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PREFACE

It gives me great pleasure to introduce the District Water Development Study for lsiolo
District.

The Ministry of Water Development has the task of planning for water resources
development, both at national and district levels. Districts have been assigned a major
role in the development of the country as illustrated by the District Focus Strategy for
Rural Development Policy. Consistent with this policy the Ministry of Water Develop-
ment has put great emphasis on the studies for District Water Development Planning.

Water resources development can only be successfully undertaken if the long-term
planning reflects the balance between availability and exploitation of water. Extensive
investigations and monitoring are needed to determine the potential of the water
resources and the effects of development on long-term basis. Presently, the Districts
do not have the research capaci§ to carry out the necessary studies independently.
To overcome this situation, the Ministry of Water Development has established a Water
Resources Assessment Section that supports the Districts in carrying out these studies.
The Section is being strengthened by the Water Resources Assessment and Planning
Project.

The present study provides extensive information on the availabili§ of water resources,
the existing supply, the future water demand and the investments involved in
developing the water resources in lsiolo District. Equipped with this information the
District will be in a better position to plan its supply facilities. lt is only after the District
succeeds in explaining to the people the limitations of the natural system and the
vulnerability of the environment involving them as much as possible in the planning
and construction of their water supplies, that the difficult task of providing water to the
people will see a good end.

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

(E. K. MWON
Director of Water Development
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SUMMARY

The present report on Water Demand and Water Resources is Part 1 of three reports,
composing the lsiolo District Water Development Study. Part 1 contains the
assessment of the district water demand and the results of the water resources study
and the analysis of the compatibility of both. The objective of Part 1 is to enable an
opinion on the feasibility of water supply development, in the context of the desired
economic development and the available water resources in lsiolo District.

lsiolo District is Iocated in Eastern Province of Kenya. The District covers a total area
of 25,605 square kilometres. Most oÍ the land is flat low-lying land, especially in the
lower Ewaso Nyiro Basin, a featureless plain resulting from the weathering of the friable
tertiary sediments which compose it. The plains rise gently from the east, around
Habaswein at an altitude of about 200 m above sea level, to the Merti area at an
altitude of 300 m above sea level. To the north of the Ewaso Nyiro River, plateau
lavas Íorm low but clear escarpments above the surrounding plains.

All the land of Isiolo District is classified as low potential. lt is trustee land belonging
to the Government and administered by the lsiolo Local Authori§. Land adjudication
has not been undertaken in the District. The land area of the District is classified as
semi-arid (5o/o), as arid (30%) and as very arid (65%).

Livestock rearing is the main stay in the District. The nomadic population continuously
move their livestock around the District in search of good pastures and water.
Livestock from North Eastern Province often come to use the better grazing areas in
lsiolo.

Land use for farming activities is very limited. Some irrigation projects exist along the
Ewaso Nyiro and in Kinna. The District also has put land aside as Animal Game
Reserves.

lsiolo District is administratively divided into 4 Divisions, viz. Central, Garba Tula, Merti
and Sericho. These Divisions are further sub-divided into 11 Locations. ln total there
are 27 sub-locations.

The total population of lsiolo District in 1979 was 43,478. lt is estimated that the
population increased to about 64,000 for 1988. ln general terms lsiolo District could
be described as a rural district. The only urban centre is lsiolo Town, the District
Headquarters, with an estimated population of 15,000 people in 1988. Rural centres,
also serving as Divisional Heeadquarters are: Garba Tula (5,600), Merti (2,600),
Modogashe (6,500) and Sericho (1,300). ln addition there are about 16 small rural
centres.

The water demand was calculated using the unit water consumption rates as specified
by the MoWD. The best possible estimate of the 1990 water demand was taken as the
basis Íor the projection oÍ the water demand during the 2O-year plan period. The initial
year of the DWDP, when planned water supplies are expected to be operational, is
1995.

As much as possible data and growth rates are in accordance with the lsiolo District
Development Plan 1989-1993. However projections were not available beyond 1995.

1X



The population qrgwth.rates applied forthe period 1995 - 2015 are 5o/otor the large
centres and 4 o/o Íor the small centres and rural areas respectively. The resufiiàg
District population for 2015 amounts to about lgO,OOO peopÈ.

The total demand is divided into domestic and non-domestic demand. The domestic
demand comprises all demand from population, schools, health - facilities and others.
The non-domestic demand comprises livestock and industriat demand.

The total demand is calculated for each sub-location or deda. The domestic demand
in most sub-locationg ig in the range of 50-200 ms/day for the year 2005, ten years
after expected completion of the schemes. The urbanwater dehand at lsiolo Íown
comprises more than 507o of the total domestic demand.

The information on the water resources in the district is based on the reports of the
water Resources Assessment study in lsiolo District, made by wRAp.

The surface water availability in the district depends mainly on rainÍall which is highty
variable in time and space. Average annual rainfaltvaries fiom 1S0 mm in the easleró
and northern parts of the District to 650 mm around lsiolo Town. ln tsiolo District
rainfall occurs in two distinct seasons with peaks in April and November.

Laggas flow intermittently during the year, usually only for very short periods. The
lagga tlow can reach.large volumes, due to high iainfall intensities and'small storage
capacities of the catchments. The laggas are said to contribute about 5}o/o of the toiat
flood flow.

The main perennia! river in the District is the Ewaso Nyiro. Perennial tributaries of the
Ewaso Nyiro are the Isiolo, Ngare Ndare, Ngare Nythióg and Ngare Mara. Apart from
the data on the Ewaso Nyiro River, no other data of §ufficieni length and óontinuity
exist. The mean annual flow of the Ewaso Nyiro at Archer's Post àmounts to abor.ít
630 million ms. The low flows of the river have gradually decreased due to an increase
of water use in Laikipia District. ln 1985 and 1986 the Ewaso Nyiro dried up in a reach
of about 50 km upstream of Archer's Post.

Geologically, lsiolo District comprises three major rock units, namely: Basement
System, sedimentary and volcanic rocks. The northern area of tertiary-sedimentary
rocks (System lA, Zone 2), the volcanics area (System lB) and the óoarse alluviàl
deposits qlon-g the Ewaso Nyiro (System llB) have good groundwater potentials.
Owing to the fact that their groundwater is of good quali§, thèse systems offer good
opportunities for groundwater development. The Basement rocks otfer very poor
chances for groundwater development since in most cases EC values are abové 4,OOO
pS/cm. The remaining central and southern part of the tertiary sediments offers no
chances for groundwater development due to the occurance of highly mineralised
water.

The analysis of the water demand versus the water resources is carried out for the
domestic demand in each centre. The planning of the livestock supplies is undertaken
by the lsiolo Livestock Development Project and is therefore not dealt with in detail.

The type of water resources available at the rural centres is generally groundwater.
Permanent surface water is available only at lsiolo Town and at Kinna. Groundwater
is available at ditferent depths, but the salinity increases strongly with the depth.
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ln most centres the water resources are sutficient to cover the demand. However in
some centres the demand may not be covered, because the distance to the source is
too large (Malka Galla, Dadacha Bassa), or because the water source is insufficient
during drought periods (Modogashe). Only at Duse water resources are not available
at all.

The demand from livestock in the rura! areas of lsiolo District may be covered from
groundwater or Írom pans. Groundwater, however, is not an option everywhere
because of high salinities. ln such areas pans may be the only alternative to provide
the required water.
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1 INTRODUCTION

1.1 Purpose and Scope oÍ the Study

The District Water Development Study (DWDS) of lsiolo District is aimed at p_roviding

the basis for the District Water Develbpment Plan (DWDP), which in turn will be the

sector input to the District Development Plan (DDP).

The study was undertaken by the Ministry of Water Development in its role of
supportin! the districts in their t-ask to develop the available water resources in a safe
an'd'sustaïnable way. Two conditions will have to be fulfilled to achieve this goal.

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

- Supply of water to the community must be sustainable, meaning that the
própo-seO schemes be designed in agreement with the technical and financial
bu§port capabili§ oÍ the people for whom they will be constructed.

These conditions require a thorough assessment of the situation in the districts and a
planning that is in tune with the socio-economic, institutional and technical develop-
ments.

The DWDS can be considered the first stage in the process of Íormulating a DWDP.

The study, based on extensive assessments, describes the water resources develop-_

ment pot-ential in comparison to the projected water demand, discusses the viabili§. of
different water supply options in terms oÍ sustainabili§ and safety, and provides
estimates of the investment levels involved.

The DWDP based on the study will be more specific in that it also comprises the
decisions of the district authorities regarding selection and prioritization oÍ the water
development schemes. The plan is to cover a period of 20 years, according to MoWD
guideliires, starting from 1995 when operation of the first new schemes will supposedly
6egin. The DWDP will be an important component of the DDP which includes the
entire socio-economical planning of the district in perspective to all the available
resources. From the above it may be clear that both plans are closely linked and can
only be successfully developed in good co-ordination.

The methodology for planning of water resources development, adopted bythe luinistry
Íacilitates full pàrticipation of the district authorities, community groups and individuals
concerned in-all stages of the planning process, which is in line with the District Focus
Policy. An outline of the general approach is given in chapter 2 of this report. A
sumrirary of the main aspects of the District Focus Policy related to water development
planning is presented in Appendix 1.

ln order to provide optimal conditions for district involvement, the DWDS is carried out
in three phases. District engineers and institutions concerned with water use and
water supply are extensively consulted during the periodq of {9ta collection and
analysis.'Ín-e tinat report includes three volumes, corresponding with the three phases

of the study.
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The present report is Part 1 of the DWDS carried out for tsiolo District within the
framework of WRAP. The report contains the basic data used to calculate the water
demand for 1990 as well as the projected demands for the years 1g95 and 2015. lt
includes the analysis of these demands and the comparison with the available
resources of groundwater and surface water.

1.2 lnternational Co-operation

The District Water Development Study was undertaken under Co-operative Agreement
between the Governments of Kenya and The Netherlands.

The studies are carried out by the Water Resources Assessment Section of the Ministry
of Water Development, Nairobi, Kenya in co-operation with the TNO lnstitute of Applieó
Geoscience, Delft, The Netherlands, within the Íramework of the Water nesolices
Assessment and Planning (WRAP) project.

Consultancy services were provided by the Netherlands Economic lnstitute, Rotterdam,
The Netherlands and the lnternational lnstitute for Hydraulic and Environmentai
Engineering, Delft, The Netherlands.
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2. GENERAL APPROACH

The District Water Development Study (DWDS) is a base study for preparation of the
District Water Development Plan (DWDP). All components that constitute the DWDP

are also covered by the DWDS.

The model introduced by the WRAP project for preparation of a DWDP is shown in

figure 2.1. The DWDS follows this model in analysing the various components that
finally will lead to the formulation of the DWDP. The study includes three phases
focusing on different aspects of the planning, namely:

. the compatibilis of available water resources with water demand in the present
situation and for projected demand scenarios

. the viabilis of the technical options for water supply development based on
environmental and sustainabili§ criteria

the investments involved in the district water development and the technical,
institutional, socialand financialfactors determining the sustainability of selected
solutions

The results obtained in the subsequent phases of the DWDS are presented in Part 1,

Part2 and Part 3 of the DWDS report, which should provide the district authorities with
sufficient base information for initiating further development of the water resources in
the District. An outline of the Study is given below.

Water Demand Study (Part 1)

The water demand study comprises of analyses and projections of the water consump-
tion by allwater users in the district. The baseline data available from various sources
are often incomplete and/or inaccurate. Therefore, thorough scrutiny of the data is
needed to ensure sufficient reliability of further analysis. The data is processed using
a Database Management System that handles both the calculation of the water demand
and the projection of the baseline data.

The water demand is calculated using the procedure laid down in the Design Manual
of the Ministry of Water Development. The procedure compels to projecting the water
demand in 5, 15 and 25 years time. This, in turn, requires analysis of the growth
trends of population, livestock, agriculture, industries, tourism, etc.

It may be clear that the DWDS depends on the input from other sectors, such as
livestock and agriculture, to complete the projections in the most realistic way.

Water Resources Assessment Study (Part 1)

Water resources assessment studies are an essential component of the DWDS. The
assessment studies undertaken within the framework of the WRAP project comprise
the Íollowing:

- An inventory of available data and studies on the water resources in the District

3
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- A field survey including collection of data on surface water and groundwater,
rehabilitation of part of the existing measuring stations and installation of
temporary measuring stations. Measurements are made of the quantity and
quality of water in rivers, springs, wells and boreholes.

- A geophysical reconnaissance survey using verticalelectrical or electromagnetic
soundings and profiling, aimed at providing more insight into the hydrogeo-
logica! conditions. The results oÍ the survey are checked and calibrated by
drilling of exploratory boreholes and test pumping.

- An analysis of the geological, geophysical, hydrological and hydrogeological
maps and data, both from the inventory and from field investigations.

From all this information and after careful and systematic analysis, water availabili§
maps are prepared which show the water development potential of the area. The
water resources assessment investigations are described in a separate report and a
summary of the main conclusions on the water development potential is given in Part
1 of the DWDS report.

Comparison oÍ Water Demand and Available Resources (Part 1)

Having estimated the water demand over the next 25 years and the water resources
available in the district, a close analysis is made of the water development potentialto
decide whether the projected water demand can be met.

When comparing the demand with the resources, priorities need to be set whether a
district can best support human, livestock, agricultural or industrial development. In
this respect both quantity and quality of the water must be considered.

What emerges from this process of comparing the demand with the resources, is a
description of the development potential of the District, based on water availability.

Study oÍ Water Supply Development Options (Part 2)

From the actual and projected water demand and the capacity of existing water supply
schemes, the need Íor further development of the water supplies can be determined.

Limited water resources, contrasting interest or expected negative environmental
impact may hamper further development. However, in situations with sufficient water
available, often more than one supply option can be considered. A selection of the
best alternative must then be based on considerations of financial, technical and
environmental viabili§.

Phase 2 of the DWDS includes:

- Assessment of existing district water supply systems
- Assessment of technical options for water supply improvement
- lnventory of unit costs for water development based on existing supplies
- Preliminary identification of water supply options and cost
- Study of cost-effectiveness of water supply options

The results and conclusions are presented in Part 2 of the DWDS report. Together
with Part 1 this forms the basis for the 'District Water Development Guidelines'.
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Formulation oÍ Guidelines and Recommendations
Íor lnvestment Packages (Part 3)

The guidelines and recommendations for the development of the district water
resources result in proposals for improvement of the existing water supply situation in
the District. The proposed improvements may range from very small local supplies to
comprehensive water supply schemes. The investments required to improve the water
supply situation have been termed investment packages.

The purpose of the investment packages is to present to the Government of Kenya
and interested donors a preliminary estimate of the funds and other inputs needed Íbr
water supply development. Each investment package or a combination of them can
thus form the core of a water supply project.

WRAP has concentrated on investment packages for development of domestic
supplies, because livestock supplies are currently planned for by the lsiolo Livestock
Development Project of the Ministry of Livestock Development. The investment
packages are based on pre-feasibili§ studies of water supply development in each
rural centre of Isiolo District.

Phase 3 of the DWDS includes the following issues:

- Land use, environmental, social, institutional and economic/financial
factors to be considered

- Guidelines for assessment of water sector investment proposals
- Pre-feasibility studies of water supply to rural centres- Recommendations on required institutional strengthening for implementation

of the DWDP
- A framework Íor a proposal based on the investment packages.

The analyses, results, conclusions and recommendations arrived at are presented in
Part 3 of the DWDS report. The pre-feasibili§ studies are presented in a separate
volume accompanying the DWDS report.
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3. DESCRIPTION OF ISIOLO DISTRICT

Phvsical Features and Land Use3.1

lsiolo District is located in Eastern Province of Kenya. The District covers a total area
of 25,605 square kilometres. Most of the land is flat low-lying especially in the lower
Ewaso Nyiro Basin, which is mainly a Íeatureless plain resulting from the weathering
of the friable tertiary sediments which compose it. The plains rise gently from the east,
around Habaswein at an altitude of about 200 m above sea level, to the Merti area at
an altitude of 300 m above sea level. To the north of the Ewaso Nyiro river, plateau
lavas Íorm low but clear escarpments above the surrounding plains.

The western part of the District is an extensive poorly developed plainland, associated
particularly with the basin of the Ewaso Nyiro river, broadly corresponding with the
end-tertiary erosion bevel. This plain is lying at about 1,000 m and has levelled
extensive tracts of quite diverse metamorphic rocks. The pleistocene basalt flows
derived from the northern slopes of Mount Kenya and the Nyambeni Hills have covered
large areas of this surface, surrounding isolated inselbergs, such as Shaba Dogo.

There are only four perennial rivers in the District, these are Ewaso Nyiro, lsiolo,
Bisanadi and Kinna. The lsiolo River originating from Mount Kenya is the source of
water supply for lsiolo Town. There are also many seasonal laggas in the District.

Most part of lsiolo District is composed of sandy soil, but along the perennial rivers
and swampy areas on the slopes of Mount Kenya and Nyambeni Hills, black cotton
and red soils are found. The sandy soils hardly support any vegetation and erosion
is rampant in this kind of soil.

All the land in lsiolo District is classified as low potential and is all trustee land
belonging to the Government and administered by the lsiolo Local Authority. Land
adjudication has not been undertaken in the District. The land area of the District is
classified as semi-arid (5%), as arid (30olo) and as very arid (65010).

Livestock rearing is the main stay in the District. The nomadic population continuously
move their livestock around the District in search of good pastures and water.
Livestock from North Eastern Province often come to use the better grazing in lsiolo.

Land use for farming activities is very limited. Some irrigation projects exist along the
Ewaso Nyiro and in Kinna. The District also has put land aside as Animal Game
Reserves.

Four main seasons are identified in the district. These are the hot and dry season
Írom mid-December to mid-March; the long rains from the end of March to the end of
May; the cool and dry season from June to September and the short rains from mid
October to mid December.
Monsoon winds are present throughout the year and they attain their peak during the
months of June, July and August.

The temperatures recorded in the District are generally high throughout the year with
slight variation due to altitude. The mean annual temperature for lsiolo Town station
is 26.6"C. ln most parts of the District sunshine is abundant.

7
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Figure 3.1 Administrative Boundaries lsiolo District
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3.2 lnÍrastructure and Economy

lsiolo District is administratively divided into 4 Divisions viz:- Central, Garba Tula, Merti

and Sericho. These are Íurther sub-divided into 11 locations viz:- Central, Ol Donyo
Nyiro, West, Garba Tula, Kinna, Kulamawe, SeriCho, MOdogaShe, Merti, Malka Galla
and Bisan Biliku. ln total there are 27 sub-locations.

In generalterms lsiolo District could be described as a rural district, there existing o,nly

oné urban centre: lsiolo Town, which is the District Headquarters with a 1988

estimated population of 15,000 people. Other centres which are also Divisional
Headquartórs are: Garba Tula (5,600), Merti (2,600), Modogashe (6,500) and Sericho
(1,300).

The centres offer the rural population commercial, administrative and institutional
services. Hardly any industrial activity takes place here.

The infrastructure is poorly developed in the District, the only tarmac road is the road
link from the Meru - Nanyukijunction which covers only a small section of the District.
The total length of classified roads in 1983 was 11,406 km,64o/o are dry weather roads,
while the remaining 36% are allweather roads. The road network is poorly distributed.

Electricity is available from the national grid in lsiolo Town only.

The DDP (1989-1993) estimates the 1988 labour force a|21,791. The majority of this
labour force is engaged in the livestock sub-sector, commercial sector and informal
sector. The labour force is expected to rise to 26,973 in 1993.

The number oÍ wage earners in the major town i.e. lsiolo Town and in the whole district
is summarized in the table below.

Table 3.1 Wage Employment and Average Earnings

Estimated U69e
Erpl,oyrnent

(No)

Average
Earni ngs

Ksh/llonth

Year 198ó 1987 198ó 1987

lsioto Torn 2143 2307 1749 2580

Isioto District 3688 3708 1956 2343

sqlrce: statistical Abstract 1988

Whereas there is a slight decrease in wage employment in lsiolo town between the
years, there is a general increase in average earnings. The average earnings for the
District are higher than those of lsiolo town in 1986, this state of affairs is reversed in
1987.
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3.3 Population

The total population of lsiolo District in 1979 was 43,478. The District is estimated to
have a population of 63,931 in 1988.

Table 3.2 Population lsiolo District

Division 1979 1988

Central
Garba Tuta
l.lert i
Ser i cho

17,403
12,522
7,399
6,165

25,572
18,412
10,8ó8
9,079

Tota I 13,478 63,931

Sdrrce: DDP 1989-Í993

The population of the urban centre and some market and local centres is shown in the
table below.

Table 3.3 Population Estimates oÍ Centres

Divi sion Centre 1979 1988

Central
Central
Garba TuIa
Garba Tuta
Garba Tula
Ser i cho
Ser i cho
llert i
lilert i

I siolo
Otdo llyiro
Garba luta
Kinne
Kutamare
llodogashe
Seri cho
l,lert i
Butesa

I 1,331
1,300
3,400
I ,200

800
4,600

720
1,383

8ó0

000
000
600
500
500
500
300
600
400

15,
2,
5,
2,
1,
6,
1,
?,
1,

Source: DDP 1989-1993

!n t9Z9 the population under 14 years of age comprised 42.6o/o of the total population.
ln 1990 this is estimated àt 44.4o/o of the total population. This group constitutes a
large proportion of the population and it indicates that many education facilities are
required.

3.4 Livestock

Livestock plays a major role in the economic activity of the District. Livestock
production is carried by pastoralists on individual basis as there are no group ranches
in the District.

There has been a gradual increase in livestock figures during the period 1g84-1g87 as
shown in the table below. The gradual rise in livestock numbers since 1g85 is
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attributed to the improvement of pasture throughout the District after the 1984 drought,
atso more watering points for livestock have been constructed.

Table 3.4 Livestock PoPulation

198/ Í985 198ó 't987

Catt te
Sheep
Goats
CameIs
Dairy Cattle
Donkeys

121,150
153,427
102,922
20,978

127,210
161,622
108,068
22,082

35
7,728

135,570
1&,702
113,46
23,182

78
81,1 13

149,127
181,172
124,814
25,500

85
89,224

Source: DDP

On the whole the district has a good potential Íor livestock production. The planning
for using this potential is being developed by ILDP (Ministry of Livestock Development).

ILDP carried out three aerial surveys in 1989 of the livestock population in lsiolo. The
numbers vary according to the season, the maximum being counted in September-
October: cattle 150,000, smallstock 434,000 and camels 50,000. The numbers from
this survey were used for the demand calculation (chapter 5).

The livestock sub-sestor forms the bulk of income in the District. The table below
shows income from livestock sales: 1984-1987.

Tabte 3.5 lncome Írom Sales oÍ Livestock (1984-1987)

Year
Catt Ie Goats Camets

Io Vatue l{o value Io Va lue

1984
1985
1946
1987

17
't6
10
11

444
?94
440
125

39
43
31
40

074
993
320
050

5ó0
800
000
090

30,554
18,932
25,82'
27,579

6,599,664
1 , I 1ó,goo
ó,817,800
7,942,752

49
524
ó1r
656

823,200
1 , I o0,4oo
1,368,&0
1,93ó,800

Sorrce: DDP 1989-1993 (onty sales through LllD and lsioto Ïorn slaughter house)

tn both cases of cattle and goats, there is a drop in sales between 1984 and 1985, this
could probably be attributed to the 1984 severe drought which might have prompted
cattle öwners to sell many of their stock, thereby causing the decline in 1985 because
already most of the mature stock had either been sold or had died. Since camels are
not affected by drought so much, there has been a gradual increase in sales.

Witdlife is a very important resource for the district, as it forms a major source of
income for the Cbunty Gouncil and it provides employment. The District has 3 gazetted

Game Reserves viz-: Buffalo Springs, Shaba and Bisanadi. Buffalo Springs in

particular is a major tourist attraction.
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3.5 Aoriculture

Agriculture farming is not a very important form of activity in the District. The amount
o![ood. crop produced in the District is so low that the District is actually a net importer
of foodstuffs from the neighbouring Meru and Laikipia Districts

The only important cash crops grown (albeit on a very small scale) is cotton, but due
to irregularity of payments cotton farming has not tak-en root in thé Oistria.

There are small irrigation schemes in Malka Daka, Rapsu, Bulesa, Gafarsa and Kinna.
These have a high potential for cuttivation but only a'smal! area is cuttivated.
The. important food crops are maize, green grams, beans and bananas. crop
production in the District is mainly for subsistence.

Table 3.6 Agricultural Production i9B4 - 19Bz

Crop§
198l 1985 198ó 1987

Hectare Tonnes Hectare Tomes Hectare Tonnes Hectare Torrnes

Cotton
llai ze
Beans
CoH peas
Pigeon Peas
Green Peas
Cassava
Sr.eet Potstoes
Tmatoes
Citrus Fruits
Papars
Bananas

33.7
412.6
33.5
2.8
1.5
0.5
2.2
4.05
4.5
5 .28
3.0

47.5

32.4
590
?3.45

1.5
1.07
0.15
4.00

12.09
3ó.00
31.ó5
27.0

380

124.
689
83.
5.
3.
1.
4.
6.

10.
24.
7.

67.

5

I
65
5

4
1

7
0
75
5

1

99.6
t ó1.25
57.88
4.52
2.8
0.7

11.0
30.15
80.0

136.12
67.5

119.6

85
749.3
u.4
8.8
4.1
2.8
7.5
7.2

Í0. t9
8.25
llA

59.23

45.15
674.37
40.09
3.96
6.0
0.84

37.5
27.72

101 -9
49.5

829.5

28.4
524.9

64.5
r0.8
0.9
2.46
4.1
ó.0
3.25
,:o

68.9

16.33
524.9
58.09
6.45
0.5
0.5

16.tt
48
24
56.9

826.8

Source: DDP 1989-1993

3.6 Water Suoolv

Due to its semi-arid potential, water supply is a major constraint in the development of
lsiolo District. ln 1978, there were only 3 minor water supplies and 4 borehbles with
no distribution network in the entire District. This changed dramaticatly in the following
five years. ln 1983 there already existed 1 major urban water supply, 6 minor watei
supplies, 9 boreholes, 9 large pans and 3 small pans.

The six minor water supplies basically serve the divisional headquarters and other
centres with a relatively high concentration of population. The major urban water
supply, which is a conventional urban water supply serves lsiolo Towhship.

The existing dams and pans have a major problem of siltation which reduces their
capaci§ greatly.
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3.7 Health. Education and Social Services

The new District Hospital which was inaugurated recently .at lsiglq. offers modern
medical services and has a 160 bed capacity. The old hospital building will be used

for infectious diseases with a 36 bed capacity.

Two health centres are located at Garba Tula and Merti respectively. ln addition there

are 17 dispensaries. Access to some of these dispensaries is poor and lack of water

make their administration rather difficult.

There are 38 primary schools in lsiolo District and 3 secondary schools. The school
attendance in'lsiolo 

-is 
generally low compared with other districts. This is mainly due

to the nomadic litesslJof tne fieople. The average dropout rate for girls is estimated
at 4Oo/o and slightly lower than this for boys.

The Ministry of Culture and Social Services assists the local communities to become
self reliant, 

-by 
involving them in the planning of rural development activities. Progress

is being mad-e and thà number of registered women groups rose from 42in 1984 to
71 in 1988.

3.8 District Development Plans

The district development objectives form an important input to the preparation of the
DWDP, as the projections Íór future use of water need to be based on the expected
or planned economical grovuth (Figure 1.1).

The District Development Plan is the major source of information on the district
economical develophent potential. tt consists of three parts. The first part contains-

mainly background information on the District's resource base and the state of
develópment. tne second part describes the development of the District, regarding
strategy, potential, constraints, and proposed solutions and actions. The third part
providës ior each sector the district policy orientations and a list in order of priori§ of
ihe malor projects and programmes. A summary of the second part follows to present

the asóessment by the District of its potential economic development.

The DDP 1989-1993 for Samburu District does not provide the detailed basis required
for accurate projection of the economic growth (or development in each of the sectors).
Therefore eótimates had to be made in this study in order to project future water
demand. This is described in chapter 4.

3.8.1 Major Development Potential and Needs

lsiolo District is an arid District and hence as has been described earlier, it has a high
potential for livestock rearing. From the previous trends of livestock numbers in the
bistrict, there has been a geÀeral gradual increase in livestock numbers and this could
be an indication of the potential Íór livestock rearing. lt has been mentioned that the
potential is so large th'at the existing numbers could be increased without serious

begradation in theénvironment. Despite this vast potential, there are needs which have

to 6e undertaken to improve the livestock in quanti§ and quali§. Apart from provision
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of adequate watering points Íor the animals there is need for improved livestock
services. An idea was mooted which had aimed at establishment of Block Grazing
Zones, such that livestock rearing is only concentrated in these zones. This would
ensure a easier way of livestock management because they will be concentrated in
particular zones. Stock routes need to be improved such that stock movement is
undertaken etficiently. Provision of water points along stock route coutd be one of
these improvements.

The current stock holding ground in lsiolo which is in a run down condition need to be
improved. Although the district is provided with services of three veterinary officers,
those ones based at the Division offices lack transport and this hampers their-efficiency
in discharging their duties. There is also a need for a modern abattoir, with itó
associated benefits.

Finally there is a need for improved animal health.

Although the District is an arid region a potential exists for the development of
agriculture. This can only come about if irrigation is undertaken at a largé scale in
order to make the District self sufficient in food production. The already exiéting minor
irrigation schemes have a cultivable potential of an area equal to 810 hectareó. This
full potential has never bee achieved because of various factors one of them being lack
of funds and the other a general apathy by the local communis towards crop
production. Although the majority of people depend on livestock foi their livelihood,
there is a need for gradual education such that they could also turn to crop production.
Coupled to this there is a need to intensify soil conservation measures.

All in all, food production in this district can only be increased by irrigation.

Due to its climatic condition, there is plenty of sunshine and therefore a high potentiat
for solar energy production is high, this could be used in boreholes. WinO is also
another resource which could be utilized.

With the three gazetted game Reserves, the potential exists for tourism, and measures
are already being undertaken to curb poaching.

The District is not well endowed with sudace water resources. As mentioned earlier,
there are only 4 surface waters. Not enough groundwater investigation has been
undertaken, but from the existing borehole records, it appears that the district is
endowed with groundwater potential which could be utilized Íor irrigation purposes,
livestock use and for human use.

Potential exists for better utilisation of the existing secondary schools and primary
schools, due to the high percentage of school drop outs, the existing schools are
underutilized. There is a need for increased mass education so that more children
could attend schools. With this, the human potential in District could be tapped and
labour force increased.

The existing market centres and local centres lack essential infrastructure like adequate
water market stalls and public toilets. Although their potential is not fully defined, they
could become bigger market centres with improvement in livestock in the adjoining
areas.
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9.8.2 Problems Constraining Development

The major development areas in lsiolo District have been divided into seven categories.

These categories are:

(a)
(b)
(c)
(d)
(e)

0
(g)

Livestock
Human Resource
Crop production
Water
Rural Urban Balance
Wind, Solar and Bio-gas
Afforestation

The maior problems constraining development in these areas are described.

Apart Írom the problem in marketing of livestock due to the. poor road-network, there
is a problem of'overstocking particularly during droughts when a lot of livestock from
neighbouring District scramble Íor fodder. Hence lack of fodder and adequqlg w?ter
haJbeen a [roblem. No established ranches exist in Isiolo and so it is very difficult to
improve the quality of livestock. Finally no breeding facilities exist.

Nomadism is the major constraint in human resources development. Due to this kind

of lifessle as parentó move from place to place with their livestock the school going
children also àccompany them and in the process they abandon school te9di19 to the
previously mentioneó high drop-out rate in schools. lnadequate boarding facilitie? aF
i:oor roaó network also éxacerbate this problem. Finally the social cu-ltural altitudes in

wnicn young school age girls are pulled out of schoolto be married off has contributed
to the problem oÍ human resources development.

Due to its arid nature, and hence unreliable rainfall, this has been the major problem

in crop production. Seasonal Ewaso-Nyiro River Íloods caused by heary rains.in
highlahd'districts sweep away any meagre crops grown on its flood plain. Finally the
sa-nOy soil which exists in parts of the District is not conducive to crop production.

As mentioned the groundwater resource development could be undertaken but due to
lack of groundwatér assessment, this resource can not be utilized efficiently. Apart
from the four perennial rivers, most of the rivers are seasonal.

The rural centres that exist have not been developed because oÍ lack of water,

electricity and road network. lsiolo town has not yet been gazetted as an urban centre
which could attract investment.

The wind, solar and Bio-gas have not been developed in lsiolo. The problems

constraining these developments have not been fully investigate{ as these are relatively

new technologies which could be effectively utilized in the District.

Due to lack oÍ water and aridity of the District, afforestation has not been undertaken

seriously. Tree destruction by wild and domestic animals has also been a problem.
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3.8.3 DDC Decision on Development Priorities

To exploit the identified livestock potential in the District the DDC has decided on
improved livestock production and marketing facilities which will in turn lead to
increased income to livestock owners to improve their standard of living.

ln order to maintain the nomadic children in schools, more boarding facilities wilt be
constructed together with enforced completion oÍ 8-4-4 classes. lncreased number of
secondary schools also need to be undertaken. ln this way the goal of human
resources development will be achieved.

Food production in Garfasa irrigation scheme which is already complete need to be
undertaken. More irrigation schemes along the Ewaso Nyiro River valley should be
established at Malka Daka, Merti and Matarba. lncreased production of citrus fruits,
should also be encouraged.

It is intended to get as much water as possible to livestock and human. Digging of
more boreholes will be encouraged as well as construction of dams and pans ànd
harnessing of River Ewaso Nyiro. Water Resources Assessment needs to be
undertaken.

The establishment of Jua-kalisheds in ruralcentres willensure growth of these centres.
Electricity will need to be installed at least in Divisional centres. lf towns are accorded
urban status, quick provision of infrastructure will be ensured and more systematic
physical planing will be undertaken.

Windmills and solar energy as well as bio-gas use will be encouraged Íor provision of
power.

Tree planting and tree nurseries will be encouraged especially the drought resistant
types to curb deforestation and soil erosion.

(From: lsiolo DDP. 1989-1993, Ministry of Planning and National Development).
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4. GROWTH SCENARIOS AND DATA PROJECTIONS

4.1 General

The activities necessary for the preparation of Part 1 were coordinated through the
District Water Engineer and the District Development Officer. They included the
following:

- meeting with the District Executive Committee (DEC) to explain the obiectives
and intentions of the Project;- meeting with all government departments present in the district to obtain
informàtion about their short term development priorities and the influence on
water needs;

- follow-up visits to the same government departments to obtain data necessary
for water demand calculation;

- visits to government departments in Nairobi;
- field visits by the Planning Unit of WRAP to collect data directly;
- analysis of relevant publications.

The data presented in this report was partly collected by WRAP and partly obtained
from othei sources. An important source of information is the District Development Plan
(DDP), which contains basic data provided by each governmental district office.

WRAP has tried to achieve the best possible accuracy of data, but this could not
always be fulfilled satisfactorily, because of insufficient quali§ or incompleteness of the
souróe data. WRAP considers the presented data as the best possible estimate at this
stage of the study.

The quality of the DWDP depends on the data on which the Plan is based. Accurate
and realisiic planning is only possible if reliable baseline data is available. ln this
respect the assistance from other ministries, local authorities, projects etc. is very
valuable, but also necessary, because the DWDP cannot be prepared without it. WRAP
therefore recommends that much attention is given by all government ministries to the
collection and dissemination of up-to-date baseline data.

4.2 Water Demand Study

The objective of the water demand study is twofold:

- to enable a comparison of the available water resources with the existing and
future water demand

- to provide the basis for the planning of the required development of water
sources.

The execution of the water demand study can be summarized in 4 phases:

determine water consumption rates
determine present water demand
determine methods for projection of future water demand
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- determine Íuture water demand

The adopted model for the implementation of the water demand study is presented in
figure 4.1.

Y

Coípetence of !,RAP

Figure 4.1 Model Íor lmplementation oÍ the water Demand study

The model indicates that the water demand needs to be determined per Sub-location
or per Deda and also for each rural centre for the years 1990, 1995 and 1g95-2015:

- The Deda is the traditional Boran neighbourhood and the basic unit of resource
management in Boran society.' ln most cases the Deda correspond well with
the Sub-location areas. However the Deda cover only part of the District (figure
!.2), The analysis of demand versus resources is therefore carried ouiper
Deda in the Deda-areas and per Sub-location in the other areas of lsiolo Oistiict.
The calculated demand represents the total demand of each area.

' The Deda is used by the ILDP as the basic planning unit.

Determine 1990
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The water demand is also determined for each rural centre separately as input
to the pre-feasibili§ studies (chapter 2). The results of the calculation are
included in the volume on the pre-feasibility studies.

According to the Design Manualthe water demand study should yield quantities
of water required in the 'initial', in the 'future' and in the 'ultimate'year at the end
of the design period. The initial year is defined as the year when the supply is
expected to be taken into operation, the future year is 10 years later and the
ultimate year is to be taken as 20 years from the initial year. Considering an
earliest commissioning in 1995 of projects initiated by the presently prepared
DWDP, then water demands are to be established for 1995, 2005 and 2015.

The water demand of livestock is included to provide an indication of the supply
capaci§ required. The present DWDP does not include proposals for livestock water
supplies. Such proposals are being prepared by ILDP as part of their Livestock
Development Plan for lsiolo District.

4.3 Water Consumption Rates

The calculation of water demand for the DWDP is made using the unit rates and
related guidelines as specified by the 'Design Manual for Water Supply in Kenya', a
publication by the MoWD (Appendix 2). The consumption rates include the water
demand for population, livestock and commercial/institutionalÍacilities. Unit rates for
other users (e.9. wildlife or agriculture) are not specified, therefore these are dealt with
separately in this study (see paragraph 5.2.4).

The rates:

include about 20 o/o allowance for water losses through leakage and wastage
represent consumption for which systems have to be designed, without applying
peak factors
are proposed as a guide and may be adjusted if different rates are found
appropriate
represent the consumption of the average consumer category; within a category
there may be considerable variations.

Specific consumption rates are not available for lsiolo District. ln general the
impression exists that actual consumption is somewhat lower than the "Design Manual"
consumption rates. WRAP has not tried to obtain specific rates for Isiolo District
because for planning purposes, it was considered that the rates Írom the Design
Manual are adequate. The resulting water demand is possibly higher than the
currently existing demand, but this has been used in planning because:

The comparison of the water demand with the existing water resources need to
be done forthe future expected water consumption which must be based on the
generally accepted consumption rates.
The development of the water resources will be planned in phases in which the
total demand will gradually be met and only the last phase wilt attain the
optimum and total supply coverage.
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The water consumption rate for livestock is specified in the Design Manual at 50
t/Lu/day. A LU (Livestock Unit) is equal to 3 indigenous cows or 15 sheep or.gojtg:
ànd borresponds to 450 kg animal body weight. The MoLD uses a different.unit [fLU
= Tropical' Livestock Unit) which corresponds to 250 kg animal.!ody weight. The
water bonsumption rate Íor the 250 kg TLU should be about 30 I/TLUlday, because
the water requirement is lower Íor this smaller livestock unit.

The above rates are nominal figures, which do not take into account seasonal
variations or local conditions. The water intake by animals during dry, hot periods, for
instance, will be higher than during the wet, cool periods. Also influencing the water
intake by animals is the forage water content. A ditferent water consumption rate,
therefore, must, ideally, be applied for the different seasons. This, however, has not
been done for simplici§ reasons.

4.4 Baseline Data

The main baseline data needed for the calculation of the water demand is on
population, land potential (high/medium/low) of the rural areas, percentage
distribution of high/medium/low class housing for the urban area of lsiolo Town, type
and number of livestock units, and commercial/institutional facilities.

The main source of up-to-date information is the DDP 1989-1993. Other reports
dealing with planning in the District e.g from departments or projects, may also provide
suitable inÍormation.

Publications providing specific data were:

for population: Census 1979, CBS
for land potential: Farm Management Handbook, MoA.
Íor livestock: lsiolo Livestock Development Project
others: Annual Reports oÍ District Offices MoH, MoE, etc.

: lnfrastructural lnventory, MPND

WRAP has tried to verify all the available data both in the field and in the otfices of the
various departments. This has been a majortask, because rarely complete summaries
are available, which cover the entire District. The main data are summarized in
Appendix 3.

4.5 Proiection oÍ Baseline Data

The projection of the future water demand has to be based on growth rates, which
have to be applied in conjunction with the baseline data. For the short term such
growth rates can be Íound in the DDP, which specifies the economic development until
iggg. For the long term growth rates are not determined at district level, but these
may be obtained from publications by the Ministry of Planning and National
Development. However the information in these publications is not always directly
applicable to the lsiolo situation.
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The projection of the baseline data suffers from the poor availabilis and low accuracy
of data and of growth rates:

- 1990 baseline data are in itself projections (e.g population estimate is based on
1979 census) or are of uncertain accuracy- growth rates have to be based on too few and often unreliable data avajlable
from the district and cannot be directly derived from rates used in other areas
in the country, due to specific characteristics of lsiolo District.

The growth rates to be applied were determined such that they conform with the
adopted grov'rth rates at the national or district level.

The applied annual growth rates are summarised in table 4.1
discussed in the remainder of this paragraph.

The growth rates are

Table 4.1 Annual Grourth Rates l990-201S

Appl. ied Pog.rtation GroHth Rates
Urban Area: tsioto Torn
RuraI Centre"t 

S?[S.tr,", 
Jiterti

Rural Areas : High Potentiat

: uÍ'il.::[ï:t'"'
Apptied Livestock crorth Rates: High pot.

iledim pot.
Lor pot.

Apptied School Grorth Rates

Apptied Health (No. of Beds) GroHth Rates

Appt ied Cormerciat/Adninistr. croHth Rates

5/"
5Z4r4r
4Z
4Z
0x
0z
oz
6Z
11

2-4 Z

The annual growth rate foreseen for the whole District population in the current District
Development Plan is declining Írom 3.91o/o in 1988 to 3.82o/o in 1992. The population
of the centres will probably grow at a higher rate, therefore a growth rate of'4.Oolo is
used Íor projection within the 20 year planning period.

For specific centres deviation from this rate is possible. lsiolo Town has shown a rapid
growth in recent years and this is expected to continue. Garba Tula may grow at a
higher rate if the road through Kinna to Maua is improved. Merti has also shown a
high growth in recent years. For these centres a growth rate of 5% was applied.

The growth of the education facilities was assumed to be above the general population
growth as it is expected that parents will appreciate more and more the value of
education. A rate of 6"/" was used.

The growth of the health facilities was assumed to correspond with the growth rate of
the population. Also hotels and administrative offices are expected to increase at the
same rate as the population.

The number of shops and bars was assumed to grow at a lower rate as the population
al2o/o per year.

The growth of the livestock numbers depend on various factors. This is studied by
ILDP, which is currently preparing a development plan for livestock, which will include
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the planning oÍ water supplies for livestock. lt is thereÍore decided that the projection

of livestock-numbers wilínot be attempted Íor this DWDP. At this stage it is assumed

that livestock numbers will remain constant.

4.6 Constraints oÍ Proiections

The assumptions made for the projection of the water demand simplify the..actual

conditions.'Therefore when using the results of demand calculations, the following

constraints must be acknowledged:

1. The applied grov*h rates cannot be related to past population growth, due to
the in-exactness of the census of 1969 and 1979.

2. Growth rates for rural areas have been applied uniformly, despite the Íact that
land potential in each Division is different.

O. Growth rates for rural centres have been applied uniformly without taking into
account that these depend on potential of the served area, quality of the
inÍrastructure etc.

4. Growth rates have been assumed constant between 1990 and 2015, although
economic development of the district will not be constant during this period.

S. The effects of natural calamities e.g. droughts and epidemics has not been
considered in the assumption of growth rates.

6. lt should be noted that the livestock numbers in the District, which are projected
over the plan period (1990-2015) are for demand calculations only. Actual
livestock 

'numbers 
can be different, depending on the natural conditions

prevailing during the Period.

The DWDP Íor rangelands like lsiolo must not only consider the potential of such an

area for livestock development but must also consider the liability of the same to
overgrazing. Especially in periods of droughts, a continued unavailabili§ of water may

brin§'abou[rangjelandó damage, which may take long periods to. recover. The opinion
of ràngelands elperts from thè MoLD should therefore have a large influence on the
contents of the DWDP in such areas.

4.7 Calculation oÍ Water Demand

The Design Manual for Water Supply in Kenya' specifies the unit rates (Appendix 2).

The rateJare applied whenever a water supply is designed by the MoWD. The same
rates are used td calculate the water demand for the District Water Development Plan

(Paragraph 4.3).

The data required for the calculation of the Water Demand is described in chapter 5.

The processing of data was done jointly by the Documentation Unit and the Planning

Un1 bf the WRÀP at Nairobi. The data was processed using a Database Management

System programmed in DBase lV on a micro-computer.
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The system works with clear menus on the computer screen and data can be viewed
on the scrèen or printed. The processing yields Districts Water Demand summaries
for the start year (1990) and for the initial (1995), future (2005) and the ultimate (2015)
year. The summaries show per sub-location the water demand for each category of
water user.

The Database Management System was specially developed by WRAP. The features
of the Database programme for development planning are:

1.
2.
3.
4.
5.
6.
7.
8.
9.

10.

Separate database for each district in Kenya
Data entry, with an automatic check on corrections of some of the data
Data editing, to change any data in the database
Screen display, to view the data entry and demand calculations on the screen
Data print, with lay-out suitable Íor reports
upto three scenarios for water development planning can be calculated
Calculation of water demand using unit rates.
Summary of sub-location water demand in tables
Entry of growth rates (percentages) for each category of water user for
projection during plan period.
Projection of water demand to respectively 5, 15 and 25 years from the start
year
Free choice of start year when utilising a new district data base
Password to protect database from unauthorised users.
Possibility to add new sub-locations, locations or divisions to a district.
Possibili§ to add provinces/Districts.

11.
12.
13.
14.

For more information on Database Management system, reference is made to the
user's guide (in preparation).

The lsiolo District data is stored in separate databases Íor each Development Plan
period (1990, 1995, 2005 and 2015). The updating of the data is easy and recalcula-
tion of the water demand can be carried out at any time. This makes it possible to
update the water demand estimates whenever new data is received.

Table 4.2 Service Type (Percentage Connections)
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Ctass of Housing
I Individual Com X llon- individuat Conn-

Initial, Future Uttim6te Initiat Future Uttimate

Uràan Àreas:
High and l,lediun
Lor Ctass

Rurat Areas:
High PotentiaI
llediun PotentiaI
Lox Potentiat

100
10

20
10

5

100
30

40
20
10

100
50

80
40
20

0
90

80
90
95

0
70

60
80
90

0
50

20
ó0
80



Pooulation Demand

The domestic water demand is determined by taking into account

1. The number of individual connections versus communal connections, which
depends on;

2. for urban areas: the class of housing
3. for rural areas: the land potential

According to the Design Manual, the distribution between individual connections and
communal should be assumed to be as shown in table 4.2.

As the land potential in lsiolo District is low, the percentage individual connections in

the rural centres is 5, 10 and2Oo/o respectively.

Data on class of housing Íor the only urban centre, lsiolo Town is not available.
Estimates were used to do the demand calculation: 5olo high class, 2Oo/o medium class
and 75o/o low class housing.

Livestock Demand

The planning of water supplies for livestock should be based on the maximum number
of livestock. This number depends on the carrying capacity of the land, but it may
even be exceeded at times of favourable weather conditions. The estimation oÍ the
carrying capacis is done by ILDP and not yet available. However the current numbers
of livesiock are expected to be close to the carrying capacity and therefore these
numbers may be used Íor calculation of the water demand.

Livestock water demand is variable during the year depending on where the animals
are taken for grazing. The water demand was therefore calculated for the maximum
number of animals observed during 1989 in the sub-locations or deda, to obtain an
estimate of the maximum water demand which is possible during the year. This will
assist in determining the required supply capaci§ of livestock water supplies.
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5 WATER DEMAND

lntroduction5.1

5.2

The Distrist Water Development Plan will be based on the water demand as presented
in this report and covers the planning period 1995-2015. The water demand during
this period is determined by projecting the estimate of the present (1990) water
demand.

The water demand is calculated according the procedures as described in the 'Design
Manua! for Water Supply in Kenya' of the MoWD. The unit water consumption rates
applied are presented in Appendix 2.

The demand of all potential water users in each sub-location or deda of the district was
catculated and is summarized in Appendix 5. A summary of the calculated demand is
presented in paragraph 5.3.

The demand calculated Íor the pre-feasibility studies of the rural centres is not
presented here, but is included in the volume on the pre-feasibili§ studies.

The available baseline data on population, livestock, institutional and commercial
Íacilities etc., are described in paragraph 5.2 and presented in Appendix 3. The
methodology of estimating and projecting the baseline data was already described in
chapter 4.

Baseline Data

5.2.1 Population

The available population data of lsiolo District are from the census of 1979 and from
estimates made by socio-economists of ILDP.

According to the 1979 population census, the population of Isiolo District was 43,478
persons. The District Development Plan 1989-1993 estimates the 1990 population at
69,008, which is obtained by projecting the 1979 census population with an estimated
growth rate of 3.9/" per annum. The DDP suggests for the period 1988-1993 a
declining growth rate from 3.91olo in 1987 to 3.82o/o in 1992.

Table 5.1 Population Data lsiolo District

DtvtsIoI
cEltst s

1979

DDP

PRoJECï toil
1990

ESTITIATE
USED 8Y TNAP

1990

Centrat
Garb6 ïula
Iert i
Sericho

17,403
12,522
7,388
6,165

27,034
19,874
11 ,731
9r§

27,034
19,874
11 ,731
12,470

IotaI 43,478 69,008 71 , 109
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The 1989 census results will not come in time to be incorporated in the present DWDP
and therefore the population of 1990 has to be estimated by projecting the 1g7g
census data. WRAP has adopted forthe present DWDP, the same population estimate
as used in the DDP 1989/1993, mainly to stay in line with the planning by the District.
Only for Sericho Division a higher population was used, which is due to the high
estimate of 7,000 Íor the population of Modogashe.

