is at risk from cholera outbreaks, due to the lack of safe water, poor

drainage, and poor wastewater and solid waste disposal.

KMC is a registered Water Undertaker. For many years KMC has failed to provide adequate
basic municipal scrvices, including water and sewerage, and infrastructure facilitics have
deteriorated to such an extent that major investment is now required on rchabilitation as well as
expansion. This situation is being improved by the KLGRP at municipal lovel, but KMC has
not yet benefited financially and still relies heavily on the transfer of revenue from the WSD to
finance its other services.  Hence, despite efforts over the last few years to create an autonomous
WSD in line with nationa! policy, this has still not been achieved.

The financial situation of KMC is far from satisfactory, and as in other local authorities in Kenya,
the municipal revenue base is very weak.  The major source of income is from rates which are in
fact real estate taxes. The overall municipal rate is determined by the revenue shortfall in the
budget after all other income and expenditure has been caleulated.

Improvements have beecn made to the budgeting process, but the setting of excessive budget
provisions is still practiced. A major source of extra financing in the past was through loans by
central government, using the local government loan agency.  Loans were seldom repaid and this
agency no longer operates.

The govermment policy at present is to improve the local revenue base rather than augment this
through loans. The whole issue of the rolc of municipal councils in local service delivery and its
financing is being studied under the KLGRP.

As far as the WSD is concemned, the central government encourages local authorities to operate
these departments as viable commerciat entities with the pricing of water such that it takes into
account the ability to pay by the water users in different parts of the country. In Kisumu, the

tariff should be set to cover operation and maintenance, and capital investrent costs on a long-
fern recovery basis.

The water production and sales records produced by the department are not very useful and
require immediate improvement.  Despite this, the WSD generates substantial sevenue which is
used mainly for the councils general operations, where the main expenditure items are on health

and gencral administration.  This revenue could be substantially increased merely by improved
billing and collection.
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There are several on-going projects which directly affect Kisumu, and they have been integrated

into this study where necessary; these are: -

2.2

Urban Water and Sanitation Management (UWASAM) Project - Aid Agency; GTZ

This project is aimed at strengthening management systers, and the Kisumu WSD has
benefited from a training programme and tanf¥ study but is not in the mainstream initiative.
Kenya Local Government Reform Programme (KLGRP) - Aid Agency; World Bank
Kisumu is one of eleven partner towns for phased implementation of reforms which will
include improvements to financial, managerial and institutionat capacitics.

Lake Victoria Environmental Management Programme - Aid Agency, World Bank

The main project is to protect the lake ecosystem.

Partnership Approaches to Meeting the Needs of the Urban Poor - Aid Agency; DFID

The project objective is to address the high prierity needs of the urban poor in Kisumu.
Kenya/France Development Cooperation Task Force for Human Resource Development in
the Water Sector - Aid Agency; French Government

A Training Programme will benefit 556 WSD personnel from local authorities.

Water Sources

Six major sources of water are identified as having the potential to meet the future water

requirements of Kisumu. Key features of these sources are:

Name of Elevation of Distance to Centre of Pump Water
Water Source  Proposed Intake ~ Municipality (Kibuye)  Requirement quality
(m) km)

Lake Victoria 1,134 5 Yes Good
Kibos River 1,273 11 No Good
Awach 1,300 11 No Good
Sondu River Good
()] 1,210 55 Yes
(2) 1,460 35 No
Nyando River 1,150 21 Y¢s Poar
Yala River 1,778 22.7 (1o Kibos River) No Good

Although a promising source, Sondu was discarded as a water source carly in the Study. Water

from the downstream of SondwMiriu dam uader construction would require excessive pumping.

Part of the time all available water from Sondu  river is used by the dam, and taking water from
upstream would reduce the clectricity produced by the dam.
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Nyando is the most polluted of all rivers. Thus, the most attractive sources for Kisumu seem to be
the Kibos/Awach rivers. Detailed analysis of the flow and dependability were undertaken for
these two nivers. Evaluation of the data for thesc two rivers confirmed that with “dependablity
96% water amount” it wounld be possible to abstract 38,900 cubic meters per day from Kibos
River and 27,200 from the Awach river. This implies that the supply system on these two rivers

will operate below capacity only for two weeks a year.

2.3 Existing Water Supply and Sewerage System

Watcr supply in Kisumu may be categorised into two systems.  One is the municipal system
which is operated by KMC and covers a limited area including the central part of the town.  The
other is the rural system which consists of several small scale water supplies.

Water sources for the municipal piped water system are the Kajulu WTW which abstracts water
from the Kibos river, and the lake WTW drawing water from Lake Victoria. The waterworks
are old, Kajulu having been first constructed in 1922, ang the lake WTW in 1953. Both have
undergone rehabilitation and expansion over the years, the last being in 1980,

With the incréase in water demand the gravity fed water from Kajulu no longer reaches the main
distribution rescevoirs at Kibuye, likewise, the pumped supply from the lake is mainly fed direct
into the system,

The distribution network is also old and comprises about 112 km of pipes ranging from 80 {0 350
mm diameter.  Pipes laid before 1970 accounts for 81% of the total length.  Although laid over
a wide arca of the town, water is currently supplicd on a continuous basis only in limited arcas,
other arcas receive water intermittently, or not atall.  Water supply to a significant proportion of
the population is provided via Kiosks and vendors, using water from the piped system, private
shallow wells and ncarby rivers.  There is no effective control of the kiosks or the charges levied
which tend to disadvantage the low-income group.

