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

Samburu District.

The Ministry of Water Development has the task of planning for water resources

Oàvetopmeít, both at national ànd district levels. Districts have been assigned a major

iole in ïhe development of the country as illustrated_ by the District Focus Strategy for

nuial Developmeht eoticy. Consistent with this policy the Ministry of Water Develop-

ment has pui great emphasis on the studies for District Water Development Planning.

Water resources development can only be successfully undertake-n if the longterm
planning reflects the balànce between àvailability and exploitation of water. Extensive

investigËtions and monitoring are needed to determine the potential of the water

resourées and the effects of àevelopment on longterm basis. Presently, the Districts

do not have the research capaci§ io carry out the necessary studies independently.

To overcome this situation, the MiÀistry 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 su§§ty, the Íuture water demand and the investments involved in
developingine *àtér resources in Samburu District. Equipped with this information the

District'wit-tbe 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 ihe eniironmeni involving them as much as possible in the planning

and constr:uction of their water supplies, that tne 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.

PREFACE

(E. K. MWONGERA)
Director of Water Development
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SUMMARY

The present report is Paft 2, of three reports, composing the Samburu District Water
Development Study. Parl2 presents an inventory of existing water supply in Samburu
District, the analysis of and recommendation on water supply options and technologies
Íor Samburu District, an inventory of costs oÍ the selected technologies, and compares
these costs using a cost efÍectiveness analysis. The objective of the report is to
recommend afíordable and sustainable water supply options and technologies for
Samburu District.

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

The availability of protected water supply Íor domestic purposes is restricted mainly to
the towns, the trading centres and the dispersed rural population on the fringes of
these settlements. The population outside the reach oÍ the settlements relies for its'
drinking water supply on unprotected sources such as dams, pans, springs and wells
dug in the dry river beds. On estimate, the overall coverage by protected water supply
is 30%, with urban coverage al64o/o, and rural coverage at 15o/o.

However, these percentages do not indicate the supply level. This is particularly low
for the three urban areas Wamba, Baragoi and Sukuta Marmar at 7 lpcd. For Maralal
this figure is 52 lpcd, for the rural schemes 31 lpcd.

All protected water supply systems in Samburu are piped systems, drawing water from
boreholes, dams, springs and rivers. Most of the schemes are pumped schemes, and
only in a few cases the water is being treated. The developed capacity of the
schemes may be estimated at 126 ms/hr, i.e 17o/o of the calculated 1988 total water
demand (if assuming a 12-hour supply period).

Of 31 schemes, 10 are reportedly ín good working condition, 8 are fair, another 6 are
in poor condition, whilst 3 are under construction and 2 are out of order. On 2
schemes no performance is available. The 4 urban systems are in poor to good
condition.

Fourteen of the 31 schemes are owned and operated by the MoWD, 10 are owned
and operated by other ministries or by institutions, whilst 7 schemes are either partially
or wholly operated by the users. The schemes operated by the MoWD serve 82% of
all beneficiaries and 49o/o of the beneficiaries outside the 4 urban areas.

Financial records are available for some MoWD schemes only and even then often in-
complete, because maintenance costs were not avaílable. The operation cost are
around 30 to 50 Shs per beneficiary per year, and between 2.5 and 4 Shs per ms
produced. The operation costs appear to be low, possibly due to understaffing, which
may explain the poor condition of the MoWD water supplies.

ln general the service level from the unprotected sources is quite low, as they are
widely spaced apart and as people and animals are forced to take water directly from
the source. Many unprotected sources,such as dams and pans usually contain water
during part of the year only. Over 4000 kmz or 25o/o of the district is not within 10 km
reach of these temporary sources.
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Erosion is rampant in parts of the District and many dams and pans are badly silted.
The dams and pans are usually not Íenced and animals and people take water
directly. The poor condition of some of the dams can be explained from this.
Supervision of the structures is almost non-existent and regular maíntenance, eg. by
desilting, is not carried out.

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 consíderations were the
poorly developed infrastructure, the limited availability of local staff, the low density of
the population and the limited chances of effective cost recovery.

Five §pes supply areas were defined. The recommended technologies are

Suppty Area Source DevetoFnent llater Suppty Devetotrnent 1)
Feas i -
bi I ity 2)

Urban Areas Dug/Dri t ted pet ts
Spring protection
Surface tJater tntake
Roof Catchment

llotorized plÍp, Storage, Distr
Storage, distrihrtion
TreatÍnent, storage, distrib.
Gutters, storage (irdividuat)

++
+
+
+

RuraI Centres Dug/Dri L ted uet t 3)
Dug/Dri t ted lret t
Sub-surface Dam
Spring Protection
Roof Catchment
Rock Catchnent

uirdmiIt, storage
Hand purps
Dug llett + Hànd trÍp
St orage
Gutters, storage ( irdividuat )
St orage

++
++
++
+
+
+

Rura I
Institution

Dus/Dri t Led ret ts 3)
Dug/Dri t led ret I 3)
Sub-surface Dam
Spring protectíon
Roof Catchment
Rock Catchment

Hard ptrps (smalI units)
gindnil[ + storage (targe units)
Dug llelt + HarÉ p(rÍp
Storage
Guttens, storage (irdividuat)
Storage

++
++
++
+
+
+

D i spersed
Rura I
Poptrtatíon

Spring protection
Rock CatchÍnent
Dug,/Dri tted lJet t 3)
Sub-surface Dam

Storage
Storage
HarË purp
Dug l,letl + Hand purp

++
+
+
+

Rura I
L i vestock

Deepening Depressions
Dug/Dril,ted vett 4)
Dam construction 4)

Yirdni t t, storage, trough
Fencing, trough

++
++
+

Devetopnent shorn in decreasing order oí suitabitity for each type of suppty area
teasibitity r.ith regards to avaitabitity of rater resources
Dug retts in aquifer, or in storage provide by sub-suríace dam
l{aybe used atso for suppty of rurat popr.rtation, provided adequate Íneasures are taken

WRAP determined the §pical properties and components of the water supply
technologies selected Íor Samburu District and cost estimates were made for each
component. The capital costs include costs oÍ materials, labour, transport and
depreciation oÍ construction equipment. Overhead costs, such as depreciation oÍ
vehicles, offices and supervision, are not included. Added on are 25% costs for
contingencies and preliminaries.

The O & M costs were determined also, as these have to be raised by the community
The operation costs include energy, salaries, chemicals, transport and offíces. The
maíntenance 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.

1)
2,
3)
4)

x



The lowest cost technology applicable ín a given circumstance will be the most "cost
effective". The analysis was conducted for 21 different types oÍ domestic supply
systems, representing supplies to rural areas, rural centres and urban centres. The
analysis was carried out over a 20 years period, and the systems were rated according
to the 10olo discount rate. Conclusions from this analysis must be taken as indicative
due to the nature of the used estimates.

The most cost effective systems are generally the spring supplies with or without gravity
distribution. However springs are not always feasible, because they are generally
constricted to certain areas. Other cost effective systems are dug wells with
handpumps, followed by surface water weirs with small gravi§ distribution systems.
Boreholes with handpumps are expensive due to the costs of the borehole and the
ranking of this system may be low if the total yield is small.