Estimates of the population in the rural areas or of the small centres in the rurat areas
were available from ILDP. These were used to estimate the 1990 population in allsub-
locations and Deda (Appendix 3).

The projection of the rural and urban population over the period 1995 - 2015 was
carried out with the growth rates as presented in paragraph 4.5. A summary of these
population projections is presented in Appendix 3.

5.2.2 Uvestock

The data on livestock numbers is obtained from the 1989 aerial sample surveys carried
out by ILDP. The surveys were done in three periods: 30 May - 9 June, 23 July - 2
August and 18 September - 3 October 1989, which cover the time from the start to the
end of the long dry period. The surveys covered the eastern part of the District. The
maximum number in any of the three sun/eys was used for the demand calculation
(Appendix 3).

The livestock numbers for the western part of the District are based on estimates
obtained from the Ministry of Livestock Development in lsiolo. The accuracy of these
estimates is not known, but they may also represent the maximum number present in
the area.

The projection of livestock numbers during the 2O-years planning period was not
attempted. lt was assumed that the livestock numbers using the water supplies will
remain constant.

5.2.3 lnstitutional and Commercial Facilities

The information on institutional facilities (schools, hospitats, health centres, dispen-
saries, administrative ofÍices) and commercialÍacilities (hotels, shops, bars) is mainly
obtained from the relevant governmental departments. The numbers of most facilities
were verified during visits of the rural centres.

The projection of the number of the institutional/commercialfacilities is made assuming
a constant relation with population numbers or by applying a uniform growth rate. lt
is described per facility in this paragraph.

The 1990 data on the institutional/commercial Íacilities is summarised in Appendix 3.

Schools

The water demand is calculated for 42 primary schools, 4 secondary schools and 3
polytechnics in the District, of these 4 are boarding schools and 44 are day schoots.
All day schools were assumed to be without WC, except those in lsiolo Town, whereas
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all boarding schools were assumed to be with WG. One boarding school in
Modogashe but located in Garissa District was also included.

The DDP does not provide an estimate of the Íuture number of pupils/schools. The
growth rate oÍ the number of pupils, therefore, had to be estimated. A percentage of
6% was assumed. This percentage is higher than the population growth rate, therefore
it was found necessary to introduce a limit. This was determined al 40o/o of the
population in each sub-location, which percentage was derived from the population
age strusture (the percentage of population of school-going age (5-17 years) Íor the
years 1988-1993 is about 4Oo/o). With respect to day schools and boarding schools,
equal growth rate was assumed for both.

Health

The water demand is calculated for a total oÍ 28 health centres and dispensaries
including one health centre in Modogashe located in Garissa district. There is one
district hospital in lsiolo town with 160 beds.

Other Facilities

lnformation on the number of shops, bars, tearooms, butcheries and hotets was
obtained from the office of the County Counci! and verified in the field. The projection
of these numbers into the future was done by using a lower grov'rth rate of 2% than as
applied for the population.

lndustries

lndustries are only included for lsiolo Town. Exact information was not available but
an area of 5 ha. was assumed for water demand calculation purposes.

5.2.4 Agriculture and WildliÍe

The water demand for wildlife and agriculture is normally not included in the rates as
used by the MoWD. Nevertheless the use of water for both purposes needs to be
included in the DWDP.

The provision of water for wildlife must be planned for in cooperation with the Ministry
of Tourism and Wildlife, to ensure optimal coverage of the wildlife water demand. The
provision of water Íor wildlife was not included in this study, but it is strongly advised
to incorporate wildlife demand for water in the final DWDP. Separate feasibility studies
may have to be carried out to investigate the options for water supply to wildlife. There
are two Game Reserves in the District, namely Butfalo Springs and Shaba, which are
actually located along the Ewaso Nyiro.

Agricultural demand for water is normally dealt with in separate agricultural studies.
The water demand for irrigation will not be calculated in this DWDS. The existing and
proposed irrigation projects use water from the Ewaso Nyiro River when it is in flood
and therefore this water use is not very critical in terms of available water resources.
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5.3 Water Demand Figures

s.3.1 Tota! Water Demand

The resuhs of the water demand calculations are presented in detail in the appendices

Appendix 4 contains some examples of the data entry sheets and the 1990
demand sheets per sub-location in the District.

Appendix 5 contains summaries per Division of the calculated water demand
of all sub-locations for the year 1990 and for the years 1995, 2005 and 2015.

The demand figures are summanzed in table 5.2, which presents the total water
demand per Division, both for domestic and non-domestic use.

Table 5.2 Prolected Water Demand (ma/day) In lslolo Dlstrlct

Year: 1990

Division Total
Later Demand

TotaI
Dmestic

Total
]lon-Domest i c

cent16t
Garba Tuta
tlert i
Sericho

z
I
4
2

253
301
4&
lU

1,6
355
2M
241

4
2

587
946
260
243

District Totat 10,502 2,4& 8,036

Year: 1995

Division Totat
Uater Demand

TotaI
Dmstic

Tota t
llon Dmestic

cent ra I
Ganba Iula
llert i
Seri cho

2,617
1,369
4,500
2,535

2, 010
122
240
292

607
946
260
243

4
2

District Totat 11, 020 2,9& 8,05ó

Yer: àXl5

Divi si on Totat
Uater Deíland

Total
DdrEstic

Total
llon Dmstic

Centrat
Garba Iuta
Nert i
Sericho

3
'l

4
2

907
ó0ó
634
709

3 , 240
óó0
374
46

67
946
260
243

4,
2,

District lotat 12,856 4,740 8,116

Year: àll5

Division Iotal
U6ter Demand

Total
Dmstic

TotaI
llon D€nEstic

Central
Garba Tuta
Iert i
Ser i cho

5
2
4
5

u1
091
901
014

5
1

094
145
&1
771

,
747
946

4,260
2,243

District Totat 15,&7 7,651 8,196
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5.3.2 Domestic Water Demand

The largest demand for domestic water exists at lsiolo Town, where more than 507o

of the total domestic demand in the district is found.

ln most other areas demands are small and may easily be covered from one source,
such as a borehole or a well.

ln some areas domestic demand is zero, because there exist no permanent
settlements or institutions. People may be present here part of the year, depending
on the avaitability of grazing and water. ln generalwater demand from non-sedentary
people have not been estimated. lt is considered that this demand may be met by the
livestock supplies. tn this respect it is advisable to construst separate off-takes for
human supply at livestock supplies.

5.3.3 Non-Domestic Demand

The non-domestic demand comprises demand from livestock and industries. The
livestock demand is presented in table 5.4.

As explained in paragraph 4.7 livestock water demand is based on actual numbers
counted in 1989. The total number of animals used for the demand calculation is
about 160,000 LU or 285,000 TLU.

The largest water demand from livestock is found in Merti and Sericho Divisions. A
large part of this demand seems to come from animals entering the District Írom North-
Eastern Province, using the grazing in the common grazing areas (CGA).

lndustries are Íound only in lsiolo Town. The demand is tentatively estimated for 1990
at 100 ms/day.
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Table 5.3 Projected Domestic Water Demand (ms/day)

Location StÈ Location / Deda 1990 1995 2005 201 5

Divisian: Centrat

Divisiqr: Garbe futa

Divisiqr: Ierti

Divisior: Seridro

Centrat Isiolo Central
lsioto East
llgara llara

1,239
44

107

I , 520
28

18

2,485
44

198

3,899
74

314

Otdo llyiro fipoing
Otdo llyiro

30
59

35
71

55
t19

95
192

I'lest Arimet (lrest)
Birat

30
157

35
191

55
2U

96
424

DiYisionat Totst 11éÉó 2,O09 3,240 5 094

Garba Tuta Garba Tula llorth
Garba Tuta South

v
108

40
132

63
21'

116
395

Kirna Eibi
Kima
Rapsu

a
4E
14

v
57
í5

53
88
22

89
146
36

Kulanare Boji Deda
Gafarsa
Xutanare Deda
l{atka Daka Deda

?E
a
28
37

33
33
33
44

51
52
51
65

87
87
&

105

Divisionat TotaL 355 422 óó0 1,145

Bisan Biliku Bisan Bitiku Deda
KdT CGA

26
7

30
9

46
15

7t
27

llat ka Ga t [a Dadacha Eassa Deda
Hadado CG

llatka Gal,ta Deda
Yamicha CGA

23
0

27
0

27
0

31
0

41
0

48
0

70
0

81
0

l{ert i Butesa
Korbesa
llert i

30
28
ó3

3ó
35
74

56
52

116

94
89

2U

Divisimat TotaL 2U 240 374 &1

llodogashe E ldera
llodogashe North
llodogashe South

24
147

0

28
181

0

42
296

0

69
4U

0

Ser i cho G(óatu
Iresa Eoru
Sericho

8
26
35

10
31
42

17
47
61

31
79
0ót

Divisional Total 211 292 16 771
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Tabte 5.4 Uvestock Water Demand (ms/day)

Locat i on Srö Location / Deda 1990 Location sró Location / D€da 1990

Divieicr: Centrat Divisian: Ierti

Divisiqr: Garte Tuta

Divisiqr: Serióo

Central Isioto Central
lsioto East
ilgar€ llara 190

0tdo Iyiro xipsing
otdo llyiro

2@
88

llest AriíÍEt (Uest)
Bi rat

Divisimat Totat 487

Eisan Biliku Bisan 8iliku Deda
Xm CGA

1?5
462

llatka GaI ta Dadacha Bassa Deda
l{adado CGA

llatka Gatta Deda
Yamicha CG

557
1,188

323
1,113

tlert i Butesa
Korbesa
llert i

25
287
180

Divisional Totat 4,zfi

Garba Tuta Garba Tuta llorth
Garbs ïuta South

316
150

Kirna Bibi
Ki rrra
Rapsu

6?
120

Kutamale Boji Dede
G6farsa
Kutamare Deda
llatka Daka Deda

5
125
149
t9

Divisionat Totat 9t6

lilodogashe E tdera
llodogashe ]lorth
l,lodogashe South

413
519
140

Ser i cho Gubatu
Iresa Boru
Sericho

?6
652
313

Divisional Total 2,243
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6 WATER RESOURCES DEVELOPMENT POTENTIAL

SurÍace Water Development Potential6.1

The surface water availability in the District depends on rainfall and is highly variable in
time and space. Average annual rainfall varies from 400 - 640 mm around lsiolo Town,
to 300 - 350 mm in the areas around Barsalinga, Archer's Post and Garba Tula, and
to 150 - 250 mm in the eastern and northern parts of the District (Figure 4.3).

ln lsiolo District rainÍall occurs in two distinct seasons with two peaks in April and No-
vember. The two seasons contribute about 80 - 95o/o of the tota! annual rainfall.

Surface water from the main rivers in lsiolo Distrist is already extensively used for do-
mestic water supply and irrigation. Further development possibilities are limited but
could be improved through regionalwater management supported by monitoring. Lack
of data, especially of the intermittent streams, makes it ditficult to assess their develop-
ment potential in more detail. The discharges estimated on the basis of the Íew dis-
charge measurements indicate that the streamflow of some big streams could be used
more optimally, but more exact data would be needed to prove that this is true.
Considering the high evaporation rates storage of water in river banks should be
preferred above open storage behind dams or in pans, but the short flow durations
usually do not allow this.

A more definite answer on the possibilities and the feasibility of alternative solutions
requires further detailed studies. Also minimum discharges required to avoid polluti-
on of the river beds should then be considered. Such detailed studies were beyond
the scope of WRAP. Conclusions as regards the surface water development potenti-
al of the rivers should, therefore, be considered preliminary.

Ewaso Ngiro River

The main perennial river in the District is the Ewaso Ngiro. The river originates in the
Aberdare Mountains and the north-western slopes of Mount Kenya and is perennial
until Bulesa, except in drought years (see Figure 6.1 and Plate 2).

The mean annual Ílow of the Ewaso Ngiro at Archer's Post amounts to about 630
miltion m3 with a minimum of 163 million m' recorded in 1952 and a maximum of 2,780
million m3 recorded in 1961. The low flows of the river have gradually decreased due
to an increase of water use in Laikipia District. ln 1985 and 1986 the Ewaso Ngiro
dried up in a reach of about 50 km upstream of Archer's Post, clearly showing the
limitations for f urther development potential.

The use of the Ewaso Ngiro upstream in Laikipia District atfects the development possi-
bilities of this river for lsiolo District. For domestic supply purposes the river is not a
reliable source. For irrigation further development is possible by using the flood water.
However, due to the high flood levels and changes in the course of the river, siting of
surface water intakes is very critical and very expensive structures are required.
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lsiolo River

lsiolo River originating from Mount Kenya is the source of water for lsiolo Town. The
mean annual íow of-the lsiolo river aiR.G.s.5D8 amounts to 6 million m'116,400
m'/Oay) with a recorded minimum of 950,000 m' in 1987 and a recorded maximum of
110 million m'in 1971.

The lsiolo River provides domestic water for lsiolo Town at approximately 2,000
m'/day. trrigatiori at present uses about 8,OOO m'/day and because the Ílows during
the dry season are already very much reduced, the possibilities for more irrigation are
limited.

Ngara Ndara River

For the short period of the study (March 1989 - September 1990) the Ngara Ndare
river was observed to have a lowest flow of 8,000 m'f day, a highest flow of 50,000
m'7day and an annual average flow of 5 million m' 114,OoO m'/day).

Ngara Mara River
For Ngare Mara only miscellaneous current meter gaugings are available. The lowest
and highest discharge measured was 2,300 and 24,000 m"/day respectively. The
averageflow is about is 12,000 m'/day of which around 80% is used for irrigation.
Further development is not recommended, also because the river is dry nowadays
during part of the year.

The water use along this river is not known and therefore more detailed information
is needed to determine it's development potential.

Bisanadi and Knna Rivers

The Bisanadi and Kinna Rivers originate from the Nyambeni Range and drain to Tana
River in the south of the District. These rivers are used for irrigation in the Kinna and
Rapsu irrigation schemes. Their development potential has not been assessed due to
lack of data.

Laggas

Laggas flow intermittently during the rainy seasons, usually only for very short periods.
The lagga Ílow can reach large volumes, due to high rainfall intensities and small
storage capacities of the catchments. lt is estimated that they contribute about 50%
of the total flood flow in the area.

The laggas can be developed for temporary storage by construction of earth dams
and pans. The feasibili§ of subsurface dams should be investigated.
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6.2 Groundwater Development Potential

The description of the groundwater development potential in lsiolo District follows the
classification of the aquiÍer types as described in Chapter 5.4. The distribution of the
different aquifer systems coincides with the geological formations surfacing in the
District as shown in Figure 5.2 and Plates 1A and 18. The regional aquifer systems
occupy large areas of the District and as such can be shown on the maps (Plates 2A
and 2B).

The loca! aquiÍer systems occupy areas too small to be shown individually on the
maps. The weathered and/or fissured pockets of Basement Rocks (system llA) can
be found within the Basement Area boundaries. The fluviatile and lacustrine deposits
(system tlB) are scattered all over the Distrist, except for the sediments along the
Ewaso Ngiro River.

The overall picture is that the groundwater development potential in the District is limi-
ted because of lack of good aquifers, and the presence of saline water in large parts
of the District (Figure 6.2). The volcanic areas covering roughly 1Oo/o of the District form
a positive exception.

Recharge conditions are especially critical for the potential of isolated local aquifers.
The sustainability of the often considerable yields should be the subject of more
detailed studies.

System lA - Area of Tertiary Marine Sediments

The northern zone of this area (Zone 2) offers a good groundwater development
potential for domestic use.

The groundwater in the area is generally of a good quali§ (less than 150 mg/l TDS)
except for the area around Boji - Hadado - Diri where the salinity of the water is higher.

Groundwater aquifers are expected at depths ranging from 100 to 120 m on average
and groundwater levels may vary Írom 30 to 100 m. For more detailed information the
maps sho-uld be seen. WRAP experience shows that borehole yields may range from
3 to 20 m'per hour.

The total groundwater flow in the area is in the order ol 2.4 x 106 m'fyear (6640
m'/day). lf 30olo of this amount is taken as a safe yield for a first phase of develop-
mént then about 2,OOO 

'Tt'/day 
can be withdrawn. This means that 100 wells with a

daily produstion oÍ 20 m'could be installed in this zone.

The southern zone of this area (Zone 1) offers no good chances for groundwater
development as the groundwater is highly mineralized.

System lB - Volcanic Rock Nea

The volcanic rock area offers a good groundwater development potential. The
groundwater may be Íound at the surface (near springs) to depths less than 70 m
below the surface. ln most cases groundwater levels are less than 20 m deep.
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The groundwater quality is generally good.

The yield of th.e inventoried wells varies from 2 m'/h to over 30 m3/h with an average
of about 10 m3/h.

The total gp_u1_dwater flow in the area amounts to an estimated 60 x 10u m'fyear
(roughly 166,000 m'/day). Assuming that the average recharge is of the same nidgni-
tude.and taking 30% of the recharge as a safe yield Íor withdrawal, then 5O,OOO m'/day
can be gradually developed. This means that a large number of wetls can be d.r.illeó
at suitable, well distributed, locations.

System llA - Weathered and Fr§sured Basement Zones

The Basement areas in lsiolo District offer limited possibilities for groundwater deve-
lopment. The weathered and fissured zones are usually smatl and thin and the groun-
dwater in these zones is mainly saline. Borehote yietds are seldom higher tnan 5 m'/h
but usually even lower.

As a result the groundwater potential in these areas may be sutficient to perm
mum leve! of living but does not support any substantial development of the

it a minL
areas.

SysÍem llB - Local Sedimentary Deposits

lmportant alluvial aquifers are those along the Ewaso Ngiro. Many oÍ these aquifers
have a limited extent and depth. Despite their limited sizes these 

-aquifers 
may offer

substantialamountsof waterforthedryseasons. Boreholeyieldsof upto 15mt7hare
possible. The water qualis is acceptable for human consumption.

The limestone deposits at Garba Tula hydrogeologically have been classified as locat
aquifers. Such aquifers may yield significant amounts of water at very low drawdowns.
The sustainability of the yields depends on the recharge of the aquiÍers which can be
determined only through local studies. The water quatis is usually very good. These
systems are rather vulnerable to contamination due to lack of a protecting toplayer.

6.3 Rainwater Development Potential

Rainwater may be used as additional source for domestic water by using roof
catchments. However, due to low frequency and quantity, rainwater can not bqrelied
upon as the only source for domestic water supply in Isiolo District. The situation is
a little better Íor the area around lsiolo Town where annual rainfall exceeds 400
mm/year.

Rock catchments have limited potential in lsiolo District due to the small number of rock
outcrops with suitable surfaces.

The storage of rainwater in dams and pans has already proved a feasible solution
especially for the supply of livestock. The development potential of these structures
has not been studied in detail by WRAP as this is already covered by other projects in
the District.
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7 WATER RESOURCES VERSUS WATER DEMAND

General7.1

The objective of the comparison between water resources and water demand is to
determine whether the resources are sufficient to supply the future demand for
domestic and non-domestic use.

The domestic demand is concentrated in the rural centres and lsiolo Town, and the
comparison with the resources is executed for this demand only. An overview is
presented here, the detailed analysis of demand and resources for each centre is
included in the pre-feasibili§ studies.

The demand from population living in the rural areas of the District was considered to
be covered by the livestock supplies. Separate domestic supplies for this population
are not (yet) feasible, because this group of people is constantly moving with their
animals.

The demand from livestock is indicated in chapter 5, but it is not known accurately
enough to carry out a comparison with the available resources. As explained in
chapter 4 planning of livestock supplies is done by ILDP, therefore only some general
remarks are made here. For detailed analysis of demand and resources reference is
made to the ILDP reports.

7.2 Domestic Demand

The domestic demand in the rural centres is compared with the available resources at
each centre to determine whether the demand can be supplied. The comparison is
done qualitatively, because at most centres it is not possible to make an accurate
quantification of the water resources. An overview of the available resources is given
in table 7.1.

Figure 7.1 shows the §pe of resources available at each centre. This is generally
groundwater. Permanent surface water is available only at lsiolo Town and at Kinna.
The groundwater is available at different depths, but generally groundwater has too
high salinity levels when going deeper.

Figure 7.2 presents for each rural centre whether the resources are covering the
domestic demand. ln most centres the water resources are sufficient to cover the
demand. But in some centres the demand may not be covered, because the distance
to the source is too large (Malka Galla, Dadacha Bassa), or because the water source
is insufficient during drought periods (Modogashe). Only at the proposed site of Duse
centre, water resources are not available at all.
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Table 7.1 Overview oÍ Available Resources at Population Gentres

Poputation
Centre

)lgare llara
Ki psing
0tdo llyi ro

Garba Tuta
Bibi / Duse
Ki nna

Boj i
Gafarsa
Kutamaxe
l,latka Daka

Bisan Bi I iku
Dadacha Bassa

Itlatka Ga[ [a

PopuIation
Est i mate

1990

Type of
Avai Iabte
Resource

Isioto Torn 1 5,000 Surfacexater
/ Groundxater

GroundHater
Grounduater
Groundrater

Groundrater
GroundHater
GroundHater
,/ Spring

Groundrater
Groundrater
Groundlrater
GroundHater

Grourdxater
GroundLater

Groundrater

Groundrater
Groundrater
Groundlrater

GroundHater
Groundrater

rreatment req.
Good

Good

Good

?

Good

Good
Good

Contami nated
cood
Good

Good

Good

Good

Good

Good

Good

Good

Good

n. a.
25 - Í00

Enough, hlt sdditionat suppty
from groundxater is required

High borehote yietd
Limited but enough
Investigations not coíptete

Boreholes have a high yietd
Adequate; at Duse no resources
ilore than enough; spring needs
to be cteaned and protected
Limited, esp. in tong dry periods
Limited, esp. in tong dry periods
Enough but tor borehote yietds
Limited, esp. in tong dry periods

Limited, esp. in long dry periods
Borehote yietds are srnatl and far from
from the centre
Borehote yiel,ds are smalI and far frm
from the centre
Limited, esp. in tong dry periods
Borehote yietds vary, but may be smalI
Borehotes have a good yietd

Limited, esp. in tong dry periods
Limited, esp. in long dry periods

1,200
1,120
2,000

>20
>2

?

5,600
Í,800
2,500

8
30
10

1,100
1,700
1 ,500
1,100

1 ,500
1,400

1,óoo

3-10
1-1d
>40

1-1d

1-1d
í0-40

1-ld
15-40
15-40

1d
1d

400

Bu

l,ler

Iesa
Korbesa

t

dera
llodogashe

700
800
000

250
000

1

1

3

1

7
E I

1

0

0

Good

Good

Good
Good

Depth of
lJater

(m)

auatity of
[,rater

Quantity Corpared to Demand

I resa Eoru
Ser i cho

1 ,000
1,010

Groundrater
GroundHater

40
40

Borehote yietds vary,
Borehote yietds vary,

but may be
but may be

smaI t
smat I

Iote: 1

7.3 Livestock Demand

The demand from livestock in the rural areas of lsiolo District may be covered from
groundwater or from pans. Groundwater however is not an option everywhere
because of high salinities. !n these areas pans should be able to provide the required
water.

The main difference between boreholes and pans is that boreholes provide a
permanent source of supply and that pans provide water only during part of the year.
Livestock range managers prefer pans in general, because they cause less damage
to the range around the source. Boreholes are however required during long dry
periods to provide water to the livestock.
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APPENDIX 1 DISTRICT FOCUS POLICY

The Water Resources Assessment and Planning Project WRAP) complies with the
policy on District Focus for Rural Development. The water resources assessment

]:resénts the District authorities with an overall view of the water availability within their
'District. 

The study of the water development potential and options enables the District
to select it's priorities and to plan for the development of the district water resources.

The district focus policy forms the background for the preparation of the District Water
Development Plan and therefore the main aspects are summarized here (District Focus
for Ruàl Development, Office of the President, 1987). The summary also contains
information on the institutional set-up for planning in the District, which will be referred
to in Part 3.

A schematic reproduction of the District Focus structure for the Water Sector is given
below.

nat i ona t
teveI

di str i ct
teveI

The responsibility for planning and implementing rural developments has been shifted
from the headquarters of ministries to the districts. This strategy, known as the 'District
Focus Íor Rural Development', is based on the principle oÍ a complementary relation-
ship between the ministries with their sectoral approach to development and the
districts with their integrated approach to addressing local needs. Responsibili§ for the
operational aspects of district-specific rural development projects has been delegated
tó the districts. Responsibitis for general policy and the planning of multi-district and
national programmes remains with the ministnies.

The ministries and districts are co-operating on rural development through local
projects and through multi-district and national programmes. Projects (or local
coóponents of larger programmes) that are primarily intended to serve one district or
part of a district are referred to as 'district-specific' and are to be identified, selected,
planned, and implemented at the district level.

NationaI Poticy
Llater Suppty Devetopment
( long term)

l,tinistry of Uater Devetotrnent

District Lrater Devetotrnent Ptan
(short term)

District Develotrnent Coilni ttee

Preparation Uater Suppty
corponent of DUDP

District Executive Coflmittee

Form.rtati
tlater Pro

District Uater
Engineer

on
jects

Identif ication Short Ierm
llater Devetotrnent ileeds

LocaI Authorities
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Ministries also guide the districts in the implementation of the Budget Rationalization
Programme. Districts must recognize that due to limited resources it is not possible
for ministries to incorporate into their budgets and to implement all the projects being
proposed at the same time. There is need, therefore, to concentrate the available
resources on fewer projects so as to complete them sooner and bring them into
productive service faster.

Operational consequences are, e.g.:
- limitation of proposals Íor GoK funding to two per sector per division;
- no drastic changes in the annual GoK budget for the District (1Oo/o plus or

minus);
- identification of private resources to be put to use in support of an organised

development programme.

District planning and co-ordination are carried out through a process which includes
regular meetings of the development committees at each level of the district
administrative structure and through the preparation of two basic planning documents:
the 5 year District Development Plan and the annual Annex to that Plan. As has been
mentioned before, the district responsibili§ for planning and co-ordination covers
district-specific projects sponsored by the Government (ministries will provide policy
guidelines), including those supported by Íoreign donors and those supported through
the local authorities and through Harambee efforts. The district also reviews and
endorses projects in the district sponsored by parastatal organizations, and by non-
governmental organizations (NGOs), including local self-help organizations. Large
national projects, which might have a great impact on the district's economic
development, are meant to be included in the DDP, although they are planned on
national level.

The District Development Gommittee is the foundation of the decentralised rural
devetopment strategy. The functions of the DDC are to:

1. review ongoing progress to ensure that current projects are rapidly implemented
and that completed projects and existing infrastructure are effectively operated
and maintained;

2. consider new proposals submitted by the Divisional Development Gommittees;
3. establish priorities Íor Íuture projects in the five year District Development Plan;
4. endorse the district's annual submission of project proposals to the ministries

in the annual Annex to the District Development Plan; and
5. review and endorse all project proposals of local authorities, parastatals, regional

development authorities, and NGOs operating in the district.

ln undertaking its planning responsibilities the DDC must take a broad perspective on
ensuring the fu!! and productive utilization of the resources available within the district,
including manpower, natural resources and financial resources. ln this respect the DDC
should view the district as an economic unit, identifying economic potentials and the
infrastructure and other conditions required for realizing these potentials. This will
require atso that the DDC develop and maintain a comprehensive lnfrastructure
lnventory of the existing and newly completed Íacilities in each sector of the economy
(roads, schools, water systems, health facilities, etc.). A major planning function of the
DDC wil! be to ensure that adequate resources are available for operation and
maintenance of the existing inÍrastructure and facilities.
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The District Executive Committee provides technical support for the DDC activities,
including preparation of plans and management and implementation of projects. The
DEG dsó'serues to promote the inter-ministerial coordination of development activities
in the district.

The principa! Íunctions of the DEC are to:

1. make operational decisions within the guiding directives of the DDC,
2. co-ordinate and monitor implementation of all projects and activities in the

district,
3. prepare the draft District Development Plans and the annual Annexes for

submission to the DDC, and
4. prepare briefing notes on all proposals and reports to be submitted to the DDC.

The office of the District Development Officer, who is the secretary of the DDC and the
DEC, is being strengthened by the establishment of a District Planning Unit. The unit's
objectives are to serve as a secretariat to the District Executive Committee for day-to-
day coordination of planning and implementation work. However the DPU's are
currently not yet fully operational.

The identiÍication of projects is a continuous process. The initial idea for a project
usually comes from the area that will benefit from its implementation (the Iocation or
sub-location). After being discussed and agreed upon locally, the project suggestion
is forwarded to the Divisiona! Development Committee. Divisiona! Development
Committees expand these suggestions into project proposals which are properly
formulated and ranked according to the priorities of the division. These proposals are
then submitted to the DDC.

Project proposals submitted by the DvDC to the DDG are first screened by the District
Executive Committee on technical grounds and then prioritised by the DDC for
inclusion in the five year District Development Plan and subsequently into the annual
Annexes to that Plan.

The District Officer, District Development Officer and divisionaltechnical officers in the
DvDCs are charged with the responsibili§ of preparing the required documentation to
support the DvDC project proposals. Local involvement in project identification and
formulation is an essential element in the planning process, since it is this process
which ensures that the feelings and wishes of the beneficiaries are included in the
design and selection of all development projects and programmes.

The Locational Development Committees (LDCs) and Sub-locational Development
Committees (SLDCs) represent the grass-roots level communi§ and are responsible
for discussion of community needs and the initia! identification of projects and activities
to address those needs. They are to forward initial project ideas to the Divisional
Development Committee Íor review and appraisal and play an important role in the co-
ordination and monitoring of project implementation.

These communis leveldevelopment committees are an essentialelement in promoting
increased local level participation in the development process. However, while DvDCs
have been active in all districts, LDCs and SLDCs have not been sufficiently active in
alldistricts. Locational and sub-locational personnel have also not been equipped with
basic skills in project planning and monitoring. lt is necessary that these personnel be
given training in handling these functions and in preparing detailed minutes of meetings
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in order to ensure etfective communication with the DvDGs and DDCs. All DDGs must
take steps to ensure that these committees meet regularly to carry out the above
funstions and that they receive the training required to improve their capabilities for
carrying out these Íunctions.

The planning and siting of all projects should be fully discussed and approved by the
local development committees so that the projects are seen as community projects.
All communications with the communities and the local development committees on
technica! issues should also be phrased in a language that can be fully understood by
them. This will promote full communi§ participation in project implementation.

(From: District Focus Íor Rural Development, Office of the President, March Í987).
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Appendix 2

UNIT WATER CONSUMPTION RATES

CONSUI,IER UNIT

RURAL AREAS URBAII AREAS

HIG}I

POTENTIAL

I,IED IUII
POTENT IAL

LOJ
POIE}IT IAL

HIGH

CLÀSS
HruSI}IG

}IED I UII

CLASS
t{(usIllc

LOt
CLASS

HO,,SIlrG

Peopte rith
Individuat
connect i ons

llheadlday 60 50 40 250 150 75

Peopte rithout
Individuat
Connect i ons

llhead/day 20 15 10 20

Livestock Unit Llhead/day 50

Boardi ng
Schoots

ïlhead/day 50

Day Schoots:
ri th lrc
ri thout LIC

tlhead/day 25
5

Hospitals: RegionaI
District
Other

tlbed/day
400)
200) +20 [ per outpatient per day
100) (tota[ miniÍnn 5000 t/day)

Dispensary and
HeaIth Centre

tldaY
5000

Hotets: High Ctass
ilediun Class
Lou Class

l/d/day
600
300

50

Adni ni strat ive
ofÍ i ces

llhead/day 25

Bars L lday 500

Shops llday 100

Unspecified
Industry

llhalday 20,000

Coffee Putping
Factor i es

t/ks
coffee

25 (rhen recircutation of
rater is used)

(sorrce: Design ltrrat for Later Supty in Kenya, lldD, 198ó)

Remark: llany heatth centres have beds, therefore it is better to estimate the denrand similar as for
hospitats at 100 llbed/day.
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- POPULATION PROJECTIONS
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- OTHER INPUT DATA



Locat i on Sub-Location I Ded,a 1979 Í990 1995 2005 2015

Appendix 3

POPULATION PROJECTIONS - ISIOLO DISTRICT

Divisisr: Ceírtral

Divisian: Garto futa

Divisian: llerti

Divisim: Sericho

CentraI lsioto Centr€t
lsioto East
]lgara l{ara

I I ,331
838
ó05

I6,
1,
2,

000
074
960

19,46
1,307
3,601

28,815
1,935
5,330

42
?
7

654w
890

Otdo ilyiro Kipsing
otdo Nyiro 2,701

2,
z,

000
500

2
3

433
012

3,601
4,503

5
6

330
66

lrest Arimet (l,est)
Bi rat

1,928 2,000
500

2 433
ó08

3,601
900

5

1

330
332

DivisionaI Total 17,103 27,034 32,890 48,85 72,06

Garba Tuta Garba Tula l{orth
Garba Tuta South

1,796
3,451

2,473
5,600

3,009
6,813

4,454
10,085

6
16

593
427

Kinna Bibi
Ki nna
Rapsu

705
5242

1,
z,

800
500
700

2,190
3,042

852

3
4
I

,212
,503
,261

1
6
,|
&
%7

Kutamawe Boji Deda
Gafarsa
Kutamaxe Deda
t4alka Daka Deda

2,732
1,311

800
700
500
800

2,190
2,08
1,825
2,190

3
3
?

3

242
0ó1
701
242

4,799
1,531
3,998
4,799

Divisionat TotaI 12,522 19,873 24,179 35,791 51,179

Bisan Bi I iku Bisan Bitiku Deda
Kqn CGA

1 ,500
628

I 825
7&

2,701
1,131

3
I

998
671

l,latka GaL ta Dadacha Bassa Deda
Hadado CGA

l,lalka Ga[ [a Deda
Yamicha CGA

1,914

1,400

1,600

1,703

1,917

2,5_21

2,82

,,?,
4,26

I,lert i Eutesa
Korbesa
l{ert i

736
765
973

I
I
3

, E00
800
000

2,190
2,190
3,650

3
3
5

212
242
403

4
4
8 801

DivisionaI TotaI 7,38 11 ,728 14,269 21,122 32,069

llodogashe E tdera
llodogashe llorth
ilodogashe South

1,146
I
7

250
000

1,521
8,517

2,251
12,607

3,332
18,&1

Ser i cho Gubatu
I resa Boru
Sericho

2
t

719
261
739

700
'l ,500
2,020

1

852
,825
,4582

1

?
3

261
701
638

1,%7
5,998
5,385

DivisionaI TotaI 6,165 12,470 15,173 22 , 458 33,213
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Location Sub Location / Deda lst
Survey

2d
Survey

3rd
Survey

l{axim"m
l,lunÈer

Appendix 3

LIVESTOCK POPUI.ATION IN LU . ISIOLO DISTRICT

Divisim: Ccírtral

Centrat ]lgara llar6 1,150 3,806 0 5,806

Divisiqr: Garba Tula

Divisicr: Ierti

Divisicr: Sericfro

l,lodogashe E tdera
llodogashe llorth
Iodogashe south

1

I
206
178
978

6,056
10,38:t
2,150

8,
7,
2,

250
094
80ó

8,250
10,383
2,806

Ser i cho Gröatu
Iresa Boru
Sericho

0
572
272

6,
3

2
3
I

ó11
072
361

1,122
13,033
6,26'.1

4,122
13,033
6,261

DivisionaI Totat 13,206 25,633 41 ,56 44,855

The livestock nurÈers rere obtained from ILDP (ILCA Survey) in TLU and converted
to LU.
LU = Liyestock Unit used for demand catculation (150 k9 animat reight).

Garba Tuta Garba Tuta North
Garba Tuta South

1,039
0

6,322
0

5
2

&4
994

6
2

322
994

Kinna Bibi
Kinna
Rapsu

1,233
161

0

506
328

0

222
2,1O0

0

1

2
?33
400

0

KutamaHe Boji Deda
Gafarsa
Kutamare Deda
l,latka Daka Deda

0
0

2,983
0

94
633
728
311

0
506
283
383

2
2

91
2,506
2,983

383

Divisionat Totat ,,416 8,922 16 632 '18,915

Bisan Bi Iiku Bisan Bitiku Deda
Xdn CGA

0
0

606
2,817

2, 500
2399

2
9

,500
,239

l,latka Gat ta Dadacha Bassa Deda
Hadado CGA

ilalka Galta Deda
Yamicha CGA

2,217
23,761
6,467

21 ,267

4
2
3

2?

,933
,339
,056
,267

1 1,133
5,267
4,650

12,072

11,Í33
23,761
6,167

22,267

Hert i Butesa
Korbesa
l4ert i

417
2,622
3,594

506
5,733
2,172

222
072
078

1,
3,

50ó
733
594

5
3

DivisionaI TotaI 60,345 44,729 49,233 85,200

Iote:
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Appendix 3

LIVESTOCK POPUI.ATION IN LU - ISIOLO DISTRICT

Locat i on Sub Location / Deda lulËer

Divisian: Central

centraI Isioto Centrat
Isioto East

0tdo llyi ro Kipsing
Otdo |lyi ro

7
I

516
750

tlest Arimet (trest)
Birat

Divisionat Iotat 9,26

Iote: ïhe tivestock nurÈers in Centrat Division rere obtained from I'loLD lsiolo.
LU = Livestock Unit used for denrand catcutation (450 kg animal reight).
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Appendix 3

OTHER INPUT DATA . ISIOLO DISTRICT

Divisiar: Central

Divisior: Garba ïula

Divisim: lterti

Divisim: Serióo

Locat i on Sub-Location I Deda Schoots Hea t th
Centre
/ DisP

Hospi ta I s Out-
pat i ents
per day

Hotets Bars shops Adnin
Staff

No. Pupi ts )lo Beds No Beds

CentraI lsioto CentraI
lsioto East
Ngara Íilara

11

3
4

4,908
1,263

822

3

1

2 205 100

15

15

Í

250

100

10

5

,o:

4

500

55

Otdo Nyiro Kipsi ng
otdo llyiro

2
2

126
365

I
2

15

20
1

4
3
5

10

50

lJest Arimet (trest)
Birat I 345

I 40
2 250

50

DivisionaI TotaI 22 7,829 I 2 ?05 190 18 ó00 t8 312 65

Garba Tuta Garba Tuta llorth
carba lula South 6 659Í

1

1 1 12
10
40 1 12 15 30 150

Kinna Bibi
Kima
Rapsu

1

3
200
953

10

25
15

4 2

?0
2

5

10
5

Kutamare Boji Deda
Gafarsa
Kulamare Deda
l,latka Daka Deda

115
236
500
300

20
12
30
15

1 5

2
3
6

16

3
9
6

16

5

10
t0
10

Divisionat TotaI 14 3,763 9 1 12 177 2 17 52 88 205

Bisan BiLiku Bisan Bitiku Deda
Kom CGA

I 150 1 15 3 10

llatka Gat [a Dadacha Bassa Deda
Hadado CGA

Xatka Gatta Deda
Yanicha CGA

142

202

15

20 2

8

I

5

5

ilert i Butesa
Korbesa
l4ert i

1

I
5

500
230
200I

1

1

2 1 12

20
40

100 4 20

:
6

10
5

35

10
5

ó0

Divisionat TotaI 10 2,424 7 1 12 210 4 20 12 72 95

l,lodogashe E tdera
l,lodogashe Iorth
l4odogashe South

I
3

137
980

Í
1 1 4

15
100 2 25

5

13

6
100

30
60

Ser i cho Gubatu
I resa Boru
Ser i cho

1

1

2

6'.!

303
337

1

1

15

11

;
8

1

5

11

5

5

Divisionat Total^ 8 1,818 4 1 4 141 2 25 29 123 r00
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APPENDIX 4

DATA ENTRY SHEETS

DEMAND SHEETS
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SUMMARY

The present report ís Part 2, oÍ three reports, composing the lsiolo District Water
Development Study. Part 2 presents an inventory of existing water supply in lsiolo
District, the analysis of and recommendation on water supply options and technologies
for lsiolo District, an inventory of costs of the selected technologies, and compares
these costs using a cost effectiveness analysis. The objective of the report is to
recommend affordable and sustainable water supply options and technologies for
Isiolo District.

The inventory of existing water supply was carried out by collecting data from the files
oÍ the MoWD (Operational Charts of MoWD supplies) and by field visits. The analysis
oÍ feasible water supply options was based on this inventory.

The availabili§ of improved water supply is mainly restricted to rural trading centres
which are in the dry grazing areas of the nomadic pastoralists of lsiolo District. Some
livestock water supplies e.g Yamicha have been developed in the drought grazing
areas although no trading centre has been established. During the rainy seasons the
livestock are moved far from the rural centres and the herders use the water available
in natural depressions and the numerous seasonal rivers.

All improved water supply systems in lsiolo draw water Írom boreholes except lsiolo
and Kinna which have surÍace water sources. Modogashe rural centre has an
infiltration gallery source. All the schemes are pumped and treatment is only done at
lsiolo water supply.

The organisations involved in operation and maintenance of the water supplies are the
MoWD with 5 water supplies, the LMD, the County Council, self help (Sericho Water
Supply) and religious organisations (Oldo Nyiro and Ngare Mara). lt is only in 4 of the
MoWD ran water supplies that operational and technical data was available. ln these
supplies the operation cost ranges from 13 Shs to 56 Shs per beneficiary and between
1.5 and 7 Shs per ms produced. The maintenance costs are not available.

The selection of the feasible water supply technologies was done by considering the
different type of water users, the distribution and user related character of the water
demand and the type of water sources in the district. Other considerations were the
limited source options, the poorly developed infrastructure, the limited availabilis of
local staff, the low densi§ of the population and the limited chances of effective cost
recovery.

The recommended technologies from which a choice may be made for the different
supply areas are:

boreholes in areas where groundwater is suitable, with either a diesel pump, a
solar pump, a combined solar - diesel system or a windmill,
infiltration galleries with a collector well in areas where good groundwater is
available only in the sandy sediments of seasonal rivers, from which the water
may be pumped by diesel, solar or a combination of pumps,
pans for livestock water supply, with an outlet for domestic water use.

Other technologies may be applicable sometimes in individual cases.
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WRAP determined the typical properties and components of the water supply
technologies selected for lsiolo District and cost estimates were made for each
component. The capital costs include costs of materials, labour, transpoft and
depreciation of construction equipment. Overhead costs, such as depreciation of
vehicles, otfices and supervision, are not included. Added on are 10olo costs for
contingencies.

The O & M costs were determined also, as these have to be raised by the communi§.
The operation costs include energy, salaries, chemicals, transport and offices. The
maintenance costs include spare parts, tools and costs of repairs.

The selected technologies were analyzed using the cost effectiveness approach, which
measures the cost per cubic meter capacity of each supply system over its lifetime.
The lowest cost technology applicable in a given circumstance will be the most "cost
effective". The analysis was conducted for different types of domestic supply systems,
representing supplies to rural centres. The analysis was carried out over a 20 years
period, and the systems were rated according to the 10% discount rate. Conclusions
from this analysis must be taken as indicative due to the nature of the used estimates.

The outcome of the comparison of boreholes or wells equipped with solar pumps,
windmills or diesel pumps shows that diesel pumps are the most cost effective. Solar
pumps alone are less cost effective than combined systems. lt appears that the lower
O & M costs of solar systems do not compensate for the higher capital costs.

The windmill is more cost effective than solar systems. However the windmill is not
applicable in most parts of lsiolo District, because of insufficient wind potential. A
combined system of windmill and submersible pump is not possible in one borehole.

The analysis shows that systems are more cost effective for larger yields. This is due
to the lower capital and O & M costs per ma produced.

Options where domestic and non-domestic supply can be combined should be
preferred, especially in the rural areas where the number of users per facili§ is small,
due to the dispersion of the population. lt may even be so that participation of the
community can only be expected, if water supply for the livestock is included, e.g. as
at Kulamawe.
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1 INTRODUCTION

1.1 Purpose and Scope oÍ the Study

The District Water Development Study (DWDS) of Isiolo District is aimed at providing
the basis for the District Water Development Plan (DWDP), which in turn will be the
sector input to the District Development Plan (DDP).

The study was undertaken by the Ministry of Water Development in its role of
supporting the districts in their task to develop the available water resources in a safe
and sustainable way. Two conditions will have to be fulfilled to achieve this goal.

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

Supply of water to the communi§ must be sustainable, meaning that the
proposed schemes be designed in agreement with the technical and financial
support capability of the people for whom they will be constructed.

These conditions require a thorough assessment of the situation in the districts and a
planning that is in tune with the socio-economic, institutional, and technical develop-
ments.

The DWDS can be considered the first stage in the process of formulating a DWDP.
The study, based on extensive assessments, describes the water resources develop-
ment potential in comparison to the projected water demand, discusses the viability of
different water supply options in terms of sustainabili§ and safety, and provides
estimates of the investment levels involved.

The DWDP based on the study will be more specific in that it also comprises the
decisions of the district authorities regarding selection and prioritization of the water
development schemes. The plan is to cover a period of 20 years, according to MoWD
guidelines, starting from 1993 when operation of the first new schemes willsupposedly
begin. The DWDP will be an important component of the DDP which includes the
entire socio-economical planning of the district in perspective to all the available
resources. From the above it may be clear that both plans are closely linked and can
only be successfully developed in good co-ordination.

The methodology for planning of water resources development, adopted bythe Ministry
facilitates full participation of the district authorities, community groups and individuals
concerned in all stages of the planning process, which is in line with the District Focus
Policy. An outline of the general approach is given in Chapter 2 of this report. A
summary of the main aspects of the District Focus Policy related to water development
planning is presented in Part 1.

ln order to provide optimal conditions Íor district involvement, the DWDS is carried out
in three phases. District engineers and institutions concerned with water use and water
supply are extensively consulted during the periods of data collection and analysis.
The final report includes three volumes, corresponding with the three phases of the
study.
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The present report is Part 2 of the DWDS carried out for lsiolo District within the
framework of WRAP. The report studies the functioning of the existing water supplies
in lsiolo District in the broad sense (quantity, quality, reliability, cost, cost recovery,
operational staff, management), inventories the cost of various water supply tech-
nologies, and compares these costs using a cost effectiveness analysis approach.
The objective of the report is to recommend atfordable water supply options for the
varie§ of situations encountered in lsiolo District.

1.2 lnternational Co-operation

The District Water Development Study was undertaken under Co-operative Agreement
between the Governments of Kenya and The Netherlands.

The studies are carried out by the Water Resources Assessment Section of the Ministry
of Water Development, Nairobi, Kenya in co-operation with the TNO lnstitute of Applied
Geoscience, Delft, The Netherlands, within the Íramework of the Water Resources
Assessment and Planning WRAP) project.

Consultancy serviceswere provided bythe Netherlands Economic Institute, Rotterdam,
The Netherlands and the lnternational Institute for Hydraulic and Environmental
Engineering, Delft, The Netherlands.
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2 GENERAL APPROACH

The District Water Development Study (DWDS) is a base study for preparation of the
District Water Development Plan (DWDP). All components that constitute the DWDP
are also covered by the DWDS.

The model introduced by the WRAP project for preparation of a DWDP is shown in
figure 2.1. The DWDS follows this model in analysing the various components that
finally will lead to the formulation of the DWDP. The study includes three phases
focusing on different aspects of the planning, namely:

the compatibility of available water resources with water demand in the present
situation and for projected demand scenarios

the viability of the technical options for water supply development based on
environmental and sustainabili§ criteria

the investments involved in the district water development and the technical,
institutional, social and financialfactors determining the sustainabili§ of selected
solutions

The results obtained in the subsequent phases of the DWDS are presented in Part 1,
Part2 and Part 3 of the DWDS report, which should provide the district authorities with
sufficient base information for initiating further development of the water resources in
the District. An outline of the Study is given below.

Water Demand Study (Part 1)

The water demand study comprises of analyses and projections of the water consump-
tion by allwater users in the district. The baseline data available from various sources
are often incomplete andlor inaccurate. Therefore, thorough scrutiny of the data is
needed to ensure sutficient reliabili§ of further analysis. The data is processed using
a Database Management System that handles both the calculation of the water demand
and the projection oÍ the baseline data.

The water demand is calculated using the procedure laid down in the Design Manual
of the Ministry of Water Development. The procedure compels to projecting the water
demand in 5, 15 and 25 years time. This, in turn, requires analysis of the growth
trends of population, livestock, agriculture, industries, tourism, etc.

It may be clear that the DWDS depends on the input from other sectors, such as
livestock and agriculture, to complete the projections in the most realistic way.

Water Resources Assessment Study (Part 1)

Water resources assessment studies are an essential component of the DWDS. The
assessment studies undertaken within the framework of the WRAP project comprise
the following:

- An inventory of available data and studies on the water resources in the District

3
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A Íield survey including collection of data on surface water and groundwater,
rehabilitation of part of the existing measuring stations and installation of
temporary measuring stations. Measurements are made of the quantity and
quality of water in rivers, springs, wells and boreholes.

A geophysical reconnaissance survey using vertical electrical or electromagnetic
soundings and profiling, aimed at providing more insight into the hydrogeo-
logical conditions. The results of the survey are checked and calibrated by
drilling of exploratory boreholes and test pumping.

An analysis oÍ the geological, geophysical, hydrological and hydrogeological
maps and data, both from the inventory and from field investigations.

From all this information and after careful and systematic analysis, water availability
maps are prepared which show the water development potential of the area. The
water resources assessment investigations are described in a separate report and a
summary of the main conclusions on the water development potential is given in Part
1 of the DWDS report.

Comparison oÍ Water Demand and Available Resources (Part 1)

Having estimated the water demand over the next 25 years and the water resources
available in the district, a close analysis is made of the water development potential to
decide whether the projected water demand can be met.