Equipment necessary for the operation and maintenance of the system is inadequate. Water
quality testing equipment is insufficient even for basic operation. Routine maintenance is
lacking with leaking steel tanks, broken down pumps, and silting at the Kajulu intake serving as
examples.  Investigations into eakage revealed average losses of between 30-40%, with little
remedial action taken. A recent survey of consumer meters revealed that only 32% were in
working order, a further 32% were faulty or not registered, with the semaining 36% having been

disconnected duc to non-payment or no water available from the distnibution system.  Tap water
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quality is variable across the town and improvement is necessary to mect the drinking water
quality standards in Kenya.  Historical information on water use by category was not available,
hence water use had to be thoroughly investigated by surveys, intervicws, and analyses of the
more retiable records.  The resulting cstimates were found to be very closc to the figures given in
the Design Manual for Water Supply in Kenya.

The small-scale rural water supply systems cover several villages outside of the service area of
the municipal water supply system, and are operated by cormunities, government institutions,
and church organisations. A survey shows a mixture of sources being springs, small streams,
shallow wells, borcholes, and the lake.  Water quality is generally not suitable for drinking, and
some sources dry up during the dry scason.

The existing municipal sewerage system covers a very limited arca of the central part of Kisumu,
with the remainder having on-sile sanitation. The municipal system compriscs hwo wastewater
treatment districts (WTD’s), namely the central and eastern WTD’s.  The central WTD collecls
wastewater by gravity from the area north west of the old town, and by pumping from the low-
lying areas along the shore of Lake Victoria. The area covered is 390 ha, with 8.5 km of trunk
sewers, and treatment at the conventional sewage treatment works (STW).  All three existing
pumping stations are not operational resulting in overflows from manholes and direct discharge
into Lake Victoria. Intrusions of storm water and infiltration of ground water overloads the

STW in the rainy scason and effluent quality is below standard due to industrial wastewater
which is not pretreated.

The castern WTD collects wastewater from the south east of the old town for treatment at the
Nyalenda STW. The ar¢a covered is 214 ha, with 8.0 km of trunk sewers. Lack of adequate
water supply in the castern WTD, is mainly responsible for the STW operating at 20% of its

design capacity. Another major problem is wastewater overflows duc to collapsed or blocked
SCWeTS.

There are severa} on-site community sewage treatment systems, the main ones being septic tanks
and pit latrines.  Septic tanks arc used in low-density residential areas and some institutions,
They operate satisfactorily and the municipal health department provides an emptying service
with the one remaining vehicle. Pit latrines are commonly used in the peri-urban areas, but in
locations subject to flooding they are prone to collapse.  Another problem is the reduction of pit
volume where the ground water level is high.  Emptying of pits is problematic due to limited or
no vehicutar access, and contamination of ground water takes place seriously affecting nearby
shallow wells and boreholes. In rural areas where population densitics are low, the on-site

facilities generally function well where ground conditions are favourable.
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2.4 Planning Policies and Assumptions

This project aims to create a sustainable water supply and sewerage system. There are four key
characteristics of this system: a) benehits are realized early given the urgency of water shortage;
b) appropriate technologics are carefully selected for the project; ¢} the project includes the
necessary clements of strengthening the tocal institutional and management capability; and d} it is
designed to serve all residents of Kisumu.

The cstimates of population projections adopted in this report will accommodate rapid growth in
population of Kisumu, The projected population and its spatial distribution within Kisumu were
checked against the policies contained in the Structure Plan of Kisumu. The Structure Plan was
used as a basis of geographic distribution of the projccted population with appropriate
modifications. The modificd 1997 municipal population is estimated as 363,157, This is projected
to increasc (0 526,193 in 2005 and 869,166 in 2015. The wnplied growth rate between 1989 and
2015 is 4.77% per annum.

The municipal water supply is planned to supply areas where population density is higher than
40 personstha in 2015,  With this definition, the municipal water supply system will cover
virtually all the sub-locations classified as urban and peri-urban. It will also cover part of the
adjacent rural sub-locations, such as Konya, Chiga, Nyalunya, Kadero and Okok.  Each sub-
location is categorised into seven land usc types: residential, commercial, industrial, agricultural,
wet, hilly and airport areas.  Wet, hilly arcas and the airport is assumed to be uninhabited. The
total extent of the proposed service area is estimated to be 87.7 km’.

All of the areas remaining outside this area will be served by the rural water supply schemes.

These are grouped into five areas for planning purposes and schemes are proposed for cach.

The sccond key parameter determining the size of scrvice contained in the Master Plan is

standards. Target water consumption levels are specified on the basis of Kenya Design Manual.
These are:
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Per capita consumption: litters/day

Urban Area Pert-urban arca
Individua! connections
Righ-income 200 120
Mediom-income 120 60
Low-income 60 50
Communal taps 20 15

The target consumpticn levels designated for the peri-urban arcas were also used for the rural
arcas. The estimates of population distribution by income groups derive from the original data
collected by the Study Team.

It is estimated that in 2005 approximately 70 % (289,728) of the total population in the
municipal water supply area will be supplied through individual housc connectien with an
average consumption ratc ranging from 5¢ to 200 led. The remaining 30 % will be served by
communal taps with an average consumption rate of 15 to 20 led.  The ratio of individual house

connection supply is estimated to be 92 % in urban areas and 63 % in peri-urban and rural arcas
in 2005.

The domestic water demand estimated on the basis of these parameters is 24,873 m3/day in 2005
and 41,952 in 2015. The other major components for the total demand arc industry/commerce,
and institutions. This is estimated from the expected land use in the modificd Structure Plan. The
total demand thus estimated is:

Total Water demand in Municipal Water Supply System {(m3/day)

Year Domestic Watcr | Non-domestic Water Demand Total Water
Demand Demand

_ Institutional | Commercial | Industrial Sub-tqtal

2005 | 24873 ] 2860 5,680 3480 | 17,0207 | ‘41,893

2015 | 41952 0 | 6300 8,300 15500 | 306300 | m253

Day maximum water demand and peak hourly flow is derived from the average demand given
above. Peak hourly flow is used for the planning of distribution pumps ard pipelines while day
maximum demand determines planning of distribution rescrvoirs and clear water transmission
pumps and pipelines. For planning the water treatment works, an allowance of 3 % is added to the
day maximum water demand to compensate water losses at the works.  For water intake and raw
water transmission facilitics, another 3 to 5 % allowance for water losses is added to the
treatment capacity required.
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The sewerage system designed aims to achicve high environmental standards. The proposed

system will collect morc than 80% of wastewater generated in the Project area in 2015,

The proposed service arca is divided into three wastewater treatment districts, namely Central,
Eastern and Western Wastewater Treatment Districts (WTDs), taking topographic conditions,

locations of existing trunk sewers and sewage treatment works, future water supply service area
and future tand use plan.