The outcome of the comparison of boreholes and dug wells equipped with windmills
or motorpumps depends'on the total yield oÍ the system. Systems with a windmíll
benefit from a low discount rate, because of the relatively low O & M costs. Supplies
from boreholes are generally expensive, due to the high construction costs of
boreholes in Samburu and willtherefore have a low ranking in case of a low total yield.

The least cost effective system is a water supply Írom a dam. The supply from a dam
usually has high capital and O & M costs and will only be cost effective in case of a
high annual yield.

The unit cost analysis provides rates per beneficiary and per m' produced for each
supply technology. Examples oÍ some of the technology options for domestic supply
are shown in the table:

Source
Deve I opnent SuppLy Develognent

Tota I
capi ta I
Cost
(shs)

Capi ta I
Cost/
Capi ta

(Shs)

Annua t
Cost/
Capi ta

(Shs)

Unít Cost

Rate:102
( shs,/Írl )

BorehoIes (3)
Boreh o t e
Boreho I e

Plnps, Storage, Chtorínation, Distrib.
tlirdÍni t [, Storage, Limíted 0istribution
HarËptrp

5,768,750
1 , 131 ,250

375, 000

1,150
2,265
1,875

105
32
't7.5

15
2?
12

6
5
5

Dug lJel I Harrdptrrp 112,500 5ó0 2.5 1.1

Spr i ng Purp, Storage, Chtorination, Distríbution
storage, Limited Distributíon
Storage, one Outlet

4 , 
go0, oo0
210,000

25,000

960
120
125

60
56

2 5

11
6
0

0
9
9

Surfàce lJater
I ntake

lJeir, Treatment, Storage, Distribution
ChtorÍnation, Storage, Limit. Distrib.

ó,250,000
400,000

1

1

250
8ó5

155
76

19.8
1'l .0

The unit costs were also calculated for combined domestic-livestock supply and Íor
livestock supply only. The cost per capita for the combined supply is higher, but the
unit cost per m3 is lower. 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 communi§ can only be expected, if water supply for the livestock
is included.

ln general springs and dug wells are the cheapest water supply technologies.
Boreholes are more expensive, due to the high construction cost in Samburu District.
SurÍace water intakes are economic iÍ the supply is by gravity, but these are feasible
at a few locations only. The supply for urban areas using a dam is very expensive.

xi
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1 INTHODUCTION

1.1 Purpose and Scope oÍ the Study

The District Water Development Study (DWDS) of Samburu District ís aimed at
providing the basis Íor 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 Íulfilled 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 Íormulating a DWDP.
The study, based on extensive assessments, describes the water resources
development potential ín comparison to the projected water demand, discusses the
viabili§ of different water supply options in terms of sustainability and safe§, and
provides estimates of the investment levels Ínvolved.

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 ol 20 years, according to MoWD
guidelines, starting from 1993 when operation of the first new schemes will supposedly
begin. The DWDP will be an important component of the DDP which includes the
entire socio-economical planning oÍ 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 planníng of water resources developrnent, adopted by the Ministry
facilitates full participation of the district authorities, communi§ groups and individuals
concerned in all stages oÍ the planníng 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 Appendix 1.

ln order to provide optímalconditions 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 periods of data collection and
analysis. The Íinal report includes three volumes, corresponding with the three phases
of the study. Each of these volumes is presented and discussed at a DEC-meeting.

1



The present report on the identification of water supply options and unit costs is Part
2 oÍ the DWDS. The report studies the functioning oÍ the existing water supplies in
Samburu District in the broad sense (quanti§, quality, reliabili§, cost, cost recovery,
operational staff, management), determines the water supply coverage for urban and
rural populations, inventories the cost of various water supply technologies, and
compares these costs using a cost effectiveness analysis approach. The objective of
the report is to recommend affordable water supply options for the variety of situations
encountered in Samburu 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 framework of the Water Flesources
Assessment and Planning (WRAP) project.

Consultancy services were provided by the Netherlands Economic lnstitute, Rotterdam,
The Netherlands and the lnternational lnstitute for Hydraulic and Environmental
Engineering, Delft, The Netherlands.

2



2 GENEHAL APPROACH

The District Water Development Study (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
ligure 2.1. The DWDS follows this model in analysing the various components that
finally will lead to the Íormulation of the DWDP. 

- 
Thé study includes tirree phases

focusing on different aspects oÍ the planning, namely:

. tle compatibilty of available water resources with water demand in the present
situation and for projected demand scenaríos

. the.viability oÍ 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 sustainability of selected
solutions

The results obtained jn tlg subsequent phases of the DWDS are presented in part 1,
Parl2 and Part 3 of the DWDS report. An outline of the Study is given below.

Water Demand Study (part 1)

The water demand study compris.es of analyses and projections of the water consump-
tion by allwater users in the district. The bàseline dàta àvailable from various sources
are often incomplete 

-and/or inaccurate. ThereÍore, thorough scrutiny of the data is
needed to ensure sufficient reliabili§. of further analysis. fhàOata ís píocessed using
a Database Management System that handles both the calculation oÍ the 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 

_W9!er Development-. Thè procedure compels to projections of the
water demand in 5, 1!.and 25 years time. ïhis, in turn, requiies anatysió of the growth
trends of population, livestock, agricurture, industries,'touiism, etc.

The method adopted providesÍor projections following three difÍerent scenarios: a highgrowth scenario based on optimal cónditions in ecoÉomícal development, a medium
growth scenario corresponding with national and district developmeni expectations anda lo.w growth scenario taking into account the less Íavourabl'e conditions set by the
environment.

!l ,ay be clear that the DWDS depends on the input from other sectors, such as
livestock and agriculture, to compleie the projections in the most reateiic wày.

3
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Water Hesources Assessment Study (Part 1)

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

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

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

A geophysicalreconnaissance survey using verticalelectricalor electromagnetic
soundings, aimed at providing more insight into the hydrogeologicalconditions.
The results of 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 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 Hesources (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 oÍ the water development potential to
decide whether the projected water demand can be met. This analysis oÍ water
demand versus water resources availabili§ is carried out for the smallest planning unit:
the sub-location.

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 quantity and quality of the water must be considered.

What emerges from thís process of comparing the anticipated demand with the
resources, is a description oÍ the development potentialof the District, based on water
availability.

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 Íor further development of the water supplies can be determined.

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

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 analyses, results and conclusions arrived at are presented in Part 2 of the DWDS
report. Together with Part 1 this forms the basis for the 'District Water Development
Guidelines'.

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.

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
Examples of investment packages
Recommendations on required institutional strengthening Íor 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 three parts of DWDS should provide the district
authorities with sufficíent base information for initiating further development of the water
resources in the district.
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3. METHODOLOGY

3.1 lntroduction

The objective of Part 2 is to recommend affordable and sustainable water supply
options Íor the varie§ of situations encountered in Samburu District. The study
distinguishes water supply for urban population in large and small trading centres,
water supplies for isolated rural instítutions 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 quali§ or incompleteness of the
source data. At this stage of the study WRAP considers the presented data as the
best possible estimate.

The quali§ of the DWDP depends on the data on which the Plan is based. Accurate
and realistíc planning is only possible if reliable baseline data is available. ln this
respect the assístance 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 attentíon is given by all government ministries
to the collection and dissemination of upto-date baseline data.