When comparing the demand with the resources, priorities need to be set whether a
district can best support human, livestock, agricultural or industrial development. ln
this respect both quanti§ and quality of the water must be considered.

What emerges from this process of comparing the demand with the resources, is a
description of the development potential of the District, based on water availabili§.

Study oÍ Water Supply Development Options (Part 2)

From the actual and projected water demand and the capaci§ of existing water supply
schemes, the need for further development of the water supplies can be determined.

Limited water resources, contrasting interest or expected negative environmental
impact may hamper further development. However, in situations with sufficient water
available, often more than one supply option can be considered. A selection of the
best alternative must then be based on considerations of financial, technical and
environmental viabíli§.

Phase 2 of the DWDS includes

Assessment of existing district water supply systems
Assessment of technical options for water supply improvement
lnventory of unit costs for water development based on existing supplies
Preliminary identification of water supply options and cost
Study of cost-effectiveness of water supply options

The results and conclusions are presented in Part 2 of the DWDS report. Together
with Part 1 this Íorms the basis for the 'District Water Development Guidelines'.
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Formulation oÍ Guidelines and Recommendations
Íor lnvestment Packages (Part 3)

The guidelines and recommendations for the development of the district water
resources result in proposals for improvement of the existing water supply situation in
the District. The proposed improvements may range from very small local supplies to
comprehensive water supply schemes. The investments required to improve the water
supply situation have been termed investment packages.

The purpose of the investment packages is to present to the Government of Kenya
and interested donors a preliminary estimate of the funds and other inputs needed for
water supply development. Each investment package or a combination of them can
thus form the core of a water supply project.

WRAP has concentrated on investment packages Íor development of domestic
supplies, because livestock supplies are currently planned for by the lsiolo Livestock
Development Project of the Ministry of Livestock Development. The investment
packages are based on pre-feasibility studies of water supply development in each
rural centre of Isiolo District.

Phase 3 of the DWDS includes the following issues

Land use, environmental, socíal, institutional and economic/financial
Íactors to be considered
Guidelines for assessment of water sector investment proposals
Pre-feasibility studies of water supply to rural centres
Recommendations on required institutional strengthening for implementation
of the DWDP
A framework for a proposal based on the investment packages.

The analyses, results, conclusions and recommendations arrived at are presented in
Part 3 of the DWDS report. The pre-Íeasibili§ studies are presented in a separate
volume accompanying the DWDS report.
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3. METHODOLOGY

3.1 lntroduction

The objective of Parl 2 is to recommend affordable and sustainable water supply
options for the variety of situations encountered in lsiolo District. The study
distinguishes water supply Íor urban population in large and small trading centres,
water supplies for isolated rural institutions and dispersed rural population, and water
supplies for livestock.

WRAP has tried to achieve the best possible accuracy of data, but this could not
always be fulfilled satisfactorily, because of insufficient quality or incompleteness of the
source data. At this stage of the study WRAP considers the presented data as the
best possible estímate.

The quali§ of the DWDP depends on the data on which the Plan is based. Accurate
and realistic planning is only possible if reliable baseline data is available. ln this
respect the assistance from other ministries, local authorities, projects etc. is not only
valuable, but also necessary, because the DWDP cannot be prepared without it.
WRAP therefore recommends that much attention is given by allgovernment ministries
to the collection and dissemination of up-to-date baseline data.

The descriptions of the supply technologies remain only superficial in the present
study, because already sufficient publications exist where detailed information on these
can be found. However it would be useful to have a publication accompanying the
DWDP which provides descriptions and designs of the technology options. Such a
publication may be an update of McPherson et al (1984), which contains a very useful
description of the low cost water supply technologies in Kenya. This publication
contains also evaluations oÍ implemented projects and gives proposals for new water
supply projects.

3.2 Study oÍ Existing Water Supplies

The objective of the study of existing water supplies is to analyse the condition and
effectiveness of the supplies, in order to recommend the appropriate technologies for
water supply development in Isiolo District.

The study of the existing water supplies in the District comprises:

A technical description of the water supplies
An analysis of the service level and functioning of the water supplies
A Íinancial analysis of the water supplies
An analysis of the institutional arrangements

The information necessary for the study was collected at the District Water Office and
at the water supplies. The main source of information at the District Water Office were
the monthly Operational Charts of the MoWD water supplies. The charts consist of
four sections.

1.
2.
3.
4.
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Section 1:
Section 2:
Section 3:

Section 4:

Provides quantities of chemicals used and water quality data
Provides the number of pumping hours and fuel consumption
Provides the number of connections and total quantities of water
produced and water sold.
Provides the operational costs, consisting of chemicals, fuel,
salaries/wages, overheads, etc.

Examples of the charts are included in Appendix 1. Although the charts are the official
record of a water supply, still care must be exercised in using the information.
Operators or pump attendants usually fillthe charts, but their data may be incomplete
or inaccurate, because the usefulness of reliable information is not perceived by them.

3.3 Selection oÍ Water Supply Technologies

The objective of the analysis of the supply options is to select the appropriate water
supply technologies which suit the conditions prevailing in lsiolo District.

The analysis of feasible water supply options for lsiolo District depends on the
conclusions which can be drawn Írom the source options and the functioning of the
existing water supplies, taking into consideration thatthe selected water supply system
should give the community the highest service level that it is willing to pay for, will
benefit from and has the institutional capaci§ to sustain.

The main considerations in the selection of water supply technologies are:

the different water users in the district, which can be distinguished in

urban areas > 10,000 population
rural centres < 10,000 population
rural institutions (schools, health centres, etc.)
dispersed rural population mainly herders
industries
tourist lodges
livestock
wildlife
agriculture

the distribution and user related character of the water demand:

urban areas: supply mainly through individual connections
rural centres: supply by combination of individual connections and
communal water points
rural institutions: supply specifically Íor institution and possibly also for
nearby rural population
dispersed rural population: supply to market centres and rural homes
industries and tourist lodges: large point supply of high required reliability
livestock: supply for sedentary and for moving animals
wildlife: supply for free moving animals
agriculture: supply for irrigation
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the type of water sources in the district

few perennial rivers and springs
generally low rainfall areas
poor groundwater potential in many areas, due to unsuitable water
quality.
good groundwater potential in volcanic areas

the poorly developed physical infrastructure, resulting in poor accessibility and
serviceability of water supply systems

the limited availability of local staff with adequate training in operation and
maintenance of water supplies

the problems related to the effective recovery of investment costs and costs of
operation and maintenance.

The present study does not cover all water users as yet:

irrigation is using flood waters, which availabili§ is not a restriction,

industries are expected to be supplied through existing supplies or
organize their own supply, therefore no separate industrialwater supplies
are planned for,

tourist lodges usually organise their water supply independently, therefore
these are not included,

wildlife uses natural water resources, which are abundant in the Game
Reserves.

3.4 Cost of Water Supply

The objective of the cost study is:

to provide estimates of capital costs and operation and maintenance costs for
each selected water supply technology
to enable a cost effectiveness analysis to determine the lowest cost technology
to provide unit costs of supplies per me produced and per beneficiary for the
determination of costs of investment packages.

The cost study on capital costs included:

The collection of construction costs of complete water supplies or supply
components, which can be obtained from contracts, quotations, design reports,
project documents, annual project reports, etc.
The collection of data on design capacities and number of beneficiaries
The determination of cost pér head of population or per m' supplied for
completed water supply systems
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The collected costs were updated to the 1991 price level by using price index figures
obtained from the Central Bureau of Statistics.

The costs of O & M were estimated on the basis of information from the Design
Manual of the MoWD or from publications. The aspects of O & M are described in
paragraph 6.4 Íor each technology.

The type of water supplies for which costs were obtained are:

1. Domestic water supply (incl. water for livestock kept at the homes):

a) Conventionalsurfacewatersupply (intake, treatment, storage, distribution)
b) Conventional groundwater supply (wells or boreholes, treatment, storage,

distribution)
c) Drilled and dug wells with electrical or diese! pumps, hand pumps,

windmills and solar pumps
d) lnfiltration galleries with a collector well.

2. Livestock water supply

a) Dams
b) Pans
c) Boreholes

The system components for which costs were obtained are:

Water treatment plants (Wpe, capaci§)
Pipelines (for various diameters)
Reservoirs (elevated, ground level)
Spring captations
Drilled and dug wells
Hand pumps, windmills, solar pumps

Cost estimates for irrigation systems were not included. lt is considered that the
planning of irrigation systems must be done primarily from the Ministry of Agriculture
and cannot be done by the Ministry of Water Development alone. As the time did not
allow to coordinate this issue with the Ministry of Agriculture, the planning of irrigation
systems was not included in this study.

The cost study comprises a cost effectiveness analysis in which the difÍerent costs and
benefit patterns are compared using the technique of discounting. This refers to the
process of transferring future values into present values. The objective of the cost
effectiveness analysis is to compare the economics of the different supply technologies
to determine the lowest cost technology. Only direct costs are taken into account,
which are incurred in establishing, operating and maintaining the water supply.
Derived costs, such as costs of land degradation due to a water supply, are not
considered. On the benefit side only the water produced is included. Benefits such
as improved health of the population are not considered.
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4 STUDY OF EXISTING WATER SUPPLY

The assessment of the existing water supplies in Isiolo District includes a technical
description, and an analysis of the supplies in terms of the service level, the functioning
of the systems, the financial performance and the institutional aspects. The description
here concentrates on the supplies to the urban and rural centres in the District. Table
4.5 gives a summary of the existing supplies. Detailed information on each of the
twenty rural centres is available also separately in the pre-feasibility studies.

4.1 Technical Description

The improved water supplies in lsiolo District are mainly piped systems, drawing water
from boreholes. lsiolo and Kinna are the only water supplies that have surface water
sources, while Modogashe has an infiltration gallery source. lt is only at lsiolo (electric
pumping), Sericho (sotar) and Ngare Mara (windmill) where diesel pumping is not
used. Numerous unprotected seasonal handdug wells exist in the seasonal rivers and
they are an important source of water for both the nomadic pastoralists and their
livestock.

4.2 Service Level

Drinking water is supplied through communal water points, kiosks, and house con-
nections (metered or un-metered). The number and type of service connections is
known for 4 supplies, however the number of beneficiaries per unit can only be
estimated. The number of beneficiaries per connection ranges from 10 (lsiolo Water
Supply) to 43 (for Garba Tula Water Supply) for the four water supplies with complete
data.

Water production is on record for 1 urban scheme and 3 rural schemes. The average
water production is per beneficiary is 21 lpcd. The figures are low, but this may be
due to an overestimation of the number of beneficiaries, who being mostly nomadic
are not always present at the centre. The availabili§ of fuel and the poor working
condition of the systems also contribute to the low per capita water production

Table 4.1 Estimated Supply and Service Level

Name of
lrater Supply

Product i on
<r? /yr)

Io. of
Beneficiaries

Average lrater
Production per
Beneficiary

( tpcd)

)lo. of Connections ]tuÈer of
Beneficiaries

Per
Comection

l,letered Non
l,letered

Isioto

Garba Tuta

llert i

Kutamaxe

1 10,000

45,000

2ó,000

1 3,000

I 5,000

5,600

3,000

I ,500

20

22

24

24

1,510

73

96

39

58

10

13

32

39

Totat 19/r, 000 25 100 21 1,718 58 14
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4.3 Functioning oÍ the Systems

lsiolo Water Supply was in good working condition throughout 1989 and was only
stopped once due to interruption of electricity supply. Although it is on record that
Garba Tula had 40 days without pumping, Merti 5 and Kulamawe 5 the number of
pumping hours in a day are normally below what would be required to satisfy the
water demand. This was understood to be due to lack of diesel. The long distances
between the rural centres and the poor accessability has at times contributed to the
delay in provision of spares.

4.4 Financial PerÍormance

The financial records are only available for the Íour MoWD water supplies. The financial
records include operation costs, and revenue billed and collected. Costs of
maintenance and repairs could not be obtained.

Table 4.2 Cost Recovery in Existing Water Supplies

Natlle of
tJater Suppty

Annuat Operation
Cost
(Shs)

Annual Revenue (Shs) Ratio of Revenue
Cottected to

Operation CostsBi t Led co[ [ected

I si oto

Garba ïula

ilert i

Kutamare

671,OOO

74,000

40,000

8/+,000

1 ,300, ooo

90,000

52,000

24,O00

807,000

28,000

10,000

16,000

1.20

0.38

0.25

0.67

Table 4.3 Unit Gost oÍ Operation

llarne of
tlater Suppty

Popurtation llater Produced

1nl Tyear)

Operat i on
Cost

(Shs/year)

AnnuaI
operstion
cost per

Benef i ci ary

I si oto

Garba Tuta

t{ert i

Kutamare

15,000

5,600

3,000

1,500

110,000

45,000

26,000

1 2,000

674,Ooo

74,OOO

40,000

84,000

45

13

13

s6

Tota I 25 100 1 93, ooo 872,000 Average 35

Revenue billed and collected in lsiolo Water Supply covers the operation costs. At
Garba Tula and Merti only the revenue billed covers the operation cost but the revenue
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collected is less than half the amount required for operation. At Kulamawe both the
revenue billed and the revenue collected are lower than the operation cost.

The average operation cost per beneficiary is calculated to be 35 Kshs per year while
the average cost per ms produced is 4.5 Ksh.

4.5 lnstitutional Aspects

Water committees have been set up in most of the ruralcentres where the MoWD does
not own or operate a water supply. The water committees manage their water for
livestock and domestic use by applying the Borana customary law (see chapter 5).
Modern supplies (e.9. at Sericho and Kulamawe) are run successfully by the water
committees. Sericho has one water attendant employed by the community while the
attendants at Kulamawe are Government employees. The communi§ at Kulamawe
supplies the diesel.

For the MoWD Water Supplies the number of water supply attendants are 24 deployed
as shown in table 4.4. The district and divisional personnel supervises and supplies
spares for these water supplies. lt would appear that the water supplies are under
staffed, but except for lsiolo Water Supply the annualwater production in the schemes
is low, either due to the limited source capaci§ or problems in diesel supply.

Table 4.4 Staffing oÍ MoWD Operated Water Supplies

Nane of l,rater
Suppty

Nunber of
Beneficiaries

llmber of
Site Staff

Nuóer of Site Staff
Per 1000 Beneficiaries

I siolo

Garba Tuta

l.lert i

Kutarrare

ilodogashe

1 5,000

5, ó00

3,000

1 ,500

7,000

10

5

4

4

1

0.7

0.9

1.3

2.7

0.1
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Poputat i on
Est i mate

1990

Type of
Existing

9ater Suppties

Exi sti ng
Suppty

Capaci ty
ln? lday> (ÍÍl )

Storage Approximate
Length of
Pipe rork

(m)
Uorking

Condition

Table 4.5 Existing Domestic Water Supplies in lsiolo District

Poput at i on
Centre

lsiolo ïorn 1 5,000 Intake rith electr. purps 300 200 1 0,000 Fai r

ilgare llara
Ki psing
Otdo Iyiro

I
1

2

,200
,420
,000

Borehote u. dieset prrp
Hett Hith diesel p.np
Sand dam, diesel p.np

( 10)
( 10)
(15)

50
1.5

250

100

000
500
000

Fai r
Poor
Poor

Garba Iuta
Bibi / Duse
Ki nna

5,600
1,800
2,500

Borehote r. diesel purp
Dug retts
Spri ng

60 8,000 Fai r
Poor
Poor5 2,ooo

200Boj i
Gafarsa
Kutamare
ltatka Daka

700

1 ,000
1 ,500
1,100

I ,500
1,400

1,ó00

Dug retts
Seasonat dug xetts
Borehote r. diesel p.np
Seasonat dug retts

72

50

15

50 200
1,000

Poor
Fair
Poor
Poor

Bisan Bitiku
Dadacha Bassa

Seasonal dug retts
Seasonal dug retts

Poor
Poor

l{atka Gat ta Seasonal dug retls Poor

Butesa
Korbesa
l,lert i

1

1

3

1

7

700

800
000

250
000

Seasona[ dug retts
Seasonat dug retts
Borehote rith Diesel pulp ó0 50 7,000

Poor
Poor
Poor

E Idera
l{odogashe

Seasonat dug retts
uetI rith diesel purp

100 Poor
Poor120 1 ,000

I resa Boru
Ser i cho

1 ,600
1 ,500

Seasonal dug relts
Borehote rith sotar pt4 30 75 4,000

Poor
Good

( ) approximate capacity
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5. WATER SUPPLY DEVELOPMENT TECHNOLOGIES

Need Íor lmproved Water Supply

The infrastructure in Isiolo District is governed by the seasonal grazing movements of
the pastoralists. lmproved domestic water supply development is mainly in the dry
grazing areas and on stock routes. Population concentrations during the dry periods
have led to the establishment of rural centres where commercial activities have started.
The presence of water, construction of schools, police posts, health centres and other
infrastructure have enabled permanent settlement, where population varies seasonally.

Except for two water supplies (lsiolo and Kinna, which have surface water sources) all
the others have either borehole sources or use unimproved traditional hand dug wells
along seasonal rivers. lsiolo water supply is the only supply with treatment facilities.

A fair reticulation system exists at lsiolo, Garba Tula and Merti. All the other supplies
can be considered to be point sources with insufficient communal water points.

Operation and maintenance is difficult due to the long distances between the District
Headquarters, the poorly developed infrastructure and the limited Governmentfunding.
Some NGO's mostly religious organisations assist in running some of the water
supplies. Likewise financial analysis indicates that the Government subsidises heavily
on operation and maintenance on all the improved water supplies in lsiolo District,
except lsiolo water supply.

This DWDS shall concentrate on the proposals for the provision of domestic water
supply to the established and proposed rural centres of lsiolo District. lt is recom-
mended that appropriate low cost and low yielding water supplies be incorporated in
all livestock water development programmes to cater for the herders. An example of
such a supply is the construction of a protected hand dug well equipped with a
handpump next to a water conservation pan.

5.1

5.2 Organisation and Attitude

As stated in the last section the proposals of Water Development shall concentrate on
the rural centres in lsiolo District. ln order to come up with suitable recommendations
adequate knowledge of the people living in the project area and its surrounding is
necessary. ln carrying out this exercise a lot of information has been obtained from
sociology studies undertaken by the lsiolo Livestock Development Project (see District
Livestock Production Office, 1991 ).

The major ethnic group in lsiolo is the Borana, followed by Somali, Turkana and the
Samburu. These nomadic pastoralists form 86% of the District population. The Borana
are the majori§ ethnic group and with the recent expulsion of Somali herders from the
District, the rural population is composed almost entirely of Boranas.

The Borana are organised into a clan leadership system composed of customary
officers who govern through the use of their own customary laws and the legal statutes
of Kenya. ln practice the customary law tends to prevail in the lives of the pastoralists.
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Customary law covers the digging, maintenance of hand dug wells and these traditional
water sources are under control oÍ an aba hirega. He allocates access time and
sequence to the various herds using a water source, and maintains orderliness and
cleanliness. The same management principle is evolving at boreholes, such as at Kula
Mawe, where a committee organises revenue collection and watering procedure.

ln principle there is controlled management of dams, including the enforcement of
herdowners removing animal dung from the banks up to high water leve!, but in
practice control is seldom possible owing to undefined ownership or responsibility.

The Ewaso Ngiro has particular access points known as malka for stock watering. No
particular customary laws govern the use of a malka, but no problems over their use
normally arise.
The neighbourhoods who use the same pasture or other common resources, who
share the same clan leaders, whose children go to the same school, and who reserve
the same grazing area Íor the milk herds that supply the school children, are known as
dedowan (sg deda). Deda areas have wet and dry grazing areas and it is in the dry
grazing areas that population centres have been established.

ln contrast to the deda areas, with their stable communities, are the common grazing
areas adjoining many of the district boundaries. These are areas with no permanent
or habitual camps and are used opportunistically by herds from various dedowan as
well as by large numbers of stock from the adjacent districts.

Several different categories of poverty emerge among the pastoral society. The
poorest group is found mainly on the fringes of the towns and is the destitute
population of the completely stockless. The next category is still in or on the edge of
the pastoral economy but with herds well below the minimum necessary for indepen-
dent pastoral production. Female headed households have been found to be
disproportionately represented in the lower wealth categories. The wealthiest category
had the biggest household sizes, and included all the members of prestigious social
status like the camp leaders.

The minimum viable herd for a household is estimated to be 5 tropical livestock units,
which is equivalent to approximately 50 sheep and goats or 7 cattle, or a combination.
These figures correspond to the number of livestock in the poorest households that are
considered viable. They also correspond to the 40 - 50 small stock considered
necessary by the Garba Tula Catholic Mission restocking project to start a new viable
household in pastoralism. The Boran view is that the betume, or the herd needed to
start an economically independent household, consists of a unit of 5 cows and a bull.

Differences in livestock holdings have implications for livestock management. Large
herds tend to move less often and prefer high capaci§ water points (e.9. dams,
boreholes), whereas small herds are more mobile and satisfied by small water sources
(e.9. wells, springs).
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5.3 Considerations Íor Technology Choice

The definition of technical options for the extension of water supply coverage should
be placed within the context of the lsiolo situation, as described in the previous
paragraphs.

Major considerations in developing water supply are the following:

1. The limited source options: at many places the possible sources are confined
to shallow groundwater; deep groundwater or surface water are available only
at a few centres;

Poorly developed physical infrastructure, resulting in poor accessibility and
serviceabili§ of water supply systems (e.g in terms of fuel and spare parts
supply and repairs);

Limited availabili§ of local staff with adequate training in operation and
maintenance oÍ water supplies;

The small size of the rural centres, and the extremely low densi§ of the rural
population.

Limited chances of etfective cost recovery

ln view of the above characteristics the technologies to be selected should be confined
to those with minimum operation and maintenance requirements.

5.4 Technology Choice

The sources for water supply development in lsiolo District have been recommended
in Part 1. The proposed development of the water resources was determined
according the following assumptions:

1. The development oÍ groundwater (and springs) is preferred to the development
of surfacewater for reasons of water quali§ and of supply reliability during
drought situations.

2. Rural domestic demand is supplied from springs (if present), groundwater
(boreholes or wells) or rainwater (roof catchments). The use of these sources
ensures the best possible water quality, with no or little treatment required.

g. Urban domestic demand (lsiolo Town) is supplied from surface water in
combination with groundwater. Water supply is required in greater quantities
than for rural domestic supplies, while a combination of sources improves the
reliabili§ of supply. Treatment is required for surface water.

4. Rural non-domestic (livestock) demand is supplied Írom springs, surface water
or groundwater. !f possible surfacewater and groundwater are used in

combination on a 50-50% basis. ln some areas sources are naturally available
from rivers, streams, springs or depressions.

3.

4.

5.
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The technical options recommended for the provision of water supply based on the
above consideration are shown in table 5.1 and 5.2tor the various supply categories:

Table 5.1 Suitability oÍ Technologies Íor Domestic Water Suppty

Doorestic llater Suppty Devetotrnent options Suitabitity l)
for

Suppl,y
Category 2)Source Develognent uater Supply Devetognent

Source Technotogy lrater
D i stri but i on Technotogy I 2 3

Ground-
Hater

Borehote or
Dug tlett or
Infi ltration

Gat tery

Si ng te
outtet 3)

l,luttipte
out Iet

Hand punp
uindnitt + Storage
Sotar pum + Storage
Diesel putp + Storsge

gindnitt + Storage +
Distribution System

Sotar ptrp + Storage +
Distribution System

lrlotor p(m + Storage +
Distribution Systern ++

+
++
++
++

+

+

+

++
+
+
+

Spr i ng
Protection

Singte
out Iet

iluttipte
out tet

Storage

Storage + Distrihrtion
System +

+ +

Rain
Hater

Roof catch-
ments

Si ngte
out tet

Gutters + Storage + ++ ++

Rock Catch-
Ínents

Si ngte
out tet

l,lut t ipte
out I et

Storage

Storage + gravity distrib.

+ +

Surface
Hater

Sub-surface
dam + dug
ret ts

SEE ABOVE FOR DRILLED/DUG YELL

D
i

i rect
ntake

tluLtipLe
Out Iet

llotorized pnps,
treatment, storage,
distribution ++

Xotes: 1)
2,

Suitabil.ity: (-) not suitabte, (+) suitabte, (++) very suitabLe
Supply category: 1. Urban Centre

?. Rural Centre
3. RuraI lnstitution

Singte_outte! may be a cormrnaI xater point/kiosk,
or a singte line xith some CtPts or kiósks

3)

Table 5.2 Suitability oÍ Technologies Íor Livestock Water Suppty

Livestock lrater Suppty Deyetopnent

Source Devetotrnent
llater Suppty DevetotrÉnt suitabiLity

Source Technotogy

Groundxater Borehote or
Dug uett or
Infi Itr. Ga[ [ery

Hand purp
lrindnit[ + storage + trough
Sotarpup + storage + trough
l,lotorprp + storage + trough

+
+
+

Rainrater Deepeni ng
Depress i ons

Dam Construction Fencing + troughs

++

+

19



The use of solar pumps has already proven to be successÍul in Sericho. However the
output of the solar pump may not always be sufficient to cover the demand or may be
restricted at times of cloudiness. lt is thereÍore recommended to use solar pumps in
combination with electrical submersible pumps driven by a generator. One borehole
may accommodate both pumps if the diameter is 6 inch or more.

For rural areas, provided suitable precautions are taken to avoid source contamination,
one source could provide for domestic supply through a communal water point and for
livestock watering through troughs. Joint source development may be very cost-
effective.

Summarizing the above, the technologies to be considered would be as shown below.

Table 5.8 Recommended Technologies Íor Various Types oÍ Users

Poputation of
RuraI Centre Source Devetotrnent llater Suppty DeveIoppnt 1)

Feasi -
bi tity 2)

Urban Area BorehoIes
Surface Uater tntake

tlotorized PuIp, Storage, Distrih.rtion
f reatÍnent, Storage, Distribution

++
++

RuraI Centres
Large size

Boreho I es
Infi Itnation Ga[ [eries
Roof Catchment
Rock Catchment

Sotar/DieseI Puq)s, Storage, Distrib.
Sotar/Dieset Ptmps, Storage, Distrib.
Gutters, storage ( irdividuat )
Storage

++
++
+
+

Rur6t Centres
SmatI size
RuraI Centres

Borehote
Infi ttration Ga[ [eries
Borehote
Roof CatchÍnent
Spring Protection
Rock CatchÍnent

SoIarlDieset Prnps, storage, Distrib
Solar/DieseI Purps, storage, Distrib
t,indni t t, Storage, Distribution
Gutters, storage (irdividuat )
Storage, Distribution
Storage

++
++
++
++
+
+

Rura I
Institution

Dug/Dri [ [ed ret ts
Dug/Dri t ted xet t
Roof CatchÍnent
Rock Catchment

Hand purps (smatt units)
tlirdnit[ + storage (targe units)
Gutters, storage ( individual. )
Storage

++
++
++
+

Rura I
L i vestock

Deepening Depressions
Dam construction 3)
Dus/Dri t ted we[ t 3)
Dus/Dri L l.ed ret t 3)
Dug/Dri L l,ed ret t 5)

Fencing, trough
!rindnitt, storage, trough
Sotar Purp, storage, trough
l.lotor Pup, storage, trough

++
+
+
+
+

1)
2)

Devetopnent shoxn in decreasing order of suitabil'ity for each type of suppty area
FeasibiLity uith regards to avaitabitity of rater resources:
(-) not feasibte, 1+1 feasibte, (++) very feasible
llay be used atso for suppty of rurat poprtation, provided adequate measures are taken3)
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6.

6.1

COST OF WATER SUPPLY

A cost estimate which includes the capital (construction) cost and operation and
maintenance cost has been done for each of the twen§ one rural centres. This has
been based on the water supply technologies possible for each centre. These costs
have been used for determining unit costs per me of water produced per beneficiary.

lnformation on costs was obtained Írom the Planning and Design Division of the
Ministry of Water Development Nairobi and various suppliers. A location factor was
also included Isiolo being very far from the principal suppliers in Nairobi.

Description oÍ Cost Estimates oÍ Water Supply Technologies

At this stage of planning, cost estimates need only be indicative, as the objective is only
to provide a rough estimate of the cost of water development in each of the rural
centres. The estimates of construction cost given here were considered to include the
following items:

Cost of materials
Cost of skilled and unskilled labour
Cost of transport and
Cost of depreciation oÍ construction equipment

It is often difficult to compare he costs Írom different sources for a similar water supply
or water supply component, because these costs are usually not compatible. This is
mainly due to several factors, the most important being:

differences in designs: apart from differences in the structural designs, also
different makes of handpumps, motorpumps, etc. are being used. Sometimes
materials are imported by the project (duty free).

level of communi§ participation: the local communi§ is normally involved in the
construction, but their required contribution, in terms of materials, labour or
transport may difÍer. The costs oÍ this contribution is usually not specified.

allocation method of labour costs: labour provided by the community is
sometimes paid for, but often provided free of charge. The free labour however
should also be included as costs, because it must be treated as if it is a financial
contribution by the community.

allocation method of overhead costs: overhead costs differ greatly from project
to project, but are often also allocated differently to the construction costs. The
costs of expatriate assistance or of materials bought with overseas funds is
sometimes not included in the overhead costs.

The DWDS has tried to use appropriate designs by determining the typical properties
and components of the water supply technologies specific for lsiolo District, and to
obtain separate cost estimates Íor these components.

21



o()t4 ta ooooc) {, cr aÍtOO\mO
N

c)(30000a\l6§rl?66(,\ \O .C a\l \O \t
N

oooo.t \t

oooaoON
\o ao

oo
rt\o

oo
.t
r^

oo
N
\$
\ó

oo
.t

oooo9()oclc)clctct
^rl\t-Nl\O\t{rhrrt(\l\ot\\O\o{rN

ooo(,NO
o\' N

il ch
ln rit orno\oÍs \O r+ ft

.C\OCOr^rOet\Oh\tÍ\hh N

o
s

.s
l.rr

rtNr!I\
^l 

1^ot4@6
À, t\t

l\omor|roc,NmO.aÍl(\I
O.t(\l 6.f

^t 
.\t Àt N 

^l

c)o
^l 

(\t

ooo
o.t
t4

ooo
ol\

oooc)oooooo()o
6€C)OoO\NoN

crocrc»oooooo()(>oooooo
\O\ÍÀl .\l\Í{
6.Ot\.ON

c, c,oo\oo

oo(>o(>o
hh
Ét GO@\t
o

oooooooooooo
ooooÈi\.it rt .t .t
tÍr\o6€

ooooooc)ooooooc)oooo
ohhhhh

o14GON14oNm.\o\\o
Ér1,1 14rtNrl

oooooo
c)oo@

ooc,
o

o\

o
C)(,
C'\o\'
o

oo(rooo<)()(rooo
c»oc)c,lsN \O€
hro.th

oc)oooooooooo()ooooo
oh6hhl^\o 6 r.t q, a\ raao<to(>6À|
mtaÍ.tnrNto

ooo(>oo
ool.lra

ooooo- o-
hhlsÈmrl
^j 

.\.t

oooooooooooo
(r(rc»oocr()(]t,)rt@ao

ooooc)ooooooeoooooo
o(rooool^rnoooo rt 1rï r$ \t

oo(>ooo
oo

g

É
!
J
oo

cd
d-É
ootno.9 .9oo

gg
ItÉÉ
LL
@@
oooo

qdsd
d_ÈÈd_
oqroooolttoarorooEEEE

cg
ttd_É
LL
66

ooaAo

sdsd
hLLhd.d.dd
{r(TEOOOoottooo0roccroo
croloöö

rr??§§
ah
ru

L
o,

o(,
co

o
L

c

oo
Lo
(!
(:,

co
9
o
L

c

3AOoo
LLEEOO'

o()-t\too (:, at

^t^tcc oo
anovvoo@@ LL
OOPvEEru 0,
LL99oocc00 ro

atooo
LL99
o@EEeË,crc,

oo<rc)ctr.t.t.Oc0OOvvv vvooroooo LL
OOOoYYEEEE0rqroo
LLLL99ooooccÉaoGoÉ

EE
oo \'

o
cro
==0,U'Lfott to

>o
l!O!o
E

oooo
14À

>oooaro

OCLoo
FO-

>o60trl/i
E
oO-r^O

o.

6
!\c)
È§
o.
FO;,o
hÀ

otro

?o(J
o()
o

co
.E

rlo
*B
Eà
0, o,

&,
<. ar,

"?38.o
'tlattyto

.lt,-
OEo9
Ja,
@ahe:t.Foè(,6!,
o-O

oo
66
0rÉ
69
É6
'- ol

ovooo
T(,Jo
o.,
(ro
ar(,
b?

I
o-

C»
o\

(,
o

o()
Lè

à
CL
CL

o
o
(r

=(,
oo
E
oo
o
o
o
o(J
Eo
E
CLI
o
oo

G;
g
Ít
trF

6v o í,,
,ot-cc o\u,ÈLr- v
<-E

o\>
,-OAo
cLo \.c6LJ. Uto 'Ev

@vu o) o,-ccodv,
CLI Ov

aE\ o^yyP ah.- ih,- Í
cL o cLs,oL, ovC' ('

G Pc)
:, - (aE
cd otnCOc)v

oE
u,

v
a^o(J

ov
CLoc,

6
v
c

@9
v al,oo
FO

.L>o
&9l(,t,a

CLruo
OJLof>oruvro

g
G,è
E.o
o
0,è

&,
U'
L
o,

o,

Pc
d,

Ito
o
oo
o()
L
fo0

&a
an

22



Source DevetoFnent trater Suppty Devetogrcnt
Initiat Capitat Cost (Shs) Annual

o8.r,t
Cost
(shs)

Source
Devetop.

supp
Deve

v
op.

Total
Cost

Table 6.2 Development Costs oÍ Livestock Water Supply

Borehote (150 m.)

Borehote (40 m. )

Borehote (150 Ín.)

Borehote (40 m.)

Pan (20000 nf )

Dies-et purp,
50 rf storage tank,
Cattte trough

DieseI pqp,
ïank 50 rf St
cattte Trough

!rindni t t,
Storage Tank,
CattIe Irough

orage Tank

Llindpitt,
50 nr' Storage Tank,
Cattle Trough

Fence, cattle trough

562 500

1 50,000

562,500

1 50,000

1 ,600, 000

588,000

588,000

ó38,000

638,000

100,000

1,150,500

738,000

1 , 200, 000

788,000

1 ,730, ooo

1 0,000

6,200

7,000

4,ó00

7,200

The construction costs of each component were analysed and finally cost estimates
were determined of the complete water supply options, which are àpplicable to the
conditions in lsiolo District (Appendix 3). The costs are summarized in table 6.1 and
6.2.

The capital costs do not include overhead costs, such as depreciation of vehicles,
costs of office staff or expatriate statf. The costs include 10olo contingencies.

The typical properties and components of the water supply options for lsiolo District
are described in the next paragraphs by separating source development and water
supply development. The description of the source development also includes a
summary of the average properties of the water sources in lsiolo District (see also
chapter 6 of Part 1).

6.2 Source Development

SurÍace Water lntake: This normally consists of aweir constructed across a perennial
river. The cheapest abstraction is by gravis but pumping is used where the
topography does not allow. ln lsiolo District only few perennial rivers occur, this
alternative source is not a general option and therefore its unit costs were not
determined. Howeverthe cost estimate of an average weir including diversion box and
including fittings can be estimated of 300,000 Shs.

Springs: The only spring with sufficient discharge that could be developed in lsiolo is
at Kinna. More details are included in the pre-feasibility study reports.

Dug Wells: Shallow wells (or hand drilled tube wells) are feasible in areas, where
sedimentary deposits exist near surÍace water channels. They can also be considered
as means of water quali§ improvement as for example as off-takes in pans and dams.
Shallow well siting Íor natural aquifers should be undertaken by speciaiists. tnner lining
of wells may be done with rings of brick, stone or concrete rings precast or cast in situ,
etc. The wells must be protected from pollution by a well cover. Abstraction of water
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may be done by a windmill, a hand pump or by other means.

Cost estimates of dug wells fitted with hand pumps were available from LBDA, SIDA
and FINNIDA. The construction cost is about 60,000-80,000 Shs, which means a unit
cost of about 300-400 Shs/capita. The unit cost determined for lsiolo District is 320
Shs/capita (Appendix 3). These costs do not include survey costs to determine the
location oÍ the well, which may give additional costs of about 10,000 Shs.

Drilled Wells: Drilled deep wells or boreholes are feasible at several locations in lsiolo
District. The abstraction method depends on the demand, but can be either by motor
pump, windmill or hand pump. Well siting should be undertaken by specialists, if
possible using geophysical techniques.

The unit cost of borehole drilling, casing, development, testing, etc. (no pump) depends
on the local conditions and number of boreholes to be drilled. Appendix 2 contains
some cost estimates. For the DWDS a unit cost of 3,750 Shs/m is applied.

Cost estimates of boreholes fitted with hand pumps were available from LBDA, SIDA,
FINNIDA and PENCOL. The costs vary considerably, mainly due to the depth of
drilling. The construction cost adopted Íor lsiolo District was based on boreholes with
a depth of 40 m and of 80 m (Appendix 3). The cost estimate does not include survey
costs to determine the location of the borehole, which may give an additional cost of
about 10,000-25,000 Shs or more.

Sub-SurÍace Dams And Sand Dams: ln seasonalflow rivers, water extraction in the
dry season may be improved by building a structure across the river bed under the
surface to retain the sub-surface flow. Water is generally withdrawn through infiltration
drains and large diameter wells up-stream of the sub-surface dam. Suitable sites often
coincide with a natural barrier in a river such as a rock outcrop or impervious material
in the river bed. This §pe of sub-surface dam has proved successful in many parts of
Kenya. This method may be useÍul especially in areas where groundwater outside the
river sediments is saline or has a high fluoride concentration.

Sand dams are useful in semi-arid areas where flood water carries a high silt load and
evaporation is high. The dam should be built in stages to ensure the deposition of
sand and gravel. However, often this construction in stages is ignored.

The potentialfor sub-surface dams or sand dams was not investigated by WRAP. But
at the twenty rural centres covered in the pre-Íeasibili§ studies suitable sites for sub-
surface or sand dams exist only in the Basement aíea, such as at Kipsing or at Oldo
Nyiro. The unit cost was not determined, but cost estimates obtained from other
studies (PENCOL, GSK) indicate a unit cost of 1,500 Shs/capita. lt is not clear whether
costs of dug wells are included. More study of this technology is needed, to determine
the feasibility in lsiolo District and the associated construction costs.

lnÍiltration Galleries: lnfiltration galleries are made of pipes, gravel or other pervious
material and buried across (seasonal) rivers, sometimes in combination with a sub-
surface dam. The galleries tap the shallow groundwater in such rivers and are
connected to collector wells constructed on the banks. The water is pumped from
these wells to the supply point. The use of infiltration galleries in wide channels such
as the Ewaso Nyiro or the Galana Gof may make a sub-surface dam unnecessary,
because the groundwater will stop flowing in downstream direction due to lowering of
the groundwater table.
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Cost estimates Íor infiltration galleries were not available. An estimated unit cost of
8,000 Shs per mtlday was used for lsiolo District.

Rock and RooÍ Catchments: Rock catchments are simple in nature. Siting should
take into account communi§ access and geological structure. The best sites are found
on lower reaches of bare rock inselbergs which minimise runoff loss to soil, vegetation
and fractures. Storage may be provided behind dams, because generally a large
storage is required (see table 6.3). The required catchment area depends on rainfall
quantity and variability, but often the available area is limited due to the local condltions.

Roof Catchments for schools and other institutions where extensive roof corrugation
exists, and which include guttering and ground storage tanks, may otfset the water
supply problem considerably. The length of dry periods must be considered in the
design of the tank. First water from each shower should be prevented from entering
the storage to reduce pollution by dust, leaves and bird droppings on the roof.

The required surface area and storage for rainwater harvesting can be estimated
roughly with formulas provided in the MoWD Design manual. The 90o/o - probabili§
annual rainfall is used.

The required sizes of storage and area indicate that in many cases rainwater can only
be used as an additional drinking water source (Eg. a school with 400 mz roof area
could supply 175 people every day with only 1-2litre drinking water). With rock
catchments the required storage capacity can only be obtained behind small dams (this
solution is used frequently in Kitui District).

Table 6.3 Required Area and Storage oÍ Rainwater Catchments

Cont i nuous
Demand

G? ftayt

Storage
Tank
(Íf )

250 rm rainfa[[ 600 nn rainfatI

Roof Area
(mr )

Rock Area
(m: )

Roof Area
(mr )

Rock Area
(m'z)

1

5

10
20

120
600
200
400

1,
2,

2
11

?2
15

t ?50
250
500
000

3,600
18,000
36,000
72,000

910
4,690
9,375

1 8,750

1

7
15
30

500
500
000
000

Iotes: 1) Storage capacity = 0.03 x Demand x (T + 2)
T = longest dry spett = 2 months
Surface Area = (450 x Demand) I coeÍ x 90I
coef = 0.8 for roof catchments and
0.5 for rock catchments

?t raln

It was not possible to obtain good cost estimates on rock catchments. Costs of these
depend very much on the local conditions. The feasibili§ of rock catchments is
insufficiently known in lsiolo District. Therefore more study is needed of this technology
especially at Kipsing and Oldonyiro.

Small reservoirs (<10,000 ms) can usually be constructed with small earth-moving
equipment. They are relatively cheap and not difficult to operate and maintain. Site
selection must be done by qualified personnel. Earth dams need proper catchments
(conservation measures are often needed as a pre-condition). Siltation is almost
inevitable if no measures are taken. Evaporation in the reservoirs is usually high.
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Spillways must be properly designed to prevent erosion and overtopping of the dam.
The site must be properly selected to have maximum storage and should not have
leakages. Care should be taken to prevent mosquito and snail breedíng.

Fencing of the reservoir and dam site is necessary to prevent pollution and erosion by
livestock. For domestic consumption, a shallow well at the foot of the dam where
some seepage occurs, may be constructed which will draw reasonably clean water.
Alternatively an off-take structure may be constructed in the lower part of the reservoir
connected to a Íilter structure with a hand pump.

A rough estimate was made of total costs based on rates obtained from dam
construction in Samburu District (DCUS). The unit cost per m3 was taken as 80
Shs/ms.

Small dams/pans (5,000 ma): 400,000 Shs
Medium earth dams (25,000 ms): 2,000,000 Shs

6.3 Supply Development

Hand pumps: These are easy to install and are not expensive. Hand pumps require
regular, sometimes skilled maintenance, which if wellorganised, improves considerably
the reliabili§ of operation. Hand pumps can pump water from a maximum depth of 60
m, but generally the water level should be less to assure a reasonable yield and to
reduce the wear and tear of the pump. The yield of the well or borehole should be
between 0.5 and ,.O 

^tlhr 
(or more). An average person can draw the Íollowing

quantities from a well:

Dynamic rater tevet (m)
Yietd (d/hr)

5
3.5

10
2.0

20
1.0

30
0.8

40
0.ó5

50
0.5

Sdrrce: (IHE,1988)

The most common types of hand pumps installed in Kenya are:

Shallow depth - NIRA (Kefinco), SWN (LBDA)
Medium depth - Afridev (Kefinco, Kwale), SWN (LBDA)
Large depth - lndia Mk ll (Kefinco)

The Afridev and lndia Mk ll are manufactured locally (e.g by WECO in Kakamega for
Kefinco). The Afridev pump costs 14,000 Shs ex works at Nairobi. The SWN pump
used by LBDA costs, including installation 14,000 - 32,000 Shs, depending on the
depth of the water (Appendix 2).

Windmills (Pumps): Wind is free, therefore windmills are relatively cheap in operation.
But windmills are expensive to install. They may be combined with a hand pump so
that water can be pumped by hand if there is no wind. Or a diesel engine may be used
as standby. lf only wind power is used, a three day storage of water is required as
minimum.
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The most common and successful Kijito windmill is produced with four different rotor
sizes (3.7, 4.9,6.0 and 7.5 m diameter). Standard height is 9 m, but an extension to
12 m is possible. The costs are summarised in Appendix 2.

Hydraulic Rams: A hydraulic ram uses a large volume of water to pump a small
proportion of that volume. Rams require careful adjustment. Ram pumps are relatively
expensive, but easy to maintain. The application of ram pumps is limited to locations
with ample flowing water. There does not exist any possibility of using hydraulic rams
in lsiolo District.

Solar Pumps: Solar pumps are suitable in areas where sunshine is abundant. They
may pump as much as 6 l/s. Sophisticated technology is required and they are not
easy to repair. The cost of a complete solar pump unit is about 600,000 Shs (ex.
works). Not many solar units have been installed as yet but some donors currently
include solar units in their projects, thereÍore it will be interesting to monitor the
performance of these units. The solar pumpset at Sericho has been performing
satisfactory since its installation in 1987.

Diesel and Electric Pumps: Diesel pumps in remote areas often lack fuel, spare parts
and personnel to maintain. Electric motors need less maintenance and are more
reliable and are preferred where a reliable supply of electrici§ is available.

The selected water supply options all deliver water by gravi§ to the consumers. lt is
assumed that motor pumps are included only to pump water from the source to the full
treatment plant. The pump capaci§ to the treatment plant is based on 24 hours
pumping. Borehole pumps are also designed to operate 24-hours.

The total cost of a diesel generator and borehole pump is estimated at 300,000 Shs.
The cost of a pump plant in a surface water scheme between intake and supply area
depends on the discharge and head but preliminary may be estimated at 500,000 Shs
Íor 200 mt/day supply.

Storage: Sufficient storage is required at a water supply to cover periods of peak
demand or to supply water if the supply is temporarily out of order (emergency
storage). The MoWD Design Manual states that emergency storage is not required in
rural areas, including rural centres, except for supplies from windmills (3 days storage)
or from a single borehole (1 day storage). This study however applies 1 day storage
also for supplies from a spring or from surface water, including urban supplies (5000
people). The required storage for rainwater harvesting systems is already described
in the previous paragraph.

The costs of storage was based on masonry f concrete tanks and was estimated at Shs
4,500 per ms.

Treatment: Water schemes supplying domestic water always require some kind of
treatment, to ensure a safe water quality. Supplies using as source springs or surface
water either include treatment by filtration or chlorination only or include fulltreatment.
Supplies using groundwater as source usually need treatment by chlorination only.

The cost of treatment works was estimated at between 120 and 150 Shs per ms/day
for chlorination only. A full treatment plant comprises chemical feeders, flocculation
and sedimentation tanks, sand filters, pumps and storage for backwashing of filters.
Since this is only applicable at Isiolo town only it's unit cost was not included.
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Distribution System: A piped distribution system may be included for supplies to rural
areas, rural centres or urban centres. The number of connections for a §pical water
supply were determined at:

Rurat Centre
(so rP /aay)

Urb€n Area
(200 ÍÍl /day)

Urban Area
(3Oo rl /day)

Individuat Connections
Cqrmlnal llater Points

5

20
10
20

15
100

It is difficult to establish a unit cost for distribution systems, because it is not possible
to generalize diameters and lengths of pipes. Comparison of various distribution
systems installed with assistance from SIDA or Norad yielded a rough estimate which
will be applied in this District Water Development Study:

Costs of supply points were adopted from SIDA:

Communal water points : 20,000 Shs each
Cattle Troughs : 33,000 Shs each

The cost of an individual connection was generally estimated at 3,000 Shs per
connection.

6.4 Cost oÍ Operation and Maintenance oÍ Water Supplies

The success of a water supply depends on various factors, of which the organisation
of the operation and maintenance (O & M) is one of the most important. When
planning for water supply development it is crucialthat the O & M is taken into account.
lmplementation of water supplies should not be started, unless satisfactory conditions
are created for the O & M.

The policy of the government is that O & M of water supply facilities is undertaken
primarily through joint efforts between the government and the beneficiaries, which
requires that communities contribute significantly towards the (construction and)
maintenance of facilities. It is therefore important that the communities participate in
the decision making at the earliest stage possible.

Government policy is also that cost recovery is an essential element in the water supply
programmes. ln urban areas water prices should cover both maintenance and capital
costs. ln rural areas water rates should cover at least the direct O & M costs of the
water supply.

The involvement of the communi§ in the O & M of the water supplies is actively
promoted in several programmes around Kenya (e.g in LBDA, Western and Kwale).
The approach may differ slightly between these programmes, but generally com-
munities are expected to participate in all phases, in the planning, construction,
operation and maintenance of the supplies. Usually the communities form water
committees, which are responsible for the water supply. Part 3 elaborates further on
the aspect of community participation.
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The O & M costs of the various selected technologies, described in the previous
chapter, were estimated using information from the above mentioned programmes and
from publications. O & M costs were found for only some of the supply technologies.
The costs are expressed in Shs/ms produced (Appendix 4). The annual maintenance
costs may also be estimated as a percentage of the construction (installation) cost as
presented in the MoWD Design Manual (Appendix 4).

The available examples of O & M costs can not always be compared directly, because
the organisation of the O & M may differ. WRAP has adopted as much as possible O
& M costs, as they have to be raised by the communi§, without a contribution from
projects or such. The O & M costs may include:

Operation: - Íuel or electricity
- salaries of operators, attendants etc.
- chemicals
- transport and offices

Maintenance: - spare parts
- tools
- costs of repair

The true cost of spare parts are not always available, because sometimes parts have
to be imported and are provided by the projects free of charge or against the duty free
price. Costs of replacement due to expiry of the lifetime of materials are not incÍuded
in the O & M costs. These are dealt with separately in the costing of the water supplies
in Part 3. However the lifetime is indicated of the technologies described below.'

SurÍace Water lntakes: The main attention given to intakes is to ensure that the
diversion inlet is kept Íree from debris. Usually intakes located in the forest have little
problems. But if human activities take place upstream of the intake, then much time
may have to be devoted to the proper functioning of the intake.