Domestic wastewater gencration volumes are estimated for different domestic water consumption
rates. They are basically the same as the projected per capita consumplion rates, except that
wastewater generation from houscholds who consume 200 Icd is assumed to generate 190 led or
95 % of water consumed.

Non-domestic wastewater comprisc wastewater generated from institutional, commercial and
industrial activitics. The first two are estimated from the projected water demands multiplied by
ratios of 0.80 and 0.85 respectively. Wastewater from general industrics is assumed to be 80 %
of the projected water demand. Wastewater from large industrial users is estimated through
interviews with factories and from the results of previous studics. It is assumed that the proposed
municipal sewerage system will collect most of the non-domestic wastewater generated within the
municipal water supply system,

The consistency of the quality of outflow depends on controlling the inflow parameters. The
Study Team has, therefore, proposed standards for industrial efftuents.

The future industrial loads on treatment works bave been calculated assuming that the present day
discharges will comply with the proposed trade cffluent standards. General industrial effluents
have been estimated at having the following estimated qualities: BOD 500 mg/l; 85 600 mg/l ;
and the absence of substances which would adversely affect biological treatment processes, and
thus they are seflected in the proposed effluent standards,

The ultimate disposal location for the sewage treatment works effluent is Lake Victona. The
standards set out below for the effluents are drawn up to prevent pollution of the lake waters and
to protect public waters.

¢ Biological Oxygen Demand {BOD) Concentration -20 mg/l
e Suspended Solids (SS) concentration -30 mg/l
»  Faccal Coilform concentration (pond cffluents only) -3,000 CFUNO0 m!
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2.5 Water Supply and Sewerage Master Plan

The analysis of existing conditions, requirements, conslraints and the planning policies and
assumptions formulated by the Study Team are fully reflected in the proposed Master Plan. The
Master Plan addresses key enginecring issues of the planned water and scwerage system, its
management, and financial viability of the proposed investments. Priority projects to be
implemented during the first Phase of the Mastes Plan are atso identificd on the basis of these
findings, and the criteria formulated together with the representatives of Government of Kenya.

Water Supply

The average water amount supplied in 20135 is cstimated to be 96,300 m3/day. This requircs
treatment capacity of 108,000 m3/day. The existing supply capacity in Kisumu is around 18,000
m*/d. Tt is planned to increase this by around 10,000 m*d under rehabilitation works.  This
will be followed by creating an additional capacity of around 40,000 m*d. The total supply
capacity will thus increase to around 68,000 m/d in Phase 1. This capacity is planned to be
compicted by the year 2003. Demand at the end of Master Plan period requires that an additional
capacity of 40,000 m3/day is created during the second half of the Master Plan period. This will
increase the total supply capacity to 108,000 m3/day.

The possible sources of water for two times of expansion, each by 40,000 me/day are Sondu,
Kibos/Awach and Yala rivers. The likely water sources and ali possible combinations of these
were evaluated based on costs, flexibility of facility expansion, reliabitity and control over source,

water quality, management sequirements and environmental impact.

For all alternatives, the location of new treatment works is fixed at the site of existing Kibuye
distribution reservoir. The downstream facilities including water transmission and distribution
facilities do not vary with the alternative selected. The most desirable alternative was found to be
intake through two weirs to be built on Kibos and Awach rivers during Phase 1. This is followed
by additional capacity to be built on the Lake for the Second Phase of Master Plan.

Key parameters of the proposed plan are given below. Further details of works involved in each
are given in Volume 2, Chapter 6.
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{TEM 1997 PHASE 1 |[PHASE LI
[Targel Year - 2005 2015
Total Population in the Study Arca 363,157 526,195 |869,166
Population Served 224,456 [414,530 [690,628
Service Ratio % 61.8 8.8 719.5
Service Arca Km'® 88.0 88.0 880
Water Demand Day Average n’/d 11,900% | 59,174 | 96,336
Water Treatment Works  [Kajulu m’/d 1,400 2,800 2,800
Lake m7d 16,600 25,0600 25,000
Told o0 mid’ | 18,0007 71 67,8007 107,800 ¢
Service Reservoirs Kibuyc m® 6,300 {33,300 |52,300
Kan);i;i(;;'ar : ) 15 o0
Kogon; S
i(ajulu | 1,800
Raw Water Trans. Mains  i0 200 mm - 0 900 mm 270
Treated Water Trans. Mains|o 150 mm - 0 550 mm km | 16o| 352|352
Water Distribution Mains o 150 mm-0800mm | km | 630 1124 1399
Service Mains 080 mm -0 100 mm km 49.0 379 611

In additicn to the central distribution system presented above, five sub-urban water supply areas
are proposed for the Master Plan. Two water supply options have been developed for each of
these arcas. One involves drilling a decp well around 50 m in depth and will be equipped with a
hand pump. The other option is based on introduction of submergible pump to increase the
abstraction capacity. The evaluation of these two options indicates that they have similar costs

cach may be appropriate for a different arca depending on water availability and water demand.

Implementation arrangements for these sub-urban water supply systems have been proposed.

These heavily rely on community participation in management.