The descriptions of the supply technologies remain only superÍicial in the present
study, because already sufficient publications exÍst where detailed information on these
can be found. However it would be useful to have a pubtication 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 technologies in Kenya. This publication contains also
evaluations of implemented projects and gives proposals for new water supply
projects.

3.2 Analysis oÍ Water Supply Coverage

The objective of the analysis of the water supply coverage is to establish insight in the
geographical distríbution of the protected water supply.

The population served by each water supply was estimated on the basis of information
obtained from the MoWD-office in Maralal and was checked and if necessary corrected
by comparison with the population projections for 1988 by WRAP. The population
served could not actually be counted, therefore the calculated coverage can only be
considered as approximate.

Water supply can be distinguished in protected and unprotected water supply.
Protected water supply means that a safe water quali§ is ensured to the water user,
without contamination reaching the supply point.

The water supply coverage is estimated for each sub-location for domestic water use.
The estimate was made by comparing the number of urban and rural people covered
by a protected water supply and those not covered in a particular sub-location. This
information is presented on the district map using 3 categories: 0-30%, 30-60% and
60-100% coverage.
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3.3 Study oÍ Existing Water Supplies

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

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

1. A technical description of the water supplies
2. An analysis of the service level and functioning of the water supplies
3. A financial analysis of the water supplies
4. An analysis of the institutional arrangements

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

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.
Sectíon 4: 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 informatíon.
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.

lnformation on each water supply operated by private or other organisations (eg by
Diocese of Marsabit) is available at the District Water OfÍice Írom the water permit
which needs to be issued Íor each water supply. However in Samburu District no
useful information could be obtained from the few permits which were available.

A survey format was designed Íor the visits to the water supplies, whích consists of six
sheets on which information can be recorded:

Sheet
Sheet
Sheet
Sheet
Sheet
Sheet

1

2.1
2.2
2.3
3
4

General lnventory
lnspection Form for Surface Water Sources
lnspection Form for Groundwater Sources
lnspection Form for Distribution System
Operational lnventory
Financial lnventory

Examples of the sheets are included in Appendix 1. The inventory sheets were useful
and allow easy updating, whenever a supply is visited again. However the information
obtained at the site often depends on the knowledge of the people present there,
because there is usually not much written information.
An important source oÍ information on the existing supplies is the inventory of
infrastructure by the Ministry of Planning and National Development. The section on
Water Facilities contains useful basic data (see example in Appendix 2).
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3.4 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 Samburu District.

The analysis of Íeasible water supply options Íor Samburu District depends on the
conclusíons which can be drawn from the existing water supply coverage and the
functioning of the existing water supplies, taking into consideration that the selected
water supply option should give the community the highest service levelthat it ís willing
to pay for, will benefit Írom and has the institutional capaci§ to sustain.

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

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

urban areas > 2000 population
rural centres < 2000 population
rural institutions (schools, health centres, etc.)
dispersed rural population mainly living in Manyatta's
industríes and 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 for institution and possibly also for
nearby rural population

. dispersed rural population: supply to nomadic population

. industries and tourist lodges: large point supply of high required reliability. livestock: supply for varying number of animals

. wildlife: supply for free moving animals

. agriculture: supply for irrigation

the type of water sources in the district

. large areas with little rainfall and/or long dry periods

. few perennial rivers or springs

. poor groundwater potential, especially in Basement areas, resulting in low
borehole yields and sometimes unsuitable water quality.

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

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

the limited chance of effective recovery of costs of operation and maintenance
(assuming that costs of construction of supplies are covered by eg. donors)

I



The present study does not cover allwater users as yet:

. industries oÍ a significant size are not present in the district and plans for
new such industiies are not known;furthermore industries are expected
to be supplied through existing urban water supplies (eg, at Maralal),
therefore no separate industrial water supplies are planned for.

. tourist lodges usually organisetheirwater supply independently, therefore
these are not included.

. wildlife uses natural water resources, which are abundant in the higher
elevated parts of the district, but also uses manmade dams and pans.
Such Íacilities may not always be reached, because fences are
recommended. ThereÍore separate water points for wildlife may be

considered,.if such demand exists.

. irrigated agriculture is currently practised on a very small scale at South
Hoir and Àmaiya. Plans for additional irrigation in the District are not
known and also do not seem feasible on the short term, therefore water
supply for irrigation has not been included.

Note: Sinee the design covers a period of 20 years, industrial and irrigation activities
may spring up; hence both activities need consideration in the long term.

3.5 Cost of Water SuPPIY

The objective of the cost studY is:

- to províde 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 m3 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 contracÍts, quotations, design reports,
project documents, annual project reports, etc.

- Thd collection of data on design capacities and number of beneÍiciaries
- The determination of cost pér neàO of population or per m3 supplied for

completed water supply systems

The collected costs were updated to the 1988 price level by using price index figures
obtained from the Central Bureau oÍ 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 6.2tor each technology.
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The type of water supplies for which costs were obtained are:

1. Domestic water supply:

a) ConventionalsurÍacewatersupply (intake, treatment, storage, distribution)b) Conventionalgroundwatersupply(wellsorboreholes,treaiment,storage,
distribution)

c) Gravis spring captatíon systems
d) Drilled and dug wells with electrícal or diesel pumps, hand pumps,

windmills and solar pumps
e) Rainwater harvesting systems: rock catchments, roof catchmentsf) Sub-surface dams and sand dams.

Lívestock water supply:

a) Dams
b) Pans

The system components for which costs were obtained are:

1. Water treatment plants (type, capaci§)2. Pipelines (for various diameters)
3. Reservoirs (elevated, ground level)
4. Spring captations
5. Drilled and dug wells
6. Hand pumps, windmills, solar pumps

The cost study comprises a cost effectiveness analysis in which the different costs and
benefit patterns are compared using the techniqué of discounting. This reÍers to the
process oí transferring future values into present values. The óbjective of the cost
effectíveness a.nalysis is to compare the economics of the different sópply technologies
to determine the lowest cost technology. Only direct costs are taken into acco-unt,
which are incurred ín establishing, operating and maintaining the water supply.
Derived costs, such as costs of land degradàtion due to a wÉter supply, ard'nót
considered. On the benefit side only the water produced is included. Benefits such
as ímproved health oÍ the population are not coàsidered.
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4 STUDY OF EXISTING WATER SUPPLY

4.1 Water Supply Coverage

4.1.1 Protected Water Supply Coverage

The availability of protected water supply for domestic purposes is restricted mainly to
the towns, the trading centres and the dispersed rural population on the fringes of
these settlements. The 31 existing supplies are mostly located ín a narrow band on
either side oí the C77178/79 primary roads. The population outside the reach of the
settlements relies for its' drinking water supply on unprotected sources such as dams,
pans, springs and wells dug in the dry river beds.

On estimate, the overallcoverage by protected water supply (including supplies under
construction) ís 30%, with urban coverage al 640/o, and rural coverage al 15"/o.
However, these percentages should be considered as approximate, because the
population served was not actually counted (paragraph 3.2).