Operation: - cost of attendant unless intake site is trouble Íree
Maintenance:- - 1o/o of capital costs
LiÍetime: - 40 years

Springs: The operation of a spring supply is usually easy, because it does not involve
valves. lt is important that a good design is used, which ensures as little as possible
disturbance of the spring flow. Contamination of the spring can be prevented by
protecting the area immediately above and around the spring and by keeping the
collection point at a distance. The spring can also be connected to a (gravi§) piped
system in which case the operation becomes simílar to other piped systems.

Operation: - no costs (unless a spring attendant is needed)
Maintenance: - very low, estimate 2oA oÍ capital cost
LiÍetime: - 30 years

Dug Wells: The operation of a dug well depends on the installed type of pump, which
are described below. Open dug wells without a cover are not considered in this study.
The maintenance of dug wells which are covered is rarely required.

Operation: - no costs
Maintenance: - no costs
LiÍetime: - 20 years or more

Boreholes: Generally little maintenance is needed for boreholes, if the borehole is
properly designed. But the operation can be troublesome if a wrong borehole screen
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is installed, which causes sediments to enter. Separate operation costs are not
included, as these depend on the type of pump.

Operation: - no costs
Maintenance: - lolo oÍ capital cost
Lifetime: - 20 years

Handpumps: Many publications are available on the operation and maintenance of
handpumps and therefore the description here can be short. lmprovements to
handpumps are made continuously and some types are now manufactured in Kenya.
However some parts need to be imported, because the quality of locally available
material is not sufficient (PVC pipes for rising main, pump cylinder, bearings).

The handpumps can be distinguished in VLOM §illage Level Operation and
Maintenance) and not VLOM. ln case communities are expected to be responsible for
the O & M of handpumps, then it is necessary to install handpumps of the VLOM type.
VLOM handpumps in Kenya are the NIRA 85 and Afridev both in use by KEFINCO and
the latter also in Kwale. Not VLOM handpumps are the lndia Mark ll and the SWN,
which are used by respectively KEFINCO and LBDA. The costs of maintenance are
indicated at 200 Shs/year by LBDA and Kwale. KEFINCO estimates the costs at 500-
1000 Shs fyear, which also includes the cost of repairman. Usually maintenance
becomes more expensive, if the watertable is deeper.

Operation:
Maintenance:

Lifetime:

- no costs (unless a pump attendant is paid)
- 600 Shs/year for handpump on a dug well

3,000 Shs/year for handpump on a borehole
- 6 years or more

Windmills: The O & M of windmills is easy and very little maintenance is required.
Normally only some greasing is needed. An attendant is usually required and the
operation costs therefore have to include his salary.

Operation: - 36,000 Shs/year (salary of attendant)
Maintenance: - 36,600 Shs/year
Lifetime: - 20 years

Solar Pumps: The solar pumps have only recently been introduced and not many
units have been installed as yet. O & M is easy and very little maintenance is needed.
The major problem may be the breakage of the panels by vandalism or wind gusts,
although it appears that panels currently on the market do not break easily.
Maintenance costs thereÍore may comprise mainly replacement of broken panels,
which cost about 10,000 Shs each.

Operation: - 36,000 Shs/year
Maintenance: - 36,000 Shs/year
LiÍetime- panels: - 20 years

- pump: - 5 years (15,000 hours)

Motor Pumps: The O & M of motor pumps depends on the type. Electrical pumps
usually require little maintenance. Diesel engines either driving pumps directly or
through a generator, require regular maintenance. This has to be done by a mechanic,
who is usually in the staff which runs the pump plant. Operation costs of motor
pumps also include energy costs.

Operation: - costs include salaries + energy (electric§ or Íuel)
Maintenance: - Regular service of engines is needed. The MoWD estimate is 5% of the capital costs

of pumps and generators.
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LiÍetime: - 10 years for pumps and generators

Distribution systems: The o & M depend?. o.n the size of the system and the

ililpr in ifíe óËa Simple. gravrty supplied. distribution systems are easy to

maintain. But a íöË, dósirjn iricrJoiíg gàie vatves, wash-outs,.air-valves, etc. is

needed, to .n.ur5 ;àt ópèàion oi tne-slstem. storage is usualty inctuded in the

system to ensure supply during peak hours'

The operation of larger distribution systems..which supply yrb{l centres normally

involve a number oi it"tf, which requiró an otfice, transport etc. The costs of O & M

is estimated according the rates used by the MoWD'

- depends on number oÍ stafÍ
- z"À ot capital costs (1olo Íor piping only)
- 30 years

Operation:
Maintenance:
LiÍetime:

Operation:
Maintenance:
Lifetime:

Operation:
Maintenance
Lifetime:

Operation:
Maintenance
Lifetime:

- cost of attendant
- 1oh oÍ caPital cost
- 30 years

- 12,OOO Shs/year (salary oÍ attendant)
- 5o/o ol caPital cost
- vàries Íàm site to site, but may be only a few years in areas with high erosion'

- none
- 1o/o oÍ caPital cost
- 20 years (corrugated tanks 10 years)
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pans and Dams: The maintenance of pans and dams is often neglected, although

irgrl"i inention may-imórove.tnq lifetiine of the facility.. A major problem is the

grï;iàfry nign ,"t. ó èrósion in the semi-arid areas, wnicn causes a reduction in

Ëöiàgàt"pàcitv oitÈ. ieservoirs. only measures in the catchment areas can remedy

this. Scooping ot ine pàÀÀ anO damshay- rnaintain a sutficient water storage. But if

this is not done on ài.grlar bases, than often large desalting operations are needed.

These may prove just is expensive. as building a new pan 9.r 9"'' . 
,

Larger dams ,rrri[-Ààr"-aÀ àttenoant, who rÀay also be able to repair the fencing or

to maintain the u.öàt"tion ón àno around the eóbankment(s). An attendant will also

be required, to opérate an off-take for domestic use'

Sub-surÍace Dams and Sand Dams: The maintenance may b9 very little if a proper

ààJgíÈ Jsed. rÀe *atei ii usuatty abstracted through dug wells or a piped off-take

àÀàïn" O & M of these do not differ from similar supplies.

Operation: - none (unless an attendant is required)

Maintenance: - 1oA oÍ caPital cost
Lifetime: - 20 Years or more

Rock catchments: The maintenance may be very little iÍ a proper design is used'

Operation: - none (unless an attendant is required)

Maintenance: - 1o/o ol caPital cost
LiÍetime: - 20 Years

RooÍ catchments: The o & M is done on a private basis, because the- supply is either

for a family o, aÀ institution. The maintenance should be very little' unless poor

materials are used for gutters or storage'



6.5 Cost EÍÍectiveness Analysis

6.5.1 lntroduction

The methodology followed in discounting costs and benefits involved the followingsteps:

1.
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A complete economic anatysis of a water supply system would take into account thecosts of the system over the life of the projeci ano iompare them toine oenefits of the
lYstem. ln practice, while costs are relatively straigi'rtforward to éíaOrish, tnè iuÍbenefits of water supplies are difficult to estimaíe. rÀÉ is óàrticrlàity tË case in ruralsupplies where time savings, health and induced economic activityïfi'Oe impàrtàni.A,methodglog.y for assessment of some of these benefits is set ort in paragàphÉ.à
of Part 3, but it is not possible to undertake this asses.r"nt for the variour".lÀt"r,
in general as the value of these benefits,lano costsj ii proiect specific. The approachadopted in this section considers only the cost anó tÉè output bt tne systems.

This approach is known as cost effeciiveness analysis. lt measures the cost per cubicmeter.capaci§ of each system over its lifetime. The lowest cost technology applicablein a given círcumstance will be the most "cost effective". The present cost per cubicmeter capaci§ is found ïging a technique known as oiscóuniint, 
-wnere 

futureexpenditures are expressed in present va[ies.

j

I

2.
3.

4.

Estimation of the total costs incurred in the system during 20 years of operation,such as:
- capital costs: source, pumps, storage;
- recurrent costs: staff salaries, general maintenance, fuel and tubricants.
Estimation of the.yierds of water in m.s, simirarry as in siep r aoovà, vàài'Ëy y""r.
Discounting of all costs figures to arrive at their present iralues oy tói"Ë àifferentdiscount rates.
calculation of the cost effectiveness.pel r': qpacity of water suppry at present
value by totalling the discounted costb divided by thé ànnuat yield of the system.

The discounting was done us.ing three different rates 5o/o, 1oo/o and 11o/o. Thís rangeof percentages was used to indicate that the ranking of 
'the 

t.óÈÀoràóies may àitrËiaccording to the selected discount percentage.

The cost effectiveness analysis was intended in this study for comparison of theproposed water supplies and for comparison oÍ the pumpin! systeril The anàryaiagives an indication of the cost effectivèness of the propoàeo-syite, àt a rural centre
! .cgTparison to the cost effectiveness of the própoied syst'ern àt ànotner centre.Table 6.4 sets out the results of the cost effectiveàesè analysió of thsvaiious proposed
types of water supplies to the rural centres.

It should be noted.that this analysis was carried out in order to obtain a comparison
of systems according to cost efféctiveness criteria. lt does NOTliotr"" an average
cost of water over the lifetime of the project.



Table 6.4 Results oÍ Cost EÍÍectiveness Analysis

Totat cost,/rl is the totat discounted cost per cubic meter capacity per year
TotaI CapitaI Costs inctude investment + reptacement costs.

Note

6.5.2 Results oÍ Analysis

The water supplies dealt with here will mainly supply water Íor domestic use. Table 6.1
presents an overview of the cost of water supply development for the different supply
areas: rural centres and rural area (livestock). tndicated in tabte 6.1 are estimatds ót
the.initial c_apital (investment) costs, the annual O & M costs and the costs per capita
and per mt/day capacity.

The cost effectiveness exercise was conducted for complete water supply systems
using boreholes or wells connected to infiltration galleries (Appendix Sy. 

'in-e 
systems

are based on the proposals for the water suppiies to the'rural cenires, which are
generally comparable except for differences in lengths of main lines and distribution
systems. This should be taken into account when comparing the cost effectiveness
of these systems.

The. output of the solar pumps depends on the number of sotar panels, which in this
analysis was 32. The yield of the solar pump for this number of panels is 35 ma/day
Íor boreholes (30 m. !9ad) and 60 mt/day Íor wells with infiltration galleries (1'5 m'.
head). Two submersible pumps in one borehole of at least G incÉ diameter are
possible, allowing combined systems of solar and diesel. lt was assumed in the
analysis that solar pumps and windmills only provide water during 800 days in a year.
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Technotogy

(rl )

Dai ty
Yietd

(Shs)

ïotat
capi tal.
Costs

(Shs)

Ïotat
0&ll Costs

Totat Cost/d
(Shs)

5r
di sc.

102
di sc.

152
di sc.

Dieset Pup
Diesel Pulp

rith Diesel Pups

Dieset and Sotar Pt.rlp

Diesel and Sotar Putp

uith Diesel and Tro Sotar Ptrys
Uindni t L

Borehote rith
Eorehote rith
Txo Borehotes

Borehole rith
Borehole rith
fro Borehotes

Borehote rith

lnf i ttration Gat Ieries rith Diesel, pr.np

lnfittration Gatteries rith Dieset purp

Infittration Galteries rith Tro Dieset pulp

tnfittr. Galteries rith Dieset and Sotar purps

Infittr. Gatteries Hith Diesel and Sotar pups
Inf . Gal. leries xith Dieset and ïro Sotar prrys

Infittration Gatteries rith Sotar purp

Inf i ttration Gat Ieries Hith t,indni Lt

Inf i ttr6tion Gatteries rith ttirdni Lt

Dug tletl, rith Handpunp

Borehote Hith Handpwp

50

75

100

50

75

100

50

50

75

100

50

75

100

50

50

75

5

5

3,31 0,000

3,772,r00

ó,070,000

4,605,000

5,072,500

7,970,000

3,535,000

3,275 ,000
4,232,500

ó,010,000

4,535,000

5,502,500

7,910,000

4,405,000

3,355,000

4,695,000

183,500

31 0,000

2,016,000

2,646,000

4,36g, ooo

1,7&,000
?,394,000

4,116,000

I ,51 2,000

1,7&,000
2,142,000

2,520,000

1,554,000

I ,8ó9,000
2,2ó8,00o

I ,5 12,000

I ,51 2,000

1,5í2,000

63,000

63,000

?17.0

196.8

237.7

292.7

227.4

273.1

28a.2

236.1

201.9

203.2

281.3

230.9

238.5

337.5

276.2

241.4

101.ó

170.9

222.0

175.7

210.9

262.2

202.7

241.5

263.6

213.7

18t+.2

18ó.0

253.0

209.8

216.6

308.9

251.6

223.9

84.3

153.7

208.0

163.9

195.9

245.9

189.3

224.4

250.0

201.2

174.4

176.5

237.9

198.5

205 .0

293.4

238.0

214.4

74.7

114.0



6.5.3 Conclusions

The cost effectiveness analysis allows to compare pumping systems with different
supply capacities. Due to the nature of the estimates used, the Íollowing conclusions
must be taken as indicative.

The outcome of the comparison of boreholes or wells equipped with solar pumps,
windmills or diesel pumps shows that diesel pumps are the most cost etfective. Solar
pumps alone are less cost effective than combined systems. lt appears that the lower
O & M costs oÍ solar systems do not compensate for the higher capital costs.

The windmill is more cost etfective than solar systems. However the windmill is not
applicable in most parts of lsiolo District, because of insufficient wind potential. A
combined system of windmill and submersible pump is not possible in one borehole.

For comparison also systems with handpumps are included. The cost effectiveness
of handpumps is higher than oÍ the other pump systems, in spite of the low output of
the handpumps.

The analysis shows that systems are more cost effective Íor larger yields. This is due
to the lower capital and O & M costs per ma produced.
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APPENDIX 1

WRAP - INVENTORY SHEETS FOR EXISTING WATER SUPPLIES

Sheet 1 General lnventory

Sheet 2.1 Water Supply lnspection Form for Surface Water
Source

Sheet 2.2 Water Supply lnspection Form for Groundwater
Sources

Sheet 2.3 Water Supply lnspection Form for Distribution
SYstem

Sheet 3 Operational lnventory

Financial lnventorySheet 4

OPERATIONAL CHARTS OF MOWD WATER SUPPLIES

Section 1: Provides Quantities of Chemicals used and Water Quality Data

Section 2: Provides the Number of Pumping Hours and Fuel Consumption

Section 3: Provides the Number of Connections and Total Quantities of Water
Produced and Water Sold.

Section 4: Provides the Operational Costs, Consisting of Chemicals, Fuel,
Salaries/Wages, Overheads, etc.



WATER RESOURCES ASSESSMENT AND PLANNING PROJECT

-Survey oÍ Existing Water Suppties-
GENERAL INVENTORY SHEET 1

Date of Field Check:

Name of Water Supply:

organization: o MowD o council o Mission o serf Herp o other
District Division

Location Sub-Location

Map-Sheet (50 000) Coordinates (UTM) X Y

Raw Water Source: o Borehole o Shallow Well o Spring o Waterhole o Rain

o River o Lake o Dam o Pan o Rock Catchment o Other

Pumping Plant: o Electrical o Diesel o Handpump o Gravis o Manual

o Other

Discharge: Design m'/d Present m'/d

km

km

Raw Water: Storage

Clear Water: Storage

mt Conveyance

m' Distribution .

Treatment: oNone oChlorination oFull oOther
water Quality: o Good o High rDS o Turbid o High F o Not known

o Contamination .......

Facilities: Workshop..... Housing..... Laboratory..... Office.....

Other

consumer supply Points: lndividual ....... Metered no. ....... Non-metered no. .......

Kiosks ..... cattle-troughs ..... -dips ..... communal waterpoints ......

Other

Population Served Livestock lrrigation

Commercial Establishments / tnstitutions Served No.: .......

operational Reliability: o Good o Medium o Bad (more on sheet 3)

Project Type

Year of Commissioning

Cost at Commissioning Time

1-1



WATER RESOURCES ASSESSMENT AND PI.ANNING PROJECT
Ministry oÍ Water Development

WATER SUPPLY INSPECTION FORM
Íor surÍace water sources

SHEET 2.1

1. Name of Supply:
2. Location:
3. Source: dam / pan / weit /water hole / river f

roof catchment / other:
lake /rock catchment /

4. Technical lnformation:

lntake structure: dam / weir / pipe lother:
structure material: clay /rocks / concrete / bricks / melal I

other:
structure size: width m., height m., diameter m.

lntake storage capaci§: m'

Pumping plant: electrical / diesel / petrol / hand I gravity / none

/ other: .-

Discharge (estimate): m'/day or litre/sec.

Constructed by:
Year of construction: 19 . .

5. Condition of Works:

lntake: good /latr / Poor
Erosion : much/moderate/little/none
Spillway: silted/eroded/good/not present
Reeds : much/moderate/little/none
Dam silted: much/moderate/little/none
Leakage: much/moderate/little/none
Outlet pipe: working/not working/not pres
Fence: good/damaged/not Present

Required rehabilitation:

Pumoino olant:
Pump: good / latr / poor
Engine: good /tar / poor

Required rehabilitation :

1-2

. continue on other side



WATER RESOURCES ASSESSMENT AND PLANNING PROJECT
Ministry oÍ Water Development

WATER SUPPLY INSPECTION FORM SHEET 2.2
Íor groundwater sources

1. Name of Supply:
2. Location:
3. Source: borehole / dug well / spring / other:

4. Technical lnformation: (to be copied Írom inventory sheets)

Width / diameter: m. Depth: m.
Water level: m.

.Discharge (estimate): m'/day or litre/sec.
Well / borehole tining: yes/no
Type of lining: concrete / bricks / steel casing / pvc casing /
Pump present: yes/no Type: handpump / submersible /reciprocating

/ centrifugal / other: : .

lymping plant: etectricat / diesel / petrot '/ hand / other:
Discharge (estimate): mr1óai1 or 'litre/sèb.

Constructed by:
Year of construction: 1g . .

5. Condition of Works:

General structure:
Lining:
Slab:
Structure/slab undermined :

Cover/cap:
Casing:
Screen:
Leakage sides:
Leakage underneath:
Proper excess water drainage:
Overflow pipe present:
Protection agst. surf. water:
Fence: yes/no

Borehole
good/fairlpoor
good/tair/poor
good/fair/poor
yes/no yes/no
good/Íair/poor
good/tair/poor
good/fairlpoor
yes/no yes/no
yes/no yes/no
yes/no yes/no

good/fairlpoor
good/tair /poor

well
good/tair/poor
good/Íatr /poor
good/tair/poor

yes/no
good/tair/poor

rino
gcrd/tatr/poor

gcrd,fiatr/poor

gcrd,/Ían/poor

yes/no
yes/no
yes/no

good/fairlpoor
good/tair/poor

yes/no
gcrd,/tat/poor
gcrd/tai/poor

Pumping plant:
Pump: good /tau / poor
Engine: good /tar / poor
Pump-engine connection: good / tair / poor

Required rehabilitation:

1-3 continue on other side



WATER RESOURCES ASSESSMENT AND PLANNING PROJECT
Ministry oÍ Water Development

WATER SUPPLY INSPECTION FORM
Íor distribution system

SHEET 2.3

1

2

3

Name of Supply:
Location:

Technical lnformation:

Distribution system Total pipe length:
Pipe diameters:

km.
inches/mm.

Booster pumps: yes/no Number oÍ pumps:
Pump Capaci§: m'/hr

Storage: yes/no Type: tank/other
Storage capac§:

Number of tanks:
m'

Treatment plant: yes/no Type:

4 . Condition of Works:

Distribution system:
ln operation?: yes/no, because

General condition:

a.

pipes:
valves:
taps:
meters:
pumps:
storage:
treatment:

goodfair/poor
goodfiair/poor
good/fairlpoor
goodfiair/poor
good/fairlpoor
goodfair/poor
goodfair/poor

5 . Appraisal of facility: Comments

Suoply: Domestic:
Livestock:
lrrigation:

Adequate / Not adequate / None
Adequate / Not adequate / None
Adequate / Not adequate / None

Water pressure: Sufficient / Not sufficient

Water quality: Domestic: Acceptable / Not acceptable
Livestock: Acceptable /.Notacceptable
lrrigation: Acceptable / Not acceptable

Rehabilitation works required?: yes/no
(Specify requirements on seperate quantities form)

1-4

. continue on other side



WATER RESOURCES ASSESSMENT AND PLANNING PROJECT

-Survey oÍ Existing Water Suppties-

OPERATIONAL INVENTORY SHEET 3

Name oÍ Water Supply

Organization responsible for operation:

Organization responsible for maintenance

Operation staff:

Designation Task Traininqr Level

Maintenance: How often ?

Who pays for maintenance ?

Operation: How many working hours per day ?

How many days per month is supply working on average ?

How is fuel supply ?

Operation Reliability

Reliability of Pumps

Reliabili§ of Conveyance

Reliability of Distribution

Reliabili§ of Treatment

Causes of malfunctioning

1-5



WATER RESOURCES ASSESSMENT AND PLANNING PROJECT

-Survey oÍ Existing Water Supplies-

FTNANCIAL INVENTORY SHEET 4

Date of Field Check:

Name of Water Supply

Total Revenue Collected per month Ksh

No. of connections:Flat rate per connection Ksh/month

Metered Consumption Rate ....... Ksh/m'

Total Operational Costs Per month

Electric Power Consumption Cost per month

Diesel Consumption cost Per month

Chemicals cost per month

Staff / Labour Costs per month

Maintenance Costs: Labour

Spare Parts

Other

Other Sources of Íunds: state:

No. of metered connections:

Ksh

Ksh

Ksh

Ksh

Ksh

Ksh

Ksh

Ksh

1-6

Year of
commissioning

Cost Capacity

Intake m3

Treatment l{orks m3ld

Pipelines km

Storage m3

Dams/Pans m3
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UNIT COSTS OF WATER SUPPLIES: SOURCE DATA

Sr.pty: Rurat Suppty GrouÍrdrater

Ircl.rdirg: Borehotes, pup, storage, distribution

s.ppty: RuraI Suppty Surfacerater/Gravity

Irclrdirrg: lntake, main tines, storage, Treatmnt, Distribution

Srpty: Rurat Suppty SurfaceHater/Xydram

IrckdirU: Hydram, Treatment, Storage tank, Distribution

Sr.ply: Protected Spring

Irrtrdir€: Spring Captation Hith one outtet

Sr.pty: Protected Spring

ImtrdirB: Spring Captation rith of f -take pipetine and rater points

Source
of Data

Projèct llame Year Totat
Costs Popu.

Costs/
Capi ta Remarks

SIDA Turima/Ganpua
Ki tihori
llkururuni
Kagor$e
Rrakinanga
iluguko
Rukenya

1988
1988
1988
1988
1988
1988
1988

720,000
500,000
ó80,000
290,000
270,000
270,000
440,000

I ,?20
430

,300
430
340
280
550

I

590
1ó0
523
674
791
965
800

I
Sotar pup, 1 borehote
Sotar pup, I borehote
5 Hrrs, handpurp, s/s dam
2 Hrrs, handpurp, s/s dam
2 bhrs, handpurp,
2 bh's, handprq, s/s dam
3 bhts, handpunp, s/s dam

Source
of Data

Project ilame Year TotaI
Costs PoBr

Costs/
Capi ta Remarks

BISH
l,lcPherson

]lorconsutt

P.K.Njiru
(D i pt oma
des i gn)

Chepatunga

Gakauni

Kibauni

1989
1984

1990

1989

105,902,652
972,118

2,339,250

32,000,000

135,850
5,Í50

1 ,200

33,46

780
190

1,950

956

Large suppty 10,O5O d/d
Hypothetical sr.ppty, tox costs of
intake and storage (no treatment)
Intake chanÈer, f i Itration,
Uttimate poputation served 3,131
Purped suppty, 900 Íd /d

Source
of Data

Project llame Year Iotat
Costs Popu.

Costs/
Capi ta Remarks

SIDA KarLma
lluyoys-
Kamatungu

1988 540
660

000
000

,l

1

200
500

450
440

Source
of DatE

Project Name Year Totat
Costs Popu.

Costs/
Capi ta Remarks

SIDA
FIN}IIDA

XLIDP

KFRL'SDP

1988
1988

63
14

500
716

500
200

127
132

Excluding overhead
Exctr.ding overhead

Source
of Data

Project )lame Year Tota t
Costs PopLr

Costs/
Capi ta Remarks

GSK KIDP 1989 Í00
250

000
000 1

500
250

200
200

20 t? lday
50 rl /day
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UNIT COSTS OF WATER SUPPLIES: SOURCE DATA

Sr.pty: Borehotes

Irrtrdirg: DriIting, casing, devetopnent, superstructure, handpup, labour costs

Stpply Corponent: Borehote Construction,

Irrtrding: Dritting, casing, devetoping, testing

Srppty: Dug tlel [s

Irrcluding: Dug xett, Iining, superstructure, handpurp, labour costs

Source
of Data

Project Name Yesr Average
Bh. Depth

(m)

Tota t
Costs Popu.

Costs/
Capi ta Remarks

LBDA

SIDA

F I }I}I IDA

PE}ICOL

NORCONSULI

RDI,'S & SP

Nkururui ni
KTIDP

KFRITSDP

CBTIDP

Gakauni

19%

1988
'85-'87

1988

198É.

1990

65

?

?

50

.,

107,500
'127,470

1 20,000
§,228

71,480
120,46

227,7OO

240,000

200
200

260
200

200
200

200

175

538
637

460
v1

357
&2

I 138

1370

Exctuding overhead
Inctuding overhead

Exctrding overhead

Exctuding overhead
Inctuding overhead

Based on 33% success
rate

Source
of Data

Project Nam Year Tota I
Costs Depth

Costs/
Remrks

D i ocese

llol,o

GSK

PENCOL

D i ocese

of l,larsabi t

Design l4anual

KIDP

CBTIDP

Baragoi
Lodokojek

1989

198ó

1989

198É
198É

198ó

90,000

1 50,000

3ó0,000
470,000

1 59,550

50

50-200

125
125

2,100

1,800

3,500-5,000

2,880
3,760

2,500
2,&0

Large nr. in same area

Singte or fer hotes

150 nm diamter
200 rm diarneter

One borehote
(24 m 150 mr Jónson screen)

Source
of Data

Project Nann Yeer Average
Llet t Depth

(m)

Iota I
Costs Popr

Costs/
capi ta Remarks

LBDA

SIDA

F I NII IDA

PE}ICOL

GSK

RDUS & SP

KIIDP

KFRI.'SDP

CBL'DP

(IDP

1986

1985-
't987

1988

198/

1989

15

6.2

?

?

37,000
54,440

57,000

51,218
79,959

47,438

35,000

200
200

200

200
200

200

100

185
272

285

256
400

237

350

Exctr.ding overhead
tnctuding overhead

Exctuding overhead

Exctuding overhead
Inctuding overhead
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UNIT COSTS OF WATER SUPPLIES: SOURCE DATA

Sr.ply Cqcurt: Dug lletts

Irrlrdirrg: Digging Onty

Sr.pty: Handdril, l,ed uetI

Stpply: Rain Catchment (Roof)

StpLy: Roof Catchnrent Tanks

Source
of Data

Project llame Year Average
lJel. t Depth

(m)

Totat
Costs Popu.

Costs/
tneter Rermrks

LBDA
GSK

,,lohlD

RDI,'S & SP

KIDP

Design l,lanual

198ó
1989

198ó

15
?

5- 15

Í I ,000

70,000

750
1000

>5000

Irrtuding Stab

Concrete rings,
inctrding survey

Source
of Data

Project Name Year Average
tJeL t Depth

(m)

ïotat
Costs PoprJ.

Costs/
meter Remarks

l,loLlD Design l,lanuaI 198ó 5- Í5 30 000 >2000 lnctuding survey

Source
of Data

Project llame Year Tota t
Costs Popu.

Costs/
Capi ta Rermrks

SIDA

CBLIDP

GSK

SIDA

Krate

PE}ICOL

OraI lnfornn-
tion

llarimanti-
Heatth Centre

Primary Sch.

l,lar i mant i
ilar i mant i

1988

1984

1989

50,350

14,304,000

25,000

77,OOO

95,000

50

7003

I ,007

3,W

525/Í?
215/Í?

Inctuding overhead

Based on consr.rption of
20 l/person/day. Roof +

Storage costs

25-28 Íl ferro ceorent tank
& gutters

90 nl tank, 138 m gutters

112 nl tank, ló0 m

Tank
Gutters

Source
of Data

Project Name Year Type Votme
(ÍÍP )

Costs/

'Ít
Rermrks

llcPherson 198É Corrugated
I ron

Brick/Cemnt
Ghata Basket
Cement Jars
Ferrocement
Concrete ring

I
5

10
1000
8
't0
200
25

890
3U
354
600-900

2500-ó00
500-750
200-400
350

ilust be t
llot very

ransportd to site
durabte

Cost assunes standard design
2000-3000 constructed in Kenya
Large jars need reinforcement

Sirpter to buitd than ferrocement
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UNIT COSTS OF WATER SUPPLIES: SOURCE DATA

sr.pty: R6in Catchment (Rock)

Sr.pty: Sub-Surface Dams and Sand Dams

Srppty: Pans

Source
of Data

Project Name Yèer Tota I
Costs Popu.

Costs/
Capi ta Remarks

SIDA

GSK

ilcPherson

Krate

KIDP

llutom
llutcnb

1988

1989

198É-

198/'

?

900/Íf
11tti

100,000
I 50,000
250,000

1

200
500
5001

500
100
175

StoÍre masonry
Stone gutters
Ccnptete l0 rllday
storage 3,500 rrl , 15tt? t&y
Costs inclrding st4cervi-
sion and setf hetp labour

Source
of Data

Project )lame Year Íota t
Costs Popu.

Costs/
Capi ta Reínarks

PENCOL

GSK

SIDA

ilcPherson

El,ll -ASAL

Norconsu I t

CBL'DP

KIDP

Kyandi t i
Katama
Eth i opí a

llkururuini

I,IIDP

Erbrr District

Gakauni

19&

1989

1979
1980
1981

1988

1984

198/

1990

300,000

900/Í?
I 50,0oo

30,000
I 5,000
6,6
80,000

22,000

1 25,000

94,000

200

100

000
000
800

1

1

300-400

175

1,500

I ,500

30
15
83

300-400

540

11 t? lday

Stone masonry Hatl
SandDamS'lfftay

3 m high, no com.mity invotvement
3 n high, cormrnity invotved

38 m high, no corm.mity invotvelnent

Livestock sr^ppl,y

concrete dam, ó,500 nl storage

Sand reirs, donor:OA

Dan uith handp.np

Source
of Data

Project llame Year Tota I
Costs Popu.

Costs/
Capi ta Remarks

PENCOL

DCU5

GSK

CBI'DP

KIDP

198/.

1989

1989

2,g23,OOo
950,000

1 , 5oo, ooo

Rates
0nty

1 0,000
250,000

1250
( I 250)

450

ó0
85

ó5

200
2001

2340
760

3353

shs/rfl
shs/nf

Shs/rf

50
208

5o nllday perenniat
50 nllday seasonal
18 Íl tday domestic

Desi tting
Erbankment (excavation, transport,
coípaction)
Excavation

smatt earth dam, 10 r? rcay
lledim earth dam, 60 Í? tday

24



UNIT COSTS OF WATER SUPPLIES: SOURCE DATA

Srpty Gqcmt: Distribution Systeflls (Groundrater)

lrcl'udirg: llain Iine, storage, Distribution l{etrork Cormlnal, lrater points, Cattte Troughs

Srppty CqoÍt€Írt: Distrih,rtion Systems (Surface n€ter/gravity)

Irrcl'tding: l'lain line, storage, DistrihJtion lletHork, Connr.rnat lrater, points, cattte Troughs

Srppty CilpoÍreÍtt: Distribution (pipes onty)

AtL SIDA-costs exctr.rding tabour

Srpty Cqoneítt: Cormlnal lJater points

Srpty Ccpoítent: Cattte Troughs

Source
of Data

Project Nanre Year Tota I
Costs Popu

Costs/
Capi te Remarks

SIDA

SIDA

STDA

NORAD

Ser i cho

Dabet

Sototo

lilwingi
I ten

't988

1988

1988

1988
1988

1,417,600

2,570,600

2,250,000

5,500,000
2,000,000

2,000

4,340

9,500

<1 0,000
4,200

709

,92

í237'

550
<476,

8 CIJP 5 troughs. Sotar prrlp set (2 bhrs)

Part of pop. may use dug retts and
handpunps
Part of pop. may use other Sources
(no cattte troughs)
Design pop. 1995
0nty main line, no distribution

Source
of Data

Project Name Year ïota I
Costs Popu.

Costs/
Capi ta Remarks

SIDA
NORAD

}IORAD
SIDA

South Horr
0[ Joro Orok
Ishiara
Karuna

1988
1988
1987
1988

'l

7
I

125
500
800
540

,000
,000
,000
,000

,

I
5
2
1
1

400
000
000
200

1

208
625

(343)
450

20 ClrP. 8 troughs
Design poputation 2005
Distribution onty
5 CllP, Roughing Fitters

Source
of Data

Project llarn Year Íota I
Costs PoBJ.

Costs/
Capi ta Remarks

SIDA

Norad

SIDA

LBDA

South Horr.
Ser i cho
Dabet
Sototo
llkabune

l,lwi ng i
Ot Joro Orok

Karuna
Ishiara

RDIJSSP

1988
1988
1988
1988
1988

1988
Í988

1988
1987

'1989

200,000
127,600

1 , 53/r, ó00
1 ,600, 000

500,000

3,000,000
7,000,000

180,000
4,800,000

230,000

5
2
4
9
3

,400
,000
,340
,500
,000

1 0,000
1 2,000

1

4
200
000I

37
61

354
1ó8
167

300
583

150
343

targe suppty area

extension of existing net. rork

12
28

km
km

58 km

Unit cost per km2

Source
of Data

Project Nanre Year Tota I
Costs Poprr.

Costs/
Capi ta Relrrarks

SIDA
PENCOL

NORCONSULT

South Horr.
cEHDP

Gakauni

198ó
1984
198É
1990

15
27
16

1

000
000
000
500 175 9

Kiosk
Hydrant

Source
of Data

Project Iarne Ye6r Tota I
Costs PoB,I

Costs/
Capi ta Remarks

SIDA
GSK

South Horr
KIDP

198ó
1989

25
1 ,

000
000
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UNIT COSTS OF WATER SUPPLIES: SOURCE DATA

sr.pty coFdsrt: Surfacerater lntake

Srppty CcrtPorlent: f reatÍnent

Irrcluding: Chtorination onty

Srpty Cqonent: Treatment

Irrtrdirtg: Fi lters

Srppty Corporutt: Ïreatment

Irrctrdirrg: Fut I TreatÍnent

Sr#ty Cdponent: ilotor PtrIP

IrrkdirE: Diesel Generstor - PwP

Source
of Data

Project Name Year TotaI
Costs Popu

sl
ta

Cost
Capi Remarks

SIDA

Norad

NORCONSULT
t{ollD
(ileru)

llkabune
South Horr
o[ Joro orok
Ena
Sagana
Gakauni
Kiamiogo/Kiruri

Katheri ontutiLi

catabora (ASK)

988
988
988
988
988
990

1

1

1

1

I
1

I990

1990

Í990

2oo,ooo
1 20,000

1 1 ,900, 000
2,000,000

500,000
70,000

1 04,000

60,000

52,000

6
5
?

,000
,400
,000
,000

I
44

1,200

33
22

992
45

58

t n? tday
19? nl ldav
concreje Dam, 2500 ti lday
27OO nf lday

tntake chanÈer
llateri-ats onty, exctuding contingencies
5900 d/day Trapping reir and diversion
box
tlateriats and tabour, excltding
contingencies 2160 rl lday
Èlater-iats, tabour, contingencies,
750 tl lday

Source
of Data

Project llame Year Tota I
Costs Popu.

Costs/
Capi ta

C-osts/
ff lday Remarks

Norad l4ri ng i
lleru
I ten

1 988
1 988
1 988

100,000
500,000
'100,000

10
95

4

000
000
200

10
5

24

143
50

182

cH source, Prod. J00 r? ftay
Sx source 10000-rf/day
GH source 550 lrf /day

Source
oÍ Data

Project llaÍne Year Iota t
Costs Popu.

Costs/
capi ta Remarks

SIDA
llorconsut t

Kanma
Gakauni

1988
1990

220,000
400,000

I
1

200
200

185
333

Horizontat roughing fitters incl,. 50rl tank

Source
of Data

Project Name Year Tota I
Costs Popu.

Costs/
Capi ta

C-osts/
Íl l&y Remarks

),lorad

MoUD

H. Hurpr.

0[ Joro orok
Ena
Design l.lanuaI

l,laratat ll.S.
Kisima !r.S.

1988
1987
198ó

1976

5, ó00
6,000

1 5,000
14,000
12,300
10,800
7,600
2,700

000
000
000
000
000
000
000
000

12,000
44,000

1 1 ,000

467
136

250

?,240
2,222
1 ,500
1,750
2,050
2,700
3,800
1,561

sH source, 2500 rllday
Sr source, 2,700-ttf lday
capaci-ty 10000 ri /day
8000 nt /day
ó000 nf /day
4000 nf /day
2000 nf /day
1729 tl lday

Source
of Data

Project ilame Year Tota t
Costs PoprJ.

Costs./
capi ta Remarks

OA

GSK
D i ocese
of
llarsabi t

!li gg L es-
xorth

l{ijito tlind-
punp
Evaluation

Ki tui/Danida
Baragoi

Nanyuki
Lodokoj ek
l,arÈa
Ouotat i on

1989

1989
1988

19?
1987
1987
1989

123,255

150,975
1 50, 000
82,150

67,475
128,750
181,015
176,650
209,850
273,600
325,ó00
383,óoo

Excl,uding instat Iation

lnctuding instaI tat i on
50 nl lday

exctr.ding generator
exctr,rding óenerator (inctuding 1500m cabte)
inctudi
1 nl ltrr
3 d/hr
5 nf /hr
8 ni /hr

12 nf lhr

ng generator
, 75 m head
,75mhead
, 75 m head
, 75 m head
, 75 nr head
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UNIT COSTS OF WATER SUPPLIES: SOURCE DATA

§pty Coedatt: Storage Tanks

Stpty CdpaËnt: Hydram

Irrluding: Hydram, ptnphouse

Sgpty Corpoístt: Sotar purp

Source
of Data

Project NaÍne Year Iotat
Costs Popu.

Costs/
t'f Remarks

I,IoTID

(DA

Uarren

SIDA

Pencot

Norad

llorconsuI t
SIDA

Design llanuaI
(Concrete
Tanks )

xijito Hind-
Purp Evatua-
tlon
Ouotat i on

South Horr

Dabel.

CB}'DP

ilringi
Gar i ssa

Gakauni

llari mant i

í98ó

1986

1988

1988

198É

1988
1989

1990

1988

280,000

440,000
720,000

I , 040, 000
1 ,2ó0,000

72
62

75
300

,06
,800

000
000

ó75,000

70,000
1 04,000
1 50,000
257,000
4ó3,000
ó70,000
087,000
704,000
82ó,000

2,500,000
3,000,000

50,000

2,800

2,200
1,
1,
1,

800
300
050

480

0003

3,000

7,000
1,160
3,000
2,570
2,315
2,233
2,174
?,130
1,52'.1

5,000
7,500

1,000

,25

100 nl (exctuding contingencies

200Ítl ( n )400Íi ( tr )800d ( rt )
1200nf 1 " )

32 rl tank (pressed steet)
Torer 4 m

25 nl tank
'100 nl tank

225 nf (3 tanks)

10
25
50

100
200
300
500
800
200

500
400

ÍÍt
Íf
rf
"t#
nf
nt

'Ítrf
ÍÍt
Íf

I

50 rÍl

Roof tank

Source
of Data

Project Nann Year Tota I
Costs Popu.

Costs/
Capi ta Remarks

SIDA Karuna 1988 I 00,000 1 200

Source
of Data

Year Tota I
Costs Remarks

Davis & Shirttiff

l,lcPherson

llorconsuI t
)lorconsut t

1989

1989

1989

1989

198/'

1990

1990

325,000

90,000

9,500

9,000

21 0,000

300,000

1,427,000

conptete, 2 nl /hr, 30 m head, 21 rnodutes (excl. instal.tation)
suhnersible pup, inverter, connectors

sotar modute (ARCO)

support structure for 7 rpdutes

corptete, 35 panels, ó5-105 i taay (excl,uding instal.tation)
solar ptnp, panels, etc.

borehote rith sotar pup, storage, distrihltion
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UNIT COSTS OF WATER SUPPLIES: SOURCE DATA

sl.pty Cedstt: tJirdni tt
Irrclr.dirp: Kijito trindnitt, Pr^np and Stuffing Box, Instattation

Sr+pty CqqEnt: HandPurp

Sr.pty Corpdstt: HandPunP

Irrcluding: Handpr.np + superstructure on Dug rett + lnstatlation

Srpty Copcstt: HandPurP

Irrtr.dirE: Handpunp + superstructure on Borehole + Instattation

Source
of Data

Project llaÍne Year Tota I
Costs PoBr.

Costs/
Capi ta Remarks

(I)A

D i ocese

Kijito
uindnrp
Evatuat i on

llarsabi t

1989 133,155
172,260
234,135
269,940

226,492

3.7 m
4.9 m
ó.0 m
7.5 n

rotor
rotor
rotor
rotor

6.0 m rotor

Source
of Data

Project Name Year TotaI
Costs Remarks

SIDA

llarren

GSK
l{oLlD
LBDA

KLIDP

ouotat i on

KIDP
Design llanuaI
Siaya District

1988

1988

Í989
198ó
1988

1 4,000

23,670

10,000
20,000
14,218
16,293
18,368
23,520
27,670
31,820

Afridev punp

llono purp, depth 5.2 m

Deoth uo to 20 m

slri{- harilpLíÍp duty f ree
SllN-handir.np duty f ree
stJN-hand*m duty f ree
StrN-handiurÈ duty f ree
SlrN-handixrp duty f ree
sull-handp"ltp duty f ree

rported,
rported,
Íported,

rett 10
rel, t 15
rett 20
borehoI
borehot
borehol

m deep
m deep
m deep

e 50 m deep
e 60 m deep
e 70 m deep

Source
of Data

Project NaÍne Yean Totat
Costs Remarks

LBDA Siaya District 1988 34
36
38

218
293
368

SlrN-handpup dutv free iÍported, Hel'
suil-harËirrË duti free iri»rted, ret
sllN-handirnil duti f ree ini»rted, ret

10 m deep
15 n deep
20 m deep

Source
of Data

Pro j ect NaÍne Year TotaI
Costs Remarks

LBDA

llot.lD

Siaya District

Design ilanuat

1988

198ó

13,520
47,670
51,820

20,000

SUN-handpup dutY free i
Slt[-handburÈ d.rtv íree i
stril-handirnË dut'| f ree i

flcortd, boreho
n*»rted, boreho
nfrcrted. boreho

e 50 m deep
e ó0 m deep
e 70 m deep
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APPENDIX 3

DETAILS AND COSTS OF A TYPICAL WATER SUPPLY



APPENDIX 3

DETAILS AND COSTS OF A TYPICAL WATER SUPPLY

Using: Boreholes

lnfiltration Galleries
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APPENDIX 4

OPERATION AND MAINTENANCE COSTS



APPENDIX 4

OPERATION AND MAINTENANCE COSTS

Annual Maintenance Costs as percentage
of Construction Costs

References of Operation and Maintenance Costs



Annual Maintenance Costs as Percentage oÍ Gonstruction Costs

Yater Suppty Coíponent
Econcmic
Lifetine
Years

Annual
lla i ntenaÍrce
Costs in Z

- Dams

- Intake rorks, inclrding borehot
llass concrete structures, such
intakes, underground pits,
cutverts, etc.

- Earthuorks generatty

- Borehotes and retts
- Pups:

Hydrams and Hydrostats
Other plJlps

- Porer
Dieset Engines

Engine and purp sets petrot
paraffin

Etectric motors, cabtes and
sHitch gears

- Piping:

Att types

- freatment uorks:

Trestment yorks in masonry or
reinforced concrete

- Reservoirs:

Storage tanks in masonry or
reinforced concrete

Storage tanks, sectional steel
inctuding torers

Storage tanks, corrugated
gatvanized steet (C.G.S.) on
tirÈer stands

- Bui Iding:

es:
as

ng C.c.S. on tirÈer
ng, masonry

- lliscettaneous structures and items:
Corrnrnat rater points (CuP)

Llater kiosks, Iatrines, Iicensed
retaiter points etc.

Gantries, steetrork etc

Permanent toots and ptant not
mentioned etseuhere

lrater meters

- Chemical, Apparatus:

ChemicaI dosing gear
InstrLments and testing apparatus

- Roads, fences etc.

Roads of access, generat

Fences, G.S. raire or msh on
t irÈer

Fences, G.S. rire or mesh
on concrete posts

Bu
Bu

di
di

t
t

40

40

40

20

5
0

1

I

10

5

10

30

30

30

20

10

?o
30

10

?0

?0

10

10

10
5

30

10

20

0.5

1

1

1

5
5

5

5

5

I

I

I

2

2

1

1

5

2

?

2

5

5
5

I

I

sdrce: ,{ollD, Design l{anuat, 198ó

4-1



Operation and Maintenance Gosts: Source Data

* O & 1,1 costs include depreciation

Proj
Inf

ect/Source
ormat i on

Short Description Poputa-
tron

O & ll Costs
(shs/rf )

SIDA - South-Horr

Chepatunga

P.K. lljiru
(Diptona design)

]lorconsuI t - cakauni

SIDA - Sericho- Dabet- Sotolo

LBDA.RDI.'S&SP

FI}I}IIDA - KFRIJSDP

SIDA - KL'DP

NorconsuI t-Gakauni

Surface lrater Source:

crsvity, 20 crp, 8 troughs

Gravity (77 p.rping), 4330 km:

Puped schem, operation costs: pullp§
treatment
sataries
-ïoEEfmaintenance costs: 2Í of capitat costs

totaI o&.1,1

Gravity, intake charöer, f i Itration,
storage, piped distribution

Gfqrlóaater SoaJrce:

6 borehotes, sotar pulp, 8 crp, 5 troughs
5 boreholes, handgrtps, motorblnps
borehotes, dug retts, sotar/motor puíp

Dug uetts, handprp

Dug rett, handpulp

Handpunp

HandËnp on borehote
Sotar pup on borehote

5,400

135,850

1,%3

,46
,46
,46
,46
,4$

33
33
33
33
33

,000
,340
,500

200

2
4
9

200
200a

I
I

15.5 Shs/pop.

4

1.6

5.6
1.4

.5
73
2.0t5

*

*

11.9 *
11.8 *10*
17

500- 1000
Shs/ret t
200 Shs/punp

9.4 Shs/pop.
9.5 Shs/pop.

4-2
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APPENDIX 5

COST EFFECTIVENESS ANALYSIS

Borehole with Diesel Pump, 50 ms Storage

Borehole with Diesel Pump, 75 ms Storage

Boreholes with Diesel Pumps, 100 mg Storage

Borehole with Diesel and Solar Pump, 50 ms Storage

Borehole with Diesel and Solar Pump, 75 mg Storage

Boreholes with Diesel and Solar Pumps, 100 mg Storage

Borehole with Windmill

lnfiltration Gallery with Diesel Pump, 50 mg Storage

lnfiltration Gallery with Diesel Pump, 75 mg Storage

lnfiltration Galleries with Diesel Pumps, 100 ms Storage

lnfiltration Gallery with Diesel and Solar Pump, S0 ms Storage

lnfiltration Gallery with Diesel and Solar Pump, 75 ms Storage

lnfiltration Galleries with Diesel and Solar pumps, 100 mg Storage

lnfiltration Gallery with Solar Pump, 1S0 me Storage

lnfiltration Gallery with Windmill, 50 ma Storage

lnfiltration Gallery with Windmil!, 100 ms Storage

Borehole with Handpump

Dug Well with Handpump



Borehole with Diesel Pump, 50 ms Storage Appendix 5

Technotogy: I Borehote (40 m. deep) rith Diesel Putp, 50 rdt Storage

Capitsl Cost:
Borehote
Ptrlp
Storage
Pipet ines
other + Cont.

Total

150,000 shs

300,000 shs

225,000 shs

1,830,000 shs

505,000 shs

3,010,000 Shs

Annual Costs:
Staff
Fuet

Generat lrlaint.
Totat

3ó,000 shs

24,000 shs

3ó,000 shs
9ó,000 shs

Reptacelnent Costs: 300,000 for purp every Í5 years

Annuat Yield: 50 rBlday t 360 = 18000 m3lyear

Discount
5Z 101

Costs Cost/yr Costs Cost/yr
(Shs) (shs/m3) (shs) (shs/n3)

R ate
152

Costs Cost/yr
(Shs) (Shs/Ín3)

Year

AnnuaI

Yield
(m3)

Capi ta I

Costs
(Shs)

3,01 0,000

AnnuaI

Costs
(shs)

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

18000

18000

18000

18000

18000

18000

18000

18000

í8000

18000

18000

18000

18000

18000

18000

18000

18000

18000

Í8000

18000

18000

9ó,000
96,000

9ó,000

96,000

9ó,000

96,000
9ó,000

96,000
9ó,000

9ó,000
96,000

96,000

96,000

96,000

9ó,000
9ó,000

9ó,000

9ó,000
96,000

9ó,000

9ó,000

3, 1 06, 000

91,429
87,075
82,928
78,979
75,219
71 ,637
8,225
&,977
61,882
58,93ó

56,1?g

53,456
50,91 I
48,187

190,483

43,979
41 ,gA+
39,890

37,990
3ó,181

172.6 3, I 06, 000

87,273
79,339
72,126
65,569
59,609

51,199
49,263
41,785

40,713

37,012
33,&7
30,589

27,808
25,280
94,799
20,892
18,93
17,26
15,697

14,270

172.6

4.8
4.4
4.0
3.6
3.3
3.0
2.7
2.5
2.3
2.1

1.9
1.7
1.5

3, 1 0ó.000

83,478
72,590
63,122
54,888

47,729
41 ,503
3ó,090
31,393

27,289
23,730
20,635
17,943
15,605

13,568

48,&
10,259

8,9?1

7,757
6,745
5,W

172.6

4.6
4.0
3.5
3.0
2.7
2.3
2.0
1.7
1.5
1.3
í.'t
1.0
0.9
0.8
2.7
0.ó
0.5
0.4
0.4
0.3

5.1
4.8
4.6
4.4
4.2
4.0
3.8
3.6
3.4
3.3
3.1
3.0
2.8
2.7

10.ó
2.4
2.3
2.2
2.1
2.0

4

300 000 .3
2

1.0
0.9
0.8

Tota[ 378,000 3,310,000 2,01ó,000 4,446,677 217.0 3,995,120 222.0 3,713,7& 208.0

5Z
DISCOUITT RATE

Í02 152

Totat Cost
(shs/m3)

247.0

5-1

222.0 208.0



Borehole with Diesel Pump, 75 mg Storage Appendix 5

Iechnotogy: I Borehote (40 m. deep) rith Diesel Purp, 75 m3 Storage

Capital Cost:
Borehole
PtnP

Storage
Pipet ines
other + Cont.