Wastewater management

The proposed wastewater collection and treatment facilities differentiate  between the
requirements in high and low density arcas. The proposed wastewater plan will collect, with the
combined use of conventional sewcrage system and shallow sewers, 60 % of the total
wastewater generation in 2005, This percentage will increase to 83 % in 2015, In this context,
conventional sewerage system is assumed to collect most of non-domestic wastewater as well as
domestic wastewater from houscholds whose water consumption rates are 100 led or greater.
Shallow scwers will collect domestic wastewater from those whe consume 50 to 60 led, and those
who consume 15 to 20 led will be served with on-site sanitation facilities.
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The wastewater collection system is conceived in three parts. These are Central, Eastem, and
Western WTDs. OFf the above three wastewater treatment districts, the Centeal and Eastern
WTDs are currently existing although wastewater collection systems in these districts ar¢ not
functioning properly and require extensive improvements under Phasc 1. The Westem WD is

proposed to be installed in Phase 1l to increase the wastewater collection from 60 % after Phase |
to 83 % in 2015.

The details of rehabilitation works feguired for the three existing pumping stations are  included
in the Master Plan. Tn addition three new stations ase proposed in Kombedu, Labour College and
at Nyclanda STW.

A priotity concern for sewerage works is the tscatment system. The sewage treatment works have
been subjected to severe overloading in terms of sewage volume and loads. The quality of effluent
far exceeds the waslewater standards.  Therefore, the rchabilitation of existing facilitics is
highlighted to raisc their efficicncy and is proposed for carly implementation. The inlet, primary
sedimentation tanks, and secondary sedimentation tanks will need to be cxpanded to cope wath the
projected inflows to the plant.

A new treatment plant is proposed for Phasc Il in Otengole. Under Phase 1, sewcrage collection
and treatment facilities will be installed in a new wastewater treatment disteict called “Westen
WTD”. This district will cover most of residential areas in Kanyakwar, Korando and Kogony and
part of industrial area in Kibuye near the Kisumu Airport and Otongolo Industrial Estate.  The
Otongolo STW will be located to the west of the Kisumu Airpert and treat wastewaters to be
collccted in this newly installed wastewater treatment district.

Operation and maintenance plan

The proper functioning of the proposed facilities will depend on strict adherence to the O/M
requirements of the system. The Master Plan provides O/M guidelines for water quantity and
quality management; maintenance of cquipment; leakage reduction program; and water meter
improvement plans for the water sector. Separate O/M guidetines arc provided for sewers;
pumping stations; and sewecrage treatment works. For the last, a detailed assessment of

comparative advantages of waste stabilisation ponds vs. conventional trcatment has been
provided.

Investment requirements and financing
The total direct investment cost of alt projects covered by the Master Plan is cstimated to be
$112.4 miilion in 1997 prices. Considering the overall investment period, price and physical

contingencies are added to the estimated investment costs. Other costs are also separately
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estimated and added to derive the overall costs. This is § 164.2 million over the master plan
period. The breakdown between various components is as follows:

{Costs in Thousand dollars)

Phase I Phase 11 Total
Dircct construction costs
Water Supply system 48,476 26,735 75,211
Sewerage system 14,234 23,001 37,235
Consultancy services 7,844 6,221 14,065
Contingencies
Price contingency 11,096 3,900 19,896
Physical contingency 8,130 6,448 14,576
Administration cast £, 789 1,419 3,208
Overall total 91,596 72,624 164,193

It is assumed that forcign loans extended at favourable terms will finance 85% of the total costs.
The rest will be provided by the government of Kenya as a loan to the Kisumu Council. The
project will not be able to pay the interest during the construction phasc. Interest during that
period is capitalised. This increases the total financing requirements to $174.1 million and the
tolal foreign loan requirement to $ 148 million.

Organisation and management

The proper management of the proposed system will require major improvements in management
and staff capability of the water and sewerage department. Key institutional and legal issues
include revisions of water act and introduction of an environmental management and co-

ordination bill. A new organisation structure is proposed for the w/s department. The large
number of vacancies in key posts is a major issue.

The need for fusther staff training is acute. The type of training required and the available
facilities are noted for different tevels of staff. A large number of training programs required
already exist in various govemment depariments.

Public participation

There is a nced to strengthen the ties between the w/s department and the public. This is required
for the maintenance of the system as well as better management. Increased public participation
witl improve the system's responsiveness to public needs. Awarencss of water borne diseases and
environmental hygicne is not sufficiently developed. It is recommended the Council and the w/s
depariment should undertake new campaigns for this purpose.
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Implementation schedule and overall evaluation

The Study Team has prepared an implementation schedule that recognises the urgent needs, and
yet takes the requirements of international funding agencies. Realistically, it is expected that the
loan arrangements will be completed by the end of 1999. This will be followed by detailed design.
Actual construction will commence fate in the year 2000.

Financial and economic cvaluation show that the proposed project is viable . For the Master plan
as a whole the IRR is estimated to be 3.6%. Detailed estimates were conducted on ¢xpected
project revenues and expenditures for components covered by the feasibitity study. The IRR was
found to be even more favourable for this component. The base case IRR is 5.15 in this casc. The
estimated IRR remains positive under all likely adverse scenarios in fariffs, increascs in costs and

possible delays in project implementation.

2.6 Initial Envirenmental Examination

An Initial Environmental Examination (IEE) was carried out to identify potential impacts of the
proposed Master plan and to prepare information for the Environmental Impact Asscssment
(E1A) for the Phase I project identified in the Feasibility Study.  In order to identify the potential
impacts a checklist method was applied for 23 cnvironmental items defined by the JICA
Environmental Guidelines.

The IEE looked into the impacts during the construction stage, and the impacts by the wales
supply and sewerage components during operation.  Impacts were assessed over a wide range of
items including water rights and common rights, water pollution, lake, marsh and river, flora and
fauna, wastc disposal, groundwater and soil contamination, and offensive odor. The project is
expected to have some positive impacts on the human and social environment, for example in

economic activitics and sanitation,

As a result of the IEE, environmental items requiring further investigation were carried forward to
the EIA at feasibility study stage.
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3 FEASIBILITY STUDY OF PHASE 1 PROJECT

3.1 Feasibility Study Area

The JICA Master Plan envisages that the Feasibility Study Area, although in terms of arca is only
30% of the total municipal area of 297 km2, will accommodate approximately 80% of the total

municipat population in the year 2005 with an average population density of 47 persons/ha.