Table 4.1 Estimated Protected Water Supply
Coverage (1988)

SanÈuru District Urban
(4 toHns) 1)

Rura t Tote I

TotaI poprtation
Served Popr.ltation
Service Coverage (Z)

28,710
18,250

61

69
10

580
7&

15

98,?90
?9,016

30

Iote 1) Urban centres are settleínents rith more than 2000 inhabitants.
ln SarÈuru these are llarata[ (18,000), UanËa (5,095), Baragoi
(3,365) ard Sukuta llarmar (2,250,

2) The l{arataI supply atone covers 10,000 pop+rtation (estimëte)

Water supply coverage was investigated on sub-location basis and found to be very
unevenly distributed. Protected water supply coverage is 0% in 41 sub-locations, 0 -
30% in 5 sub-locations,30-60% in 11 sub-locations, and in excess of 60% in 12 sub-
locations only.

Table 4.2 Estimated Protected Water Supply Coverage
in 69 Sub-locations (1988)

SanÈuru District

Sub- [ocations

X oí Pop.
Covered

Tota t
ilumber

]lurber rith xater supply coverage

az 0-30x 30-602 60- 1 002

Baragoi Division
Lorroki Division
9arÈa Division

20
29
20

11
15
12

I
3
1

3
5
3

2
6
4

21
36
27

District 69 41 5 t1 12 30
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The supply coverage does not indicate the service level of the supply. As described
in paragraph 4.2.2, average water production per beneficiary is sometimes low (in
urban areas of Wamba, Baragoi and Sukuta Marmar only 7 lpcd). The supply
coverage thereíore only indicates the number of beneficiaries using a protected water
supply, but it does not indicate the level of supply they receive.

The area covered by protected water supply amounts to about 250 km2, i.e only 1.2o/o
of the total area of the district. This low figure indicates that especially the rural
population has to walk long distances, if they want to use a protected water supply.

The above data are shown also in plate 1. The shadings in plate 1 should not be
misinterpreted to show areal coverage oÍ water supply. ln fact, within the shaded
areas, existing supplies only cover a smaÍl area.

4.1.2 Unprotected Water Supply Coverage

About 99% of Samburu District area has no protected water supplies. This implies that
the majority of the people (about 70ïo) and almost the entire livestock rely on
unprotected sources for theÍr water supply. From table 4.1 above, it can be seen that
360/ooí the urban population and about 85"ÀoÍ the ruralpopulation rely on unprotected
water sources. These unprotected sources are very widely distributed in the district.
It can be expected that pollution in these sources is quite high (especially for
dams/pans) as animals drink directly from them.

The Range Management Handbook (MoLD, in preparation) describes the water supply
coverage for livestock in terms oÍ maximum walking distance from the watering point
to the grazing area (Bake, 1989). ln easily accessible terrain this distance is 10 km to
sometimes 15 km. According this approach the livestock water supply coverage from
permanent water sources (perennial springs, streams lakes and boreholes) is about
35% of Samburu District. And the livestock water supply coverage from temporary
sources (also including dams, pans, water holes and dug wells) is about 75o/o ot
Samburu District (Plate 2)

4.2 Assessment oÍ Protected Water Supply

The assessment oÍ protected water supplies 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 Íindings are summarised in
tables 4.11 and 4.12. Detailed assessments per scheme are enclosed in Appendix 3.

4.2.1 Technical Description

All protected water supply systems in Samburu are piped systems, drawing water from
boreholes, dams, springs and rivers. Most of the schemes are pumped schemes, and
only in a Íew cases the water is being treated. The developed capaci§ of the schemes
may be estimated at 126 ms/hr, i.e 17oA of the calculated 1988 total water demand (if
assuming a 12-hour supply period).

14



Table 4.3 Summary Technical Description oÍ Protected Water Supply

Source Totat
No. of Schemes

No. of Schenres No. of Schernes
Deve I oped

capacity (# /h),)Grav i ty eurpeO I ) ui th
T reatment

lJi thout
T reatÍnent

Boreho I e
Dam

Spr i ngs
R i vers

14
1
6
7

;
1
4

1 I
3
2
3

(3
(-
(-
(1

1

?
I
I

2)

r)

13

?
5

6

31
54
18
20

31 9 22 «, 5 26 1?6

Lotes: 1 ) Figures betxeen brackets shoH no. of schenres rhere energy is other than fossit fuet,
e.g. pater (1 no), rird (2 (no), solar energy (1 no).

2t Treattnent consists of chlorination onty

3) The devetoped capacity ras estimated for the suppties xithout data

4.2.2 Service Level

Drinking water is supplied through communal water points, kiosks, and house
connections (metered or un-metered). The number and §pe of service connections
is known Íor 23 supplies, however, the number of beneficiaries per unit can be only
estimated. lt would seem that of all beneficiaries roughly one third receives water
through communal connections, and twothird through house connectíons. The large
number of inhabitants assumed to be supplied from one house connection may be
understood from the fact that in most cases these connections are serving not only one
family but rather a group of houses.

Table 4.4 Estimated Service Level (1988)

Type of Service Connection

IotaI
Cormrnat I rËividua L

ConrrunaI
L,ater Point Kiosk

Netered
Connect i on

Non- lletered
Connect i on

No. of Connections

Benef i c i ar i es/Connect.
Totat No. Beneficiaries
Percent age

36 't2

225
1 0,800

37

531 199

1 8
?5

250
63

778

?9,016
100

Water production is on record Íor 4 urban schemes and Íor 7 rural schemes. The
average water production per beneficiary is 31 lpcd. For Maralalthis figure is 52 lpcd,
for the other urban systems 7 lpcd, and for the rural schemes 31 lpcd. The figures for
the 3 urban areas are particularly low. This may be due to an overestimation of the
number of beneficiaries, poor working condition of the system, or more likely to the
inadequacy of the water distribution system.
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Produc t ion
0? lvrt

llo. of
Beneficiaries

l,later Production per
Beneficíary ( tpcd)

Average
Range

|li nim,rn |lax i mun

Urban Schernes - l,laralal
- 3 Others

7 RuraI Scheínes

190.000
21 ,311

69,960

10,000
8,500

6,?80

52
7

31

n.a
4

15

n.a
8

80

A [ [ Schenres 281,301 24,780 31 I 80

Table 4.5 Estimated Supply Levet (1988)

Iote: 1) Archerts Post atso supplies i,àter to lsiolo District, rhich is incltrded in the above
f i gures

2t Loijok !,ater suppty is included, although it is out oí order.

4.2.3 Functioning oÍ the Systems

OÍ 31 schemes, 10 are reportedly in good working condition, 8 in fair working
condition, another 6 are in poor condition, whilst 3 are under construction and Z aré
out of order. On 2 schemes no pedormance is available. The 4 urban systems are in
poor to good condition.

The reliability of the schemes, expressed in the number of days without water varies
widely. For the 16 schemes with available data the average number of days without
water is 73 (20%). For the 4 urban schemes alone this average is 38 (1O%o). Four of
the ruralschemes (allpumped) are permanently or semi-permanently in disorder. This
is due to mechanical failures, fuel shortage, and poor design (damage by flooding).
The other 10 rural schemes are on average 56 days without water.