Totat

150,000 Shs

300,000 shs

337,500 shs

2,145,000 Shs

540,000 shs

3,472,500 Shs

Annuat Costs:
Staff
Fuet

General llaint.
Total

36,000 Shs

30,000 shs

ó0,000 shs

126,000 Shs

Reptacement Costs: 300,000 for pr.np every 15 years

Annual Yie]d: 75 tÍBldaY * 3ó0 = 27000 Ín3lyear

Discount
51 102

costs cost/Yr costs cost/yr
(Shs) (shs/n8) (shs) (shs/r8)

R ate
15r

Costs Cost/yr
(shs) (Shs/m3)

Year

Amuat
Yietd

(m3)

Capi ta I

Costs
(shs)

Annual

Costs
(shs)

0

I
2

3

4

5

6

7

8

9

10

11

1?

13

14

15

16

17

18

19

20

27000

27000

27000

27000

27000

27000

27000

27000

27000

27000

27000

27000

?7000

27000

27000

27000

27000

27000

27000

27000

27000

3,472,50O 12ó,ooo

126,000

I 2ó,000

12ó,000
126,ooo
'126,000

1 2ó, ooo

12ó,ooo

1 26,000

I 2ó,000

1 2ó,000

126,000

I 2ó,000

1 2ó,000

I 26,000

1 2ó,000

I 2ó,000

I 2ó,000

126,000

1 26,000

I 2ó,000

3,5gg,5oo
120,000

114,2%
108,844

103,61
98,724
94,023
89,546
85,282
81 ,221
77,353
73,670
70,162
6,820
63,639

2U,913
57,722
54,973
52,356
49,U2
47,48

133.3

4.4
4.2
4.0
3.8
3.7
3.5
3.3
3.2
3.0
2.9
2.7
2.6
2.5
2.4
7.6
2.1

2.0
1.9
1.8
1.8

3,598,500
114,545

104,132

94,6&
8ó,060

78,?36

71,124
&,658
58,780

53,436
48,578
44,162
40,147

36,498
33, í80

101,981

27,421

24,928
22,62
20,602
18,729

133.3

4.2
3.9
3.5
3.2
?.9
2.6
2.4
2.2
2.0
1.8
1.6
1.5
1.1
1.2
3.8
1.0
0.9
0.8
0.8
0.7

3,5gg,5oo
109,565

9,{i,274

82,U7
72,041
62,&4
51,473

47,38
41,190
35,817
31 ,145
27,083
23,550

20,4'19

17,807

52,353
13,465

11 ,709
10,181

8,853
7,699

133.3

4.1
3.5
3.1
2.7
2.3
2.0
't.8

1.5
1.3
1.2
1.0
0.9
0.8
0.7
1.9
0.5
0.4
0.4
0.1
0.3

300,000

Totat 5ó7,000 3Ír2,5OO 2,&6,000 5,313,044 196.8 4,743,027 175.7 1,424,U4 163.9

5t
DISCOUIIT RATE

10u 152

ïotat cost
(Shs/ttt5)

196.8

5-2

175.7 163.9



Boreholes with Diesel Pumps, 100 ma Storage Appendix 5

ïechnotogy: 2 Borehotes (40 m. deep) rith Dieset Purps, 100 m3 Storage

Capital Cost:
Borehole
Pr.Íp§

Storage
Pipet ines
Other + Cont

Totat

500,000 shs
600,000 Shs

450,000 shs

3,1ó0,000 shs

9ó0,000 shs

5,470,000 shs

AnnuaI Costs:
Staff
Fuet

Generat ilaint.
Total

72,000 shs

36,000 shs

100,000 shs

208,000 Shs

Reptacement Costs: 300,000 for each pqlc every 15 years

Annuat Yietd: 100 m3,/day * 360 = 3ó000 m3lyear

D i scount
5% 102

Costs Cost./yr Costs Cost/yr
(shs) (shs/rg) (Shs) (shs/m3)

R ate
lsÍ

Costs Cost/yr
(Shs) (Shs/m3)

Year
ArmuaI

Yi eld
(m3)

capi ta t

Costs
(shs)

AnnuaI

Costs
(shs)

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

t8
19

20

3ó000

3ó000

36000

3ó000

36000

3ó000

36000

3ó000

3ó000

3ó000

36000

3ó000

36000

3ó000

3ó000

56000

36000

3ó000

36000

36000

36000

5,470,000 208,000

208,000

208,000

208,000

208,000

208,000

208, ooo

208,000

208,000

208,000

208,000

208,000

208,000

208,000

208,000

208,ooo

208,000

208, ooo

208,ooo

208,000

208,000

5,679,000
198,095

198,62
179,678

171,122

162,973

155,213

147,822

140,783

134,079

127,694
'121 ,613
115,822

1 Í0,307
I 05,054

388,662
95,?97
90,750
%,429
82,313
78,393

157.7

5.5
5.2
5.0
4.8
4.5

5,67g, ooo

189,091

171 ,901
156,273

14?,067

129,152

117,411

106,737

97,034
88,212
80, Í93
72,903
66,275

60,250

54,773

193,4?9

15,267

41,152
37,411
34,010
30,918

157.7

5.3
4.8
4.3
3.9
3.6
3.3
3.0
2.7
2.5
?,.?

2.0
1.8
1.7
1.5
5.4
1.3
1.1

Í.0
0.9
0.9

5,ó78,000
180,870

157,278
136,763

118,925

103,413

E9,924

79,195
67,996
,9,127
51,414
44,708
38,877
33,806
29,396
99,299
22,?28
19,329
16,807

14,615
1?,709

't57.7

5.0
4.4
3.8
3.3
2.9
2.5
2.2
1.9
Í.6
1.4
1.2
1.1

0.9
0.8
2.8
0.6
0.5
0.5
0.4
0.4

4.3
4.1
3.9
3.7

ó00,000

3.5
3.4
3.2
3.1
2.9

10.8
2.6
2.5
2.4
2.3
2.2

Tota[ 75ó,000 ó,070,000 4,3ó8,000 8,558,750 237.7 7,592,456 210.9 7,053,678 195.9

5Z
DlscoultT

102 15A

Total Cost
(shs/ml)

237.7

5-3

210 -9

RATE

195.9



Borehole with Diesel and Solar Pump, 50 ms Storage Appendix 5

ïechnotogy: I Borehote (40 m. deep) rith Dieset and sotar Purp, 50 rË storage

CapitaI Cost:
Borehote
Pulps
Storage
PipeI ines
Other + Cont

TotaI

150,000 Shs

900,000 Shs

225,000 shs

1,830,000 Shs

ó00,000 shs

3,705,000 Shs

Annua[ Costs:
Staff
FueI

Generat llaint.
Tota t

36,000 Shs

12,000 Shs

36,000 Shs

84,000 shs

Reptacemnt Costs: 900,000 for punps every 15 years

Yietds: Sotar Purp 35 tÍB/day; Diesel Purp 15 tt8lday

Annuat Yietd: 50 ttB,/day * 360 = 18000 rglyear

Year

AnnuaI

Yietd
(m3)

Capi tat
Costs
(Shs)

Armuat

Costs
(Shs)

Discount
5Z 107

Costs Cost/yr Costs Cost/Yr
(Shs) (Shs/m3) (shs) (Shs/ítB)

Rate
152

Costs Cost/yr
(Shs) (Shs/n8)

0
,|

2

3

4

5

6

7

8

9

t0
11

12

13

14

15

16

17

18

19

20

18000

18000

18000

18000

18000

18000

18000

18000

18000

18000
't8000

18000

18000

Í8000
't8000

18000

18000

18000

18000

18000

18000

3,7o5,ooo E4,000

84,000

84,000

84,000
84,000

8/r,000

84,000

84,000

84,000

84,000

94,000

84,000

84,000

84,000

84,000

84,000

94,000

84,000

84,000

84,000

84,000

3,789,000
80,000

76,190
72,562
69,107

ó5,81ó
6?,82
59,697

56,855

54,147

51 ,569
49,113
46,774

44,547

4?,4?6
473,321

38,481

36,&9
34,904
33,242
31 ,659

210.5

1.4
4.2
4.0
3.8
3.7
3.5
3.3
3.?
3.0
2.9
2.7
2.6
2.5
2.4

26.3
2.1

2.0
1.9
1.8
1.8

3,789,000
76,3&
69,421

63,1'lo
57,373
52,157

47,416
43,105

39,187
35,624
32,386
29,441

26,765
24,332
22,120

235,562
18,281

16,619

15,108

13,735

12,1%

?10.5

4.2
3.9
3.5
3.2
2.9
2.6
2.4
2.2
2.0
1.8
1.6
1.5
1.4

3,789,000
73,043
63,516
55,231
48,O27

11 ,763
36,316
31 ,579
27,4@
23,878
20,7&
18,055

15,700

13,652
11 ,872

120,928

8,977
7,806
6,78
5,902
5,132

210.5

1.1

3.5
3.1

2.7
2.3
2.0
1.8
1.5

1.3
1.?
1.0
0.9
0.8
0.7
6.7
0.5
0.4
0.4
0.3
0.3

900,000

1.2
13. I
1.0
0.9
0.8
0.8
0.7

Iotat 378,OOO 4,605,000 1,7&,000 5,2íf.,741 292.7 4,719,592 262-? 4,425,389 ?45'9

5Z
DISCOUNI RATE

102 154

Totsl cost
(Shs/ttt3)

292.7

5-4

262.2 215.9



Borehole with Diesel and Solar Pump, 75 m3 Storage Appendix 5

ïechnology: 1 Borehote (40 m. deep) rith Dieset and Sotar purp, 75 tÈ Storage

CapitaI Cost:
Borehote
PuÍps

Storage
Pipet ines
other + Cont.

TotaI

150,000 shs
900,000 shs

337,500 shs
2,145,000 shs

ó60,000 shs

4,',|72,500 shs

AnruaI Costs:
Staff
FueL

GeneraI tlaint
ïotaI

3ó,000 Shs

18,000 shs

ó0,000 shs

114,000 shs

Replacement Costs: 900,000 for punps every 15 years

Yietds: Sotar Purp 35 rB/dayi Diesel pulp 4O rB/day
Annual Yieldz 75 rB/day * 3ó0 = 21000 lr3lyear

Dis
5A

Costs Cost/yr
(shs) (shs/m3)

count
10Í

Costs Cost/yr
(Shs) (Shs,/m3)

R ate
152

Costs Cost/yr
(Shs) (Shs,/n8)

Year
Amuat
Yietd

(m3)

Capi ta L

Costs
(Shs)

Annuat

Costs
(shs)

0

I
2

3

4

5

6

7

8

9

10

11

1Z

13

14

15

'tó

17

18

19

20

27000

27000

27000

27000

27000

27000

27000

27000

27000

27000

27000

27000

27000

27000

27000

27000

27000

27000

27000

27000

27000

4,172,500 I 14,000

I 14,000

1 14, 000

I 14,000

I 14,000

I 14,000

I 14,000

I 14,000

1 14,000

I Í4,000
I 14,000

I 14,000

I 14, oo0

I 14,000

1 14,000

I 14,000

1 14,000

Í 14,000

1 14,000

I 14,000

I 14, 000

4,2&6,500
108,571

1 03,401

98,477
93,788
89,322
95,0óg
81 ,019
77,160
73,485
69,986
6,653
63,479

60,157

57,579
487,751

52,225
49,738
17,369
45,114
42,965

158.8

4.0
3.8
3.6
3.5
3.3
3.2
3.0
2.9
2.7
2.6
2.5
2.4
2.2
2.1

18.1

1.9
1.8
1.8
1.7
1.6

1,286,500
103,636

91,215
85,650

77,w+
70,795
61,350
59,500

53,18?
19,347

43,952
39,956
36,324
33,022
30,020

242,714

24,810
22,554
20,504
18,&O
16,945

158.8

3.8
3.5
3.2
2.9
2.6
2.1
2.2
2.0
1.8
1.6
1.5

1.3
1.2
1.1

9.0
0.9
0.8
0.8
o.7
0.ó

4,2%,500
99,130
%,200
74,957
65, 190

56,678
49,295

42,957

37,267
32,106
29,179
21,504
21 ,307
1 8,528
1ó,'l 11

121,615

12,183

I 0,594

9,?12
8,010
6,965

158.8
3.7
3.?
2.8
2.4
2.1

1.8
1.ó
1.4
1.2
1.0
0.9
0.8
0.7
0.ó
4.6
0.5
o.1
0.3
0.3
0.3

900,000

Tota[ 567,OOO 5,072,500 2,391,000 6,140,107 227.4 5,472,199 202.7 5,110,69 189.3

51
DISCOUTT RATE

10u 152

ïotat Cost
(Shs/Ín3)

227.4

5-5

202.7 189.3



Boreholes with Diesel and solar Pumps, 100 ms storage Appendix 5

ïechnotogy: 2 Borehotes (40 m. deep) rith 1 Dieset and 2 sotsr PuPs, 100 lB storage

capitat Cost:
Borehote
Plnps
Storage
Pipetines
other + cont.

Iotal

300,000 Shs

1,500,000 shs

450,000 Shs

3,160,000 shs

1,060,000 shs

ó,670,000 shs

Annuat Costs:
Staff
Fuet

Generat lilaint.
IotaI

72,000 shs

24,000 Shs

t00,000 shs

19ó,000 Shs

Repl.ace[Ént Costs: 1,500,000 for Punps every 15 years

Yietds: solar Purp 35 lÍS/daYi Diesel Purp 65 nBlday

Annual, Yietd: 100 nB/day * 360 = 36000 r8/year

Annuat

Yietd
(Íll3)

capi taL Annuat

Costs
(shs)

Discount
51 102

costs cost/yr costs cost/yr
(Shs) (shs/rÈ1 (shs) (Shs/rÉ)

Rate
t5u

Costs Cost/Yr
(Shs) (shs/m3)

Year Costs
(shs)

0

1

2

3

4

5

6

7

I
9

10

11

12

13

14

15

16

17

18

19

20

36000

36000

36000

3ó000

3ó000

3ó000

3ó000

3ó000

36000

3ó000

36000

36000

36000

36000

3ó000

3ó000

3ó000

3ó000

3ó000

36000

36000

ó,47o,ooo 196,000

196,000

196,000

196,000

19ó,000

196,000

196,000

196,000

196,000

196,000

196,000

19ó,000

19ó,000

196,000

19ó,000

196,000

196,000

19ó,000

196, ooo

196,000

196,000

ó,óóó,ooo
186,67
177,778

169,312

161 ,25O
153,571

146,258

139,294

132,&1
126,343

120,327

114,597

109,140

103,943

98,993

815,805

89,790

85,514

81,442
77,5&
73,87O

185.2

5.2
4.9
4.7
4.5
4.3
4.1

3.9
3.7
3.5
3.3
3.2
5.0
2.9
?.7

22.7
?.5
?.4
2.3
2.2
2.1

6,66É,000
178,182

1ó1,983

147,258
'l.33,871

121 ,701
110,637

100,579

91 ,135
83,123
75,56
8,697
62,452
56,774

51,613
406,009

l+2,655

18,778
35,252
32,018
29,134

185.2

4.9
4.5
4.1
3.7
3.4
3.1
2.8
2.5
2.3
2.1
1.9

6,&,0O0
170,135

148,204

128,873
'112,O&

97,447
u,736
73,6U
&,073
55,715
18,118
42,129

36,634
51,855

27,700
206,4n
20,915
18,213

15,838

13,Tr2
11 ,976

185.2

4.7
4.1

3.6
3.1
2.7
2.4
2.0
1.8
1.5
1.3
1.2
1.0
0.9
0.8
5.8
0.6
0.5
0.4
0.4
0.3

1

1

1

.7

.6

.1

.3

.2

.1

.0

1 ,500, ooo

0.9
0.8

Íotat 75ó,OOO 7,g7O,OOO 4,116,000 9,830,119 27i'1 8'693'747 211 '5 8'077'171 221'4

5Z
DISCOUNÏ RATE

102 154

Totat cost
(shs/m3)

273.1

5-6

241.5 224.4



Borehole with Windmill Appendix 5

Technotogy: 1 Borehote (40 m. deep) rith Uindttil,t, 50 m3 storage

Capital Cost:
Borehote
Putp
Storage
Pipet ines
Other + Cont.

TotaI

150,000 shs

350,000 shs

225,000 shs

1,930,000 shs

530,000 shs

3,185,000 shs

Annuat Costs:
Staff
tuel
GeneraI l,taint.

TotaI

3ó,000 Shs

0 Shs

3ó,000 shs

72,000 shs

Reptacement Costs: 350,000 for punp every 15 years

Annuat Yield: 50 trBlday * 300 = 15000 nllyear

Discount
5Z 107

Costs cost/yr Costs cost./yr
(Shs) (Shs/m3) (Shs) (shs/m3)

R 8te
15X

Costs Cost./yr
(Shs) (Shs/m3)

AnnuaI

Yietd
(m3)

Capi ta L Annuat

Costs
(Shs)

Year Costs
(Shs)

0

I
2

3

4

5

6

7

I
9

10

11

12

13

14

15

16

17

18

19

20

15000

15000

15000

15000

15000

15000

15000

15000

15000

15000

15000

15000

15000

15000

15000

15000

15000

15000

15000

15000

15000

3,1g5,ooo 72,000
72,000
72,000
72,000

72,000
72,000
72,000
72,OOO

72,000

72,000
72,000

72,000

72,000
72,000
72,000
72,000
72,000

72,000
72,000

72,OOO

72,000

3,257,O00
§,571
65,306
62,196
59,235
56,414
53,728
51,169
48,732
46,412
44,202
42,097

40,092
38,183

36,365
202,989

32,9U
31 ,413
29,917
28,493
27,136

217.1

4.6
4.4
4.1
3.9
3.8
3.6
3.4
3.2
3.1
2.9
2.8
2.7
2.5
2.4

13.5

2.?
2.1
2.0
1.9
1.8

3,257,000
65,455

59,504
54,095
49,177

44,706
40,&2
36,947
33,599
30,535

?7,759
25,236
22,941

20,85ó

18,960

101,023

15,69
14,245

12,950

11 ,773
10,702

217.1

4.4
4.0
3.ó
3.3
3.0
2.7
2.5
2.2
2.0
1.9
1.7
í.5
1.4
1.3
6.7
1.0
0.9
0.9
0.8
0.7

3,257 ,0OO

62,609
54,442
47,341

41,1&
35,797
31,129
?7,067
23,537
20,467
17,797

15,476

13,457

11 ,702
10,176
51,8ó1

7,694
6,691
5,818
5,059
4,399

217.1

4.2
3.6
3.2
2.7
2.4
2.',|

1.8
1.6
1.4
1.2
1.0
0.9
0.8
0.7
3.5
0.5
0.4
0.4
0.3
0.5

350,000

Tots[ 315,000 3,535,000 1,512,000 4,322,635 288.2 3,953,7& 263.6 3,750,695 250.0

5Z
DISCOU}IT

102 15U

ToteI Cost
(Shs/ml)

28a.2

5-7

263.6

RATE

250.0



lnÍiltration Galtery with Diesel Pump, 50 mg Storage Appendix 5

Technotogy: 1 Infittration Gattery and uetl, rith Dieset Purp, 50 m3 Storage

capital Cost:
Infit. Gal'terY
PlÍP
Storage
PipeLines
other + Cont.

IotsI

400,000 shs

300,000 shs

225,000 Shs

1,530,000 Shs

52o,0oo shs

2,975,000 Shs

Annuat Costs:
Staff
FueI

Generat ll6int
Totat

36,000 Shs

12,000 shs

36,000 shs

&6,000 Shs

Replacement Costs: 300,000 for Pup every 15 years

Annual Yield: 50 ttB/daY i 360 = 18000 n3lyear

Year

AnnuaI

Yietd
(m5)

Capi tat
Costs
(shs)

AnnuaI

Costs
(shs)

-Discount
51 10z

Costs Cost/yr Costs Cost/Yr
(Shs) (shs/m3) (Shs) (shs/m3)

Rate
15u

Costs Cost/yr
(Shs) (Shs./m3)

0

I
2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

18000

18000

18000

Í8000
18000

18000

18000

18000

18000

18000

18000

18000

18000

18000

18000

t8000

18000

t8000

18000

18000

18000

2,975,O00 84,000

84,000

84,000

84,000
84,000

84,000

94,000

84,000

84,000

8/.,000

94,000

84,000

84,000

84,000

84,000

84,000

84,000

84,000

94,000

84,000

84,000

3.059,000
80,000

76,190
72,562
69,1O7

65,816
62,82
59,697
56,855

54,147
51 ,569
49,113

46,Tf4
44,547

12,426
18/.,711

38,481

36,&9
34,904
33,212
31 ,659

169.9

4.4
4.2
4.0
3.8
3.7
3.5
3.3
3.2
3.0
2,9
2.7
2.6
2.5
2.4

10.3

2.1

?.0
1.9
1.8
1.8

3,059,000
76,3&
69,121

63,1 10

57,373
52,157

47,416
43,105

39,187
35,621
3?,386
29,441

26,765
24,332
22,120
91 ,927
18,281

16,619

15 , 108

13,735

1?,4%

169.9

4.2
3.9
3.5
3.2
2.9
2.6
2.4
2.2
2.0
1.8
1.6

3, o59, ooo

73,O43

63,516
55,231
48,O27

41 ,763
36,3'.16

31 ,579
27,460
23,878
20,7&
18,055

1 5,700
13,652
11 ,872
47,191

E,977

7,806
6,798
5,902
5,132

169.9

4.1
3.5
3.1
2.7
?.3
2.0
1.8
1.5

1.3
1.2
1.0
0.9
0.8
0.7
2.6
0.5
0.4
0.4
0.3
0.3

1.5
1.4
1.2

300,000 5.1
1.0
0.9
0.8
0.8
0.7

ïotat 378,000 3,275,000 1,7&,000 4,250,131 236.1 3,8l,5,957 213.7 3,621 ,652 201 -2

5X
DlscoullT

102 151

Totat Cost
(shs/nB)

236.1

5-8

213.7

RAIE

201.2



lnÍiltration Gallery with Diesel Pump, 75 me Storage Appendix 5

Iechnotogy: I Infittration Gatlery and ltetI rith Diesel, purp, 75 nï Storage

Capitat Cost:
Infit. Gatlery ó00,000 Shs

Ptrtp 300,000 Shs

Storage 337,500 Shs

PipeLines 2,095,000 Shs

other + Cont. 600,000 Shs

Totat 3,932,500 Shs

AnnuaI Costs:
stsff
FueI

Generat lilaint
Tota I

3ó,000 shs

18,000 Shs

48,000 shs

Í02,000 Shs

Replacernent Costs: 300,000 for punp every 15 years

Annual Yietd: 75 trB/day * 3ó0 = 27000 trB/year

Year

Arruat
Yiel,d

(m3)

Capi tat
Costs
(shs)

Annuat

Costs
(Shs)

Discount
5% 10,.

Costs Cost,/yr Costs Cost/yr
(shs) (shs/m3) (Shs) (shs/m3)

ate
15A

Costs Cost/yr
(Shs) (Shs/m3)

0

I
2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

27000

27000

27000

27000

27000

27000

27000
27000

27000

27000

27000

27000

27000

27000

27000

27000

27000

27000

27000

27000

27000

3 932 500 1 02,000

102,000

102,000

102,000

1 02,000

102,000

1 02,000

1 02,000

102,000

1 02,000

102,000

1 02,000

102,000

102,000

1 02,000

102,000

t 02,000

102,000

I 02,000

102,000

1 02,000

4,034,500
97,143
92,517
88,1 I 1

&3,916

79,920
76,114
72,489
ó9,038
65,750
62,619

59,637
56,797
54,093
51 ,517

193,369

46,727

44,r02
42,393
40,365

38,L43

149.4

3.6
3.4
3.3
3.1
3.0
2.8
2.7
2.6
2.4
2.3
2.2
2.1
2.0
1.9
7.2

4,034,500
92,727
u,298
76,634
69,67
63,334

57,576
52,312
47,5U
43,258
39,325
35,750
32,500

29,546
26,860
96,?36

22,198
20,180

18,316
16,678
15,162

149.4

3.4
3.1
?.8
2.6
2.t
?.1

1.9

4,034,500
88,696
77,127
67,067

58,319
50,712
44,097

39,346
33,344
28,995
25,213
21 ,924
'|9,065

16,578
14,416
49,4U
10,900

9,478
8,242
7,167
6,232

149.4

3.3
2.9
2.5
2.2

1.8
1.6
1.5

I

.9

.6

.1

.2

.1

300,000

1.3
1.2
1.1

1.0
3.6
0.8
0.7
0.7
0.6
0.ó

0.9
0.8
0.7
0.ó
0.5
1.8
0.4
0.4
0.3
0.3
0.2

1.7
1.6
1.6
1.5

1.4

Total 5ó7,000 4,232,500 2,142,000 5,449,951 201 .9 4,974,701 1A+.2 4,709,820 114.4

5/
DtscouxT

102 152

Totat Cost
(Shs/nf)

201.9

5-9

18É.2

RATE

174.4



lnÍiltration Galleries with Diesel Pumps, '100 m3 storage Appendix 5

Technotogy: 2 Infittration Gatteries and lletts rith Dieset Purps, 100 m3 Storage

CapitaI Cost:
InfiL. Gattery
Pwp§

Storage
Pi pet ines

other + Cont.
Total

800,000 shs

ó00,000 Shs

450,000 shs

2,óó0,000 shs

900,000 shs

5,410,000 Shs

Annuat Costs:
Staff
Fuet

Generst l{aint.
Totat

36,000 shs

24,000 shs

ó0,000 shs

120,000 shs

Reptacement Costs: 300,000 for each PunP every 15 years

Annuat Yietd: 100 rÉldaY * 3ó0 = 56000 Íg/year

Year

Arvruat

Yi etd
(m3)

Capi tat
Costs
(Shs)

Annuat

Costs
(shs)

Discount
5% 10u

Costs Cost/yr Costs Cost/Yr

(shs) (Shs/ÍÉ) (Shs) (Shs./Ín3)

Rate
15,(

Costs Cost/Yr
(Shs) (Shs,/n6)

0

1

2

3

4

5

6

7

8

9

10

1t

12

Í5
14

15

16

17

18

19

20

36000

3ó000

36000

3ó000

3ó000

36000

3ó000

36000

36000

36000

3ó000

36000

3ó000

3ó000

3ó000

3ó000

3ó000

56000

36000

3ó000

36000

5,41 o, o0o 120,000

1 20,000

120,000

1 20,000
120,000

120,000

120,000

I 20,000

120,000

I 20,000

1 20,000

I 20,0oo
'l20,0oo

1 20, o0o

I 20,000

1 20,000

I 20,000

I 20, o0o

1 20, o0o

I 20,000

1 20,000

5,530,000
114,2U
108,844

103,óól
98,724
94,023
89,546
95,?82

81 ,221
77,353
73,670
70,162
6,820
63,639

ó0,ó08
u6,332

51,973
52,356
49,%2
47,498
45,227

153.6

3.2
3.0
2.9
2.7
2.6
2.5
2.4
2.3
2.1

2.0
1.9
1.9
1.8
1.7
9.6
1.5
1.5

1.4
1.3
1.3

5,530,000
I 09,091

99,',174

90,158
81 ,962
74,511

67,737

61 ,579
55,981

50,892

46,265

1?,059
38,236
34,760
31,600

172,362

26,115
?3,741

21 ,583
19,621

17,837

't53.6

3.0
2.8
2.5
2.3
2.1

1.9
1.7
1.ó
1.4
1.3
1.2
1.1

1.0
0.9
4.E
0.7
0.7
0.6
0.5
0-5

5,53o, ooo

104,348

90,737
78,902
68,610

59,61
51 ,879
45,112
39,228
34,111
29,62
25,793
22,129
19,503

16,959

88,484

12,824

I I ,151
9,697
8,432
7,33?

1 53.6
2.9
2.5
2.2
1.9
't.7
1.1
1.3
1.1

600,000

0.9
0.8
0.7
0.ó
0.5
0.5
2.5
0.4
0.3
0.3
0.?
0.2

Totat 75ó,OOO 6,010,000 2,520,000 7,314,075 203.2 6,695,?63 18ó-0 6,354,856 176'5

5A
DISCOUTIT RATE

't0 z 152

Total Cost
(Shs/tn3)

203.2

5-10

18ó.0 176.5



lnÍiltration Gallery with Dieset and Solar pump, s0 ms Storage Appendix 5

Technology: 'l Infiltration Gattery and uetl rith Diesel. and sotar purp, 50 m.3 Storage

CapitaI Cost:
Infi1,. GatLery 400,000 Shs

Pups 900,000 Shs

Storage 225,000 Shs

Pipetines Í,530,000 Shs

other + Cont. 580,000 Shs

Total 3,635,000 Shs

AnnuaI Costs:
Staff
FueI

Generat tlaint.
Totat

36,000 shs

2,000 shs

36,000 shs

74,000 Shs

Reptacencnt Costs: 900,000 for punps every 15 years

Yietds: Sotar Purp 50 m3/day; Dieset purp stand-by
Annuat Yietd: 50 nB/day * 360 = 1g000 m3lyear

Year
AnnuaI

Yiel.d
(m3)

Capi ta I

Costs
(shs)

AnnuaI

Costs
(shs)

Dis
5Z

Costs Cost/yr
(Shs) (shs/m3)

count
10 7.

Costs Cost/yr
(shs) (Shs/m3)

ate
15 r.

Costs Cost/yr
(Shs) (shs/d)

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

í8
19

20

í8000

Í8000

18000

18000

18000

18000

18000

18000

18000

18000

18000

18000

18000

18000

18000

18000

18000

18000

18000

18000

18000

3,635,000 74,000
74,000
74,0O0

74,000
74,000
71,000
74,000
71,000
71,000
74,O00

74,000
74,000
74,000
74,000
74,000

74,000
74,000
74,000
74,000
74,000
74,000

3,709,000
70,476
67,120
63,924
ó0,990

57,981

55,220
52,590
50,09ó

47,701
45,130
43,2&
41 ,206
39,244
37,375

168,511

33,900
32,attó
30,719
29,2U
27,ggo

206.1

3.9
3.7
3.ó
3.4
3.2
3.1
2.9
2.8
2.7
2.5
2.4
2.3
2.2
2.1

26.0
1.9
1.8
1.7
1.6
1.5

3,709,000
67,273
61,157

55,597
50,543
15,918
41 ,711
37,974
31,522
31,383

28,530

25,937
23,579
2'.1 ,435
19,497

233,19
1ó,105

14,&1
13,310

12,100

I 1 ,000

206.1

3.7
3.4
3.1

2.8
2.6
2.3
2.1

1.9
1.7
1.6
1.4
1.3
1.2
1.1

13.0

0.9
0.8
0.7
o.7
0.6

3,709,000
&,318
55,955

19,656
42,3'-10

36,791
31 ,992
27,919
24,191
21,035

19,292
15,906
13,931

12,027

10,459

119,699

7,909
6,877
5,990
5,200
4,521

206.1

3.6
3.1
2.7
2.4
2.0
1.8
1.5

1.3
1.2
1.0
0.9
0.8
0.7
0.ó
6.6
0.4
0.4
0.3
0.3
0.3

900 000

Tota[ 378,000 4,535,000 1,554,000 5,0&,119 281 .3 4,551,457 253.0 4,282,796 237.g

5Z
DISCOU}IT RATE

102 152

Total Cost
(Shs/m3)

281.3

5-11

253.0 237.9



tnfiltration Gallery with Diesel and solar Pump, 75 mg storage Appendix 5

Technotogy: I Infittration Gattery and lletl, rith Dieset and sotar PuIp, 75 m3 Storage

capitat cost:
Inf. galterY
Pmp6

Storage
PiPet ines

61h91 + Cont.
TotaI

600,000 Shs

900,000 shs

357,500 Shs

2,095,000 Shs

670,000 Shs

4,ó02,500 shs

Reptacement Costs: 9OO,O00 for PunPs every 15 years

Yietds: sol,ar Purp 60 ÍBldaYi Dieset Ptnp 15 rB/day

Annuat Yietd= 75 filcr,y * 360 = 27OOO tr,filYear

Annuat

Yi etd
(m3)

capi tat
Year Costs

(shs)

Discount
5A 10%

costs cost/Yr costs cost/yr
(Shs) (shs/m5) (shs) (shs/Ín3)

Annuat Costs:
Staff
Fuet

Genera[ ]laint.
Tota I

36,000 shs

5,000 shs

48,000 shs

89,000 shs

4,602,500

900,000

AmuaI
Costs
(shs)

Rate
154

Costs Cost/Yr
(Shs) (Shs/m3)

0

1

2

3

I
5

6

7

8

9

10

11

't2

't3

14

15

16

17

18

19

20

27000

27000

27000

27000

27000

27000

27000

27000

27000

27000

27000

27000

27000

27000

27000

27000

27000

27000

27000

27000

27000

89,000

89,000

89,000

89,000

89,000

89, ooo

89, ooo

89,000

89,000

89,000

89,000

89,000

89,000

89,000

89,000

89,000

89,000

89,000

89,000

89,000

89,000

4,691 , 5oo

u,762
80,726
76,982
73,2?'.1

69,734
6,113
63,251

60,?39

57,370
51,638
52,036
49,559

47,199

44,951

475,726

40,7n
38,830

36,981
35,220
33,543

173.8

3.1

3.0
2.8
2.7
2.6
2.5
?.3
2.2
2.1

2.0
1.9
1.8
1.7
1.7

17.6
1.5
1.4
1.4
1.3
1.2

4,691 ,500
80,909

73,554
&,&7
ó0,788
55,262
50,238
45,671

11 ,519
37,745
34,313
31 ,194
28,358

25,780
23,436

236,759

19,369

17,608
16,O07

14,552
13,229

173.8

3.0
2.7
2.5
2.3

4,691 ,500
77,391

67,297
58,519

50,88ó

41 ,219
38,4T1

33,458
29,O94

25,299
21 ,999
19,130

16,635

14,465

12,578
121 ,543

9,511
8,?70
7,192
6,254
5,438

173.8

2.9
?.5
2.2
1.9
1.6
1.4
1.2
1.1

0.9
0.8
0.7
0.6
0.5
0.5
4.5
0.4
0.3
0.3
0.2
0.2

2.0
1.9
1.7
1.5
't.4
1.3
1.2
1.1

1.0
0.9
8.8
0.7
0.7
o.6
0.5
0.5

ïota[ 567,000 5,502,500 1,8ó9,000 6,233,552 230.9 5,&,60 209'8 5,3',9,1U 198'5

5A
DISCOUIT RATE

102 152

Totat cost
(Shs/rn3)

230.9 209.8 198.5

5-12



lnÍiltration Galleries with Diesel and Sotar Pumps, í00 ms Storage Appendix S

Technology: 2 Infittration Gatteries and Lletl,s r{ith I Diesel, and 2 Solar punp, 100 rÈ storage

CapitaI Cost:
lnfil.. gattery 800,000 Shs

Putps 1,500,000 Shs

Storage 450,000 Shs

Pipelines 2,ó60,000 Shs

Other + Cont. 1,000,000 Shs

Total ó,410,000 Shs

Annuat Costs:
Staff
Fuet

General l,laint.
Tota I

36,000 shs
12,000 shs
60,000 Shs

108,000 Shs

Reptacement Costs: i,500,000 for ptrrps every 15 years

Yietds: Sotar Purp 60 r3/dayl Diesel. purp 40 ní./day
Annuat Yietd: '100 rB/day * 360 = 36000 m3lyear

Year
AnnuaI

Y iel,d
(m3)

Capi ta I

Costs
(shs)

Annua I

Costs
(shs)

Discount
5% 107"

Costs Cost/yr Costs Cost/yr
(Shs) (shs/m3) (shs) (Shs,/m3)

ate
15 7"

Costs Cost/yr
(Shs) (Shs,/n3)

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

3ó000

3ó000

3ó000

3ó000

3ó000

3ó000

3ó000

3ó000

36000

36000

36000

36000

36000

5ó000

36000

3ó000

3ó000

3ó000

3ó000

36000

3ó000

6,41 0,000 I 08,000

108,000

I 08,000

I 08,000

Í 08,000

1 08,000

1 08,000

1 08,000

108,000

I 08,000

1 08,000

1 08,000

I 08,000

1 08,000

1 08,000

108,000

108,000

I 08,000

I 08,000
'108,000

Í 08,000

6,5 19,000

10?,957

97,959
93,294
88,852

u,621
90,59í
76,754
73,099
69,619
6,303
63,145
ó0,139
57,275
54,547

773,475

49,176

47,120
44,876
12,739

40,704

181 .1

2.9
2.7
2.6
2.5
2.1
2.?
2.1
2.0
1.9
1.8
1.8
1.7
1.6
1.5

21.5
1.4
1.3
1.2
1.2
1.1

6,5 1 9,000
98,182
99,256
81,142
73,765
67,060
60,963
55,421

50,393

45,903

41,639

37,953
34,412
31 ,2U
28,410

3&,942
23,504
21 ,367
19,425
17,659

16,054

181 .1

?.7
2.5
2.3
2.0
1.9
1.7
1.5
1.4
1.3
1.2
1.1

1.0
0.9
0.8

10.7
0.7
0.6
0.5
0.5
0.4

6,519,000
93,913
81,6ó4
71 ,012
61 ,749
53,695
46,691

10,601

35,305

30,700
?6,696
23,214
20,1%
17,553
15,263

197,614

11 ,541
10,036

9,727
7,599
6,599

181.1

2.6
2.3
2.0
1.7
1.5

1.3
1.'t

1.0
0.9
0.7
0.6
0.6
0.5
0.4
5.5
0.3
0.3
0.2
0.2
0.2

1 , 500, 000

Tota[ 75ó,000 7,910,000 Z,ZéÉ ,OOO 8,585,114 238.5 7,796,553 216.6 7,378,35O 205.0

5A
DISCOU}IT RATE

10ï 't5 x

Totat Cost
(Shs/m3)

238-5

5-13

216.6 205.0



lnÍiltration Gallery with Solar Pump, 150 ms Storage

Technology: I Infittration Gattery and uett rith sotar Pr"np, 150 m3 Storage

Appendix 5

Capitat cost:
Infi t. Gat Iery
PtÍP
Storage
Pipet ines
other + cont.

Totat

400,000 shs

ó00,000 shs

675,000 Shs

1,530,000 shs

ó00,000 shs

3,805,000 Shs

Annuat Costs:
Staff
FueI

Generat llaint
TotaI

3ó,000 shs

0 Shs

3ó,000 shs

72,000 Shs

Replacement Costs: óOO,O00 for punp every 15 years

Annuat Yietd: 50 lÍBldaY * 300 = 15000 nB/Year

Year

Annuat

Yiel,d
(m3)

capi ta I

Costs
(shs)

Annuat

Costs
(shs)

Discount
5% 102

Costs Cost/Yr Costs Cost/Yr

(shs) (shs/m3) (shs) (shs/n8)

Rate
't5 %

Costs Cost/Yr
(shs) (Shs./m3)

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

15000

15000

15000

15000

15000

15000

Í5000

1 5000

15000

15000

15000

15000

15000

15000

15000

15000

15000

15000

15000

15000

15000

3,805,000 72,OOO

72,000

72,000
72,OOO

72,Ooo

72,000
72,O00
72,OOO

72,OOO

72,000
72,000

T2,OO0

72,000

72,000
72,000
72,000

72,000
72,000

72,000

72,OOO

72,000

3,877,00O
8,571
65,306
62,196
59,235
56,414
53,728
51,169
48,732
16,112
41,202
42,097

40,092
38,183

36,365
323,243
32,9U
31 ,413
29,917

28,493
27,136

258.5
4.6
4.4
1.1
3.9
3.8
3.6
3.4
3.2
3.',|

2.9
2.8
2.7
2.5
2.4

21.5
2.2
2.1
z.o
1.9
1.8

3,877,O00

65,455

59,504
54,095

49,177

44,706
40,642
36,947
53,589

50,535

27,759
25,236
22,941

20,85ó

18,9ó0

1ó0,871

15,69
14,245

12,950

11 ,Tf3
10,702

258.5
4.4
4.0
3.6
3.3
3.0
2.7
2.5
2.2
2.0
1.9
1.7
1.5
1.4
1.3

10.7
1.0
0.9
0.9
0.8
o-7

3,82,000
62,609

54,442
47,341

41,16
35,797
3'.1 ,128
27,067
23,537

20,467
17,797

15,476
13,157

11 ,702
10,176
82,585

7,691
6,691
5,818
5,059
1,399

258.5
4.2
3.6
3.2
2.7
2.4
2.1

1.8
1.ó
't.4
1.2
1.0
0.9
0.8
0.7
5.5
0.5
0.4
0./+

0.3
0.3

ó00,000

Íotat 315,OOO 4,405,000 1,512,000 5,062,g89 337.5 4,633,612 308-9 4,401 ,4O9 293'4

5Z
DISCOU}IT RATE

102 154

Iotat cost
(Shs/m3)

337.5

5-14

308.9 293.4



lnÍiltration Gattery with Windmiil, 50 m3 Storage

Technotogy: 1 Yett and InfiLtration Gal.Lery rith uindniIl^, 50 rB storage

Appendix 5

CapitaI Cost:
Infit. Gatlery 400,000 Shs

Purp J50,000 Shs

Storage 225,000 Shs

Pipetines 1,530,000 Shs

Other + Cont. 500,000 Shs

Total 3,005,000 Shs

AnnuaI Costs:
Staff
Fuel

General l,laint.
Totat

3ó,000 shs

0 Shs

36,000 shs
72,000 Shs

Reptacercnt Costs: 350,000 for punp every 15 years

Annual Yietd: 50 n3lday * j00 
= 15000 m3lyear

Year

0

1

2

3

4

5

6

7

8

9

10

11

12

13

'tl
15

16

17

18

19

z0

TotsI

AnnuaI

YieLd
(m3)

Capi ta t
Costs
(shs)

Annua t

Costs
(shs)

Discount
5Z 10%

Costs Cost/yr Costs Cost/yr
(Shs) (Shs/m3) (Shs) (Shs/Ín3)

ate
15X

Costs Cost/yr
(Shs) (Shs/Ín3)

15000

15000

15000

15000

15000

15000

15000

15000

15000

1 5000

í5000

15000

15000

1 5000

t5000

15000

15000

15000

15000

15000

15000

3,005,000 72,000
72,000
72,000
72,000
72,000
72,000
72,000
72,000
72,000
72,000
72,OOO

72,000
72,000
72,000
72,000
72,000
72,000
72,000
72,000
72,000
72,000

3,077,000
8,571
65,306
62,196
59,235
56,411
53,729
51,169
19,732
16,412
44,202
42,097

40,092
38,195

36,365
202,989

32,9&
31 ,413
29,917
28,493
27,'.136

205.1

1.6
4.4
1.1
3.9
3.8
3.6
3.4
3.2
3.1
2.9
2.8
2.7
2.5
2.1

15.5

2.2
2.1

2.0
1.9
1.8

3,077 ,oOO

65,455

59,504
54,095
49,177

14,706
40,&2
36,947
33,589

30,535

27,759
25,236
22,941

20,856
18,960

101,023

15,&g
14,215

12,950

11 ,773
10,702

205.1

4.4
4.0
3.6
3.3
3.0
2.7
2.5
2.2
?.0

3,077 ,OOO

62,609
54,442
17,311
11,16
35,797
31,129
27,067
23,537
20,467
17,797

15,476

13,457

11,702
10,176
5 1 ,861
7,691
6,691
5,919
5,059
4,399

205. 1

4.2
3.6
3.2
2.7
2.4
2.1

1.8
1.ó
't.4
1.2
1.0

1.9
1.7
1.5

1.4
1.3
6.7
1.0
0.9
0.9
0.8
0.7

0.9

350 000

0.8
0.7
3.5
0.5
0. /r

0.4
0.3
0.3

315,000 5,355,000 Í,5Í2,OOO 4,142,635 276.2 3,773,7& 251 .6 3,570,6g5 23g.0

5Z
DISCOUXT RATE

102 15 1

Total Cost
(shs/n3)

276.2

5-15

251.6 238.0



lnÍiltration Gallery with Windmill, 100 ms Storage Appendix 5

Technotogy: 1 tlett and Infittration Gattery rith lJirdnitl', 100 m3 Storage

capitat cost:
lnfit. GaLterY

PuIP

Storage
Pipetines
Other + Cont.

Total

ó00,000 shs

450,000 shs

450,000 shs

2,095,000 shs

650,000 shs

4,245,000 Shs

Amuat Costs:
staff 36,000 Shs

Fuet 0 Shs

General l4aint. 36,000 Shs

Totat 72,000 Shs

Reptacement Costs: 450,000 for punp every 15 years

Annuat Yiel,d= 75 r6ldaY * 300 = 2?500 ÍÍ6/yeat

Year

Arnuat
Yi etd

(m3)

Capi ta t
Costs
(shs)

4,245,000

AnruaI
Costs
(Shs)

Discount
5% 102

Costs Cost/yr Costs Cost/Yr

(Shs) (Shs/nf1 (shs) (shs/n3)

Rate
15Í

costs cost/yr
(shs) (shs/m3)

0

1

z

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

22500

22500

22500

22500

22500

22500

22500

22500
22500

22500

2?500

22500

22500

2?500

22500

22500

22500

22500

2?500

22500

22500

72,000

72,000

72,000

72,OOO

72,OOO

72,000

72,000

72,0O0

72,000

72,000

72,000

72,OOO

72,00o
72,000

72,000
72,000
72,000
72,OOO

72,000
72,000
72,000

4,31 7,000

8,r71
65,306

62,196
59,235
56,414
53,728
51 ,169
48,732
46,412
44,202
42,097

40,092
38,183

36,365
251 ,091
32,9U
31 ,413
29,917

28,493
27,136

191.9

3.0
2.9
2.8
2.6
2.5
2.4
2.3
2.2
2.1

4,317,000
65,455

59,504

54,095
49,1ï7
14,706
40,&?
36,947
33,589
30,535

27,759

25,236
22,941

20,856

18,9ó0

124,963

15,69
14,245

1?,950
11 ,Tf3
10,702

191.9

2.9
2.6
2.4
2.2
2.0
1.8
1.6
1.5
1.4
1.2
1.1

1.0
0.9
0.8
5.6
0.7
0.6
0.ó
0.5
0.5

4,317 ,000
62,609

54,442
47,341

41,1&
35,797
31,128
27,067
23,537

20,467

17,797

15,476
13,457

11 ,702
10,176
&,151

7,691
6,691
5,818
5 ,059
4,r99

191.9

2.8
2.1
2.1
1.8
1.6
't.4
1.2
1.0
0.9
0.8
0.7
0.ó
0.5
0.5
2.9
0.3
0.3
0.3
0.?
o-2

2.0
1.9
1.8

450,000

1.7
1.6

11.2

1.5
1.1
't.3

1.3
1.2

Totat 472,500 4,ó95,000 1,512,000 5 ,430 ,737 241 .4 5 ,037 ,703 223 -9 1 ,822,971 214 '4

5X
DISCOU}II RATE

10u Í5U

Iotal Cost

(Shs/'n3)

241.4

5-16

2?3.9 214.1



Borehole with Handpump Appendix 5

Technotogy: Borehote rith Handpr,np

Capitat cost: 220,000 Shs

Annual costs: 3,000 shs (1,{aintenance of Borehol.e and Handpr,np)
Reptacement Costs: Hàndpup 30,OOO Shs - every 6 years.

Annual Yietd: 5 tB/day * 3ó5 = 1825 m3,/year

Year
ÀnruaI
Yietd

(m3)

Capi ta L

Costs
(shs)

AnnuaI

Costs
(Shs)

DiscountRà
51 102

Costs Cost/yr Costs Cost./yr
(shs) (Shs/m3) (Shs) (Shs7rn3y

te
152

Costs Cost,/yr
(Shs) (Shs/rnl)

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

1825

1825

1825

1825

1825

1825

1825

1825

1825

1825

1825

r825

1825

1825

1825

1825

1825

1825

1825

1825

1825

220,000 3,000
3,000
5,000
3,000
3,000
3,000
3,000
3,000
3,000
3,000
3,000
3,000
3,000
3,000
3,000
3,000
3,000
3,000
3,000
3,000
3,000

223,000
2,857
2,721
2,592
2,48
2,351

24,625
2,132
2,031

122.2

1.6
223,000

2,727
2,479
2,254
2,049
1,863

18,629
1,539
1,400

1,272
1,157

1,051

Í0,515
u9
790

718

653

594

5,935
491

416

122.2

1.5
1.1
1.2
1.1

1.0
10.2

0.8
0.8
0.7
0.ó
0.ó
5.8
0.5
0.4
0.1
0.4
0.3
3.3
0.3
0.2

223,000
2,609
2,29
1,973
1,715
1,492

14,267

1,129
981

853

742

&5
6,169

488

424

369

32'.!