The Master Plan also envisages that the extension of the municipal water supply system to arcas
beyond this feasibility Study Area is not an cconomical solution, as the population density in
those areas is estimated to remain very low in the future. For this reason the Master Plan
recommended that those rural arcas be provided with rural water supply schemes based on local

groundwater, which will be comptetely scparate from the municipal water supply system.

32 Population, Water Demand and Wastewater Generation

The municipal population of Kisumu was projected up to the year 2015, using the last three
population census and various other refated reports.  The total municipal population in 1997
was estimated to be 363,157, increasing to 526,195 by the feasibility target year of 2005, at an
average growth rate of 4.74 %.  The population in the feasibility study area was estimated at
414,531 (79% of total population) with onty a few of the less denscly populated rural type areas
being excluded from Phase |

With a poticy of “some for all rather than more for some,” 100% of the study arca is to be
supplied with water.  70% of households will be supplied via individual connections, whilst the
remaining 30% will purchase water from common taps grouped into kiosks. WNon-domestic
water supply was calculated on the basis of studies of land use growth ratcs of institutions,
commerce and industry.  Total water demand was estimated to be 41,893 m3/day in 2005.

In 2005, it is estimated that almost the whole amount of water that is domestically consumed will
be generated as wastewater, and 46% of this will be collected by the municipal scwerage system.
Norn-domestic wastewater gencration is estimated to be 85% of commercial water supplicd, 36%
of institutional, and between 80 and 100% of industrial wates. Overall, 60% of the total

wastewater gencrated of 38,900m3/day in the year 2005, will be collected by the municipal
sewerage system.
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33  Water Supply Improvement Plans and Costs

The Study Team cvaluated various water sources by reviewing previous studics. At the end of
these revicws, the Study Team selected the Kibos and Awach/Nyangori Rivers (hereinafier
referred to as the “Awach River”), and Lake Victoria as the most preferable water sources for the
prionty project. Hydrological analyscs based on raw hydrologiéal data are conducted to
confirm the availability of raw water from the Kibos and Awach rivers.

The analysis of water resources concluded that 45,000 cubic meters of water could be abstracted
from these two rivers with 96% probability. The amount of water drawn from these rivers can be
further increased during the second half of Master Plan provided that dry period requirements are
partially met by abstraction from the Lake.

The present supply capacity of water is 18,000 cubic meters per day. The implementation of
rehabilitation component of the prionity projects will increasc this capacity to 27,800 cubic meters
per day. A further component of 40,000 cubic meters per day will be added through the expansion
component. The total supply capacity will increase to a total of 67,800 cubic meters per day when

the implementation of Phase 1 is completed in the year 2002. The increased capacity will be on-
strcam at the beginning of 2003,

The major components of the improvement plan are given in Figure 1. A third water treatment
plant will be added in Kibuye to the two existing ones on the Lake and Kajulu. The treatment
capacity of the existing facility on the lake will be increased from the current 16,600 to 25,000
per day and on Kajulu from 1,400 to 2,800 per day. Treated water from the lake water
treatment works will be pumped to Kibuye distribution reservoir through a new 550 mm pipeline
over a distance of approximately 5.2 km.  Treated water from the Kajulu works will gravitate to
the Kajutu distribution reservoir through a new 200 mm pipeline approximately 3.6 km in length.

‘The new water treatment works, with a capacity of 40,000 m3/day, will be constructed at Kibuye
immediately adjacent to the existing Kibuye reservoir site. Raw water for the new Kibuye WTW

will be taken from the Kibos and Awach rivers at the focations about 15 km to the north of the
water works.
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A new water intake will be constructed on the Awach river at about 1.3 km downstream of the
conflucnce where the Joprok and Kepkerer rivers meet.  Water from the new Awach intake will
gravitate through a now 400 mm stecl pipeline to a junciion well to be provided at 6 km to the
southeast. The existing intake on the Kibos river will be renovated and 35,600 m3/day of raw
water will be taken for treatment at the new Kibuye WTW.  Water from the intake will gravitate
through a new 700 mm stee! pipeline to the above junction well; will be mixed with water from
the Awach river; and will further gravitate to the Kibuye WTW through a new 900 mm raw water
transmission main over a distance of 5.9 km. Both of thesc intakes and all of the raw water
transmission pipelincs which will connect them to the new Kibuye WTW will be sized, from the

outset, to meet the raw water requirement of the Phase 11 Project, which is 85,000 m3/day.

With respect to the water distribution, the entirc municipal water supply system arca will be
divided into four scparate distribution zones, i.e. Kibuye, Kanyakwar, Kogony and Kajulu
Distribution Zones. 3n cach distribution zone, water will be distributed by gravity from a
distribution reservoir which will be located within the zone.

The Kibuye Distiibution Reservoir is expected to play a key role.  The reservoir will receive
treated water both from the Lake WTW and from the new Kibuye WTW. Tt will be tocated on a
hill at an elevation of 1,190 m. This provides enough hydraulic head for water from the reservoir
to gravitale to the entirc Kibuye Distribution Zone. Water from the reservotr will be also

pumped to Kanyakwar and Kogony Distribution reservoirs.  From these, water will gravitate to
the respective distribution zones.

The fourth distribution reservoir, i.c. the Kajulu Distribution reservoir will be censtrucied in the
Okok sub-tocation at an elevation of 1,220 m.  This reservoir will receive treated water from the

Kajula WT'W by gravity and further distribute it to the Kajulu Distribution Zone by gravity.

The estimated population of each zone in 2005 and the projected waler consumption is given
below.