Table 4.6 Reliability oÍ the Water Suppty Systems

llo of
Schenps

No. of Days/yr ríthout rater

Average
Range

il i nim.rn Haxim.rn

Urban Schernes
Rura I Schems
RuraI Schemes

4
10
2

38
56

?25

5
0

100

60
120
270

Iota t í6 73 0 270

There are no reports on the bacteriological quality of water being distributed. The
effectiveness of the schemes in terms of providing protecled water supply quality can
therefore not be established. Quality may certainly be doubted for the O'riíei schómes
and the one dam scheme that have no treatment at all.
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4.2.4 Financial Performance

Financial records are available for some schemes only and even then often incomplete.
The following analysis thereÍore must be considered as tentative. The financial records
include operation costs, and revenue billed and collected. Costs of maintenance and
repairs could not be obtained.

Revenue billed in urban systems covers 70"/o oÍ operation costs; ín rural areas this is
only aboul 12o/". Revenue collected amounts to about 75o/o of revenue billed.
Consequently, in urban schemes 54o/o oí operation cost are recovered, whilst in rural
schemes this is onty 9%. The cost of maintenance is not recovered at all.

Table 4.7 Cost Becovery in Existing Water Supplies

No. of
Schernes
xi th
Data

Annua t
0perat.
Cost
(Shs)

Annuat Revenue (Shs)
Ratio of Revenue
Col Iected to
Operation Costs

Bi t Led CoI tected

Urban Schemes
RuraI Schemes

I
12

571,300
114,100

395,591
50,4ó0

308,300
37,713

0
0

54
09

The operation cost per beneficiary and per m3 are around 30 to 50 Shs per beneficiary
per year, and between 2.5 and 4 Shs per mg. The operation costs appear to be low,
which may be caused by low salary costs and low overhead costs (due to understaff-
íng). Apparently not enough money is spent on operation and also not on main-
tenance, which may explaín the poor condition of the MoWD water supplies.

Table 4.8 Unit Cost oÍ Operation

No. of
Schemes
ui th
Data

Operation Costs (Shs) Annua I
0p€rat
Costs
(Shs)

NurÈer of
Beneficiaries

Product i on

«l /yr)
pu. nl

produced
per year ard
beneficiary

Urban Schenes
Rurat Schernes

4
12
7r)

2.70
n.a

3.76

31
52
43

571 ,300
414,1 oo
263,400

18,500
E,191
ó,280

?11,341
n.a

69,960

Iote: 1) The group of 7 rurat schemes is part of the 13 schernes in the same table.

4.2.5 lnstitutional Aspects

Fourteen of the 31 schemes are owned and operated by the MoWD, 10 are owned and
operated by other minístries or by institutions, whilst 7 schemes are either partially or
wholly operated by the users. The schemes operated by the MoWD serve 82o/o oÍ all
beneficiaries or if including also MoWD/Self Help supplies, 87o/o of all beneficiaries.
Outside the 4 urban areas the MoWD serves an estimaled 49/" ànd 640/o respectively
of the rural population.
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Table 4.9 Agencies Operating the Existing Water Suppties

orner/Operator llo of
Schernes

Beneficíaries

IuÈer /oÍ
tota t

HoL,D - Urban- Rura[

Other llinistries
I nst i tut i ons
Pr i vate
llinistries/SH
Setf Hetp

5
9

3
7
1

5
1

18,500
5,200

1
I

t

,01 Í
.gg0

150
,675
500

61
18

3
7
t
6
2

31 ?9.016 100

The sixteen schemes operated by MoWD employ a total of about 27 personnel on
síte. Supervision and supplies are provided by MoWD divísionaland disfict staff. Five
rural schemes do not have employed operators; the other 11 rural schemes employ
a rather high number of operators, the average being 1.4 operator per scheme oi q.q
operators per 1000 beneficiaries.

Table 4.10 Staffing oÍ MoWD Operated Water Suppties

Type of Schenre
lluóer of

Beneficiaries
lluóer of
Site StaÍf

NurÈer of Site Staíf

per schem per 1000
Beneficiaries

Urban - lilaratat
- 3 other

Urban Schemes

10,000
8,500 +

1E,500

5
6+

11

5

2

2.8

0.5
0-7

0.6

Rurat - 5 Schenresr)
-11 Other

RuraI Schemes

2,500
3,610 +

6,110

0
16+

16

0
1.1

1.0

0
4.1

?.6

A[ I Schemes 24,610 27 1.4 1.1

rote: 1) 0f these 5 schernes, 4 are borehote schems rith sotar (l no) or diesel
driven (3 no) prpsets, I is a gravity schene taking rater from a stream

lf comparing this with the staff requíred as prescribed by the MoWD Design Manual,
then it can be concluded that the water supplíes in Sàmburu District aie strongly
understaffed.
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4.3 Assessment oÍ Unprotected Water Supply

The assessment of the unprotected water supply is described here in general, mainly
covering the functioning of this §pe of supply.

4.3.1 Technical Description

The unprotected water supplies are mainly rivers, dams, pans and wells dug in the dry
river beds (laggas). These open water sources are generally satisfactory in their
chemical status, but have high turbidi§ and organic matter. Chemical data of some
of the sources are summarized in Part 1.

The size oÍ dams and pans varies considerably in Samburu District (a list with the sizes
and condition of the dams and pans is included in Paft 1). The ones built before 1980
are all badly silted or even destroyed. A number of dams were rehabilitated after 1980
by DCUS and also new ones were constructed. Already some of these are badly silted.
No proper measures have been taken to reduce the rate of siltation. Only in Wamba
Division attempts with soil conservation have been started at a small scale by the Food
Security Program (ASAL).

4.3.2 Service Level

ln general the service level from the unprotected sources is quite low, as they are
widely spaced apart and as people and animals are forced to take water directly from
the source. Over 4000 kmz or 25o/o oÍ the district is not within 10 km reach of these
temporary sources. Dams and pans generally contain water during part of the year
only. Data on the length of these periods is unfortunately not available.

4.3.3 Functioning and lnstitutional Aspects oÍ the Unprotected Supply

The dug wells in the laggas are normally dug after each rain season. The wells are
generally open without any lining, therefore the depth is restricted. The wells have to
be abandoned, if groundwater levels in the lagga sandy sediments drop too deep.

The dams ancl pans are usually not fenced and animals and people take water directly.
The poor condition of many of the dams can be explained from this. Supervision of the
structures is almost non-existent and regular maintenance, eg. by desilting, is not
carried out.

No revenues are collected from any of the unprotected water sources.
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5 WATER SUPPLY DEVELOPMENT TECHNOLOGIES

5.1 Need Íor Improved Vt'ater Supply

The domestic water supply coverage from protected sources is low in Samburu District.
The coverage is 64%in urban areas and onty 15% in rÉral areas.

The supply level in the urban areas of Wamba, Baragoi and Sukuta Marmar is on
average only 7 lpcd. Therefore both rehabilitation and extension of the existing
systems is needed to improve the coverage and service in the urban areas.

The rural areas require many new systems if coverage is to be substantially increased.
These new systems are required to suppty more rural settlernents, and also to supply
the dispersed rural population, that now depends on unprotected facilities shared with
livestock. ln addition, systems are required for the supply of isolated institutions in rural
areas (such as schools, clinics, etc., Appendix 2, Part 1).