279

2,67
211

183

122.2

1.4
1.2
1.1

0.9
0.8
7.8
0.ó
0.5
0.5
0.4
0.4
3.4
0.3

1.5
1.4
1.4

30,000
Í.3

Í3.5
1.2

1,934
1,U2
1,754

18,376
1,591

1,515

1,443
1,374

1,309

13,712
1,197
1,131

1.1

1.1

1.0
1.0

30 000 10. I
0.9
0.8
0.8
0.8
0.7
7.5
0.7
0.6

0.2
0.2
0.2

30,000
0.2
1.5

0.1

0.1

Tota[ 38,325 310,000 63,000 311 ,944 170.9 280,430 153.7 262,7n M4.O

DISCOU},IT RATE
51 102 152

ïotaI Cost
(Shs/rn3)

170.9 153.7 144.0

5-17



Dug Well with HandPump
Appendix 5

TechnologY: Dug Uetl. rith HandPrP

capitat cost: 93,500 Shs

Anruat Cost§; 3,000 Shs (llaintenance)

Reptacement Costs: Handpr-np 30,000 shs - every 6 years

Annuat Yietd: 5 ÍB/eY * 3ó5 = 1825 ÍÍt3,/Year

Annuat

Yietd
(m3)

CapitaI AnÍuat

D i sc
5/

Costs Cost/yr
(Shs) (Shs/rÈ)

ount R

10u
Costs Cost/Yr
(shs) (Shs,/m3)

ate
153

Costs Cost/yr
(Shs) (Shs/m3)Year Costs Costs

(shs) (Shs)

0

1

2

3

4

5

6

7

8

9

10

11

12

13

11.

15

16

17

18

19

20

1825

1825

1825

1825

1825

1825

1825

1825

1825

1825

1825

1825

1a25

1825

1825

1825

1825

1825

1825

1825

1A25

93,500 3,000
3,000
3,000
3,000
3,000
5,000
3, ooo

3,000
3,000
3,000
3,000
3,000
3,000
3,000
3,000
3,000
3,000
3,000
3,000
3,000
3,000

9ó,500

2,857
?,721
2,592
2,48
2,351
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SUMMARY

The. present report is Part 3, Guidelines and Recommendations for tnvestment
Packages, which is the third of three reports, composing the lsiolo District Water
Development Study. Latt 3 provides the background ànd methodology tor inà
implementation by the District of investments in thà water sector.

lndicative investment packages were developed, which were intended to provide cost
estimates of investment projects. Four considerations were identified as ientralto the
design of successful investment projects. These were:

- the appropriate technical choice in terms of ability to produce the required
quantttY and quality, and impact on the environment; the latter is partic'ufàiry
sensitive for the use of the water supplies by livestock;- the socio-economic base which determines the attituóe to participation in theproject; thisissue is important as nomadic communities are'particirtarly difficultto mobilise, further, social factors add to the technical difficirlties of si,ppfying
water to nomads and stock as the communities (or parts thereo$'níorË
throughout the year.

- the institutional base for design, construction and operation of the investment
projgct, including communi§ consultation during all of these phases, and- the financial base of the project including the pàicy Íramewoi'k, particularly on
cost sharing and on district financial autonomy, anci the financiai systems used.

Each of these consíderations effect the economic demand of the people for water on
the one hand, and the ability of the MoWD and other bodies to rr'óptfit on the other.

The major issues raised when the above factors are considered are:

- supply of water for livestock must be provided only in areas where any
consequent increase in numbers will not degrade the ehvironment.- cost sharing policies with respect to government/donor schemes may need to
be flexible depending 9n the community served;'full cost sharing (Cópitat anà
O&M costs) may be feasible in urban-schemes, but for rural iciremes cost
sharing may have to be limited to recovery of o & M costs.- even with these limited o§ectives, the choióe of technology must be appropriate
to the communities abili§ and willingness to pay, in pàrticular rurai àch'emes
must have minimum O & M costs if they are tó O-e Ooà by the communi§.- in order to implement the District Focuó policy which givés the District MowD
responsibili§ for co-ordination the provision of water to-tne lsiolo communities,
severalfacets of the operation of the Centraland District MoWD should change.

Based on the above considerations, specific criteria were developed for use in the
appraisal of investment projects. These criteria were incorporated in a simple checklist,
a version of which, as modified by the DWE, should be included in the OWOp. Such
checklist will enable quick assessment of the impact and viability of proposed prolects.

The checklist covers the following topics:- water resources
land use planning/environmental impact
social impact
institutional/communis participation
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- economics/affordabilitY
- finance.

For each ruralcentre, the available resources and their potentialfor developmqnl of the

Oómestic and liveitock supplies was analysed. The results are described in pre-

ÉàriÉÍ'ty studies of each' centre. Thes-e are combined in a separate volume

a-..óróànying the DWDS. The cost estimates were used to prepare indicative

investment packages.

Three types of investment packages were prepared:

1. lnvestment packages based on technology choice
2. lnvestment backaóes based on location of the centres/projects
3. lnvestment'packa§es based on the required feasibility studies'

Because of uncertain§, or simple unavailability, of data, feasibility -stuqiqg 
must confirm

y,r ,i"oiritv ot speóitic lysteriTprojects. tnó total costs of the feasibility studies are

estimated at Ksh 1.5 million.

The pre-feasibility studies cover the domestic supply of the centres and include only

" 
.ràt prrt of thó livestock supply associated with ttie centre. The capital costs of the

proposèo systems which delivàr-water through watej. points..in the.centre range for

most centres between 1.g million to 4.0 millioÀ shs. The capital costs per household

are about 5,000 to 10,000 Shs.

The O & M costs of the systems in the small rural centres range between 200 to 400

Snó óei househotà péi yóar, which must be affordable for most of the. people. The

óropbiafs for the *ate, érppiies assumes that the communi§ willorganise the O & M

ànd willbe responsible forihe financialadministration. The MowD is expected to assist

mainly in the maintenance part of the operation.

ln order to implement the District Focus policy which qiv.es the District MoWD

,,é=óonJioils Íoi có-oroin"ting tlre provision oï wat-er to the t§ioto communities, several

facèts of thé operation of thà Gentral and District MowD should change. The most

important are:

- District water otfices should retain revenue collected as an incentive to better

collection and to ease cash Ílow problems
- the ,,"ppropriàtionJin aiO" policy with respect to funding of development (capital)

works sno[tO be ctearly speciíed and ievised so as hot to disadvantage high

cost schemes
- Íinanciat sysièms should be revised to enable these etfective management and

implemeníation oÍ District Focus and Cost Sharing. policies, in particular, full

co'sts anO iàvenues should be brought together in the one set of accounts

- Re*ibitity in óiËing Éótny is atso reqirired by the cost sharing policy catalysing

communitY Participation.
- Centra otíicb-staff, in their role as support to the District, require better training

in-nigner Érà sf.ifís in the areas of tialning, water resources planning, O & M:

financial systems, community mobilisatión, technical design, environmental

management and project appraisal 
.

- MoWO in óànàrà,' r.quired itrengthening of the links to other agencies.and

organisatió!, Ootlr prbtic and priíate, iniolved in provision of water supplies'
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1. INTRODUCTION

1.1 Purpose and Scope oÍ the Study

The District Water Development Study (DWDS) of lsiolo District is aimed at providing
the basis for the District Water Develo§ment Plan (DWDP), which in turn will be the
sector input to the District Development plan (DDp).

The study was undertaken by the Ministry of water Development in its role of support-
ing the districts in their task to develop ihe available water resources in a saf'e'and
sustainable way. Two conditions witt have to be fulÍilled to achieve this goal.

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

- Supply of water to the community must be sustainabte, meaning that theproposed schemes be designed in agreement with the technical anó financial
support capability of the people for whom they will be constructed.

These conditions require a thorough assessment of the situation in the districts and aplanning that is in tune with the sócio-economic, institutional and tèchnical àtàop:
ments.

The DWDS can be considered the first stage in the process of formulating a DWDp.
The study, based on extensive assessmenté, describes the water resourcàs develop-
ment potential in comparison to the projected water demand, discusses the viability bfditferent water supply options in tbrnis of sustainabitis a;à 

-#ét, 
"no 

provióes
estimates of the investment levels involved.

The DWDP based. T Jhe :tugy will be more specific in that it atso comprises the
decisions of the dístrict authorities regarding selbction and prioritization of the water
development schemes. Tfre plan is totoverÉ period ot 2oyéars, àóóàioing to Mówóguidelines, starting from 1993 when operation óttne first new schemes wifl íppóJeOÍbegin. The DWDP will be an important component of the DDp which inclubes thó
entire socio-economical planning of the distiict in perspective to all the available
resources. From the above it may be clear that both pnnà are closely linked and can
only be successfully developed in good co-ordination.

The.method_ologyforplanning of w-aterresources development, adopted bythe Ministry
facilitates full participation of ihe district authorities, community grdpJànd individuals
concerned in all stages of the planning process, which is in liíeiith'the District FocusPolicy. An outline of the general approach is given in Chapter 2 ot tnii report.

ln order to provide optimal conditions for district involvement, the DWDS is carried out
in three phases. District engineers and institutions concerned with water use and water
gypply are elilensively consulted during the periods of data collection and analysis.
The.final report includes three volumes, corrbsponding with tÈe inreè phases of the
study.

]h9 rye^se1t rep_o1t_on the guidelines and recommendations for investment packages
is Part 3 of the DWDS carried out for lsiolo District within the frame*órX of WRAp.
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The report provides the background and methodology for the implementation by lh9
District of investments in the water sector. The report presqlls cost estimates, which

are based on the ànàVsis of the water development possibilities at each rural centre.

These estimates àrà uieA in the preparation öt district investment packages, which

rrrv ÈJrào oy tnè oistrict to formula:te concrete project proposals. .ns9 recommend-

àtós fór impíementation of investment package€ are discussed, with respect to

.irénótn.ninj oÍ institutions, execution of feasibili§ studies and etforts to secure

external funding suPPort.

1.2 lnternational Co-oPeration

The District water Development study was undertaken under co-operative Agreement

between the Governments of Kenya and The Netherlands.

The studies are carried out by the Water Resources Assessment Section of the Ministry

of Water Development, Nairobi, Kenya in co-operation with the TNO lnstitute oÍ Applied

ó.óióÉn.e, Detft, The Netheilandé, within the framework oÍ the Water Resources

Assessment and Planning (WRAP) project.

Consultancy serviceswere provided bythe Nethe.rlands Economic lnstitute, Rotterdam,

The Netherlands and the International lnstitute for Hydraulic and Environmental

Engineering, Delft, The Netherlands.
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2. GENERAL APPROACH

The District Water Development Sludy (DWDS) is a base study for preparation of the
District Water Development Plan (DWDP). All components thàt constiiute the DWDp
are also covered by the DWDS.

The model introduced by the WRAP project for preparation of a DWDp is shown in
figure 2.1. The DWDS follows this modèl in analysing the various componénis tnàt
finally. will lead to the formulation of the DWDP. 

- 
Thé study inctudes tlrree pnaieJ

Íocusing on different aspects of the planning, namely:

. tlt compatibillty of available water resources with water demand in the present
situation and for projected demand scenarios

. the viabili§ of the technical .options for water supply development based on
environmental and sustainability criteria

. the investments involved in the district water development and the technical,
institutional, socialand financialfactors determining thè sustainabifity ot sèfàóiàd
solutions

The results obtained. in the subsequent phases of the DWDS are presented in part 1,Part2 and Part 3of the DWDS repórt, which should provide the didtrict authorities with
sufficient base information for initiating further develbpment of the water resources in
the District. An outline of the Study i§given below.

Water Demand Study (part 1)

The water demand study compris.es of analyseg and projections of the water consump-
tion by allwater users in the district. The bàseline dàta àvailable from various sourcès
are often incomplete 

-and/or inaccurate. Therefore, thorough scrutiny of the data is
needed to ensure sufficient reliability. of further analysis. fhàdata is píocessed using
a Database Management System thàt handles both tire calculation oÍtËe water demanà
and the projection of the baseline data.

The water demand is calculated using the procedure laid down in the Design Manual
of the Ministry of Water ?evelopm.ent. The'procedure compels to projecting-tne *rièi
demand in 5, 15 and..25 years time. Thid, in turn, requii'es andtyiíJ ot ine grourtÉ
trends of population, livestock, agriculture, industries, tourism, etc.'

!l ,ry be clear that the DWDS depends on the input from other sectors, such as
livestock and agriculture, to compleie the projections in the most reàtÈiic wày.

Water Resources Assessment Study (part 1)

water resources assessment studies are an essential component of the DWDS. The
assessment studies undertaken within the framework of ttie WRAP project comprisè
the Íollowing:

- An inventory of available data and studies on the water resources in the District

3
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- A field survey including collection of data on surface water and groundwater,
rehabilitation of part of the existing measuring stations 

"nd 
iistallation oitemporary measuring stations. Meàsurements àre made of the quantity andquality of water in rivers, springs, wells and borehores.

- A geophysical reconnaissance qurvey using vertical electrical or electromagnetic
soundings {nd profiling, aimed at ÉrovidÉg more insight into tne nVOöéó:
logical conditions. The results of !h.e gurvéy are chec-ked and cafiÉàtàà OVdrilling of exploratory boreholes and test puíping.

- An analysis, of the geological, 
.geophysical, hydrolgOical and hydrogeological

maps and data, both from the inventory and fíom fíe-ld investigationsl e - -

From all this information and after careful and sy,:tematic anatysis, water availabilitymaps are prepared which show the water devei*pment poteniial of the area. Théwater resources assessment investigations are described'in à ràÈairte report and a
9uTmary of the main conclusions on the water development poteniiai is giren iÀ pàrt
1 of the DWDS report.

Comparison oÍ Water Demand and Available Resources (part 1)

Having estimated the water demand over the next 25 years and the water resourcesavailable in the district, a close analysis is made of the water development potentialto
decide whether the projected watei demand can bè met.

When comparing the demand with the resources, priorities need to be set whether adistrict can best support human, liv.estock, agriculiural or industriat àèvelopment. lnthis respect both quantity and quarity of the ;at.r Àust be consioéréà.

{hat.emerge-s from this process of cgqrpgrlng the demand with the resources, is adescriptíon of the development potentia öt tne-oisiriàt, based on *a1e, availabili§.

study oÍ water suppry Deveropment options (part 2)

From the actual and projected water demand and the capacity of existing water supplyschemes, the need for further development of the watei supilies can bL determined.

Limited water resources, contrasting interest or expected negative environmentalimp.gcj.may-hamper further developm,-ent. However, in situations with sufficient wateravailable, often more^ than one gupply option can be considered. A selection of thebest alternative must then be oa's'eó oh consideiations of finànciat, iecnnical andenvironmental viability.

Phase 2 of the DWDS includes:

- Assessment of existing district water supply systems- Assessment of .technical options for water óufpry improvement- 
!_nr9.ntory of unit costs for water developmeni àaseo'on e*Ètini suppties- ll.liminary identification of water supply options and cost- Study of cost-effectiveness of water suópti options

The results and conclusio.ns are presented in Part 2 of the DWDS report. Togetherwith Part 1 this forms the basis for the 'District Watei Developm.nl Oïà"lines,.

5



Formulation oÍ Guidetines and Recommendations
Íor lnvestment Packages (Part 3)

The guidelines and recommendations for the development of the district water

resources result in Èroóósàls for improvement of the existing water g.Ypply situation in

tÀé-óisirict. The pr|pdseo improveinents may range from very s.mall local supplies to

öor"pr.É.nsive dàtei supply dchemes. The investments required to improve the water

sup[ty situation have been termed investment packages'

The purpose of the investment packages is to present to the Government of Kenya

and interested donórs a pretiminàry esÍmate of ihe funds and other inputs needed for

*"i"r .Jpp[ develóprnent. Each ínvestment package or a combination of them can

thus foró'the core of a water supply proiect.

WRAp has concentrated on investment packages for development of domestic

supplies, Oecause iir.-rto.f..upplies are currently planned Íor by the lsiolo Livestock

óËr'àfopí'ent project of the fUinlslry of Ljvestock Development. .The investment

óàcx"sirs are oa3éà ó pre+easibitity studies of water supply development in each

rural centre of lsiolo District.

Phase 3 of the DWDS includes the following issues:

- Land use, environmental, social, institutional and economic/financial
factors to be considered

- Guidelines for assessment of water Sector investment proposals

- Pre-feasibility studies of water supply to rural centres
- Recorrenóaiions on required indtiiutional strengthening for implementation

of the DWDP
- A framework Íor a proposal based on the investment packages'

The analyses, results, conclusions and recommendations arrived at are. presented in
part 3 of the DWDS report. The pre-Íeasibility studies are presented in a separate

volume accompanying the DWDS report.
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3 BASIS FOR INVESTMENT

Overview

Technica! Base

3.1

This report, Part 3 of the District Water Development Study, is intended to provide the
background and methodology for the implemèntation by ine District of investments in
the water sector. All three parts of the siudy will serve às a basis of the District water
Development Plan_ (DWDP), to be prepared by the District Water Engineer for
submission to the o.islric! Develop.ment Committeé. rnis Report and the suYbseqreÀt
DWDP will.give the district an additional instrument with which'to strengthen the Diitrict
Focus policy with Ministry of Water Development (MoWD) in a co-oàinating role-. 

-

Wat91-s.ypply_investments must be compatible with the District Development plan and
the DWDP. This chapter will set out an overview of the technical, soöid, institutionàl
and financial basis for the preparation of investment packages. These issues have
been discussed in parts 1 and 2 of the Study.

On this base, indicative investment packages, consisting of water supply schemes (or
projects),.for the district will be developecfin three stagàs. The first ètàóe lCnaptei+1will examine the major factors to bé considereO ili-tn respect to disign of'thesó
investment packages. This chapter will examine both the factors wniön inftuence
sYPply of water, the technical, institutional and financial factors in particular, and factors
which determine the.(economic) demand for water. Affordabilis and willingness tópay, and the institutions required for community participation àre tne Xef tacioró
discussed with respect to the demand side. The second stage (Chaptór 5) will
describe the methodology and criteria for choice of investmeít, èitnei inOiviOuat
projects or packages, consistent with the DWDp. The last stage (Chapter ol wiri
describe indicative investment packages using the methodologf Oèvelo'peO irí tnà
previous two stages.

The implementation of these investment packages, or any others, will require significant
institutíonal strengthening, feasibility _siudy àd ettortó to secure external-funding
support. These requirements will be discuised in the conctuding section (Chapter zj
of the Study.

Throughout the Study, a distinction will be made between water systems which are
suitable for direct government support,.and.those systems (usually smaller systeÀsj
for which the local communi§ ryust be the focuó of development activity. Thié
distinction is necessary becausé of the wilely differing circumstahces of àitferént pàrtÀ
of the District, with some parts firmly in the Íormal, àoney economy and otherrïàiv
partly so.

3.2

The various water qqpPly technologies available and appropriate for use in tsiolo
District were detailed in Part 2, Chapiers 5 and 6. These'tèchhologies were selected
to address the va.riou_s types of water resources available in the ïistrict. They are
summarised in Table 3.1 below.
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Table 3.1 Results oÍ Cost Effectiveness Analysis

cost/rl is the totat discounted cost Per cubic meter capacity Per year
capitat costs inctude investment + reptacement costs.

Note Iota I
Tota I

The technologies set out in the Table provide the technical options Írom which are

chosen the slstems appropriate to the social, financial and institutional structures
applicable at population centres within the District'

In general, these options fall into two categories which reÍlect the above mentioned

economic division of the district. These are:

- the small scale urban systems catering Íor growing urban populations, and,

- the market centres ancí other rurd schemes which must serve a dual role of
providing water to people and to animals.

ln the future, as more people give up a nomadic existence or diversify Írom depen-

dence on livestock, the'ruràl scÉemes may have to cope with increasing demand Írom

small scale irrigated agriculture.

I

Technotogy

«nl I

Dai ty
Yietd

(Shs)

TotaI
Capi tat

Costs

(shs)

Tota t
O&l,l Costs

Iotat cost/#
(shs)

5A
di sc.

10Í
di sc.

15r
di sc

Borehote xith Diesel PlÍp

Borehote rith Diesel PutP

Tro Borehotes rith Dieset Putps

Borehote rith Dieset and sotar Ptrtp

Eorehote !,ith Diesel and Sotar PUP

Iro Borehotes rith Diesel and Ïro Sotar Pups

Borehote ri th ui rÉni t t

Infil,trstion Gatteries xith Diesel PuÍp

Infittration Gatteries rith Diesel Pwp

Infittration Gatteries Hith Txo Diesel Pulp

Infittr. Gatteries xith Diesel and Sotar Pups

Infittr. Gatteries rith Diesel and Sotar Pups

Inf. Gatteries Hith Diesel and Tro Sotar Pups

Infittration Gatleries rith sotar PtÍp

tnf i ttration Gat teries rith llindni t t

lnf i ttration Ga[ [eries rith tlirdni tt

Dug ttell, Hith HandpuP

Borehote Hith HandPuP

50

75

100

50

75

100

50

50

75

100

50

75

100

50

50

75

5

5

3,310,000

3,77?,500

6,o70,ooo

4,605,000

5,072,500

7,970,000

3,535,000

3,Z75,OOo

4,232,500

6,o1o,ooo

4,535,000

5,502,500

7,91o,ooo

4,405,000

3,355,000

4,695,000

183,500

310,000

2,01ó, ooo

2,&6,000
4,368,000

1,7&,000
2,394,000

4,116,ooo

1,512,000

1,7&,OOO

2,112,000

2,520,000

1,554,000

1,9óg,ooo

2,2ó8,000

1,5t2,ooo

1,512,000

1,512,000

63,000

63,000

247.0

196.8

237.7

?92.7

227.4

2r3.1

2§.2

236.1

201.9

203.2

28Í.3
230.9

238.'
337.5

276.2

241.4

101.ó

170.9

222.0

175.7

210.9

262.2

202.7

241.5

263.6

213.7

1u.2
18ó.0

253.0

209.8

216.6

308.9

251.6

223.9

u.3
1s3-7

208.0

163.9

t95.9

245.9

r89.3

224.4

250.0

201.2

174.4

176.5

237.9

198.5

205.0

293.4

238.0

214.4

71.7

144.0



3.3 Socio-economic Base

The "rural" district of lsiolo is composed of four types of settlement for which water
supply is required. These are:

- Small urban areas such as lsiolo, Garba Tula, Modogashe and Merti with an
estimated population greater than 2,000. They are àajor market centres for
livestock and as service centres for governóent (education and health in
particular), sTal scale repairfacilities, and retailof basic consumer goods. They
are surrounded by an increasingly permanent housing (olas) à very toó
densities.

- Market centres such as Oldo Nyiro, Kinna, Kulamawe, Sericho and Bulesa with
an estimated population less than 2,000. !n these setttements the permanent,
formal sector structures are ranged along one or two streetd (ivestock
purchasing.agencies and shops selting basió consumer goods). rnÈ arealJ
surrounded by an area of very low densi§ housing (olas)-as above.- Olas (encampments) of the pastoralist Boian anO Somali'in rural areas. These
structures are.usually temporary, but may occupy the same general area over
prolonged periods. of the lsiolo people, the Boràó comprise a-n estimat edlao/o.- "lndependent" facilities such as tourist lodges, missioné and schools.

Nomadic peoples are not well represented in the formal urban sector.

ln addition water is required for severat different uses, some of which must be
associated with these settlements. Ïhe most important is the demand for water forlivestock. The olas of the dominant Boran surroi.rnding the small ,iOan and market
centres have many associated herds which constitute É substantial demand. Whenthe cattle move to better pasture, the olas sometimes also move. Water is thus
required ?!gng the routes used by livestock. Tourist facilities have associated demandfrom wildlife. other demand fiom. small-scale agriculture lsupptying small urban
centres) is significant. This demand comes from sóme irrigaiiori bóneimes along the
Ewaso Nyiro River and at Kinna.

With the exception of government. provided park facilities such as gates, airports,
ranger posts, etc., wildlife (tourism) is a formal sector activity carried ou-t by the jrivaË
sector. lnvestme.nl.s for ryater su.pply in this industry can ihus be left to tne irivàtàsector, given that the projected investments are in 

-line 
with the DWDP. Nómadic

pastoralism is the main traditional economic activity and is substantially outside tÈé
formal economy. This activity combined with urban 

-demand, 
cover the óajority of the

population who will have difficul§ in obtaining water without government intervention.
Ingv are thus the legitimate focuè of governmént activity in thàwater sector. However,
it should be noted that the approach àdopted forthese two groups will be, of necessií,
quite different.

The averag!_9rban income in the district (lsiolo !own) was estimated at Shs 2,5g0 per
month in 1987 (source: Central Bureau óf Statistics, Statistical Abstract lggb). tne
average rural income in the district could not be estimated from avaitabte Oía, Out
surveys carried out under the lsiolo Livestock Development Project (!LDp) wiil'gG
useful information on rural wealth.

Apart from water, the main constraints to District economic development are limitations
on livestock capacity, poor transport links/access to markets ànd underOevelo[eà
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market structure.

Considering the technical options available and the settlement pattern, water will thus

be delivereó to peopte and industries in four groupings, the first three of which require

support of government. These are:

- urban systems with mainly service and small scale industry demand in addition

to residential demand,
- market centre systems with some service demand, a small permanent residential

demand, increaiing demand from semi-permanent residents, who may require

water supPly for cattle
- rural suppliós for nomadic pastoralists, transit cattle and some agriculture

piovided in accordance with the recommendations of the ILDP, and

- irpplies to "independent" facilities in the formal sector, usually government

indtítutions such as schools and police stations'

Within these groupings there are social groups yhigl', have differing cultural require-

ments and iÀcome ievels which will efféct iheir effective demand for the various

téónnicaf options. That is, these different groups can.afford different amounts for their

water and have different priorities with res[ect to availability/quali§/use. ILDP studies

confirm this. Different gröups willthus oftén demand differentthings from water supply

iy.tà... ln orderto reéotuàthese competing demands strong institutional systems are

róquired and it is these systems which will now be examined.

3.4 lnstitutional Base

3.4.1 Gontext

The existing network of organisations involved in the water sector is complex. With the

District Focus policy, theïistrict is expected to co-ordinate all investment, including

investment in water óupplies. However, there is a confusion in policy direction between

what is known ln otn'ei.countries as "deconcentration", i.e. placing implementation

activities of line Ministries at local level while retaining centralised control of staff and

Ouàóèiing, and "Oàcentratisation", i.e. giving staffing and finance control to the local

instiiutionï. The former course has beèn adopted in Kenya, and, as a consequence,

effective district cà-ordination oÍ investment, including inat in the water sector, is

difficult.

Four key activities are required to implement..a water supply. lt must be planned,

designeó, constructed anà opelqted. Overall water P9licy planning, and technical

(dejign) support ïr tnè iespoàsiOilis of the Ministry of Water Development (MoWD).

àelóóísioitity tor construction and ói-eration is fragjmented however. Local offices of

line ministrieó, including the District Óttice of the MowD, have considerable autonomy

in design and construction of water supply schemes'

private formal sector organisations, missions and other entities may obtain permits as
,,water undertakers", to-exploit local water resources. The appointment of a water

undertaker is doné'o/ tne Minister oÍ Water Development under the powers of the

wàt., Act (cap.3tà). ihere is little reference to District level institutions. This pro-cess

is, thereÍorè, àost( outside the district focus policy. 
. 
ln lsiolo, the County C^ouncil.and

tÉe Catholic Church are water undertakers for óchemes at Kinna and oldo Nyiro
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respectively.

LocalWater Associations are legal entities which have a Water Permit. They are being
formed in some districts to become responsible for exísting water sysÍems or tó
undertake new ones. Permission to utilide water resources under the Water Act is
presently given by a committee of the MoWD meeting in Nairobi, but is usually deciOeà
on the recommendation of the District Office of the IAöWO. The lowest level institutions
are the informalwater committees. There are no examples of such committees in the
lsiolo district. ln general, District MoWD implements urbàn/market centre supplies and
smaller schemes are undertaken by comóunities sometirires assisted by ah'ruè-O. 

-

3.4.2 lmplementation oÍ District Focus in the water sector

The.existing institutional base of Íuture water investment in the district is limited. ln thecontext of the District_Focus policy, the District Development Committee dOó),assisted by the District Executive Committee, is expected tó co-ordinate investàent ií
the water sector. This includ.es expenditures. by thd County Councit 1unàer tne fr/|inisiry
oÍ Local Government). While the structure.is in place, thó resourcèi to carry out thó
required project appraisal, prioritisation and impl'emeniation are ,ery- timiteO. 

-

The MoWD District offices are being strengthened as part of the "deconcentration,, of
Ministry activity. The policy of "appópriatiöns in aid" hàs been instituÉ which will link
future recurrent expendituie funcjs allócated to districts to their pertorrnance in màóting
revenue.t?Jgets established by treasury. Wages for lower tevets of staff will be thé
responsibility of the.district !o.Pay. This may hàve a considerable impact on efficiency
as there are indications that distiict level stàtf are underskilled, anà thài, compared tóthe resources available to work with, there may be significant'orei stamng.

The head office of the Ministry in Nairobi will now concentrate on providing policy,
training and techni..."l..rppgrt,-esp_ecially as key implementation aàirii] nas atso been
I9l.en over by the National water'Gonsérvation and pipetinè óàrËóiaiión. rn this role,
it has begun to institutionatise the assessment and plànning probàsi àeveloped, toËgreat extent, through the WRAP project. The water assessment studies anO'ptaÉning
reports are now an- important resource for the MoWD, and its staff are bein(j traineà
in the techniques of assessment. The_Planning Unit within tne réóàntfy-created Water
Resources Assessment Section (see Directorf uoWo, May rSAój iÀïesponsible for
carrying out these studies and assessments.

However,. tw9 major issues remain. The Íirst is the lack of effective implementation ofdecentralisatiol policy and the second is that there is no cbàr fbfi"y on *nicÏ
organisatign(s) shoyld. implement projecls at district level. There are'sevéral options.
These include the District office ot tn-e MoWD, the County Council, àÀO tocal Water
Associations. The choice of institution will depend on thé existing itiéngtn of these
institutions, and potential for future strengtheníng.

Planning of water development and choice ol implementing organisations may best be
addressed by an approach which involves all inieresteO pàrtieË. SucÈ àn approach is
currently being developed in Baringo District with assisiance from Uf.ffCeC where a
district water coordination group haé been formed led by an intàr-minisierialteam and
supported by every operational NGO in the district. Íhe inter-ministerial team Èài
representatives of MoWD, MoH and MCSS as wetlas the DDO and it is to be in contact
with all operating organizations in the district who have an interest in watàr. !t has been
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agreed in Baringo that this group meets every three months for information sharing,

decision making, etc.

Thus in Baringo District, responsibilis for the district water development strategy- is

shàred by all öoncerÀeO'groups. Groirps of institutions become the "lead" agency for

;óffidi't mobilization 
-and' implementation in their division. Such matters as

óràrl"ópiríg and duplication are worked out. once plans are agreed it is up t9 9a9h

óróJà'io 
'imptemerit in their own way. with this approach.,l ryjtt be possible to

imptément water progr"rres by different organizations within the overall district

strategy.

ln lsiolo District, the limited autonomy and resources of the District office of the MoWD

róriri"r its project implementation roles. A significant shift in operational procedures

would oe ràqrÍreo iàitto take the initiative in [nis respect. Such changes would need

to address the owÈ's inability to determine statfing, purchasing and revenue (taritf).

The Isiolo Couns Council has had a role in the provision of water supplies !n.!h.e
District and is anxious to see an expansion of suppiies, but if it is to_ have a role in this

à.iirií consideraàtà strengtnening'will be required. The Coun§ Council sees a role

tor itsett in supporting càmmunities in their efforts to plan and implement water

!vrt.^À. À iiSiriiticanisnitt in operational procedures would be req!,ired for it to take

the initiative inïnis respect. Witli an annual budget of Shs 5 million of which 45 percent

comes Írom Game pàrk revenues, there is littlè scope for new initiatives. lncreasing

Game park revenues is thus a high priority in any strengthening operation in addition

tomóre general revenue enhancémbnt anO operational strengthening'

3.4.3 Gommunity lnvolvement in the Water Sector

Water Associations or Committees, in theory ideal for the implementation and/or

àpËiàtioÀ ot smattLÀmunis schemes, abo have a_weak base in the lsiolo District.

While various community leaóers are present on the-Divisional Development Councils

and are represented onine DDC by the Divisional officer, there is no formal structure

ót óorrnri1itv partiàpatión, atthougih the informal links thrgugl, chiefs.and sub-chiefs

to the elders aie saicjto be effectivè. Sucn participation is fundamentalto the success

of water supply projects in rural areas.

Water Committees are active at several centres in the District. They m.ainly deal with

inà *at., supply óf livestock, but are also involved in organizing the domestic water

=rppiy. ni yËt,'tÀey nave nàO little expe.rience with the running 9f a complete water

.r[öií ryriem *itfiwater delivery.poinis in the centre, such as exists at Sericho. The

committees continuàio rery heiviiy on the technical assistance by the MoWD. Only

àt Sericno training ioi self-sustaineó operation and maintenance has been undertaken.

The institutional base will also play a key role in the type of system chosen' Systems

wnicn require .oÀóÉ* ór à*pànsÍre operations and maintenance support will not be

,àiÍv naÀoteo oy bistrict indtitutions. 
'This is particularly. important. in the choice of

r,rié, *nàre loóaicommunities will have a major role in implementing the systems'

The experience with participation oÍ local communities within the district has not been

enóouràging, althouin te* attempts have been made. ILDP studies have found that

the Boran 
"o11rriity 

does nàve effective social structures which control the

construction, use and ïinance of certain types of traditional (wells) and non-traditional
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(boreholes) water sources. Where construction is involved, the communities do pay
workers for labour (although mainly in food - goats). Where diesel is required'for
borehole pumps,. e.acf .user brings his or her own. Such activities are organised
through traditional decision-making processes. Some types of non-traditional §ources
(pans and dams) have not, however, proved suitable for traditional management
systems. Current sociological investigations being carried out by lLDp are attànpting
to define the mechanisms for effective participàtion within th-e Boran and Sómaji
communities. lt is expected that these will probably be based on the unit of resource
management, the deda.

For co-ordination of the use of water resources over a wider area (the District) an
approach such as used in Baringo District could be considered. Càmmunities are
involved especially in the smaller centres, the district team concentrates more on the
larger population centres using conventional piped schemes. The small schemes will
be communi§ owned and therefore communities are involved from the beginning of
discussions on planning, cost sharing and implementation.

It is likely that the extent of involvement of the communis and the sophistication of the
organisational measures required to manage that participation willvary with the size of
water supply. Examples of such schemes are few in lsiolo, although tire SIDA Sericho
ploject has some relevant lessons. ln Meru, there are examptes dt self help schemes
which point the way to viable organisational models for a variety of schbme sizes.
However,of more relevance is the experience in the samburu oistiict.

ln the Samburu District, the most effective form of community participation has been
that practised under the lntegrated Food Security Programmein'Wamtla Division. This
programme was initiated after the severe droughts of the early 1980's. tt has expanded
into areas of small scale infrastructure, including water su-pplies. This programme
begins by demanding that the community form à committeö, inctuOing sömàelders,
which must make a formal application to the governmeni for the-prolect. Thió
committee must commit the communi§ to pay a substantial sum to the'cafiital works,
which is used first.. They must also commit to a substantial input of labour, half oi
which is payed for (half in food and half in money). The community thus feels it "owns,,
the project, and will maintain the scheme to the Íimits of its financià and organisational
3Pliry (these limits should be taken into account when technologies are ch-osen). Thà
initial communis contribution can be almost offset by labour pàyments.

The participation of the communities in improving their water supply is linked, in other
districts (e.9. Baringo and Kisumu) with the com munity health programme, which has
been running successfully for several years. As with other forms of , health
education is about changing attitudes and past practices as well as rting
knowledge. lt is therefore an activity which extends beyond the

animators/
life of a development

project. An essential operationalfactor is to identify educators who come
from within the communities in order for them to participate in training and to use that
training on a long term basis during and after the project. The task for the water
coordinators (or water network) will be to draw on these existing human resources in
order to spread essential health/water messages

13



3.5 Financial Base

3.5.1 Financial Context

Two sets of structures are central to consideration oÍ the financial systems for water

supply. These are:

- policies and systems linking national and district levels, and
- systems operating at district level.

policy at national level is currently under review. The final form of this policy will be

seen in a Cabinet Paper currently under preparation. Although this document is not
yet avaitable, certain iàsues to be addressed in the Paper are clear in the context of the

bost Sharing policy set out in the National Development Plan. These are:

- definition of the extent of cost sharing required from various §pes of schemes
- mechanisms Íor tariff setting,
- incentives for increased effiöiency oÍ revenue collection, particularly through the

use of the system of "appropriations in aid" (AlA) such that districts will be able

to retain all'or most of ievénue raised in the district above the set target for
recurrent exPenditure, and

- authorisingstricterenforcement(disconnections).

At present, these policies are not defined, but the direction of policy is clear. The

waier sector has the following immediate goals:

- to maximise the amount of revenue collected as a proportion of billed, and
- to maximise the amount of water billed as a proportion of water produced.

Although no definite targets have been set for cost recovery, the objective of all
goveliment systems is tó improve current performance in this respect. Targets for
revenue collection set as part bf the AIA poliiy have been distributed for comment, and

appèà, to require considerable adjustment. Further, the mechanism for distribution

oï àppropriatiàns in relation to the estimates system (see below) is not clear. lt is oÍ

little'use'increasing the allowed District estimàtes by the minimum oÍ 80% of Íunds

raised above the tàrget, iÍ the allocated Íunds are only 5}o/o of District estimates.

The National Development Plan also states that water supplied sho.uld be atfordable.

The review of tariff pbticy will no doubt give due consideration to this factor.

These policies have significant implications for.the structure of the organisations

undertaking water suppiy, the Íinanbial systems they employ and the- monitoring that

is done, anï the cno6'e öf system for a larticular pioject (in terms of the capital and

operational costs). The current systems can now be described.

3.5.2 National'District Financial Systems

National Ministries, including the MoWD, submit yearly budgets for both development

tcàpita» and recuirent expànditures to Treasury. on Íinal approval, the districts are

i'htdrmeb of their allocation on a six monthly basis.
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Each district has a District Cash Fund (account) from which line Ministrles can make
payments._ For apppye§ c.?Pltal expenditures, the Authority to tncur Expenditure (alÈj
is cleared Írom central MoWD. AlEs for approved recurrent expenditures are issued
by the District MoWD. The Cash Fund'Ë reimbursed from Treasury. Additional
resources are also available through the Rural Development Fund and íhe EC Micro-
proje$ Fund on application, although this allocation hrust be approved ceniralfy OV
both Treasury and MoWD.

Revenues from consumers in all MoWD schemes are not collected by the District
MoWD, butty the District Treasury and thence are forwarded to nàtional level. lntheory, the Diétrict MowD in this system cannot make use of the revenues collecteddirectly. However, an interim arranlement,designed to overcome desperate cashflowproblems, ?Ppears to be operating (as of NorTember lggo) wnereO! collections of
arrears and normal revenues can be converted into cash foi recurreÉt expenditures.
I ch9_qqe from the District Treasurer, fad.e p_ayable to the permanent §ecretary of the
lrloWD is given to the DWE to forward to thd MowD which, in tuÀ, wiit maxe recurrent
funds available to the DWE. The amount of the cheque as a proportion of the revenue
collected varies from District to District. ln the case bf lsiolo ihe'oistrict lets about 50percent of receipts.

3.5.3 District Financiat Systems

These systems focus on control of individual systems and associated District officesupport. The existing situation with respect to MoWD schemes in thà lsiolo Districtmay be summarised under the following'headings:

a) Monitoring

- Accurate monitoring of water production is sometimes achieved in lsiolo townthrough the MoWD, but monitoring of distribution is difficult. ln other MoWD
schemes, the monitoring of produótion is fair, especially for ne* .onnections,
but some water meters are not serviceable, so mànitoriÉg ót ààiirered water is
again difficu.lt. .significant levels of unaccounted are expàcted.- Adequate staff
appear available to carry out monitoring.

- If,q.systems for monitoring of actual revenue collected are fragmented withMowD forwarding receipts to the District Treasurer.

- Monitoring of construction by contractors appeared adequate, but, hampered
by lack of funds for materiais and transport'for day raoóui construction, the
MoWD's own projects appear to progresb very slowíy.

- Procedures for monitol_nq of production, operation and maintenance are simple,
comprehensive, and, if they were accuràtery completed, woutd provídà-aï
excellent basis for cost controt.

b) Revenue Collection

- Procedures for billing are in place., although the SIDA Water Use Test project in
Embu sees possibilities to strengthen them. Better identification of consumers
and better integration of billing aÀd accounting systems are key elements of theproposed systems.
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- Collection systems are inadequate, especially from the viewpoint of accessibility

of customriJiói p"y.rnt. Ir,ionitóring is màde difficult by the. fact that District

office r.r.nr" óieIxé are required to co-llect revenue for water which is Íorwarded

àir..tfy to tÀ; Vtinistry of Finance (MoWD revenue clerks act as ag.ents for th.e

District rreasuréi).- erocedures foi sanctions are in placq and are increasingly

being used again'st non-payers, both government and private.

c) Accounting and Capital Budgeting Systems

- capital budgeting is carried out in a rollingfhree year period through requests

Íàr','developilentïfunds called "estimates"] Funds are allocated on a six monthly

basis. OeréioÉíent 
"*p"nditures 

allocated are a fraction of those requested.

ihe capital buàgeting system would be adequate, if it were operated efficiently

- The accounting and payment system for "development" funds is well designed,

and would Oe àOequàte if fundswere made available on time, and iÍ forms were

accurately completed.

- The accounting system for "recurrent" funds is also based on estimates. Again,

the amountJ aÏoóated are often far short of the amounts required for effective

operation. iné systems themselves would be adequate for smallwater schemes

if 
'forms 

were accurately completed'

d) GenerallY

- In the absence of a system which enables the District office to hold revenue it

collects, tné ,àpprópriàtions in aid" policy is important as an incentive for better

revenue performanàe. As the mechanishs to implement the.P,olicy have yet.to

be establirÉrO, there has been no direct impact on recurrent funding from the

AIA policy.

- Management information systems linking these diverse activities are the majol

ftaw in tne íyitèm. Àeportióg on revenuè collected going through one channel,

and on .*'p.ÀóitrrrË goin-g through another means that revenues and

àxpenditure§ directty retàted-to a scheme are not compared. No attempt to

allocate overhead costs to schemes is made (such a Summary should. be

available to tnJ DWE). Current informal systems being developed by the DWE

Meru 
"p 

ói già uée anO should be seen as the basis for such monitoring

until more coÉrprenensive systems from the SIDA project are available.

Financial systems similar to those currently operated by the MowD, in a simplified form,

would be'adequate for communi§ gróups.-- Such Systems are operated.by a

communi§ Oaséà watei suppfy scnemàs (e.g. Murugi - Mugumsngg and Tuuru Water

supply) in Meru District. tne-se systems ràcord méter readings, invoices, receipts,

consumer accounts, and paymentiouchers. These records are consolidated in a cash

book. More sophisticated systems for larger schemes are being developed through

the SIDA Water Use Test próject and are currently under evaluation.
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4 GUIDELINES FOR DESIGN OF INVESTMENT PACKAGES

4.1 lntroduction

This section describes the various considerations involved in the design of investmentoptions in the lsiolo District. The focus of the discussion will be on-the appiofriàtàchoice of a given technology f9r a given project within the constraints of its waterresource, socio-economic, institutional anö fihancial context. oiióussion of thesóconsiderations will be structured by examining, in turn, those conóerning-supót-(economic) demand and pricing (which brings §uppry anó àe*ànà-inio equilibrium).

ln the analysis, it will be assumed that the policies set out in the National Development
Plan are to be implemented. tn chapter e tne institutionat and mànóiàl rir.ngtlïóninörequired to implement these policies will be examined.

4.2 Supply Considerations

4.2.1 Availabte Technologies

piv.en. the physical environment of .the proposed water supply, a certain range oftechnical options will be available. These'opiions óan oe ranöào'on aËale accordingto their cgstper cubic meter of water delíveied over, say, 20 iears, which is iÈàóeiiöËused in the DWDp.

The first set of elements to be considered.in the physical environment are, of course,those related to the water resources available. tnesiiresources should be consideredin relation to the,potential 
{water) demand of the-inhabitants, intnatine total supplymust be.adeq.u"lt f.q pr-oJ9gteg population increase lsee wàter àémano estimationmethodologv in Part 1 ot inis stuov). tn parts oi iiiojo DistÉ, óèneiallv adequateresources are available, especially.groundwater resources, but,'in"óther parts oÍ theDistrict, ground water is saiine an'dlurface water scarce, óetting aÀ àosotute limit toeconomically justifiable development.

The second set of elements of the physical environment to be considered are thoserelated to land use and environmentàt iósues. 'Lanà ,se" corers iJcÀ qrestions as theactual positioníng of the plant, equipment, and associated civirwói[i, ih:tn" context ofland ownership, and of 
'planned 

and traditiona Èno use. .Additionafly, engineeringaspects of water systems such as foundations and structural desi!í *iií0" influencedby location. lt is important to note that changes intÉé design àGió iiiós" considera-tions.may change the order of cost set out inÍable 3.1 abovi. tn lsiótó óistrict, the lowdensities of settlements and the communal nature of most land notoings make itunlikely that these considerations will be of major importance. "Environmental,' issuesare.important, partlcu.larly as regards the imfiact di livestock movements and theirrelation to water. ln lsiolo, this issue is parti'cularly important and sets limits to thegrowth of livestock numbers, given traditiönal mandgenient techniques.'

with..a range of feasible technical solutions selected by considering the abovementioned elements, the next phase of the project development càn-càrmence.
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4.2.2 Socio-economic asPects

While most of the important considerations related to these aspects are demand side

considerations or reïated to the final choice of investment options, there are some

Élr.r which ettect tnà supply side. ln particular, these are the alternative or traditional

sources oÍ water and th'e'ióstitutionai structures which are appropriate Íor project

design and imPlementation.

The alternative or traditional supply source may be considered !V the people-as

rrprriói, 
"re.t 

if it ii demonstrably inferior with r-espect to technical standards. The

irpórtàri.e oÍ community education in this respect cannot be underemphasised. This

education campaign sh'ould preferably be absociated with a sanitation campalgl.

h;iàil.J or prooËms arisinEi Írom th-ese issues have already been found in lsiolo

ói;ili"t. óeifjite the adverse àtfects on water quality,.handpumRs. favg been removed

Írom boreholes suppiying both people and catile and replaced with a large open well.

This enables the use of buckets to water stock. This method is much quicker and

yields more water than with the handpump. Thus, the issues of adequate storage.for

àÀiÀàrwàtering, itsieparation from humaà supplies and the protection of both supplies

are crucial to àcceptance by the community.

The second impact on the supply side is on the structure of the organisation which will

rrópfy *"ter. tnis organisation must be responsive to the structure of the communities

identified above. ln ine lsiolo socie§, the elders have key roles in decision making

and should be incàrpàr"trO in the structures oÍ the implementation organisation if this

organisation is to receive government and communi§ support.

Detailed studies as to acceptable and effective forms of education and organisations

will be required at feasibility study stage.

4.2.3 tnstitutional Considerations

With the above issues in mind, the structure of the institutions which will.plan, design

cónstruct and operate the water system can be considered in more detail. The scale

óítné piolecteO'ryri., *itt otten determine the institutions involved in these activities.

These institutions *itt, in turn, have an impact on the selection of the most appropriate

technical oPtion.

The key Íunctions which must be carried out by the selected institutions are:

- preliminary design and feasibili§ study (planning, siting, technology choice)

- approval of Project
- detailed design
- construction supervision/construction
- staff training
- operation and maintenance, and
- fiàancial functions (see section 4.2.4 below)'

The organisations which undertake these Íunctions, and the community liaison activities

which must run m-ààiàiréf to them, wili ditfer depending ql lhe tVng 9t system t-o..?e

undertaken. rne pËËiié àtocatton of these functions shóuld be a task Íor the feasibility

studies to determine.
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ln lsiolo District, the MowD has the ability to undertake surveys and limited ability in
design, construction 

- 
and. operatio_n (in-cluding finance) of 

'small 
scale syst;fu.

Assessment studies., feasibility studies, complei design, and training are beyond its
capaci§, and MoWD head-quarters- (or other agencg support is re-quired fór these
activities. The assessment of feasibility luOiesTpropoóàts snbuE be unàertaken by the
DDC with advice from the District MoWD, but tËis i3 not the case at present and there
are insufficient skills in the District to carry out this role.

eleLsivg strengthening of a variety of organisations will thus be required in order to
effectively implement either urban ór rural/community based prolectiin the District.

4.2.4 Financial Aspects

The organisations.cttosen to implement the project must efÍectively undertake ALL ofthe major financial functions associated witli ariy enterprise. Thii ii eisential to the
sustainabili§ of the project. The key functions and associated systerns are:

- accurate monitoring of water production and distribution- efficient billing systems for water distributed- efficient collection systems for water billed and effective sanctions against non-
payers

- accurate monitoring and cost effective control of construction costs- ensuring adequate for, and cost effective controlof, operation and maintenance
expenditure

- systems of capital budgeting which relate to specific water schemes- accurate and timely reporting of above activities, and- financial incentives both to individuats and to schemes to implement government
policies, eg cost sharing.