Day Ave. Day Max.
Distribution Zone | Population Domestic | Non-domestic Total
Kibuye 331,632 19,742 14,271 34,013 52,846
Kanyakwar 33,011 2,819 1,321 4,140 6,432
Kogony 34,762 1,612 1,275 2,887 4,485
Kajulu 15,128 702 153 855 1,329
Total - . | 414,533 | 24875 | 17,020 1 41895 | 65092
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The Phase I also includcs substantial expansion in the distribution system to provide service to the

houscholds currently not connccted to the system. This includes installation of 49 km of trunk

distribution mains and 330 km of sccondary distribution mains.

The total direct cost of the water supply component is cstimated to be $46.5 million in constant

1997 prices. The rehabilitation component is projected to cost $7.9 million and the rest is

allocated to the expansion component.

Municipal Water Supply System - Rehabilitation Works Component

Package No.

Description of Werks Included

Construction
Base Cost (US$)

RW-51

Supply and installation of equipment for rehabilitation of
Kajulu and Lake WTWs

4,029,000

RW-Cl1

Rehabititation of Kajulu water intake and Kajulu WTW
Construction of Kajulu Distribution Reservoir (700 m3)
Construction of treated water transmission main (SP 200
mm, L=3.6 km) from Kajulu WTW to Kajuln Distbution
Resenvoir

273,000

RW-C2

Rehabititation of Lake water intake and Lake WTW
Construction of raw water {ransmission main (SP 450,
1.=1.2 kin) from Lake water intake to Lake WTW
Construction of treated water transmission main (8P 550
mm, L=5.2 km) from Lake WTW to Kibuye Distribution
Reservoir

3,650,000

" Total

7,952,000

Municipal Water Supply System - Expansion Werks Component

Package No.

Deseription of Work Included

Coustruction
Base Cost (USS)

EW-51

Supply and installation of cquipment for construction of
ncw Kibuye WTW

6,076,000

EW-C1

Cornstruction of now water intakes on Awach and Kibos
nyers

1,680,000

EW-C2

Construction of nesy raw water iransmission mains {(SP
400 to 900 mn, L=18.8 km) from new Awach and Kibos
water intakes to Kibuye WTW, including censtruction of 2
junction well

7,443,500

EW-C3

Construction of new Kibuye WTW (40,000 m3/day)
including high 1ift distribution pump station at Kibuye
W to pump treated water to Kanyakwar and Kogony
Distribution Reservoirs, waslewater disposal facilifies at
Nyalenda, and wastewater disposal main from Kibuye
WTW to Nyalenda (PVC 200 mm, £-=4.0 km)

5,491,000

EW-C4

Construction of new distribution reserveir at Kibuye
{27,000 m3/day)

1,440,600

EW-C5

Construction of new Kanyakwar Distribution Reservoir
{5,060 m3)

Construction of new treated walter transmission main (SP
350 mm, 1.=4.2 km) from Kibuye Distribution Reservoir to
Kanvakwar Distribution Reservoir

1,022,200
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EW-C6 e Construction of new Kogony Distribution Reservoir (3,300 1,458,600
ml)

«  Construction of now freated water transmisston main {SP
400 mm, L=6.2 km) from Kibuyc Distribution Reservoir to
Kogony Distribution Reservoir

EW-C7 «  Installation of new trunk distribution mains (PVC & SP £.913,625
160 to 800 mm, L=4% k)
EW-C8 o Installation of new sccondary distiibution mains (PVC 63 5,022,000

to 110 mm, L=330 km} including construction of 223
communal taps (water kiosks)

Total - S ' 38,571,518

34 Sewerape Improvesnent Plans and Costs

Rehabilitation of the existing system is cmphasized in the sewcrage improvement plan in Phase I
At the same time, almost the entire urban and suburban arca within the municipal boundarics is
included in the service coverage of the sewerage system. A substantial part of the water supplied
by the municipal water supply system will be collected and treated by the system,

The present coverage of sewerage services in the central WTD is quite extensive and a modest
expansion is nceded for this district. In the relatively less developed Eastemn district, in contrast,

the Project provides substantial expansion: from the existing 214 to 1,358 ha. by 2005.

The rehabilitation component under the scwerage system includes replacement of 420 meters of
trunk sewers that arc broken/collapsed in Eastem WTD. Three existing pumps in the Central
WTD which are not operative will be rehabilitated. This will prevent direct discharge of

wastewater into Lake Victoria and sewage outflows from manholes upstream of the stations.

The expansion works will replace 2.6 km of trunk sewers in Central WTD. The replacement will
provide pipes with a larger diameter in the light of expected design flow in 2015, A total of 23
km of new trunk sewers will be installed in Eastern WTD. A total of 123 km of branch sewers

will also be installed in this district. The major components of the sewerage improvement plan
are given in Figure 2.

Both the Central and Eastern WTD will be supplied with shallow sewers of 100 mm in diameter
and 91 km in total length. These will be installed within private premiscs to collect domestic
wastewater from houscholds whose water consumption rate is between 50 and 60 led. It s
estimated that a total population of 82,700 (13,785 houscholds assuming 6 persons per
household) will fall within this category.
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Figure 2
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Kisumu town and Lake Victoria arc facing major environmental problems due to scrious
problems in sewerage treatment facilitics. Consequently, detailed proposals have been developed
to rchabilitate the cxisting treatment facilities and expand their capacity. These are specificd
separately for the conventional treatment works and Nyalenda treatment works,

The total direct cost of sewerage system improvements in Phase 1 is estimated to be $14.2 million.
A small part of this will be needed for rehabilitation ($1.39 million). The expansion work is

conceived in four packages. These are:

Municipal Sewerage System

Component Construction Base
Cost
(1,000 US$)
k »  Supply and Installation of Equipment for Conventiona? 957
STW and Nyalenda STW

e Supply and Installation of Equipment for Construction
of New Labour College Pump Station and Nyalenda
STW Pump Station

1. * Installation of Trunk Sewers: 3,942
Eastern WTD (uPVC & CP 125 to 1,100 mm, L=22.7 km)
Ceniral WTD (uPVC & CP 250 to 400 mum, L=2.6 km)

II. e Installation of Branch Sewers in Eastern and Central 5,524
WTDs (uPVC 200 mm, L.=123 km)

e  Supply of shallow sewer pipes (WPVC 100 mum, L=91

km)
V. «  Expansion of Conventional STW and Nyalenda STW 2,423
¢  Construction of Labour College Pump Station and
Nyalenda STW Pump Station
Total 12,346

35 Strengthening of Institutional Capacity

Neither KMC nor the WSD presently have the institutional capacity to provide for the proper
implementation and control of the proposed rchabilitation and expansion project.  Strengthening

must take place in two separate stages.