Table 5.1 Need Íor Extension oÍ Domestic Water Supply Coverage

llo. of
Schernes

Popitatíon (1988)

sppt ied
,)

Extension of
SrppLy I )

lleH
Sr.ppl, ies

Tota I

Urban Systeís I )
RuraI Systecs

5

26
18,250
10,7&

14

6
850
500 17,924

33,100
ó5,190

Tota t rl 29.016 21,350 47,924 98 290

Iotes: Í) Figures for urban s)rsteís include rurat pog.rtation on frirrges of toun
Z» Rehabititation of stplies is needed to irprove service tevet
3) Poprlation covered by extension of dqnestíc stppty is a ror.rgh estinrate.

Table 5.2 Need Íor New Water Systems
Íor Institutions in Rural Areas (1988)

t{o. of
lnstitution

)to. oÍ
Peopt e

Purat lrstitutiqrs:
- Schoots
- Ctinics

55
I

7,279
n,8

The existing facilities for livestock watering cover the larger parl (75o/o) of the Samburu
atea, if assuming a supply area with a radius of 10 km around each facility. The
capacity of these existing facilities in numbers of livestock units (L.U) covered, is not
known. ln developing new livestock watering facilities, extreme caution must be
exercised so as to develop water supply capacity only to the extent compatible with the
availability of fodder.

Studies carried out in preparation of the Bange Management Handbook (MoLD, in
preparation) indicate that only 12o/o oÍ the rangeland in the District is currently in good
condition. The rest of the rangeland is either indicated as fair 65% or poor 23o/o. The
studies do not provide the districts capacity for livestock in L.U. and it is therefore
impossible to indicate at this stage how many additionalfacitities would be required Íor
improved livestock watering.
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5.2 Samburu Context

5.2.1 Settlements

Three types of setttements may be distinguished in Samburu, namely towns, rural
centres-ànd rural, single family compounds (manyattas). From population figures..it
would appear that a6out ilVo oÍ the population lives in the rural, single family
compounds, §A in towns and7",S in or near rural centres.

The towns have a central area with a number of streets lined with permanent or semi-
permanent buildings, generally with galvanized steel roofs. On the periphery, in a much
iesser dense setting, iamily Compounds are situated. These compounds are of the

§pical Samburu typè with 4 to I huts grouped in a yard that is surrounded by a circular
thbrn hedge. fné'nuts have wattle and mud walls and roofs; in a fairly.large. number
of compounds one or two huts are of different design with a galvanized steel roof.

The trading centres consist oÍ one street, sometimes two. Whilst some buildings are
permanent (a police station, a school, a mission pos|,. most houses are semi-
permanent; ioofs are of galvanized steel sheeting. Uke in the case oÍ towns, the
centres are surrounded by single Íamily compounds. These compounds generally

outnumber the (semi) pelmanent houses found in the centre; unlike in the urban
periphery, the hirts are nearly all wattle and mud structures, sometimes roofs are
thatched.

Outside the towns and trading centres, one finds only family compounds. Generally
these compounds have about4-8 huts, though occasionally larger compounds, of up
to 40 hutd may be seen. Huts are exclusively wattle and mud structures. The
occupied compounds are scattered over the country side, and it is rather unusual to
see iompounds less than 500 m apart. ln most areas, except in Lorroki division, the
number öf abandoned compounds is much larger than the occupied ones. This is
evidence of the non-sedentary, livestock oriented liÍe of most of the Samburu people.
The compounds are generally situated on gently sloping ground, near a road, a dry
river bed, or at the foot oÍ a hill.

Table 5.3 Type oÍ Settlements and Housing (1988)

Type of SettteíÉnt )lwÈer
Average

Poprlation 1)
Poput at i on

Distrih.rtion

Iype of Housing 2)

Permanent
Semi -

permanent
llon'

Peflnanent

Torn - l{aratat
- Others

RuraI Centres

Fami ly Cotrpomds

1

3

17

1600

18
3

000
500

500

25-rO

tEx
112

7Z

&z

+ ++
++

+

+
+

++

District n.a n.a 1002 + ++

Iot6: 1)
?,

Inctr.rdinS poputation in the irnrediate PeriPhery
Perfianent: stone or brick ratts, gntvanized steet roof;
semi-permanent: ratts: potes rith rdlcelpnt Ptastering, gatvanized steel roof;
rtn-pennanent; nÉ ard rattle ratts ard roof
shorn to be (-) absent or nearly absent, (+) prèsent rs a sràstantial percentage of tota[,
(++) predominant.
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5.2.2 lnfrastructure

lnfrastructure in the districl is poorly developed. The total length of classified roads is
only 336.8 km, i.e 1.6 km per 100 km2 of area. Electricity is available only in Maralal
and Sukuta Marmar.

The majori§ of facilities in the District are located within 10 km distance frorn the main
roads. This is probably related to the inaccessibili§ of many areas for trucks and other
vehicles. Dams, pans and boreholes are also near these roads, generally because in
most cases the thick bush in association with steeply undulating terrain hinder the
access for building maehines or drilling rigs.

5.2.3 Organization and Attitude

The Samburu people had a very unique form of organisation before independence.
They had no chieÍs and all power was contained in the institution of elders. Normally
they used to settld conflicts through extensive discussions. Every man would be given
a chance to air his views untilan aceeptable solution would be reached. They believed
so much in the power of the curse and this was especially used to control the
behaviour of the Morans. A curse it was believed would never fail.

The Samburu people appear to have rejected development plans and programmes
because they feel that such changes appear to them as a move to the unknown and
hazardous destination. This they claim has no basis whatsoever in their culture. A case
in point is their attitude towards formal education. They argue that formal education
does not adequately cover the Samburu cultural background. Evidence oÍ their poor
attitude towards education is shown by the very low school enrolment and especíally
in secondary schools. Between 1983 and 1987 secondary schoolenroÍment increased
by only 4o/o. ln general the Samburu people feel that they should be allowed to
participate in planning and decision making. Assuming the above statements to be
true, then it is the form rather than the content of development which has proved
unacceptable to the people.

ln the past, the Samburu ideology of work emphasised on individualism. There was
yery Poor attitude towards harambee (self-help) projects. However recent changes
from fietd data show contributions to harambee projects as being considerable. Caóes
of close co-operation have also been noted in the digging of water-holes which
sometimes involves several households.

Recently committees have been formed by the rural Samburu whích organise some of
the activities of the communi§. An example is the grazing of animals, fbr which areas
are indicated each season outside which grazing is not allowed. These committees may
play an impoftant role in the implementatÍon of the future development plans for thó
District.

Pastoralism is regarded as a noble profession amongst the Samburu people. ln fact
livestock related activities account for about 57"/o of employment. Agriculture is not so
highly regarded and in fact it is considered as an occupation of the poor. Currently it
accounts for about 4o/o of the employment. Self-employment in small-scale ahd
informal business accounts for about 7.3o/o of the employment and this is expected to
rise by about 11.6o/o annually for the next five (5) years. tt must however be
emptasized here that employrnent as a source of income is still very insignificant for
the Samburu people. Only a handful of people go out to look for employmént in urban
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1

areas or leave the district seeking jobs. Nevertheless there are quite a number of
Samburu men enlisted in the armed forces.

The average earnings for people working in the major towns (Maralal, Wamba and
Baragoi) for the year 1988 were Shs. 822 per capita per month. Earnings in the rural
areas can thereÍore be expected to be quite low.

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 Samburu situation, as described in the previous
paragraphs.