Even if the implementing institution consists of a viltage Water Association, these tasks
must be carried out, and the.systems.required for tËese tasks must be present evenif in a simplified form. Variatiohs on the öurrent documentation of the MoWD would
appear to be adequate if used correctly.

Where more than one organisation is involved, for example where one authority
constructs the scheme and another operates it while a thirà funds construction, thó
financial relationships between them niust be clear. The extent and terms of subsidy
and/o.r cross-subsidy must be described in the accounting systemJ of the various
organisations. ln ge-neral, the organisation which will operaie íhe scheme should begiven control of the funds and thè responsibility to perfórm to liinaÀóiat1 targeis. 

- - -

As we have seen i1 Pglaglaph 3.5, the financial systems of the MoWD are not fully
operational in lsiolo District. Where extensive financial co-ordination with other
agencies or communities is required, significant strengthening of existiàg systems will
be required. lf the District is to have control of its owniinancià resouiàeó, siaffing and
expenditures, extensiv_e strengthening, using similar concepts to those suggestedïn the
SIDA water Use Test Proiggt will be réquireó. Simplified systems atongihe lines of the
current MowD system will be required for small cbmmun-ity systems.
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4.3 Demand Considerations

4.3.1 General

The basis of demand for water is the population projections contained in Part 1 of the

Study. However, different groupq of ieöpb witt have.different demands according to

their circumstances - whictí will'change óver time. The most important change over

iimé wirf be rising real incomes. Peopi-e tend to spend more on water as their incomes

,ir.. Èrofaioné of district income'grqffih rated are not yet available, however, and

water demand estimates contained É part 1 provide the best estimate of what might

Èe termed ,,latent,, demand in an economic óense. Whether this demand becomes
,.ffrótire', that is bécomes translated into money spent on water, depends on several

factors. The most important of these are affordabili§ and willingness to pay.

4.3.2 AÍÍordabilitY

Central to the choice of a system, given a pricing policy (see 4'4 below), is the

àtróro"oirity of thaiportion of íhe cost-to be borne oy tne consumers. Accurate data

on the incomes of the various groups of consumers can be obtained in Íeasibility

studies. The noimàiry 
".."pteó 

rairge of affordqPility is 
^3.-5y: 

ot total household

income. However, àiptcialry in the con-text of lsiolo Distiict, this does not mean people

are willing to pay ihis'arorht. While the value oÍ family.aq.?gts (cqttle' sheep, gg?ts

ànà oonË.ysj rnay oÉ nióÉ àrring the good yeqrs, theré is little cash income, and the

culture inhibits satóJot aíimals uied foipayment, as a person's status depends largely

on the íumber of animals owned.

4.3.3 Community Participation/'tÀlillingness to Pay

ln communis based schemes, community participation must start from the feasibility

;irdy ó[il: inà pà.ti.Cioh ot the cómmunity is.vital in determinins the. tvRe ot

scheme which tnóy-óàn àào *itt operate succeósfully. The extent of participation

should be much more than the "dig and pay"'

The amount that a communi§ is willing to pay will be influenced by these cultural

tssues, thè availaoÍiíot àrtàrr{ative soríces 1aóo tnelr cost) 
-anQ 

th.9 extent to which

iÉéV}"inrolved in tÉe prolect (whetherthey,àwn" it or not). Again, these issues must

be àddressed in a feasibili§ study of a specific system'

Appropriate mechanisms for involving the community will differ between cultures' The

lLDp studies indicate that an apptöpriate base Íoi such a mechanism in pastoral

taor"ÀliÀióto District wilt be baseb'onihe traditional institutions active within the dedas.

Use of these institutiàni *itt require the formal sector organisations, such as the County

Council and the oistrict office bt tne MowD to be capable of liaison with such groups.

4.3.4 lnstitutions Íor Community Participation

Community participation in a project does not occur without considerable effort' lt

must be rememO}àà, ésptiiàry'*ith respect to groups not fully within the modern

,."ioi 1n"t tne beneiits bovioris to the i:roject [romoters are not obvious to the
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potential recipients. Two basic preconditions for effective communis participation are:

- education and- organisation.

The benefits of the project must be made concrete to the people. lf there is no obvious
advantage of the scheme, if, for example, the people navb adequatà Oean water, free,
from wells near the house, it should bé asked it a water qupply ié, in fact, a nign piiórity
Íor the area. While there is a scarcity of readily avaitdde water in ïne Éioio, tnéperception of the people of as to ths priority for water supply (i.e. cattley ariO oiadequate water quality, must be conèidere'd in the ptani:rlng 'ói any e'ducation
programme.

The structures and resources for effectíve participation must also be available from the
time of project formulation. These structuies inàude:

- formation and recognition of the community organisation- establishing a formal process for consultatión witn the community organisation,
and

- 
Providing organisationalsupport, forexample in undertaking some administration
Íor these organisations.

These activities are difficult in the light of the lack of resources for even routine
activíties, and this is an issue which wilt be discussed in more Oetail tàter.

These elements were present in the lntegrated Food Security programme in Wamba,
Samburu District. . Tng Programme. sLpported the formàtion -of tÀe community
committees, provided the administration'required for the project, 

"ÀO 
empnyàà É

Samburu to act as a site supervisor (field assistantl and as liaïson *iifta s1e committee
of elders.

Re-cords are kept of attendance, and of food and cash payments. programme .topping

Yq".9f capital.expenditures comes from the developmeníbudget of thË Àrid and Semi-
Arid Lands Ministry supported by donors. The ertdnt of toppiíg up ,àri"r with the speof project, and mày vàry Írom o'o to 90 percent oirateríals cost.

4.4

4.4.1 General

The price of water is the mechanism which brings together supply and demand.
Establishing th.e price. gf. ary commodis is a tïid aÉd error'jió.è.r but someguidelines can be established in the light óf the cost sharing ano à*óroabitity polióies
set out in Chapter 4. Two major objeótives are to be consióered. These are:

- cost recovery, and- demand management.

cost recovery will be the major issue of pricing policy in lsiolo.
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Íype I ÏechnotogY

suppty
Capaci ty

<r? tday,

Overatt Rankings Type Rankings

Capi tal,
+O&14
(Dis-
counted)
cost/nfl

Capi tat

Cost/rf

0&r,l

Cost/#

Capi tat
+0&l,l
(Dis-
counted)
cost/nf

Capi tat

Cost/nf

0&lt

Cost/nf

3

5

7

2

1

6

1

5

7

9

4

6

8

1

1

1

1

1

Borehole rith Diesel Ptrt1r

Borehote rith Diesel PutP

Tro Borehotes Hith Dieset PunPs

Borehote xith Dieset and Sotar Putp

Borehote rith Dieset and Sotar Putp

2 Bhs. t{ith Diesel and 2 Sotar Pulps

Borehote nith uindnitt

Infittration Gatteries rith Dieset Putp

Infittration Galteries Hith Dieset PuIp

Infittr. Gatteries xith 2 Dieset Putp

Inf. Gatteries xith Diesel and Sotar P.

lnf. Gatteries Hith Diesel and Sotar P.

tnf. Gatteries r. Diesel and 2 Sotar P.

lnfil,tration Gatteries rith Sotar Punp

lnf i l,tration Gat Ieries ],ith t'rirdni t t

Inf i Ltration Gat teries Hith !,irdni tt

Dug uett xith HandPutP

Borehote Hith HandPUP

50

75

100

50

75

100

(50)

50

75

100

50

75

100

(50)

(50)

(75»

5

5

11

3

I
't6

6

13

17

9

4

5

15

7

10

18

14

12

1

2

4

7

16

11

't3

18

6

3

8

15

10

14

17

9

5

12

I
2

11

16

18

8

14

17

3

8

1?

15

7

10

13

3

3

3

I
1

4

1

3

6

2

5

7

4
,l

2

8

3

5

9

7

6

1

2

1

3

6

I
5

7

2

1

3

8

5

7

9

4

?

6

1

2

Table 4.1 Technologies Ranked by Minimum Cost by Cost Recovery Policy

slfinary of rankings

Iote: (1)
(2)

- Cost/ri is Cost per cubic nnter capacity
- suppty capacity betreen brsckets indicates that suppty is not guaranteed att year around

4.4.2 Cost RecoverY

The cost recovery issue is closely linked to choice of technology _(supply), and

attórOaOility/willingneii to pay (dóand). ..fs s1at1{ in Paragraph 3'5 above' cost

Ë.ór.w fioticies"àr" not yeí tÈmty estàblished. Thus, three approaches to cost

recovery may be used. The three approaches to cost recovery are:

1. Recovery oÍ Íull capital and operation and.maintenance costs - this is the

ideal situation with réspect to thè government's cost sharing and district Íocus

pàfÈV, ànO Ëppéàrs iààsible Íor ur6an schemes. Technologies will be selected

such that the total cost will be minimised in order to maximise affordabili§ under

this cost sharing arrangement.

2. Recovery oÍ operation and maintenance costs only'partial capital subsidy

and hand over to community - the next best outcome in terms of the cost

iócorery ooJèctive. The districtiocus policy is also satisfied. lt is likely that this
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approach will be used Íor smaller schemes. Technologies will be selected sucht!?t gpelations and maintenance costs are minimbéo ln oàér to maximise
affordability for the recipient community.

3. Full capital su.bsidy Írom government and hand over to community -r9{Ptogies will be selected Éuch that capital costs are minimised. The coótsof o/M are not taken into account in selècting technologi"s. 
"inis 

poÍcv *iÍ
minimise the cost to the government.

The various techno.logies identified in Table 3.1 have been ranked according to thethree approaches described above and are shown in rabte +.t.

The results of this ranking show considerable difference between the cost recoveryapproaches. The choice of cost recovery approach willtherefore navJa considerabte
bearing on the technology seÍection.

This ,DWDS suggests to fotlow the approach with maximum affordability to thepopulation. Thus only the approach which minimises O & M costs will be used in theremaining sections of this document.

4.4.3 Demand Management

The other objective of pricing pglicy,, demand.management, does not apply with anyreal force to lsiolo District.. -o.nty where unplanned-exploiíation of wàter resourcesthreatens efficient economic development éhouto pricing óàiÈy Ée'l,seo to rationscarce resources between users. ln the sparsety setfled, [a'stoà liiàó District this is
Pj yet a pressing issue, as it is in other àreas óf Kenya,'and will not be considered
in this rfPort. lt should be noted however, that issues otïémàÀo ,rnàbàrent do existin the District. The possib.le overgrazing of somJàr""s and the impact oÍ irrigationschemes may. become serious issues aJ more intormàtioÀ iJgàthöiíJon the impactof these activities. However, in the case 

_of orergràing, órËinó-póÏ"y has timitedapplication as the majori§ or the pastoratists are- suosïàriiiaÍv ï,}iiàé tnJ mönéveconomy.
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5 GUIDELINES FOR APPRAISAL OF INVESTMENT PACKAGES

5.1 lntroduction

This chapter will attempt to bring together the considerations discussed above and set
out a methodolopY for the assessment of investment packages. This methodology is
intended for use bylh-e DDC and DEC (in conjunction witn oiétrbt MoWD) in asse-sËng
investments put to it for approval.

The analysis will be divided into three.p.arts. The first part will outline a methodotogy
to assess the economic/financial viability of the water supply systems in the möt
general terms. This methggology should be applied in tea'siOÍity'studies when more
detailed data will be available. The second part'will set out a pócess of appraisàioi
investment proPosals so as to_help_ensure that they are in conformity with the District
Development Plan and the DWDP. The third pàrt indicates how prioritisation of
proposals may be achieved based on a policy of 

-cost 
sharing.

The.Íollowing chapter will describe indicative investment packages based on pre-
feasibility studies of water supply to rural centres, which mdet thicriteria established
in this chapter.

5.2 Economic and Financiat Analysis

5.2.1 Introduction

Appraisal of investments in the water sector should include economic and financial
analysis of each project/system. Any proposal to utilise water resources should
include simple analysis indicating that tlie froposal is fínancially viable. for-farger
investments, an economic.ana[óis should'be'undertaken. Defending on the dËta
available, economic analysis will be either a cost effectiveness analysis as described
in Part 2, chaptef 6.3,.or q c_ost/benefit analysis as described in this-chapter- ft ii
expected that, where feasibílity analysis studies are required, cost/benefit anatysis
should be used.

Economic cost/benefit analysis of water supply systems can be divided into a financial
and an economic part. The financial part appioaches the system from an individual,s
(e.9. the "water undertaker", the communid) point of view, whereas the economic part
looks at the implications of the system fór'the nation as a whole. The financial
approach thus typically considers revenues and expenditures in the context of cost
effectiveness and. cost recovery objectives. Economic analysis estimates costs and
benefits to the nation, in which itemslike time savings, health improvement and indirect
benefits/disbenefits accruing from the water supply system are considered.

Cost/benefit analysis of water supply systems in urban centres ditfers considerably
from that of water supply in rural areaó. [n small urban centres (e.g. lsiolo, Garba TuÉ
and Merti, with estimated..population greater than 2,00O) thà ànalysis'is OoÀe Oy
comparing the amount of distributed water at an affordabletaritf with óapital and o&M
costs. The methodoloqY to be used for analysis of water supply systems in market
centres (population < 2,000) and in other rural areas in Isiólö bisirict stresses the
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economic aspects of supply of water. Time savings and, to a lesser degree, ng"!!!'t

,róroràreni'and indireci öionomic benefits need to be considered and compared with

costs and economic disbenefits.

Financial cost analysis is based on market prices, whereas economic analysis generally

,i.i ÀÈàOow pricós. The economic analysis set out below uses market prices. .This
igbecause thó distinction between tradaSles and non-tradables is difficult to make in

rri"i *àter supply systems and because conversion Íactors could not be determined

within the sco'pb bt ínis report (ref: The value of time spent on collecting water: some

estimates for Ukunda, Kenya; Whittington et al, 1989).

The methodology used distinguishes between a) small urban areas and b) ruralmarket
centres. for eà-cn arca a dàscription of benefits and costs is given, followed by an

example valuing and comparing the described benefits and costs.

Capital costs and operation and maintenance costs vary..between. different systems.

Thà rehtion betweeà these costs and the cost sharing policy, and the effect of both on

the choice of systems is discussed in paragraph 5.2.4 on financial analysis... This-

ó"iróràpÏ àtso'discusses these items ih relàtidn to possible sources of Íunding of
projects.

The economic benefits oÍ water supply systems in the District are considered Íor

suppty to urban centres and rural markdt cóntres. Estimates oÍ benefits of supply of

*dtèrio small urban areas can be based on willingness to pay. Supply to poorer rural

areas in the District often must count benefits in the Íorm of time savings, health

improvement and other indirect economic benefits.

5.2.2 Economic Analysis oÍ water supply in Urban Areas

26

a) BeneÍits

ln urban water supply systems benefits of supply of water are reflected in the

consumers willingnèós'to fiay Íor the service. This does not necessarily translate into

collected revenuà, however . 

-Due 
to inefficient revenue collection, broken down meters

and insufficient meter readers etc., revenue collected does not always match with

ierenue billed (assuming allwater distributed is billed). Furthermore, people often are

not disconnectèd after Àon-payment and therefore have no incentive to pay.

ln estimating the benefit oÍ a water supply syslqf it is therefore better to look at the

lrrÀtiti"r of-watei óroOuceO and distribut-eO. oitterences in these figures are caused

ËVleàX"ges in the distribution system. The quantity of water consumed (paid for or

nót), ,afíed at an affordable taiiff, is the best indication of direct benefits of water

tuópfy to small urban centres. The affordable tariff is derived from the Íact that people

spend from 3% '5o/o of their income on water.

b) Costs

Costs of water supply systems can be split into capital costs (e.9. rylerials, transpott,

wages of taboureË) àndóperation and maintenance costs (e.9.. Íue/electricity, salaries

ofÍatf, chemicals,'transport, spare parts, tools, costs of repair). .Gosts are related to

;"i; ààouctionioisiriÉLtion àno aïe therefore expressed in'shs./m' pet year. A



ranking according to cost effectiveness per m' was carried out and shown in table g.1.
This ranking was based on total discounted cost/m3 for various systems.

c) Comparing BeneÍits and Costs

When discounted .benefits (revenues based on total quantity produced) are large
enough to cover discounted costs, the system is viabË from ah economic pointïi
view.

5.2.3 Economic Analysis oÍ water supply to Rural Areas

a) BeneÍits

Considerations such as willingness to pay, limited money economy, cultural and
traditional use of water etc. make it more'difficult to considei revenue àé a justification
for a water supply system in rural areas including market centres. Time sarings, neàÉn
improvement and other indirect economic benefTts are therefore mapr benefits of these
water schemes.

Time Savrhgs

A water supply system (or.".n improved distribution system) enables people to get
wate.r f19m a supply point, which is closer/more retiableihan tire source ïney originàit
ys.gd. lf they spend less time hauling water in the new situation, coÀpàred to the old'without project' situation, the time they save may (and often caó1 Oà íàueO. Women
usually collect water and therefore their time savihEjs have to be considered. The time
they save can be used for exra care for children,-activities in the hoJse, milt<ing ànàprocessing of dairy and income generatíng casual work.

Valuation of time savings by.women due to.an improved or new water supply systemwill be based on rural-femàle income level. Totàl time saved will Oe càtbtitatéO OV
estim.ating the number of households, their water needs and time sareO as compareó
to existing sources.

Health lmprovement

Health improvement resulting from improved or new water supply is extremely
important, but difficult to value-, and it is àot expected that the situaiion in lsiolo otferópossibilities to do so. Other masking.variables (improved sanitation, efectric'ty-ètcJ
are present. However, the results of estimates form other areas (for example, Samburu
District) may be used as a guide if they can be obtained.

Other Economic Beneíits

These benefits will probably fall into two categories in the lsiolo context. These are:

- 
Ihq. money and time saved from not having to boil water, and- indirect benefits from water supply; these bLnefits relate to the long run and are
a result of possible economic development of the District due tdbeter water
usage.
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Because of the more regular supply oÍ water, other economic activities may increase.

At this stage, such fuilrre deveto-pments are difficult to estimate without detailed

investigation which is beyond the scope of the present study.

b) Costs

The costs of rural water supply systems can also be split in capital costs and O&M

costs. These costs are howevér, Lnlike costs of urban water supply systems, not the

only costs which are to be taken into account. Supply oÍ water to rural areas brings
soóe economic costs with it. For example, in a community-run scheme, people have

to particlpate in operation and maintenance activities and co-ordination meetings. This

rà{uires'time whïch they could not have spent on income producing activities in a
'wiihout project' situatioó. People have to pay for water consumption and they often

have to walk considerable distances in order to pay their monthly bills.

c) Comparing BeneÍits and Gosts

Health and time savings benefits accruing from water supply justify a certain cost range

of water supply systàms. Additional economic benefits enlarge the range of viable

systems.
flrtner selection of systems will include technical aspects (not discussed in this

chapter) and cost recovery aspects.
As in urban water supply benefits should cover costs.

5.2.4 Financial AnalYsis

Financial analysis is carried out from the viewpoint of an individual enti§, usually either

from the viewpoint of the community or of the government. lt uses. projections of

ààney e"penàitures and incomes oíer time. lnflation must be considered in these

proleótionö. The extent to which expenditures, like capital and OSM costs, are

Iiaicned by incomes or revenues, such as paymenls by the.commr.lity, is the.basis

ótiné anatysis. The difference between revenués and expenditure-s i9 the net cashflow.

At the moét basic level, a proiect is viable from a Íinancial point oÍ view if net cashflow

remains positive.

a) CommunitY's viewPoint

ln the perspective of a community, the cashflow is largely determined by:

- the governments policy on cost sharing (i.e. how much of expenditures are to
be met by the communi§), and

- the amount the commuóity can afford/is willing to contribute (i.e. how much

revenue can be collected).

Capital expenditures of a water supply system can be met by:

- grants and/or loans sourced from one or more donors (usually channelled

iÍrrough thó government), or from the government itself
- money contributions from the communi§, ald
- laboui and/or materials contributions from the community.

When capital contributions of the community are insufficient to meet cost sharing
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requirements, additional expenditures may be paid for by a loan which will have to be
paid back by the community through charges levied for use of the water (i.e. the
revenue of the system).

System revenues must also cover expenditures on O&M as government policies require
this level of cost sharing as a minimum. Such expenditures include operators,
chemicals, fuel, electrici§, and periodic replacement of parts.

Viable projects, from the point of view of a community, are projects where the system
revenues can meet the required level of cost sharing. Depending on the components
of that cost sharing, different strategies wil! be adopted. lf the community must bear
the cost of both capita! and O&M expenditures, then systems which are most cost
effective with respectto total costs should be chosen (see Table 4.1). lf the community
must bearthe cost O&M expenditures only, then systems which are most cost effective
with respect to O&M costs should be chosen (see Table 4.1).

Feasibility studies of future investments should focus on the cashflow of the community
scheme. Sources and applications of funds should be identified over the life of thé
investment. Revenue projections should carefully consider issues of atfordability/
willingness to pay.

b) Government's viewpoint

As the institutional structure of the MoWD stands at the present time, cost recovery
policy cannot be made coherent. As the funds expended on schemes and thó
revenues from them flow through different and multí-layered channels, matching
expenditures to revenues is difficult. This situation will change in the future, when thé
enforcement of cost sharing policies, such as set out abovè, will be possible as the
District offices oÍ the MoWD are strengthened.

At present, severe limits on capitalworks budgets requires that capital expenditures be
minímised. Such investment is often not recommended as economically'efficient or as
financially affordable for the recipient community, but is a possible short term strategy
in the present context (see Table 4.1).

Current recommendations for institutional strengthening provide the possibility that the
accounts of the District will give a clear picture of the trading, profit and balance sheet
position of the systems under MoWD control. lnvestment decisions can then be made
in this context.

Feasibility studies of future investments should consider the impact of proposed
schemes on the viabili§ of the District MoWD as an entity. lnvestments, particuiarly in
small urban areas, should obtain an acceptable Íinancial rate of return. lnvestments
which cannot meet such criteria should receive a subsidy specific to each scheme.

5.3 Appraisal Methodotogy

5.3.1 General

The purpose of developing a methodology for investment appraisal is to ensure that
any proposed investments will be consistent with, in the first instance, the DWDP, and
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secondly, with the District Development Plan. lt is intended for use by the DDC or
DEC, supported by the District MoWD, in order to give these institutions the central role
they merit under the District Focus policy.

For this reason the criteria used in the appraisa! include Íactors which are not strictly
water resources issues. The methodology developed is intended to provide basic
assessment of investment proposals which will be neither too time consuming or skill-
intensive for use in the district. Nevertheless, districts will need some strengthening
before this methodology can be fully applied.

It should be noted that each project or supply system should be assessed individually.
These projects can be aggregated into a package, but appraisal remains primarily at
the levà oÍ the individual project as conditions vary so much between locations.

Criteria will be established Íor appraisal of investment projects in the following
categories:

- water resources
- land use planning/environmental impact
- social impact
- institutional/community participation
- economic
- affordability
- financial.

Simple checklists will be established to test a project againgJ each of these sets of
critdria. The checklists ask "plain English" questions which willtrigger consideration of
major issues. lf there is any doubt as to the answers to the questions, technical
sufport can be sought trom the MoWD and Ministry of Planning and National
Development.

The checklist, as amended by the district organisations, should be included in the
DWDP. For those proposing to use water, it will provide a guide to the major factors
which they must consider, and on which their proposal will be judged.

For those investments that the district proposes to initiate, a process for prioritisation

of projects will also be described. Establishing priority for projects is useful in the event
thàt irisufficient funds are available at a given time to carry out all viable projects, or
where some projects in a programme of implementation oÍ a given investment package
cannot procded. Decisions càn then be made as to whjch projects should be delayed
or brought forward. The methodology used is tailored to the existing and potentially

achievable levels of appraisal skills in the District.

5.3.2 DeveloPment oÍ Criteria

a) Water Resources

The basis for these criteria is the Water Resources Assessment Study by WRAP. This

study contains all the existing basic data on the availabili§ and. quality oÍ both
surfàcewater and groundwater. The basic questions to be answered are:

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

e.g if a surfacewater reservoir is proposed, how will siltation affects its capacitf
or if a groundwater source is proposed, how will groundwatei leveis àevËíop in future.

can the required water supply be maintained during drought periods?

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

e.g if a groundwater source is proposed, does the pump capacity match the well yield?

ls there an alternative water source and has it been considered? Maybe to serve as
alternative if the first source is out of order?

i.e a system using two different sources is more reliabte

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

e.g for livestock water supply quality criteria are less than for domestic water supply

b) Land Use/Environmental tmpact

The basis for these criteria are the District Development ptan and documents on tandresources, such as I? proposed Livestock Mandgement Plan for lsiolo District to beprepared under the EMI-ASAL/ILDP Programme. Íne basic qr"JtioÀr to be answered
are:

P.o.t^ the project supply water to activities consistent with the District Devetopment
Plan?

e.g is water for livestock provided near settlements in order to encourage nomads to settle?

Are the facilities/plant of the project consistent with the existing land carrying capacity?

e.g. can the rangeland sustain the number of tivestock which will be attracted by the new watersupplf

Are the facilities/plant of the project consistentwith plans for urban/rural development?

e'g the proposed siting oÍ the reservoir will not sterilise mineral deposits, or block the mostappropriate route for an upgraded access road?

Will the.facilitie^s/plant of the project, or their construction, have an adverse environ-
mental impact?

The malor forms of impact to be considered in the lsiolo District are:

- the degradation of vegetation cover and soits from overgrazing, in particular the e;.tensive
damage occurring around water points in droughts

- the impact of dams which intercept surface water causing downstream wet lands to dryup - this may have a signiÍicant impact on some wildlife-

- heavy.pumping of ground water may cause springs to dry up, affecting animals andsometimes people.
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c) Social lmPact

!t is ditficult to discuss appropriate criteria for social assèssment in the absence of a

socio-economic rtràv &-tÀë District which is designed tq develop such criteria.

Éí",ir"r, some riànifi"ànt ij.r"r have been raised iÀ consultation with local people.

These are:

where traditional groups are affected by the scheme, does the proposed scheme work

within the cultural-context of those groups?

This issue should be balanced against development goals in so Íar as sub-groups, such as

women, witnin ïhese g;;JpJ shout-d be given tËe opportuni§ to develop their talents

Does the proposed scheme improve the welfare of the people of the District,

particularly'lower income groups andlor women?

i.e. does it provide employment, or does it provide opportunities Íor people to earn income from

conditions óreated bY the scheme?

d) lnstitutional/Gommunity Participation lssues

- lnstittttions

The major tasks which must be addressed with respect to institutional issues are

Oeiigà, bónstruction ànd operation/maintenance of the systems. The o.rganisation' or

óiorïi"g 
-ot 

orgaÀisations' must b'e able to carry out these tasks effectively. one

Ëióàfuràtión snöu6 be in charge of co-ordinating these tasks, and, preferably, this

óróà"iéàtión snouio oJtnat whici wiu operate and maintain the project. The key issues

are thus

Which organisation is co-ordinating the project?

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

which organisations have responsibility for design, construction and operation of the

schemes?

Are skills and financial resources available for each oÍ these organisations to undertake

their tasks?

lf not, who is to supply training/funds to achieve the required levels of performance?

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

statements?

- CommunW Particirytion

community participation can ocqyr in any ol.th-9.above tasks. ln small scale water

;rpóit Èróíeàts, it 
'i! 

ti-k;iy that it *in occrr in all of these tasks. The organisation of this

óàhï"hàtiónis inrs à xéí àrérnent in the successful implementation of the project. The

main issues involved are:

Are the leaders of the communi§ organisation representative oÍ the communi§?

- i.e are the ones promising resource inputs capable of organising the delivery of those inputs?
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Can they deliver the promised labour and money inputs to the project on time?

- i.e does the community have the resources?

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

- e.g with government, contractors etc.

ls the.organisation recognised.by.the local government agencies and will/can they
provide the organisational and logistic support required?

e) Economic lssues

The.methodology required to undertake an economic assessment of the project is setoul il Paragraph 5.2 above. For smatl scale projects which are to be impËmdnteO anO
paid. for.bvte commun§,.it may be assumbo inat the economic benefit is próvàn ovthe level of commitment shown. Where substantial levels oi g*órnrent or donor
funds are to be used, a feasibili§ study of the project should inïlude àn assessmentof economic viabili§, and the average/indicative ídues used in tÀe aboye 

"nif,Ëitshould be reptaced with those applicàdle to the specific propót.

Í) AÍfordabitity tssues

Based on the above analysis, the issue of affordability can be addressed. particularly
with respect to water supplies for the partly nomadic feoples, tne issJàJ of atoro-aoÍityand willingness to pay are complex, anci bound u[ wiin stb;t;Í;;Iing tààiiióÀàr
beliefs. and.priorities. lf the comàun§ is to implemànt and pay Íoi tÀàwater scheme,there is little need to assess willingnéss to pày. onry contirínàtionif this must beobtaíned in feasibility. studies. vVhere goreiàment'and/o,r oóÀor involvement isenvisaged, the feasibili§ studies must add-ress this issue iri some detail.

ln the latter case, the main consideration is the level of cost sharing required by thegovernment or donor agency. This will determine the fee or tariff sét in ine scnéme.

General guidelines. which are likely to be adopted require full cost recovery in urban
schemes, and, outside urban areas, recovery of operation and maintenance costs.The basic questions are:

Does the sum involved in cost recovery constitute more than 5% of the income of, say,the pooresl2Oo/o of the population?

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

lf not, what is the community attitude to paying this amount of money?

- if negative, as it often is, then additional questions are required

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

- 'rt there is no alternative, or iÍ it is more expensive than the proposed scheme, then there is agood prospect oÍ.achieving a sufficient level of willingness tb pay given adequate institutional
systems and political support- iÍ there is an alternative which is acceptable to the people, even if the water is technically inÍerior,
another technology should be consiilered, or the'levót of cost r"Càràrv ónórià u. reviewed.
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g) Financial lssues

The key financial issue is the sustainability oJ the project. With.the. above analysis

càmpteie, and concurrently with the determination of affordability, it is possible to

ilóËiiiiiety OemanO for (s'ee Paragraphs. ?.3 gnd p.2), and the c9:ts oJ, the scheme

bró time.' The feasibili\r study ïnust identify the sources of funds for design,

construction and operatioÉ/mainienance. The projection of the expenditure of these

funds must be realistic. A 6asic cash flow analysis-can then be carried out to identify

póié"tiàr pquidity pióoterr, and measures deveioped to overcome them. The financial

ieturn on the pioject can also be calculated.

Financial systems Íor revenue collection and recording Íinancial flows (simple records

oi"àttt and receiptil nave been developed, and could be appli.ed Io even the smallest

schemes. for nr!óí ióhernes, simple procedures for.capital budgeting and.funding

ói pré6ntative ,àintenance schenies 
'could be developed based.on experience in

Àome NGO projects. These types of procedures will take some time to establish,

however.

The key criteria are thus:
Does tÉe cash Ílow show that expenditures are covered by revenues through the life

of the project?
Àià prS"doures for revenue collection and monitoring of revenues and expenditures

described and realistic?

5.3.3 Prioritisation

34

Usually there are several projects competing Íor available funds. Often these funds

are insufficient to iÀplemeàt att of the pr'oject§. A method must be found to rank these

óroÈcts for access ïo available funds. That is, they must be given a priority ranking'

ïnË prioriiisation [roc.ss is a ditficult one becaus-e it involves judgements as to the

vatljor performahce in one criterion against performance in another. This weighting

pioceis is contentious. Unless extensi-ve resources are available to carry out a valid

Multi-Criteria ana[Àis, it is better to assess a pqoiect as to whether it achieves an

à""ópiror. ierer oílérrórr"n.r in att criteria, and then prioritise on one. This one is

often financial.

The suggested method of prioritisation focuses on the sustainabili§ of the prolegt.

aàiicàrÉ; it consisis ot-eÀsiring that all of the questions set out above in each of the

óritérià óategories have a satisfàctory answe-r. Then, priority is assessed according to

how well prójects meet the cost sharing.policy' ....
Revenue from the rviiéÀ and its expenóitureswill be estimated in the financial analysis

as set out in s.3.tói àoore. The èr,tent to which this revenue covers costs will thus

determine tne extèií to which the cost sharing policy is being implemented'

First priori§ projects will recover both capital and operation and maintenance (o&M)

.óàtd. seioiro biióiií prolects wil recov'er o&M cdsts. Third priori§ prgl_egls will be

éóóàóri.arry viàoià àío oé ranked according to the extent of recovery of o&M costs.

Other projeóts should not be implemented'

An indication of the technical priorities for the DWE and the County Council may.be

iàrÀoï Àppenoix i. iÈ repo'rt describes the priorities as provided by these agencies

and tneteioïe does not attempt to present a definitive priori§ ranking'



6 EXAMPLES OF INVESTMENT PACKAGES

6.1 lntroduction

ln the context of the qpove chapters and using the information in the other parts of this
study, this.chapter will set out examples of dÉtrict investment packages for the water
supply to the rural centres in the District.

The investm-ent packages for the supplies to the rural centres will be designed to beappropriate for various physical and settlement situations in lsiolo, anà tor tËe óójiiOlétypes of cost recovery policy applicable. The main situations coveieO *itt tàt<e intóaccount:

- the potential of surface water and groundwater resources in the District at each
centre, based on the findings of ttie Water Resources Assessment Study

- the current water supply coverage by existing supply facilities

- the ditferent water qualities required for domestic supply and non-domestic
supply

- the selection oJtechnologies according the cost recovery approach with minimal
operation and maintenance costs pel mt produced, íni'óíi wiii maximise the
affordability to the community.

The.inves-lT9lt packages are based on the results of the pre-feasibili§ studies carriedout by WRAP for each centre in the District. Three types dt inrestménï packages *eiàprepared:

1. lnvestment packages based on technology choice

2. lnvestment packages based on location of the centres/projects

3. lnvestment packages based on the required feasibility studies.

Because of uncertainty, or.simple unavai!-ability, of data, the resulting investmentpackages must be taken as indicative, and teasióÍity studies must confiró tne riàOifity
of specific systems/projects.

The supplies in the rural areas are the subject of intensive study by the lsiolo Livestock
Development Project within the EMI Progràmme. This programme wi1 identit in à"1àiithe key. interventions required to suppi:y water to me'et örd, in particular Íresióc[,
demand in such a.w?y as to prevent'environmental degradation. these interventions
will be designed within the context of an overall Livesto-ck tvtanagemrnt pt"n for lsiolo
District.
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Table 6.2 Preliminary cost Estimates oÍ Proposed water supplies
Íor Rural Centres in lsiolo District

I eop.rtation

I centre

I

I

Design I Capitat Costs | 0 & lt Costs I Costs per Househotd I Required
Poputation 

I I per llonth Fot tor-tp
Estinate I I I

1990 | <Ksh) | «xsrrl I

Capitat ltrruat O&il1

(Ksh) | txstrl I

llgare Íilara

Kiping
Oldo llyi ro

Garba Tula

Bibi / Duse

Kinna

Boj i
Gafarsa

Kutamare

Íilatka Daka

Bisan BiLiku
Dadacha Bassa

llalka Gat [a
Butesa

Korbesa

l,lerti

Iresa Boru

Sericho

1,200

1,420

2,000

5,ó00
Í,800
2,500

1,100

1,700

1 ,500
1,100

I ,5oo
1,400

1,600

1,700

1,800

3,000

1,250
7,000

2,3
1,2

1,2

1,2
1

2,3
,|

Í ,200, 000

2,200,000

2,25o, ooo

2,50o, ooo

1,760,000

2,500,000

1,350,000
2,100,000

900,000

2,10o,ooo

2,ó00,000

3,5oo, ooo

3,500,000

4,125,000

3,025,000

1,540,000

2,750,000

5,700,000

3,400,000

51 7,000

8,000

7,000

10,000

21,500

8,000

7,500

7,000

8,000
13,000

6,500

6,500
1 I ,000
1 1,000

8,000

8,000
17,50O

ó,500
22,500

7,000

7,100

5,000

7,750
5,600

2,250
5,000

5,000

6, loo
6,000

3,000

9,500

8,500

12,500

I 1,000

12,000

9,500

2,ó00

I I ,000
4,100

I 7,000

2,500

400

300

300

250

270

180

380

280

520

350

260

470

400

300

270

350

300

190

2,3

213

3

1

I

IderaE

llodogashe

1,000

1,010
420

440

Íey: Foltor-up: 1 - Feasibitity study, 2 - Design, J - Inpl,emntation
Iote: A househotd conprises five peopte

6.2 Results oÍ Pre-Íeasibitity Studies

The. objective of the pre-feasibility studies is to summarise the existing information on
each rural centre and to provide a proposal with a preliminary cost estimate for the
required.water supply.lgyelopment. The studies are intended tó provide more specific
proposals than the DWDS will contain and to provide a solid base for future feasibili§
sJudlgg:_fhe pre-feasibility studies are combined in a separate volume accompanyinó
the DWDS. The results of the pre-feasibili§ studies are summarized in table'O.t ànà
6.2.

The pre-feasibility studies consist of background information, a water resources
assessment, a demand calculation, a description of the existing water supply and
recommendations for-the proposed water supply with a tentative estimate öf óapital
costs and Operation & Maintenance costs.
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Tabte 6.3 tnvestment Packages Based on the Required Feasibility Studies.

Poprtation
Centre

Des i gn
Poprtation

Est imate
1990

Capitat Costs

(Ksh)

O & ll Costs
per llonth

(Ksh)

Costs per Househotd Recpi red
Fot tor-rp

Capi ta t
(Ksh)

Arrruat 0&t{
(rsh)

Feasibi t ity Strdies Recpi red

otdo llyiro
Bibi / Duse
Xima
Boj i
Dadacha Bassa
l4atka Gat [a
Korbesa
Iresa Boru
Kipsing
Gafarss
llatka Daka
Eisan Bitiku
Butesa
E tdera
llodogashe

2,
1,
2,
1,
1,
1,
1,
1,
1,
,l 

,
1,
1,
1,
1,
7,

000
800
500
100
400
600
800
000
420
700
100
500
700
250
000

2,250,000
1 ,760,000
2,5oo,0oo
Í,350,000
3,500,000
3,500,000
3,o25,ooo
3,400,000
2,2oo,0oo
2,1oo,0oo
2, I oo, ooo
2, ó0o, ooo
4,1?5,000
2,750,000
5,700,000

10,000
8,000
7,500
7,000

I 1,000
I 1,000
8,000
7,000
7,000
8,000
ó,500
6,500
8,000
ó,500

22,500

5,óoo
5,000
5,000
6,100

I 2,500
I I ,000
8,500

Í 7,000
7,750
6,000
9,000
8,500

1 2,000
I 1 ,000
4,100

300
270
180
380
470
400
270
420
300
280
350
260
300
300
190

1

t
I
I
1

Í
I
I
I
I
í
I
I
I
1

2
2
2

Iota I 28,870 42,8ó0,000 134,500 7,423 280

Fecibitity strdies lot leqrired

)lgare ilara
Garba Tuta
Kutamare
l{ert i
Sericho

1,200
5,600
1,500
3,000
1,010

1,
2,

200
500
900
540
517

000
000
000
000
000

9,000
2l ,500
13,000
Í7,500
7,400

,,
2,

000
250
000
600
500

3
2
z

,

400
230
520
350
440

3
213
213
213
2,3

Tota I 12,3',10 6 657 000 67,400 2,7U 329

Íey: Fottor-up:1 - Feasibititystudy, 2-Design, 3- Inptercntation
Iote: A househotd colPrises five people
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The pre-feasibility studies cover the domestic supply of the centres and include only
a small part of the livestock supply associated with the centre. Since it is almost
practically.impossible to isolate domestic and livestock drinking water, provision has
to be made for a certain percentage of the livestock to use tne watei supply, but
without contaminating the water source.

The capital costs of the proposed systems which deliver water through water points in
the centre.range for most centres between 1.8 million to 4.0 millionbhs. Thà capital
costs per household are about 5,000 to 10,000 Shs.

The O & M costs of the. systems in the small rural centres are based on the salary for
! RumR attendants and the expenses for fuel and general maintenance. The anhual
O & M costs per household range between 200 to 4OO Shs, which must be affordabte
for most. of the people. The proposats for the water supplies assumes that the
community will organise the O & M and will be responsibte fó the financial administra-
tion. The MoWD is expected to assist mainly in thè maintenance part of the operation.

The pre-feasibility studies should be followed by proper feasibility studies, which at
several of the centres may_ be executed simultaneously with the surveying and design
of the system. The feasibility of the infiltration pipes should be studiecí tirét in generà;,
as these are propog.e-d for many centres. At some centres thorough studieJare stili
needed before a wellÍounded p_roposal can be presented, in particular at Modogashe,
where the available good quali§ water is limit'ed, and at lvt'alt<a Galla and Daïacha
Bassa, which are located at large distances from the existing water sources.

6.3 lndicative lnvestment Packages

6.3.1 lnvestment Packages Based on the Required Feasibitity Studies.

The first investment package presented combines all projects in the District where
feasibility studies have to be carried out. These feasibility-studies may be executed
simultaneously, in.preparation for the implementation phas'e. This may iequire a team
to work for some time in the district, visiting the centres and carrying oÍt inv'estigations.
However it is preferred that feasibiti§ studies will not be placed inà separate -project,

but instead are part oÍ a project in which also implementàtion is carried'out. this is to
avoid that the nelt phase will consist of more sti,rdies only.

The total costs of the feasibility studies in all centres are estimated at Ksh 1.S mi!!ion.
Once these studies are completed, then combinations of projects may be decided on
for implementation according to the technology or to the bbation. Theée are presented
in the next paragraphs.

ln some centres feasibility studies are not required, because only the distribution
system is to be constructed. Among these are two of the targer centres: Garba Tula
and Merti. Projects at these centres may be started with the éurvey work.
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Table 6.4 tnvestment Packages Based on Technology Choice

fedrmtogy: Borefiotee

fechmlogy: Inf i ttratian Gal leries

rechrplogy: Distributim Syste (Sa.rrce atrd, avtilóte)

Kefi Fotl.or-up: 1 - Feasibitity study, 2 - Design, 3 - Inptermntation
Iote: A househotd cotprises five people

Poputation
Centre

Design
Poprt at i on
Estimate

1990

CapitaI Costs

(Ksh)

o & l,l Costs
per ilonth

(Ksh)

Costs per Househotd Requi red
Fot tor-up

C6pi tat
(Ksh)

Annnt 0&l{
(Ksh)

Otdo llyiro
Bibi / Duse
Kima
Dadacha Bassa
Iatka Gatta
Korbesa
I resa Boru

2,000
1,800
2,500
1,400
1,ó00
1,800
I ,000

2,250,000
1,7ó0,000
2,5oo,ooo
3,5oo,o0o
3,5oo,ooo
3,025,000
3,4oo,ooo

10,000
8,000
7,500

I I ,000
I 1,000
8,000
7,000

5,ó00
5,000
5,000

12,500
11,000
8,500

17,000

300
?70
180
470
400
270
420

Í
I
1

I
t
I
I

t 2

, 2

Tota I 1 2, 100 19,935,000 62,500 9,238 310

Kipsing
Gafarsa
l{atka Daka
Bisan Bitiku
Butesa
E tdera
llodogashe

1

I
1

I
I
1

7

,420
,7OO
,100
,500
,700
,250
,000

2,200,000
2,100,000
2, I 00,000
2,óoo,ooo
4,125,000
2,750,000
5,700,000

7,000
8,000
ó,500
6,500
8,000
6,500

22,5OO

7,750
ó,000
9,000
8,500

12,000
I 1,000
4,100

300
280
350
2&
300
300
190

I
1

t
I
1

I
I

TotaI 15,670 21 ,575,000 65 , 000 6,984 ?49

llgare lilara
Garba Iuta
Boj i
Kutamare
l4er t i
Ser i cho

1,200
5,600
Í,100
1 ,500
3, ooo
1,010

I
?
I

200,000
500,000
350,000
900,000
540,000
517,000

8,000
21,500
7,000

13,000
I 7,500
7,400

5,
2,
6,
3,
2,
2,

000
250
100
000
ó00
500

400
230
380
520
350
440

3
?,3
112
?,3
213
2,3

Iota t 13,410 8,007,000 74,l.OO 2,985 333
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6.3.2 lnvestment Packages Based on Technology Choice

These investment packages representthe possibilityfor a combination of projects using
similar construction equiprnent. This would facilitate an efficient use of 

'expensivé

construction equipment. E.g. a drilling rig could drill atl the boreholes requireb in the
District.

One technglogy for which a combined approach is preferable, would be the infiltration
galleries. This is. a relatively unknown technotogy and knowledge and experience
obtained during feasibili§ studies and construction should be uéefu! at alÍ centres
where galleries are proposed.

Modogashe may.have to be treated as a separate project, due to it's larger size and
also because of the p.roblems expected during imp!àmèntation. A thorou[h feasibility
study is still required here to determine the viàbility of the proposed techrïology, '

At some centres sources are already available, e.g. a borehole drilled by WRAp. The
construction works here will concentrate on the water distribution sysiem, including
pumps and storage facilities. A combination of such projects will certainly make thË
purchase, transport and storage of materials more emöleót. Surveying anó construc-
191 ,"y be planned in stages, witl.r work going on at a few centres ïimultaneously.
9tlqt projects where a source still has to be cónstructed may be graàuatty incluOeO
in this programme, as distribution systems are similar.

An important advantage of combining projects is the possibility to standardize
equipment and to standardize the community involvemeni during ihe planning and
construction. phase and. during the operationat phase after öompletion. -Such
standardisation may well mean the difference between success and failure of the
projects.

6'3.3 lnvestment Packages Based on Location oÍ the Centres / projects

The combination_of projects according their location is in line with the planning
structure in the District. lf all projects Írom one Division are combined tnan tné
Dvisional Development Committee would find it easy to plan and prioritize the projects.
flso supervision and assistance from MoWD may bd org'anized placticatty throirgÉ iÀeir
Divisional Office.

The. disadvantage of this combination of projects is that different construction
equipment is needed, especially if sources like bóreholes or infiltration galleries need
to be constructed. However this may be solved if construction activities a-re carried out
simultaneously in different Divisions.

The water.supplies at Garba Tula, Modogashe and Merti are of a larger size than in the
other rural centres and it.may be considéred to combine these in oÀe project. Only at
Modogashe a source will need to be constructed. Otherwise the OistrïOuíion systemJ
are similar, just as the organisation of the operation and maintenance.
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Table 6.5 lnvestment Packages Based on Location oÍ the centres / Proiects

Poputat i on
Centre

Design
Poprtation

Est i m6te
1990

Capital Costs

(Ksh)

O & il Costs
per l{onth

(Ksh)

Costs per Househotd Requi red
Fot tor-up

capi tat
(Ksh)

Anrual O&14

(Ksh )

Ceírtral Divisim

Garàa fula Divisiqr

f,erti Divisian

Sericfio Divisiqr

llajor Centres

fey: Foltor-up: 1 - Feasibitity str.rdy, 2 - Design, 5 - Inptercntation
Iote: A household corprises five peopte

llgare lilara
Kipsing
Otdo llyi ro

I ,2oo
1,420
2,000

I ,2oo, oo0
2,2oo, ooo
2,25o, ooo

E,
7,
0,

000
000
000I

5
7
5

, 000
750
600

400
300
300

3
1

I

TotaI 4,620 5,650, ooo 25,000 6,115 325

Garba Tuta
Bibi / Duse
Ki nna
Boj i
Gafarsa
Kutamare
llatka Daka

600
800
500
100
700
500
100

2,5oo,0oo
'l ,760,ooo
2,500,000
Í ,350,000
2, 1 oo, ooo

900,000
2, I 00,000

21
8,
7,
7,
8,
3,
6,

500
000
500
000
000
000
500

I

2,
5,
5,
6,
6,
3,
9,

250
000
000
100
000
000
000

230
270
180
380
280
520
350

213
112
112
112
I
2,3
1

TotaI 15,300 13,21 0,000 71 500 4,317 280

Eisan Bi tiku
Dadacha Bassa
l,latka Gat La

Butesa
Korbesa
l4ert i

,500
,400
,600
,7O0
,800
,0003

2,ó00,000
3,5oo, ooo
3,5oo, oo0
4,125,OOO
3, o25, ooo
1 ,540, oo0

ó,500
I I ,0oo
1 I ,000
8,000
8,000

1 7,500

8,500
I 2,500
I 1,000
12,000
8,500
2,&O

260
470
400
300
270
350 2, 3

Tota I 1 1 ,000 1 8,290,000 ó2,000 8,314 358

E Ldera
l,lodogashe
Iresa Boru
Ser i cho

1,250
7,000
1,000
1,010

2,
5,
3,

750
700
400
517

000
000
000
000

ó,500
22
7
7

500
000
400

11

4
17

2

000
100
000
500

300
190
420
440

I
1

1

2, 3

Tota I 1 0,2ó0 12,367,000 43,400 6,027 ?54

Garba Tula
llert i
l,lodogashe

5,600
3,ooo
7, ooo

2,5oo, ooo
1 , 540, o0o
5,7o0, ooo

21
17
22

500
500
500

2,250
2,600
4,100

230
350
190

2,
2,
I

5
3

IotaI l5,600 9,740,000 61 , 500 3,122 237
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7 RECOMMENDATIONS FOR IMPLEMENTATION OF PACKAGES

7.1 Generat lnstitutional Aspects

7.1.1 lntroduction

The packaggs described in Chapter 6 represent groups of physical investments. ln
ol99r to implement these investments significant institutional'stiengthening measures
willbe necessary. The costings of the paèkages should include an iËdicativé dlowance
for institution building and this institution builOing is described below. As set out in
Paragraph 3.4, different approaches are possible with respect to the choice of roles for
different organisations. These different ioles imply differént institutional strengthening
measures.