The first stage should commence immediately, and will be entircly controlled by the Kenyan side.
The financial and management capacity of KMC must be improved by the KLGRP through its
secretariat within MOLA.  This will ensure that a stronger municipal institution is in place with
a healthier revenue base.
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The WSD must be strengthened in paratlel with recruitment of suitably quatified and experienced
staff to manage the Commercial Division, and the Operation and Maintenance Division. These
two Deputy General Managers may then make recommendations for the recruitment of other
support staff within their divisions. This capacity building within WSD will ensure that the
information from the Block Mapping programme can be used effectively to update the
information on water meters, This will lead to a reduction in the unaccounted for water in
respect of incorrect meter readings and illegal connections, and result in increased revenue.  In
addition, the suggested restoration of dircet pumping to Kibuye reservoir will make it possible to
give intermittent supplics to a much larger proportion of the distribution system, with an increase

to the number of consumers and conscquent INCICASE (N TEVEMIe.

With a stronger management feam and increased revenue, good progress may be made towards
the formation of a WSD which is truly autonomous both operationally and financially. KMC
will not suffcr any loss of revenue transfers from the WSD to the council’s general fund, and can

control the new management team through the councillors and chief officers on the Water and
Sewerage Commilles,

With a reasonably efficient and fully autonomous WSD in place, Further institutional

strengthening may then take place effectively through the provisions of the Phase 1 project.

During the design stage, two important programmes are planned to provide both physical
improvements and capacity building.  The Unaccounted for Water (UFW) Reduction
programme will provide leak detection/repair cquipment, and will develop a special task force
within th¢ WSD which will become a permancat unit to control UFW. In addition the
programme will provide 11,000 water meters to replace the cxisting meters, and form a meter
installation unit which will be nceded for the years to come as the number of installed meters will

increase dramatically, particularly during the first few years after Phase | is commissioned.

The sccond Phase | programmie is specifically aimed at institutional strengthening with respect to
management and financial control.  This Management and Institutional (M/I) improvement
programme will first assist with the formation of a Project Management Unit.  This unit will
provide for KMC’s co-ordination of the project, reporting to the Water and Sewerage Committes,
The progranune will then sct up a special management consultancy for staff recruitment as
necessary, and the drawing up of salary scales, terms and conditions of service ete. The
financial improvement programme will prepare and introduce a commercialised computer
accounting system, and supply the comphters. Assistance and advice will be given on
commercial objectives and strategic plans, including the annual budget and a 5 year corporate
plan,
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The M/ programme will conclude with the drawing up of the legal documentation for the
formation of a private company, wholly ownced by KMC, but operated as a Water and Scwerage
Company, under the Companies Act. The programme wil} follow closely the MOLA/GTZ
UWASAM methodology, and liaisc closcly with the personnel of MOLA who have been involved
with the UWASAM project.

The institutional capacity will be considerably strengthened by an intensive training programme,
during the Phase I design and construction period.  On the job (OTJ) training will take place
throughout the UFW and M/t progammes, and the construction period. Training needs for
technical staff will be asscssed during the M/ programme, and training will take place at KEWL

Overseas training for senior management may be effected by the JICA counterpart training
programme.

36 Project Implementation Schedule

Figure 3 prescnts the overall implementation of the Phase I project.  The schedule is based on the
assumption that a large portion of the cost will be financed through an international lending
agency. The JICA Feasibility Study is scheduled to be completed in late August 1998, It will
then be subjected to an appraisal by the Kenyan Government, and, if it gains the government’s

consent, an application for a financial loan will be submitted to an international lending agency.

The process of employing consultants normally takes one year if it follows the normal selection
procedures recommended by the lending agencics guidelines.  However, given the urgency of the
project, it is assumed that consultants will be selected on the basis of a direct appointment, and
that the same consultants will be appointed for both detailed design and construction supervision
on the basis of one contract.

Detailed design should take approximately one year, and the total input is estimated to be 43

man-months of expatriate engineers and 120 man-months of local engincers and draftsmen.
For the construction stage it is cstimated that the total input will comprise, 140 man-months of
expalriate engineers, 180 man-months of local engineers, and 400 man-months of local inspectors,

draftsmen and surveyors.

The total cost for both of these consultancy services is estimated at US$ 6,000,000
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In addition to the physical construction works, consultants are also required for the improvement
of the institutional and management capacity, and for the reduction of unaccounted for water.
These will take place over a two year period during the design period and through into the
construction phase. Total cost of these services including cquipment is cstimated to be
US$ 1,844,000.

The earliest possible timing for an increase in the water supply capacity, by both rchabilitation
and expansion, will be the beginning of 2003, and Phase I would meet the projected water demand
to the farget year of 2005, Figure 4 presents an overview of the projected water demand apainst

the supply capacity in terms of water treatment.
Most of the sewerage improvements in Phase I are focused on the rehabilitation of major existing

sewerage facilities to recover their original design functions.  Major extensions will be required

tater, mainty in the westem part of the municipality, and will form part of the Phase I project.
3.7 Project Costs and Financial Analysis

The direct construction cost of Phase I is estimated to be $62 million in constant 1997 prices. The
estimates of other costs are derived from these direct costs.