For increased coverage of protec-ted drinking water supply it is felt that a Íirst distinction
should be made where it concerns urban areas (>2000 population), rural viltage §pe
settlements (<2000 population, €.g.trading centres), rural institutions, and dispersed
rural population:

Major considerations in developing water supply are the Íollowing:

Poorly developed physical infrastruciure, resutting in poor accessibili§ and
serviceability 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 density of the rural
population.

Limited chances of effective cost recovery

The above considerations can be interpreted for the various supply areas as shown in
the table below:

Table 5.4 Considerations íor Technology Choice

Type of Suppty Area
Characteristic Associated rith Choice of ïechnotogy

Approximate
Poprtation
per Srypty
unit (1988)

Accessibitity Locat
l{a i ntenarre

Capac i ty

Cost
Recovery
Potent i a I

llaratal
Other Urban Areas
Rural Centres
Rurat lnstitutions
Dispersed pop.ltation

18,000
3,500

500
<500
<t00

good
good
fair to poor
fair to poor
poor

good
fair
fair to poor
Íair to poor
Poor

fai r
fai r
Ior
Íair
tor

ln view of the above characteristics the technologies to be selected should, certainly
outside the urban centres be confined to low cost technologies with minimum main-
tenance requirements.
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F.t ploposed development of the water resour@s was determined according the
foltowing assumptions:

1. The development of groundwater (and springs) is preferred to the development
oÍ surfacewater for reasons of water quali§ and of supply reliabilis during
drought situations. The increase of the domestic demand until 2003 is thereforé
expected to be supplied from groundwater resources.

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.

3. Urban domestic demand is supplied from springs (e.g Wamba, Archer's Post,
Sukuta Marmar, South Horr, Tuum), surface water (Maralal) or groundwater (e.g
Barag.oi, almost aÍl other small centres). Water supply is required in greàtei
quantities than Íor rural domestic supplies, therefore surface water is àso an
option. Treatment is required for surface water sources.

5.4 Technology Choice

The sources for water supply development in Samburu have been recommended in
Part 1.

Table 5.5 Proposed Source Developrnent Íor 2003 Demand (scenario 2)

Dsnestic Sr.ppty llm-Dqnestic Srppty

6r. Rr,/Sr{ sp GH Rx,/Sr Sp
|lo.
Res

ilo.
Dev

BaraEoi Divisim

- ouant i ty (,f /d)
- Ir. of sub-tocations

Lorroki Divisiqr

- ouantity (#/d)
- Ir. of sró-locations

lJ*e Divisiqr

- ouantíty (rlld)
- l{r. oí sub-tocations
9aso Divisist

- ouantity (nfld)
- llr. of sub-tocations

917
18

3,575
n

7?Z
't2

138
8

87
2

1,349
9

0
0

0
0

Í8
?

70
z

70
3

107
1

158
1t

?14
1?

52
3

68
5

1?2
7

r81
9

21
t

52
3

0
0

0
0

0
0

0
0

21
2

531
17

0
0

67
4

7

12

9

I

Total ouantitt <r? fil 5,351 1,1% 265 49? 376 0 ó19

1) Gx = GroundHater, Rr = Rainrater. Sx = Surface gater, Sp = Spring,
llo Dev. = Io devetoFnent dJe to rangetand coíditioí1,
llat. nes= llaturat Resources (no devetotrnent required)

2) Totat nuÈer of stó-tocatims nay be bigger than the totat in the Division, because some sub-
locations have mre than one Íater aource

Division: 20
Division: 29
ivision: 12
vision: I

Baragoi
Lorroki
uaÍÍöa D

9aso Di

Iote:

Totat stó- [ocations:
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4 Rural non-domestic demand is supplied from springs, surface water or ground-
water. lf possible surfacewater and groundwater are used in combination on a
50-50% basis. ln some areas sources are naturally available from rivers,
streams, springs, lakes or depressions. These will supply part of the water
demand, for which therefore no development is required. The methodology fOr
the determination of the non-domestic (livestock) water supply development is
described in detail in Appendix I and the results for eacfi sub-location is
presented in Table A8.4.

Urban non-domestic demand is not catered for, separately. Uvestock demand
in urban areas is assumed to use sources allocated to the non-domestic
demand in nearby rural areas. lndustrial demand only exists at Maralal, which
supply was inciuded with the domestic demanó.The technical options
recommended for the provision of water supply based on the above
consideration are shown in table 5.6 and 5.7 lor the various supply categories:

Table 5.6 Suitability oÍ Technologies Íor Domestic Water Supply

Dsnestic Uater Sr.ppty DevetotrEnt Options Suitability r )
for

Si+pty Category r)
Source Develotrnent 9ater Sqppty Develotrnent

Source Techno I ogy lJater
DistrihJtion Technotogy 1 2 l 1

Groud-
rater

Dritled/Dug
ueL l.

Sing
out I

te
et 3)

Hut t ipl e
out Iet

Hard pup
YindíritI t Storage
tlotor Frrp (fossit fuet) +
Storage

uirÉnitt + storage +
Distrihr.rtion System

Iotor p{rrp + Storage +
Distríbution Systeín #

**
+

++
++

+

+

Spring
Protec t i on

Sing
ont t

Ie
et

lluttipte
out I et

Storage

Storage + Distributim
Systeír .H

++ ++

Rain
xater

Roof Catch-
rnents

Sing
out I

Ie
et

Gutters + Storage + * ++

Rock Catch-
ltEnts

Sing
out t

le
et

tluttipte
out t et

Storage

Storage + gravity distrib.

* + +

Surface
rrater

Sró-surf ace
dam + dug
rel Is

SEE ÀBOVE FOR DRILLED,/DUG IJELL

D
I

i rect
ntake

lluttipte
ort Iet

l{otorized pnps,
treat[Ent, storage,
distributim +

5

Iote: I )

z,

Suitabitity:
Sr4pty categoryi

(-) not suitabte, (+) suitabte, (++) yery suitabte

í. Urban Centre
2. Rurat Centre
3. RuraI institution
4. Dispersed Rural Popr.rtatim

3) Singte outlet n8y be a connrnat rater point/kiosk, or a singte lirÉ rith some CllPrsor kiosks
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Table 5.7 Suitability ot Technologies Íor Uvestock Water Supply

L ivestock uatèr Sr+pty Devet ofrent

Sou.ce Develogrent
tíater Srppty Devetogrcnt Sui tabi t ity

Source Iechnotogy

Grot ndrater Dus/Dritted rett Hard p-rp
9irdritt + storage + trqrgh
l{otortrrp + storage + trotgh

+
++

Reinrater Deepening
Depressions

Dar ConstrEtion Fencing + tro(Ehs

++

+

For rural a!'eas, provided suitable precautions are taken to avoid source contamination,
one source could provide Íor domestic supplythrough a @mmunalwater point and for
livestock watering through troughs. Joint source development may be very cost-
effective.