Itlsl1e99sslrY, then, to specify the roles each institution will play in any implementation
of District Focus Policy in the lsiolo District. The roles inoóen reíect the existiÀg
capacities and "orientation" of these organisations. tn summary, they are:

- overall co-ordination with DDC, administration of project appraisal - DDO- water resources planning - Central MoWD- water project appraisal and water supply for urban centres - District MoWD- y-alelsupply for market centres and rural areas - community, assisted by District
MoWD, lsiolo County Council and NGO's.

Given these roles, the organisational strengthening required can be described.

7.1.2 Organisations

a) Central Ministry oÍ Water Devetopment (MoWD)

water resources assessment and planning will remain a central MowD function for the
immediate future. The skills and facilities réqu.ired willonly be availabte, and tne aàivity
is better co-ordinated from, Nairobi. Despite significant pógress in instiiutionatising tÉi!
process, additional steps remain to be implemented. TheÉe are:

- additional formal and on-the-job training of MoWD staff in the Resources
Assessment Section in techniques required, this training must be given to
officers who will remain within the section for a sutficient tlme to train Teplace-
ments

- additional and replacement of equipment (to be determined)

- qqditional (given--existing.zero capability) capacity and systems to strengthen
District MoWD Offices in their role as semi-autonohous wàter supply ageicies,
specifically thecbility to execute training in resources assessmeni, fireparation
of the DWDP, O&M procedures, enviroÀmental management, financid àystemJ
management and techniques of community mobilisatión; this activis shóuld be
supported by improved information linkages between CentralOffice and District

- improve internalco-ordination between the Resources Assessment Section and
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other sections of the MoWD especially with respect to pricing policy and

planning of water resource usage in catchments, and

- improve links with other ministries and NGO's with respect to usage of water
resources.

b) District Ministry oÍ Water Development

The aim of the institutional strengthening of the District MoWD is to create, as far as is
practicat, an autonomous water àgency focused on the district's needs. The key roles

of the District MoWD will be:

- with Central MoWD support, preparation of DWDP

- support to DDO in appraisal of proposals for utilisation of water resources, and

in i'reparing proposàt's tor inveètment packages in conformi§ with the DWDP

efficient construction and/or operation and maintenance of "urban" water supply

systems where required

support to all other types of water supply systems through Local Government,

Cdrhmunity groups àhO water Associatíons ln assessment, plannin.g, _design
imptementàtión, iroject appraisal, community participation (through NGO's too)

and financial systems

training of trainers/training of Local Government/Community groups/Water
Associations.

- co-ordination with ILDP/EMI ASAL Programme on water resource planning and

implementation.

ln order to fulfil these roles District MoWD will require:

- training in appraisal of proposals for utilisation of water resources

- training in methodology for the preparation of the DWDP

- training and resources to enforce the provisions of the DWDP

- training in support to all other types of water supply syslems.in assessment,
planniíg, project appraisal, com-niunity participation and financial systems

- training to train members of Local Government/Communi§ groups/Water

Associations in these skills.

- legislation and/or regulations under the Water Act and possible revenue acts to

eÀable the District Ottice to carry out the above roles

The efficient construction and/or operation and maintenance oÍ "urban" water supply

systems is constrained by two factors. These are:

1) Districts do have limited control of revenue collected from their sysJems. This.' 
provides no incentive for efficient operation of these systems at district level.

44



The appropriation in aid policy has not yet had significant impact on this
situation.

2) As a consequence, district offices are over-staffed, under skilled, and under
equipped.

The system.s for giving the District such financial and administrative control are currently
being developed. support for their imptementation is thus importàÀt.

c) lsiolo County Councit

Support to community groups will require additional staff and training in catalysing
community participation and in operation and maintenance. Given tïe size cít-tnË
systems, full cost recovery (.e. including capital costs) will not be possible in the shortto medium term (say ten years). ln the iriterim, recovery of Odnl| costs should bepossible after several years (timing should be confirmed by Íeasibitity studies).

d) District Devetopment OfÍice

Current staffing. oÍ the District Office is adequate for required liaison activities. ln orderto strengthen the co-ordinatíon role of the DDO, increased training ót OOO staff inWater Resources Planning would be an asset. Such trainilg iÀórÉ Oe part-ót àprogramme which would result in the officers trained remaining in positions where they
could utilise such training, at least until they had a chance to-traià replàcements.

ln addition, some revision of the legat and/or administrative base for the DDC's
oversight of water matters may be necessary.

e) Community Groups

While. community participation in design, construction, operation and maintenance ispossible within the cultural context of the lsiolo people, 
'difierent 

parti ót the District are
capable of undertaking different levels of responsinility. fnus, clósJ thison with the
chiefs and sub-chiefs will be necessa-ry to understand t'he situationiÀà farticula Í area.
lnitially, especially.for.small groups, fuil cost reco.very @ inctuding càf;itaf cósiiianO
autonomous administration of water systems, will nbt'be possib'le. However,'srch
policies should be objectives, and progiressively introduced as the community movei
towards a formal, money economy. TÉe MoWD already carries ouriuón activities on
a limited scale.

7.2 lnvestment Funding

lmplementation of an investment programme requíres the acquisition of a source of
funds for feasibili§ studies and toi ca[itat investment. This sorrce ,ay-6", in additionto local or GoK frl9t, su.ch agencies as the World Bank, the Africah oevetopmJnt
Bank, NGO's, the EC, and many different bi-laterd donors.

F":l of these organisations have dífferent criteriafor assessment of funding proposals,
but there are many aspects of their assessment process in common.
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Once the institutional strengthening arrangements are resolved in outline, and a likely

rórÉà ot tunding identifiedla detaíed tea§oitity study must be undertaken for projects

and programmes. This may in many cases encompass the detailed design f9r tfe 19ry
*aieii sfppy, enabling an'efficiení transition to implementation. Although detailed

ieqrtr"r"iitó'ot fundiíg agencies will differ, the Íeasibil§ study should.incorporate all

iÈdàpóràisat criteria sàt oïl in paragraph 5.3 above. Eqch ploiegt within a package

should be studied inoiviouatty, and i-he'institutional and Íinancial impact of the whole

órogrà,"re on the organisations involved should be detailed separately.

7.3 Feasibility Studies

7.3.1 lntroduction

7.9.2 Key lmplementation Requirements

The study of alternative approaches to implementation oÍ the project/programme

should address several key issues. These are:

- technical soundness,
- social imPact,
- institutional arrangements, including source of funds,
- tinancial/economi-c viabili§, includiÀg phasing oÍ the project and.

- recommended project priórity where there is more than one project'

The basic methodologies for appraisal are set out in Chapter 5 above'
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Additional institutional strengthening activities required for implementation but not

covered in paragraph 7.1 iltt lncluoe training counterpart staff of the MowD to
undertake their ràspbnsibilities in the Íeasibility study phase.

ln addition to participation in the studies themselves, significant community_strengthen-

ing àctivities ih prejàration for imptementation are also required at Íeasibility ph?se:

thfs entails infdrmàtion of and dÈcussion with the population and assistance in the

fórmation of (waterj óómmittees by the population. Co-ordination with ILDP/EMIASAL

Èioóiàr*. is aSó strongly recommehO'eO at all stages o! d9s]9n. Design oÍ new

iyrËr. should conform íitn tne requirements of the Livestock Management Plan.

7.4 lmPlementation

lmplementation from Íeasibils phase onwards includes detailed design, construction

and setting up rortine óóóiatión's. These phases contain malY activities, each of which

should be detaibà in'a prolect proposal. These.activities must be funded and

monitoreO, and thà structure'of tlie organisation which is to co-ordinate the project

package must be caPable of:

- disbursing capital funds to recipients accordilg to established procedures' and

- gatnering-and processing the required data Íor monitoring.

This will require training of staff, and additional equipment and resources if the MoWD

is to take on this co-ordinating role.



Effective community participation in construction and operation will require a flexible
gpplo_ach to implementation on the part of the support organisations, principally the
MoWD. Where local communities are not familiar with the requirements for mariage-
ment of formal sector organisations, such as a water supply, close contact ovei a
prolonged period of time will be required to develop and refine workable systems.
Adequate skills and resources for such an approach must be identified at fàsibility
phase and be in place for construction and operation phases.
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APPENDIX 1 PRIORITY WATER SUPPLY INVESTMENT

DWE PRIORITY

A) Urban and Market Centres

lsiolo -

Garba Tula

Modogashe 1)

2)
3)

Merti

Oldo Nyiro

Kinna 1)

2)

Kulamawe

Sericho

Bulessa

B) Other centres

Kom

Ngare Mara -

Duse

Bibi

1) ]1egtm9.{_pla$ capacity (111 m3 /nr) to be upgraded to capacity of
intake (193 m'/hQ,

2) intake to be moved upstream
3) institutions to be moved to borehole supplies
4) groundwater exploitation by borehotes possible in future

- existing boreholes and storage require rehabilitation for protection
of source (current amoeba infection) and pump

lagga source to be deve_loped with sub-surface dam to clay layer
(4m deep), protected wells tapping collected water
some pipes available to extend service areas
piping water from Lorian swamp spring source at 30-40 km distance

no immediate development required, but aquifer drawdown levels to
be monitored

existing sub-surface dam inadequate, catholic Mission to develop
pumped supply from Ewaso Nyiro

existing couns council project problems with contamination of
storage, intake to be extended to spring source in forest and storage
protected
possible use of groundwater by borehole

existing supply adequate for peopte, additional source to be
developed for animals

no immediate development required, stDA installed solar pump is
operating well, aquifer drawdown levels to be monitored

supply to be developed to pump water from river (nearby - 4 km,
although it requires significant investment as river chairges iti coursej
or from perched aquiÍer at distance of 2 km

subsurface dam in lagga required (deep groundwater is saline)

borehole (by WRAP) equipped by RDF

no permanent population, borehole projected but no source identified,
pipes bought

as above
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Eldera sub-surface dam to be developed in lagga

COUNTY COUNCIL PRIORITIES

Apart from the above areas

Shaba Reserve - 1)

2)

3)

Shaba gate requires spring protection and division of
supplies for livestock and PeoPle
Airstrip requires expansion of spring supply and source
protection
Ngare Mara and Buffalo Springs gates require better
supplies
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APPENdIX 2 PROJECT PROPOSAL - INDICATIVE INVESTMENT PACKAGES

1 INTRODUCTION

This appendix is intended to.provide the basic structure of a proposal to a funding agency for funds to
implement a ruralwater supply proiect The requirements and emphasis of these aleniies willdifÍer, but
many key aspects oÍ these proposals are common to most. The major topics covered in the proposal
are:

1) Summary of Project

2) Background

- poticy context
- previous assistance
- pattern of settlement- institutional setting

3) Project description

- objectives and scope- description
- justification

I mplementation Arrangements

scope of work and activities
inputs
outputs
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5) Costing and Counterpart Resources

- costing
- counterpart resources

The proposal will describe-1rd iustflfunding 9Í lhe programme implied by the investment packages
pevgtoped.in Chapter 6 of Part 3. The desèription ivitt-be set out in terós of the technicàt, soc]ai
institutional and Íinancial/economic aspects oÍ ihe programme.

The proiect will implement water supply systems over the lsiolo District, in accordance with the District
Water Development Plan (DWDP). This plan takes into account previous and continuing activity in the
water sector the District.

The overall objective of the project.is to.implement sustainable rural water supply systems, focusing on
ASAL areas. ln order to a-chieve this objective severa! lower levet objective§ àrË Équired. li;ódÀ
9)0e19.'ve.. strengthening of institutional procedures and structures tö implement such an objebtive.
Specfiically:

- development of a viable systqas_ollesigning, Íunding, implementing, operating and maintaining
water supdy systems at DISTRICT level

- sygh systems are to include mechanisms of COST SHARING in orderto ensure the systems are
viable in the long run, and

- t!9 sysjgms should utilise technologies which are appropriate to the physical, cultural and
affordability contexts of the communities in which they àre'used

!t must be realised that the responsibility for submitting a proiect proposal to a funding agency lies with
the. Districi Development Comminee. This proposal should thus be seen as an examflé w-nicn ínay have
to be revised to include additional issues rgiged by the District. This revision couid cover aspócts of
technology.choice, projqgt area, time schedule, etc. The investments described in the proposal could
also be broken into smaller packages.



2 BACKGROUND

2.1 Policv context

Four major policies shape the dev_elopment of rural water supply. in Kenya. The primary p.olicy is a

b;;;àffi" iàt ó,rt in tÀë Nationat Devetopment Plan 1989-1993. This sets the target of providing every

Éousehold with a potable water source within 4 kilometres'

The other three objectives have a determining role in the way this policy is achieved. They are:

- the District focus PolicY,
- the policy of cost sharing, and
- ine folicy of ensuring access to lower income groups (afÍordability).

These policies can, in some institutional contexts, be contradiclory. However, the task of the proposed

próéófii to devetóp an institutional system in which such obiectives can be met.

ln addition, consideration should be given to the priority accorded to devetopme-n! 
-oJ 

Arid and Semi-

ÀlÈ-Ë-"ài'(e§nr-) Many of the areaé where watér supply is a central issue are ASAL.

2.2 Previous Assistance

previous assistance to Kenya in the water sector has been extensive. Bi-laterals, multiJaterals, NGOs

anà others have been active in the sector. However, no major water supply.projects Íocusing on the

lsiolo District frave Ueen imfiementeO. The two key projects, currently being implemented, which form

the basis of the proposed project are:

- the water Resources Assessment and Planning (WRAP) Project, and

- the lsiolo Livestock Development Proiect (LDP) of EMI - ASAL

The WRAp project, and the lsiolo District WaterD_evelopment Study (IDWDS) produced by the project,

to* tne oaàis ót tne ,;pó;; p.ject. The TDWDS ideritifies the waiei resources and projected demand

tór'inóse résources iir tne Oistrict.' tt also suggests, in general terms, the level of investment required to

àiityiÉiJàóÀanO. The proposed project [iovides amechanism to implement this investment.

The lLDp project is preparing a plan Íor the development oÍ the livestock water supply in the D!str!9t

incoióórateointo tne pióóàiË the experience and study results of this project with respect to the

development of water resources Íor livestock.

The SIDA Water Use Test project or Water and Finance Management Proiect.(WAFIM) also provides a

basis Íor the proposed-óiojedt. The SIDA ploiect.focuses_on the administrative and financial systems

;örÍ"d brihe di"trici ötrióe ot the MowD.' gótn tne wRAP and slDA p§ects make recommendations

fóiinstitutibnal strengthening which are also incorporated in this proposal'

2.3 District ProÍile

The .rural, district of lsiolo is composed of Íour types of settlement for which water supply is required.

These are:

- Small urban areas such as lsiolo, Garba Tula, Modogashe and Mertiwith an estimated population

óràei tnan à,0ö0.- iney àr" m4or marxet centÉs for livestock and as service centres for

öor"ïnr"nt teà-,iào, àío n"anrtin particutar), small scale repair Íacilities, and retail of basic

consumer goods. They are supoundà by an iícreasingly permanent housing (olas) at very low

densities.
- Market centres such as Oldo Nyiro, Kinna, Kulamawe, Sericho and Bulesa with an estimated

population less than 2,OOO. ln íhese settlements the permanent, Íormal sector structures are

làriged atonj-oné or two streets (livestock purchading_agencies and.shops selling. basic

consumer gdodii. iNs aiea is suràunded by an area ót véry low dens§ housing (olas) as

above.
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- Olas (encampments) of the pastoralist Boran and Somali in rural areas. These structures are
usually templlrary, but may occupy the same general area over prolonged periods. CI the lsiolo
people, the Boran comprise an estimated 70%.- 'lndependent'facilities such as tourist lodges, missions and schools.

Nomadic peoples are not well represented in the format urban sector.

ln addÍtion water is required for several different uses, some of which must be associated with these
settlements. The most important is the demand for water for livestock. The olas of the dominant Boran
surrounding- the smal! urban and market centres have many associated herds which constitute a
substantialdemand. When the cattle move to better pasture, the ohs sometimes atso move. Water is
thus required along the routes used by livestock. Touiist facilities have associated demand from witdlife.
Other demand from small-scale agriculture (supplying smatt urban centres) is significant. This demand
comes from some irrigation schemes along the Ewaso Nyiro River and at'Kinna-.

ryI[]hg exception oj government prwided park facitities such as gates, airports, Íanger posts, etc.,
wildlife. (tourism) is a formal sector activity canied out by the private sàctor. lnvöstments tór wàter supplÍ
i1tn1q jpgstry can thus be left.to the private sector, girien that the proiected investments are in line with
the DWDP. Nomadic pastoralism is the main traditiónd economiö aötivtty and is substantially outside
the formal econo-my. This.activr§ combined with urban demand, cover tÉe majority oÍ ttre pópulation
who will have difÍicul§ in obtaining water without government intervention. They are'thus the legitimate
locu.s of government activtty in the water sector. H-owever, it should be noted thit tne approach àOopteO
Íor these two groups will be, of necessity, quite different.

The average urban income^in the district (lsiolo town) was estimated at Shs 2,Sg0 per month in 1997
(source: Central Bureau of Statistics, StatisticalAbstra'ct 1988). The average ruiàiinóome in the district
could not be estimated Írom available data, but surveys'carried out-under the tsiolo Livestock
Development Project (LDP) will give useful information on ruralwealth.

Apart from water, the main constraints to District economic devetopment are limitations on livestock
capacÍty, poor transport Iinks/access to markets and underdevelopà market structure.

Considering.the technical options available and the settlement pattern, water will thus be detivered to
people and industries in four groupings, the first three of which iequire.support of government. These
are:

- qrban systems with mainly service and small scale industry demand in addition to residential
demard,

- market centre systems with some servlce demand, a small permanent residential demand,
increasing.demand Írom semi-pernanent residents, who may require water supply for cattle 

-'
- ru.9l supplies for nomadic pasloralists, transit cattle and some àgriculture provided'ií accordance

with the recommendations of the lLDp, and- suPplies to 'independent'Íacilities in the formal sector, usually government institutions such as
schools and police stations.

Within these gr.oupings there-are social groups which have differing cultural requirements and income
levels which will effect their effective demand for the various techni-cal options. 'itrat 

is, these differentgrogps can afford different amounts for their water and have difÍerbnt priorities witfr respect 
-tà

availabillty/quality/use. ILDP studies confirm this. Different groups will thus often demand àifferent
things from water supply. systems. In order to resolve these óomieting demands strong institutionài
systems are required and it is these systems which will now be exàminà.

2.4 lnstitutional Settano

2.4.1 Context

The existing_letwork of organisations involved in the water sector is complex. with the District Focus
Policy, the District is expected to co-ordinate all investment, including irivestment in water supplies.
Hovever, lll.s pgic!, h3s ye! to move. fully from one of 'deconcentratión', i.e. ptacing impbmJÀtàtión
activities of line Ministries at local level while retaining centralised control of stafi and §udgaing, tJàne
of true'decentralisation', i.e. gMing staffing and finance control to the local institutions. iniiproceti
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requires extensive support, especially by providing systems and funding Íor effective district co-ordination

anà-imprómentation bi invbstment ii the water séctbr. As will be seen below, providing this support is

a major objective of this Project.

Four key activities are required to implement a water s.unply. .[ m.us! be planned, designed, constructed

à"à óp,ír"tà órerariwàiàióoricv ilannins, and technicàl (desisn) lYnnortis_1:_l?lporyibilitv 
of the

uinisirv óf water oevelolÀe[i lttltbwol _ È'óspgnqrpilis for-construction and operation is Íragmented

Ëó*óuór. when unden"[ó" ov inouowo, toàl oticeó of the MowD, have considerable autonomy in

àósign and construction of wàter supply schemes. Other ministries also design and construct water

supplies.

private Íormal sector organisations, missions and other entities may obtain permits as \rater
unàórt"ràrs., to exploit loöd water resources. The appointmelt of a water undertaker is done by the

Minister of Water D'evelopment under the powers of the Water Act (cap.372).

Local Water Associations are legal entities which have a Water Permit- They are being Íormed in some

districts to become ÀponsiurJÍor existing water systems or to undertake new ones- Permission to

utilise water resources under the water Act-is preseítty gven by a committee oÍ the MowD meeting in

r'.ràiiàui, uut is usually decided on the recommendation óÍ the District office of the MowD. The lowest

level institutions are ihe informal water committees. Such committees exist at severalplaces in lsiolo,

Èut if,eíàie óuiÈntly involved mainly with the organisation of the water supply of the livestock.

ln general, the District Ofiice of the MoWD implements urba.n/markeJ.!?ntre^supplies and smaller

schemes are undertaken by corrunities sometimes assisted by 3n NGO. .Co-ordination of these

activities is to be achieved Éy tne District Water Development Plan, based on the IDWDS.

2.4.2 lmplementation oÍ District Focus in the Ïl/ater sector

The existing institntionat base of Íuture water investment in the District is limited. ln the context of the

oiJtrÉt Foóus poticy, ine óistrict Development Committee (DDC), a§r:t$ .by. the District Executive

óomminee, is expecieO to co-ordinate invàstment in the watersectór. This includes expenditures by the

Mili;ip4óouí"fi tunàeitÉó ttainistry of Locat Government)..As stated above, the instrument usd to
acÀievà this co-ordination is the District water Development'Ptan (DWDP). This plan is prepared by !1"
DWE. While the struàture Íor implementation of the plan is in flace, the.resources to carry 9ut tlle

,equireO project 
"ppààr, 

prioritiéaion and implemeniation are very limited. !t is this situation that the

project is intended to address.

The three key aspects of implementation which require strengthening are:

t) The administrative and Íinancial systems of the District Offices of the MoWD.
' The MoWD District offices are beíng strengthened as part of the'deconcentration' of Ministry

a"tigty. The policy of 'appropriatioís in aià' has been instituted which will link future recurrent

à*penditure iunOi alloóted'to districts to their pe-rformance in meeting revenue ta.rge]s

established UV ïreasJry. 
-Wages 

Íor lower levels of siaff are now the responsibility of lhe qistrlc!

t" p"y- fnis maiíàve a conËiderable impact on efficiency as there are indications that district

tev,bt ótaf 
"re 

,íde, skitled, and that, compared to the resources available to work with, there

may be significant over stafÍing.

2l The support systems both the District offices and to communi§ groups provided by central

MoWD.
The head ofÍice of the Ministry in Nairobiwill now concentrate on providing qolicy, trtlining and

technica! rrpport,;rdiàÍr'"s key implementation agtivity has also been taken over by the

Nationat watóï óonseïvation and pióelinà Corporation. tn thi-s role, it has begun to institutionalise

the assessmàni*O planning procàss developed, to a great extent, through the WRAP p-rolegt

The water ai.èssrent studTeb and planningj reports àre now an impqrtant resource Íor the

MowD, ana iisiiàtt àre being trainedïn the tàchniques oJ assessment. The Planning Unit within

the Water Resources Asseslment Section is resionsible for carrying out these studies and

assessments.

3) co-ordination of the organisations which will implemenlthe pla1, 
.-' 

óurrentty, tnerà is no àËàr poticy on which organisation(s) sho-qld imPlgmgJtt.P.Loiegts-+ district

level. There àieieverat op:tions'. These incluïe the Dis:tiict office of the MowD, the Municipal
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Council, NGO's and local Water Associations. The choice of insthution will depend on the
existing strength of these institutions, and potential for future strengthening.

One apparently successful method has been adopted in the Baringo District. lt has been developed with
assistance from UNICEF. A district water coordination group has been formed led by an inter-ministeriat
team and suppofted by every operational NGO in the district. The inter-ministeriat team has
representatives of MoWD, MoH and MCSS as wellas the DDO and it is to be in contact with ail operating
organizations in the district who have an interest in water. lt has been agreed in Baringo that this grou[
meets every three months for information sharing, decision making, etc.

Thus, the. responsibility for developmenl and implementation of the district plan for water development
is q$red by all concerned groups. t$1vj{u.at groups become the 'leàd' agency for community
mobilization and implementation in their Division. Suóh matters as overlappin§ anó duplication aró
worked 9S. _grye plans are agreed it is up to each group to implement id ineir own way. With this
qPPr.o?ch it will be possible to implement water programmes by different organizations withií the overatt
district strategy.

2.4.3 Community lnvolvement in the ÏVater Sector

It is expected that the communities involved will play a central role in planning, implementing and
maintaining the water supplies identified as viable undbr the proposed prdject. r-nis is particutaiyihó
case for the small scale rural schemes. However, these commuriities requiie significant'support over a
considerable period in order to take on this role. The proposed project should idéntify anO iàviOe sucn
support.

Water Associations or committees, in theory ideal for the implementation and/or operation of smalt
community gchemes, also have a weak base in lsiolo District. While various óommirnity leaders aré
present on the Divisional Development Committees and are represented on the DDC by íhe Divisional
Officer, there is no formal structure of communÍty participation, dhhough the informal tinfitfrrougn cnieii
and sub-chiefs to the elders are said to be effeótive. §uch participaiíon is fundamentat to the success
of water supPly proiects in rural areas. No Water Associations havà been formed as yet, Uut community
water committees have functioned effectively at some centres.

The institutional base will also play a key role in the technical option chosen. Options invotving water
systems which.require g.oqnle.x ol expensive operations and maintenance support can not, at plesent,
b9 easlly handled. by district institutions. Whe^re such systems must be used, ercténsive suiport tó
strengthen these institutions will be required. Such stren(1hening, although on a more basic'làve!, is
particularly important for local community groups where tney witl have a-major rote in impfàmóntínt
systems.
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3 PROJECT DESCRIPTION

9.2.2 FeasibilitY Studies

In the context of the DWDP, the major activities required to prepare the Íeasibili§ studies are:

- deta1 survey - physical and socio-economic of potential shes identified in the DWDP

- pi;iÉÉw O"§diànOiósting of water systeins and institutional/community structures for

imPementation
- liaÈon with community groups on self help aspects

2-6

The psect wifl be divided into three phases. The first phasg will consist of feasibility studies. Thq

s"ào-nO'pn"se will carwïut detailed design in consultatioà with thecommunity where appropriate, and

óó1nrence the institutionat strengrtheninfactivities identified in the Feasibili§ studies. The third plta.se

*lri èó"ilsi ot imflemànting the r-emainiíg institutional strengthening activities and construction of the

water supply systems. These phases are described in detail below.

Briefly, the roles each institution willplay ll any implementation oÍ the proiect in lsiolo District reflect the

ériitih'g àpacities 
"nà 

urientationi oí these orgianisations, governmerit obiectves, and potential oÍ

these órganisations. ln summary, they are:

overal! co-ordination with DDC - DDO
water resources planning - centEl MoWD
wàtór pro;ect apiraisal a-=nd water supply.for urban centres - District MoWD

wàiói Sufipfítor'rarf,a óentr"s anO ïurà areas- commun§, assisted by District MoWD, DDO,

other ministries and NGOs.

3.í Proiect Obiectives and Scooe

The goal of project activ'rty in the water sector in the District is to support environmentally sustainable

à"reÍoprón[in'ordeito frovide Íor an equitable distribution of the nation's economic growth. 9Wh
;tirity Ë Ëcesà.y m vleiv ot the increasirig population, livestock and agricultura! pressure on, and the

sensitive nature oÍ the environment in, this area.

The overall obiective of the proiect is:

- to implement sustainable ruralwater supply systems'

ln order to achieve this objective several lower level objectives are required.. .lt requires extensive

,i*órtr"ir,ó otlnstitutíoÀàíproceoures and structures toimptement such an obiective. Specffically:

- development of a viable systems of designing, funding, implementing, operating and maintaining

water iupply systems at DISTRICT level
- sucn sysïénís àre to include mechanisms of COST SHARING in order to ensure the systems are

vhble in the long run, and
- the systems ónöulà gtilise technologies whiq! are appropriate to the physical, cultural and

aroroaunity contexts of the communities in which they are used.

The project wilt implement water {pply_gys.tems at rural centres in lsiolo District, in accordance with the

oiJtrïa i,vàter oevàtopment ptan (oWop). This plan takes into acco.ult previous and continuing activi§

in the water sector Ui tÍà olstriàt. An'indicative level of physical investment was estimated by.,the

lDwDs. The total àmount of required investment for ihe supplies was some Kshs 49 million

(approximately us$ 1.65 million).

The distribution oÍ this investment over the Divisions in the District is shown in Table 3.1.

3.2 Proiect DescriPtion

3.2.1 Overview



assessment of proposed designs on the following criteria:

. water resources

. land use planning/environmental impact

. social impact

. institutional/community participation

. economic

. affordability

. financial.

3.2.3 Detailed Design

Major activities involved in this phase are:

- physical survey of feasible sites- design and documentation of water systems and implementation of first round of institutional
strengthening (training inplanning, design, communityparticipation,and construction supervision;
implementation of financial systems) and structures f'or corirmunity participation- liaison wtth community groups on self help aspects

3.2.4 lmplementation

The major activities are:

- Iand acquisition, iÍ any- tender of construction- construction of systems and supervision thereof- second round institutional strengthening (training in community participation, operation &
maíntenance)

- operation and maintenance systems

3.2.5 Project Duration

It is difficult to determine accurately the duration of the project, as much depends on bringing the rural
communities involved along with the planning process aàd ínvolving them in it. As such thii piocess *itt
proceed from one step to the next, and the design oÍ the approacÉ to the next step will deiend on the
experience in.the proceeding. step. This is so-called "proce'sö planning". Other paÉs oÍ the'studies, thÀ
surveys alg !h9 planning.and design of the urba.n supplies cari be implemented'in a more programmed
manner. .This being said, it is expected that initial èómmitment to the proiect wiil be toitnËe yeais.
Projected date of commencement is July 1992.

It is estimated that the feasibility study phase will last 6 months, the detailed design phase 6 months,
and the implementation phase 36 months.

The project will have a formal mid-term and final review in addition to reports will be completed at the
end of each phase and bi-monthly progress reports which witl be requiród throughout tha project.

3.2.6 Project Location

The. project will be based in MoWD headofÍice, the office of the District Water Engineer in lsiolo, and in
proiect sites throughout the District as identified in the feasibility study phase.
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3.3 Project Justiíication

3.3.1 Genera!

ln the DWDS for lsiolo District, criteria Íor appraisal of investment options were established in the

following categories:

- water resources
- land use planning/environmental impact
- social imPact
- institutional/community participation
- economic
- affordabilitY
- financial.

Simple checktists were established to test a project against each of these sets of criteria. These will be

ureà in Section 3.3.2 below to assess the proposed proiect in general terms'

A prioritisation of psects will also be carried out using.the methoddogy described in the DWDP' The

n,'"iho[àÈóv uÀ*í is taiËreo to iÀ" &isting and potenÍal[ achievable ievels of assessment ski]ls in the

District.

3.3.2 Detailed JustiÍication
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a) Il/ater Resources

The project will use the water resources identified in the IDWDS to meet demand in an efÍicient manner,

ratÉór tËan in a haphazard and potentially environmentally damaging way.

The yield of the proposed proiect water sources has been anatysed and it was Íound that the required

quantity oÍ water *"-È" ríppri"o ouiing ttrà tifetime of the proiect. The variation oÍ the yield during the

iàài Ëiucfr inat at minimulm flow periods the water demand can be sufficiently met.

The occurrence oÍ droughts was studied and it may be possible.that during droug-hts the water available

is lnsutriói"ít io supply-fiàlultïemànd. However it is èxpected that livestock will leave the area during

oróught perioos, uebduiJoiinonage of fodder, which witt reduce the water demand. Domestic water

demand can be rrppti.o 
"i*àvÀ 

Ouïing drougtri periods. The frequency of the droughts could not be

determined due to insufÍicient data.

The traditional water sources are hand dug wells in the dry river beds. lt is expected that the use of

these sources will Oeàine, because the pro]ect provides water closer to the homes of the people' The

ii"-pina"èe ot a uetteïwài"; qr"tity órwiaeii uj tne proiect.needs to be explained to the population to

Ë-;"t!tàppr""t"t"o rtriswili nav'Ë ïo be dóne'in coinbínation with a campaign on improved sanitation

measures.

b) Land Use/Environmental lmPact

The project is intended to Íoster sustainable economic development in the District. lt supplies water to

aCtvhiró consistent with the District Development Plan. ln particular:

- water for livestock is provided near the settlements in order to encourage nomads to settle

- sufficient invJitmó"i Ë Érà"ned to allow for increase in ranching and small scale irrigation'

The Íacilities/plant of the proiect are consistent with plans for urban/rural development'

- the systems are sized to cater for prolected rye! aF urban growth

- no siinificani physical constraints àpfear to limit siting or sizing oÍ systems.

Neither the Íacilities/plant oÍ the project, nor their construction, are likely to have an adverse environ-

Ë;à impaCt. fne [ià;àr forms'oÍ ímpact to be considered in the lsiolo District are:



- tfle degradation of vegetation cover and soils from overgrazing, in particutar the extensive
dama.ge occurs around water points in droughts - the project wïl alleviate this by dispersing
watering points along grazing routes- the impact of dam.s which intercept surface water causing downstream wetlands to dry up - this
may have a significant impact on some wildlife, and dams are not proposed in the piojàct- heary pumpllg of ground water may cause springs to dry up, efÍectinganimals and soóetimes
people - at this stage this is not expected to be a problem ior the proposed sites

c) Social lmpact

The project is intended to Íoster inter-regional equity and to support community development in one of
the poorest areas of Kenya.

Traditional groups are affected by projects, but the programme is designed to work within the culturat
qonlext of those groups. Developed within this context, the mechanismé for community participation in
design, implementation, operation and maintenance will be central to the project.

The proposed project will improve the welfare of the people oÍ the District, particularly lower income
groqp§ and women.. The selÉhelp components of the project provide eàfloymení for women in
particular. Additional water provides opportunities for smàlt scale agriculture àncí, possibly, additional
cash income.

d) lnstitutional/Community Participation lssues

The proiect will strengthen government and community institutions in line with the District Focus policy.

lnstitutions

The maior tasks which must be addressed with respect to institutionat issues are design, construction
and operation/maintenanc-e of the systems. The orgànisation, or grouping of organisatidns must be able
to carry out these tasks effectively.

As set out in the p.rqec! d.escription above, the rotes each institution will ptay in any implementation of
the.proiectreíectthe existing capacities and'orientation'of these organisàioís, governóent objectives,
and potential of these organisations. ln summary, they are:

- overall co-ordination - DDO
- water resources planning - central MoWD
- water project appraisal and water supply for urban centres - District MowD
'water supply for market centres and rural areas- community, assisted by District MoWD and NGOs.

Design and construction-supervision will be supported by the proiect which will also strengthen MoWD
counterparts at head office and district levels in these roles. TÉe MoWD has agreed tdprovide the
required staff and facilities for the project as set out in Section 5.

This appears to be a realistic project organisational structure and the implementation schedule set out
in Section 4 also appears viable.

Communitv Participation

g9m.T]u$y participation will.occur.in rnany aspects of the projecl. ln small scale water supply projects,
it is.likely thqt it will occur.in design, construction and opeiation activities. The organi'àtíoh ot tnË
participation is thus a key element in the successful implementation of the project.

Coqmunt§ committees are to be formed with the support oÍ the chieÍs and elders in each area. lf
insufficient suppoÍt exists Íor the Íormation of the committee, no project wil! be attempted. Local DDO
and MoWD staff will assess whether the leaders of the community orlanisation are representative of the
community in order to ensure that the promised community inpirts Éitt Ue delivered.'

Socio-economic surveys will check if the communities can deliver the promised labour and money
inputs to the project on time.
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Tabte 3.í preliminary Cost Estimate oÍ \lVater Supply Development Íor Rural Centres

Poputation
Centre

Des i gn
Poputat i on
Estimate

1990

capitat costs

(rsh)

o & l{ costs
per llonth

(Ksh)

Costs per Househotd Requi red
Fol tor-up

capi tat
(Ksh)

Annuat o&l,l
(Ksh)

Central Divisian

]lg8re llara
Kipsi ng
ol,do llyi ro

I
,t

2

200
420
000

I ,200,000
2,2oo,ooo
2,250,000

8,000
7,000

I 0,000

5
7
5

000
750
ó00

400
300
300

3
I
1

Totat 4,620 5,650,ooo 25,000 6,115 325

Garto fula Divisiqr

Garba Tuta
Bibi / Duse
Kinna
8oj i
Gafarsa
Kutamare
líalka Daka

5,600
1,800
2,500
1,100
1,700
I ,500
1,100

2,5oo, o0o
1,7í),ooo
2,5oo,ooo
1,350,000
2,100,000

900,000
2,1oo,0oo

21 ,500
9,000
7,500
7,000
8,000

13,000
ó,500

2
5
5

6
6
3
9

a 250
000
000
100
000
000
000

,

230
270
180
380
280
520
350

213
1,2
1,2
1,2
Í
213
1

Totat 1 5,300 13,2ío,o0o 71,500 4,317 280

Ierti Divisidr

Bisan Biliku
Dadacha Bassa
llatka Ga[ [a
Butesa
Korbesa
tlert i

I
1

I
1

I
3

,500
,400
.ó00
,700
,800
,000

2,ó0o,ooo
3,500,000
3,500,000
4, í 25 ,0oo
3,025,000
1,540,000

ó,500
I 1,000
I 1,000
9,000
8,000

1 7,500

8,500
12,500
I I ,000
12,000
8,500
2,600

260
470
400
300
270
350 3

ïotat I 1 ,000 18,290,000 62,000 8,314 338

Serióo Divisiqt

E tdera
l,lodogashe
lresa Boru
Sericho

1,2r0
7,000
1,000
1,010

2,75o,ooo
5,7oo, ooo
3,4oo, ooo

517,000

6,500
?2,500
7,000
7,400

I 1 ,000
4,100

1 7,000
2,500

300
190
420
L40

I
I
I
213

Totat 10,260 12,367,000 43,400 6,027 254

llajor Centr6

Garba Tuta
llert i
Irlodogashe

5

3
7

,600
,000
,000

2,5oo,ooo
1,54o,ooo
5,7o0, ooo

21

17
22

500
500
500

2,250
2,600
4,100

230
350
190

2,3
?,3
1

Tot8[ 15,óoo 9,740,000 ó1,500 3,12? 237

Xey: Fol,Lor-up: I - Feasibititystudy, 2-Design, 3- lnptementation
Iote: A househotd corprises five peopte
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This approach has been effective in ensuring communi§ participation in lsiolo District in the past. Local
government agencies were prepared, given project support, to provide the organisational and logistic
support required Íor such activity.

e) Economic and Financial lssues

The project will assess the economic viabili§ oÍ each sub-project. The methodology required to
undertake an economic assessment of the project is set out in the DWDP. The feasibility study phase
of the project will include such an assessment for each scheme.

AfÍordabilitv

Particularly with respect to water supplies for the partly nomadic peoples, the issues of affordability and
willingness to pay are complex, and bound up with slowly changíng traditional beliefs and priorities.
Feasibility studies will address this issue in some detail.

The main consideration is the level of cost sharing required. This will determine the fee or tariff set in the
scheme. ln general, the guidelines which will apply in respect to urban schemes are that ful! recovery
of capital and all operation and maintenance costs is to be achieved over a period of ten years. Outside
urban areas, full recovery of operations and maintenance costs will be required, and community
contribution to capital works will also be a factor in deciding the priority of the scheme - the more
contribution the higher the priori§.

Basic affordability criteria are:

- the sum involved in cost recovery should not constitute more than 50ó of the income of the
poorest 20oA oi the population

- tÍ there is no alternative water source, or if it is more expensive than the proposed scheme, then
there is a good prospect of achieving a sufficient level of willingness to pay given adequate
institutiona! systems and political support

- if there is an alternative which is acceptable to the people, even iÍ the water is technically inferior,
a new technology should be considered, or the level of cost recovery should be reviewed.

Financial lssues

The key financial issue is the sustainability of the project. With the above analysis complete, and
concurrently with the determination of affordability, it is possible to project likely demand, and the costs
oÍ each sub-project over time. The feasibility study must identity the sources of funds for design,
construction and operation/maintenance. The projection of the expenditure of these funds must be
realistic. A basic cashflow analysis can then be carried out to ldentify potential liquidity problems, and
measures developed to overcome them. The Íinancial return on the project can also be calculated.

Financial systems for revenue collection and recording financial flows (simple records of costs and
receipts) have been developed, and could be applied to even the smallest schemes. For larger schemes,
simple procedures for capital budgeting and funding of preventative maintenance schemes could be
developed based on experience in some NGO projects. These types of procedures will be designed in
the feasibil§ study phase and implemented during subsequent phases oÍ the project.

3.3.3 Prioritisation

The p§ect will prioritise the investments (sub-projects) identified in the feasibility studies. The suggested
metlod of prioritisation focuses on the sustainabil§ of the project. Basically, it consists of ensuring that
all of the questions set out above in each of the criteria categories have a satisfactory answer. Íhen,
priority is assessed according to how welt projects meet the cost sharing policy.

First priority projects will recover both capital and operation and maintenance (O&M) costs. Second
priority projects will recover O&M costs. Third priority projects will be economically viable and be ranked
according to the elftent of recovery of O&M costs. CIher projects should not be imptemented.

Table 3.1 sets out the total required investments Íor water supplies to rural centres as estimated from
preliminary data. Detailed sub-project ranking will be confirmed by the Íeasibility phase of the project.
The proposed prolects Íor the different supply areas were based on recovery oí O&M costs oniy. 

-
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Figure 4.1 Personne! lnputs and Outputs (Example)

ACT IVI TY llollTHs
1

TOTAL
}IONTHS

COST TRAVEL COST

Extern. Loca I617 12l''.t3 18 36

Activi§ I
DII,P SLport f

Irgrts:

1) ForeíEn Personnet
Team Leader
P lanner/Engi neer
Volutteer

tt*!t**t***** ***t******** 12
4

12

!a* ** * * tt*
***!ra******* *rtt********

2) Goverment Personnel
Project llanager
D!'E
llo Engirrer
Hydrologi st
etc

**!t*****i***

rt!t*!t!t*******

****t*******
************
**rt**tt******
*****t****t*

12
12
t2
1?

3) Supoort Staff
Secretary
Assistant

!t1t****i*****

******t*****

********t***
************

1Z
12
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DTIDP

Draft
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Rpt

FinaI
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Institution
Rpts

lctivity 2
FS §port fA
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1) Foreign Personnel
Team Leader
P t anner./Engi neer
Soc i ologi st
Engineer (lrater Suppt
Surveyor
Econmist/Finance
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Institutionat

i*t***

***********r
*****tr*tttt
i*****t**!tt*
**t*t**t***t

*tt*
tt**
****
!trt!trt

****
1t***
1t***
****

33
33
33
30

3
6
6
6

33
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3
6
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6
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*t****
**
tt*
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*rt
**
rt*

rtt
rtra

t*

2) LocaI Consuttants
Deputy Team Leader
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Engineer (lrater Suppl
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etc

*tt*rt*
!tt****
t***** ************
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!ttt*tt******
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*t**********

****
****
!t***

****

**t*
rtt**
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******
** ** *l
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Project l,lanager
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****** ***trt*t***** ***t*****t**
**********art

r***
****

****
****

4) Supoort Staff
office llanager
Secretary x 2
Ass i stant
Drivers x 4
Cteaner

****t**r**r* *****!t******

!t***********

r*******rtt*
*****!t***t*rt
1t*t***tat**

***1t
t***
lt*it
*t*t
ttt*

*!t**

****
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Sociat Rpts
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4 PROJECT IMPLEMENTATION

4.1 Scooe oÍ lltlork and ActivÍties

4.1.1 Feasibility Study Phase

Two separate streams of Technical Assistance (ÍA) are required. The first is required to support the
MoWD in its project preparation activity. The second is to carry out the detailed feasibilis study activity.
Thus the two maln activities involved in this phase of the project are:

1) TA support to the MoWD in Project Preparation.

The main tasks are:

liaison with various concerned agencies for input to the DWDP
finalise the DWDP
conduct onthe-iob training in parallel with TA for Íeasibility studies.

2l TA support for Feasibility studies.

The main tasks are:

detail survey, physical and socio-economic of potential sites identified in the DWDP
preliminary design of water systems and institutional/community structures for
implementation
liaison with community groups on selÍ help aspects
assessment of proposed designs on the following crÍteria.

4.7.2 Detailed Design Phase

The division of the responsibilhy Íor the various activities involved in the detailed design phase between
MoWD and TA resources will be determined at the mid-term review of the project. Hoviever, the main
activities involved in this phase of the p§ect are:

physical survey of feasible sites
design and documentation of water systems and implementation of first round oÍ institutional
strengthening (training in planning, design, communis participation, and construction supervision;
implementation of financial systems) and structures for communis participation
liaison with communi§ groups on self help aspects

4.1.3 lmplementation Phase

4gain, the division of the responsibili§ for the various activities involved in the implementation phase
between MoWD and TA resources will be determincd towards the end of the design phase. However,
the main activities involved in this phase of the project are:

- land acquisition, if any
- tender oÍ construction
- construction of systems and supervision thereof- second round institutional strengthening (training in community participation, operation &

maintenance)
- operation and maintenance systems

4.2 lnputs

Key personnel inputs to each key activity in the feasibllÍty phase of the project are described in Figure
4.1. Equipment and other inputs to the project are described in Figure 4.2. These inputs are to be
supplied by donor and government funding as described in section 5 below.
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Figure 4.2 Non-personnel lnputs

ACT IVITY

l1o*"'
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3ól lcosr12113 24125
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Training
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t****!t
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************
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4.3 Outouts

4.3.ï Outputs oÍ project preparation TA

lnstitutional Outouts

a) Central Ministry of Water Devetopment (MoWD)

The outputs are:

- addÍtional forrnal and on-the-iob.training of MowD stafÍ in the Resources Assessment (RA)Section in techniques required th.is trainlËg*u.i oó given to officers who wi[ remain wjthin thesection for a suÍficient time to train reptacéments- addirionat eqlipment (to be determinéd)- ad-ditional.(given existing zero capability) capacity and systems to strengthen District MowDoffices in their role as semi-autonomous watei ryp'ply ageí_cies, speciricririirre ability to train inresources assessment, preparation of the oWop,-oan pàceouiàé,-rinànàijt ;tË;;management and techniques of .community mobitisarion;.thij;tivityïilr UJsJpp"ï;iiË;improved in information linkages between céntrrr oniè and District- improved internal co-ordination between the RA Section and other sections of the MowD, and- improved links with other ministries with reJpect ià ràg" of water resources.

b) District Ministry of Water Development

Outputs are:

- lralning in appraiyl of proposars for utirisation oÍ water resources- training in methodorogy foi the preparation of tÀe owóp- lmproved construction and opeËtioh ano mainÈnaróà q'urban' water supply systems throughimplementation of Íinancial aid administrativ;atrffi; giving effective controi these activities atdistrict level- training in support to all other §pes of water supply systems in assessment, planning, projectappraisat, community participatíón and financiai iidte,í,- training to train members of Local Government/cóínrunitv groups/w'ater Associations in theseskills
- legislation and/or regutations under the Water Act and possible revenue acts to enable theDistrict office to carry out the above roles

c) District Development Office

Outputs are:

- an assistant DDo_with speciÍic responsibitity for water matters- tÍaining in Water Resources planniirg for this p"rJon- revision oÍ the legal ad/or administ-rative uaiotóiine DDC's oversight of water matters.

d) Commun§ Groups

Outputs are:

- education and communi§ awarenesscampaig-ns initiated through the chiefs and sub-chiefs- strengthen cost recovery and administratidn o:r wateiiystems.

Reoorts

Outputs are:

- lry"ption report (Íirst bi-monthty report)- bi-monthly reports- mid-term institutional report- final institntional report- the DWDP for the lsíoto District.
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The Íeasibitis report will assess each sub-proiect identifi$ gn the criteria established in the DWDP' ln

addition, the institutio"àrà^ïii"ànóiar reqiriróÀàntiior design and implementation of the sub-proiects

assess as viable will be detailed.

4.3.3 lmplementation oÍ Design, Construction and Operation

lmplementation Írom feasibility phase onwards includes outputs of detailed design and implementation

phases. These pnas"i-iïJöi;L;"a;t àctivitÈs, wnrcnare be detailed by the Íeasibility studies. These

activities require:

- resources (money, staff and equipment) Íor design activity

- systems ror dËï;iö;pir"i Ïu,iJ;ió recipient§accordiíg to established procedures

- ;Fióms tor gàthórindanci_ processing the r'equired data for monitoring, and

- addtttonar traíiinö öiMówb'àna otn-er organisations involved in implementation'

4.g.2 Outputs oÍ the Feasibility Study TA

Major reporting outputs are described and scheduled in Figure 4'1

are:

- inception report (Íirst bi-monthly report)
- bi-monthlY rePorts
- physicaland social survey repoÍt
- mid-term draft feasibility report
- finalfeasibili§ report.
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The major rePorting requirements

Outputs will thus be:

- detailed designs and documentation Íor sub-proiects ^ .

- ;ilpieteO wàter supply prolects as detailed in Table 3'1

- adequate adminftàion,'redoutce Érànning and f!1rra1c111 systems in place in order to operate

tn-Ààprolects eÍÍiciently and on a sustainable basis' and

- trained sÉf in place where required'
- additional equipment and resources'

Effective communi§ participation in construction and operation wil require a flexibre approach to

imptementation on the part of the suppoÍt otö"niàtiont, priícipanythe MoWb' Where local communities

are not famitiar witn tirlieqïiiómLïtà ror rËnàóémeni bt.torinal sector organisations,,such as a water

suppty, close conta"i àr'r-àpiotongeo p"iioo öi time will be required to óevelop and refine workable

systems. Adequate sr<ius ànoïeiouóes ioiir.È"n àpproacn mubt be identiÍied at feasibility phase and

É6 in ptace for construction and operation phases'



5. COSTING AND COUNTERPART RESOURCES

5.1 Costino

by inputs by activity/overheads in section 4.2

5.2 Gounteroart Resources

5.2.1 lmplementing Agency

Ministry of Water Development:

- Planning Unit, Resource Assessment Section
- District Water Engineer, lsiolo District

5.2.2 Counterpart Contribution

by inputs by activity/overheads in section 4.2
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