..... Cost Estimates m thousand dollars... ..

Rchabilitation  Expansion Total

Direct construction costs
Water supply System 7,952 40,178 48,130
Sewerage System 1,388 12,846 14,234
Sub-total 9,340 53,024 62,364
Consultancy Services 7.844

Continpencies

Pricc Contingency 11,096
Physical Contingency §,130
Administration Cost 1,739
Sub-total 21,015
Total 91,223
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Figure 4
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The project revenue is estimated basis of proposed water tariffs, expected changes in demand, and
the incremental supply capacity to be generated by the project. Excluding the sales from the
existing capacity, the project is estimated to gencrate additional revenues of around $ 11 miltion
in constant 1997 prices. Operating costs arc low by comparisons {one-third of the revenue) and
the balance will be used to service a possible loan. As is typical of infrastructure, the project is

capital intensive and has a long economic life. This is reflected in the planned financing system.

The revenue from water sales is an indispensable source of income for the Kisumu Municipatity
at present. The Council officials have agreed to a scheme whereby the income for the Council will
be confined to a part of the sales from the cxisting capacity. All of the incremental income
generated by the new project will be managed separately.

Kenya is among the “least developed™ of the developing countries. As such, it is cligible for
financing on favourable terms from the development finance sources. It is assumed that external
funds will finance 85% of the total project costs with on interest rate of 1.6% per annum, 10-year
grace period and 20-year repayment period. The rest is assumed {o be provided as a loan from the

central goverment of Kenya to the Municipal Council of Kisumu, which carries the similar loan

conditions.

The project will start to gencrate sufficient funds to pay the interest on the loan four years after
the expansion is initiated. At full development, the project will generate an opcerating surplus of

$8.5 million per annum. At its peak, the loan service requirement, for both interest and repayment
of the principal, is estimated to be $6.3 million.

38 Environmental Impact Assessment

The results of an Initial Environment Examination carricd out as part of the Master Plan
identified items of potential environmental impact of Phase I. It was assessed that potential
impacts would be caused by construction works, water abstraction from rivers, increase of

wastewater generation, and operation of sewage treatment works.

Construction works are of a temporary nature and the countermeasures proposed will be enforced
during the construction period. Countermeasures for river abstraction are proposed as the
maintenance of a flow not less than the recorded daily minimum flow in the river.  Phase Lhas a
positive impact on water pollution by wastewater generation where this is dicected to treatment
works. For the 40% of wastewater gencration treated on site, it is rccommended that the

municipality promote proper installation of such facilities, Correct operation of the sewage
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treatment works, control of industrial cfftuent, and a sludge management plan will be uscd as
counter measures to the impacts of operation of the sewage treatment works.

3.9 Project Evaluation

The basic engincering strategy of this project has been the design of a system that is appropriate
with respect to the level of skills required for construction, operation and maintenance. The
project design aims to enhance the sustainability of the municipal water supply and sewerage
system as a whole. These have requived the use of locally avaitable construction materials,
reliance on gravity distribution for water and hydraulic encegy in treatment works, and building
feservoir capacity rather than relying on pumping. Sewerage system development is based on
maximum use of the existing facilitics and minimisation of excess capacity by integrating the
system development with the water supply plans.

The proposed project is financially viable with a reasonable tevel of management. The base case
financial IRR of the project is estimated at 6.45%. The project remains financially viable under
conceivable adverse scenarios. Despite the substantial contingencics included in the cost estimates,
the impact of further cost overruns is simulated by increasing the costs by a further 20%. In this
case the IRR declines to 4.98%. Another potential risk in public utilities is the reluctance of
political initiative to adjust the tariffs in line with inflation. Reducing the projected revenue to
80% of the base case simulates the impact of this on project performance. In this case the
estimated IRR is 3.95%. The last likely risk is that the construction schedule will be delayed. This
will defay the project income while most of the investment costs may have already been incurred.
In case of a two-year delay in water revenuc while the investment costs are incurred according to
the initial schedule, the IRR will decline to 5.18%.

The basic strategy of the project is attainment of equity. The project is based on the principle of
“some for all rather than more for some”. A practical implication of this is to target the highest
possible coverage of service. Special attention has been paid to the needs of people who have very
low incomes and consume little water.  Different levels of service have been conceived for the
central distribution area with individual conncctions, water kiosks for those who can not afford

the individual connections, and a scparate system for the rural areas within the Municipal
boundaries.

The Project contains a carefully balanced package of investment not only to provide water but
also to saftly discharge the wastewater generated. This is not only criticat for the health of people
of Kisumu but it is essential for reducing the flow of poltutants into Lake Victoria.
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3.10 Conclusions and Recommendations

The Study Team has undertaken a careful review of all water sources for Kisumu to mect the
projected demand up to the end of Master Plan period.  As a result, the sources that are most
rcliable, with desirable water quality and are economically efficient to operatc have been

recommended for development.

The watcr source development, water treatment and distribution, and the sewcrage system
proposed in this feasibitity study has been subjected to carcful screcning from engineering,
financial, institutional, social, and environmental perspectives. The proposed project serves
important social objectives and is viable. Special attention has been paid to project requirements
for training, institutional development, and management changes to insurc that the project is

sustained with local resources and management.

A numbes of practical steps that should be undertaken have been identified and discussed with
Kenyan counterparts. In padicular, it was agroed that a reasonably efficient and fully
autonomous Water and Sewcrage Department {WSD) should be in place by mid 1999. To this
end, the Councit should cstabtish, and strictly adhere to, a st of rules on the financial relationship
between the WSD and the Council. Up to 40 % of the gross income of the WSD revenue
gencrated from the operations of the existing water supply and sewerage system may be
contributed to the Council’s General fund.

This should be followed by strengthening of management and financial control, with a strong
commercial orientation, by way of consultancy services and training to be provided in Phase § of
the project.
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