Summarizing the above, the technologies to be considered for the various types of
users would be as shown below:

Table 5.8 Recommended Technologies Íor Various Types oÍ Users

Suppty Area Source Devetotrnent llater Sr.ppty oevelofrnent 1)
Feas i -
bitity 2)

Urban Areas Dr,rglDri t ted ret ts
Spring protection
Surface llater lntake
Roof Catchment

llotorired Frt), Stor8ge, Distr
storage, distrih*ion
Treatmnt, storage, distrib.
Gutters, storage (indíviduat )

*
+
+
+

RuraI Centles Dug/Dritted lJett 3)
Dug/ori tted Uett
Sr.rb-surface Dam

Spring Protection
Roof Catchnent
Rock Catchment

Uindni tt, storsge
Hard pups
DW uett + Hard pup
Storage
Gutters, storage (irdividuat)
Storage

*
.H
*
+
+
+

Rura I
Institution

Dug/Dril,ted retts 3)
Dug/Dritted rett 3)
Srlr-surfaee Dam

Sprirg protection
Roof CatchÍrÉnt
Rock Catchnent

Hard Ènps (smatt $its)
lrírdnitt + storage (targe units)
Du6 tleLt + HarË Èrp
Storage
Gutters, storage 1 individuat )
Storage

.l'+

.É
*
+
+
+

D i spersed
Rura t
PoËrt at i on

Sprirrg protection
Rock CatchÍnent
Dug/Dri L [ed l,et t 3)
Stö-surface Dam

Storage
Storage
Hand prlp
Dq tlett + HarË Fry

++
+
+
+

Rura I
L ivestock

Deepening Depressims
Dr.rglori t ted ret I 4)
Dar constructim 4)

Lindnitt, storage, trough
Fencing, trangh

*
*
+

Devetopnent shonn in decreasing order of suitabitity Íor each tlpe of supply area
Feasibitity r.ith regards to avaitabitity of rater resources
Dr.rg rcll,s in acpifer, or in storage provide § stó-surface dam
llay be used atso for suppty of rurat pop.rlation, provided adequate measures are taken

t)
2»
3)
4'
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6. COST OF WATER SUPPLY

The objective of the cost study is to provide estimates of capital (construction) costs
and.operation and maintenance costs Íor each water. supply technology which is
feasible in Samburu District. Both costs are used for a cost effectiveness àóa[sis and
Íor the determination of unit costs per ms produced and per beneficiary

lnformation on costs was obtained from the Ministry oÍ Water Development, from
ttQOlg_ryorking inside the MoWD (Norad, SIDA), from other water projects (LBDA,
KEFINCO, etc.) and from various pr.rblications. The costs were ana$zèd and were
adapted to enable comparison. lf necessary, costs were eonverted io lgBB - price
levels.

6.1 Description and Cost Estimates oÍ Water Suppty Technologies

The description oÍ the technologies is included as background information to the cost
estimates. The description is fairly general and designs are not given. More detailed
descriptions can be found in other publications, e.g. in McPhersón et al (1984).

Ïhe estimates of construction costs given here were considered to contain the
following items:

- costs of materials
- costs of skilled and unskilted labour- costs of transport
- costs of depreciation of construction equiprnent

At this sl?ge of planning, cost estimates need only be indicative, as the objective is only
to provide a rough estimate of the cost of water development. Cost 

'estimates 
oó

gglplete supplies or components of complete supplies were collected from many
different sources. The sources of information are summarized in Appendix 4 in tabiéí
which include:

- the total project cost or the cost of one water supply component- population served
- costs per capita

It is otten difficult to compare directly the costs from different sources Íor a simitar water
lyPpJy or water supply component, because these costs are usually not compatible.
This is due to several factors, most important:

differences in designs:. apart from differences in the structural designs, atso
different makes of handpumps, motorpumps, etc. are being used. Sàmetimes
materials are imported by the project (duty free).
level of community.participation: the local community is normatty involved in the
construction, but-their required contribution, in ter:ms of matérials, labour or
transport may ditfer. The costs of this contribution is usually not specified.
allocation method of labour costs: labour provided by ine community is
sometimes paid for, but often provided Íree oÍ charge. Thé free labour however
should also be included as costs, because it must 5e treated as if it is a financial
contribution by the community.
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allocation method of overhead costs: overhead costs differ greatly Írom 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.

Further complication of the unit costs analysis is caused, because of differences
between the designs adopted Íor Samburu Distrist and the designs used in other parts
of Kenya. The DWDS has tried to overcome these complications, by determining the
§pical properties and components of the water supply technologies specific Íor
Samburu District, and to obtain separate cost estimates for these components.

The construction costs of each component was analysed and finally cost estimates
were determined of the complete water supply options, which are applicable to the
conditions in Samburu District (Appendix 5). The costs are summarized in table 6.1.

The capítal costs do not include overhead costs, such as depreciation of vehicles,
costs of office statf or expatriate staff. The costs include costs of preliminaries (15%)
and of contingencies (10%), which is according to the MoWD Design Manual Íor the
preliminary design stage. For easiness both percentages were combined to 25o/o

contingencies.

Table 6.í Production Capacity and Capital Cost oÍ Water Supply Development

Source
Deve I otrrent

Sqrpty Devetopnent Prod.rction
(# /aay)

capitat cost
(shs)

costtÍ? lday
(Shs)

Borehote Purp, storage, chtorination,
di stribut ion,

9indni t[, storage, smaIt
distribution

Handpup

soltoo I )

35

10

1,137,1001
1 ,ó25,000

1,425,000

375,000

?8
16

750t
250

40.700

37,500

Dug xel I gindni t[, storage, smatI
distrih.rtion

Hard punp

40

10

'1,175,000

112,500

29,100

I 1 ,250

Surface|rater
Intake

lJeir, treatrent, storage,
distrihltion

[,reir, storage, chtorination,
smatt distrih.rtion

200

70

6.250, ooo

1,150,000

31 ,250

16,500

Spr i ng
Protect ion

Storage, chlorination,
distrihltion

Storage, smat I distrihrtion

Storage, cHp, trough

Storage, one outtet

200

70

35

10

4,800,000

I ,zgt ,250

?,3,750

25,000

24, 000

18,300

8,400

2,500

Dam or Pan 2,500 rl
5,OOO rl

10,000 Íl
25,000 d
50,ooo d

(50) ')(50) r)
(50) t )
40
40

156,250
312,500
ó25,000

1,562,500
3, l25,o0o

(3,100)
(6,250»

( 12,500)
39,000
78,000

Iotes: 1) Production Basemnt Rock: 50 mllOay
Volcanic Rock: 100 n"/&y

2) Contains arË sr.ppties later part of the year onty
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The typical properties and components oÍthe water supply options for Samburu 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-tfe average properties of the water sources in Samburu District (see also
chapter 6 of Part 1).

6.1.1 Source Development

Springs: Spring sources may be tapped with drains placed in a gravel pack and
discharging iltq a storage chamber (spring box). The supply may consist oÍ a single
outlet and a drainage channel (design KEFINCO) or of a pipeline with commund waler
supply points, storage tanks and cattle troughs. This has proved to be a workable
supply system- in many parts of Kenya, although difficulties are experienced with
maintenance oÍ pipeline and water points. Proper protection of the caichment area is
very important and surface water should be diverted away from the intake.

Artesian springs are preferred more than gravi§ spríngs due to less fluctuation in water
quantity and better bacleriological quali§, but most springs in Samburu District are
glavi§ springs. Spring discharges range from 10 me/day (Óromodei) to >300 ms/day
(South Horr).

Cost estimates on.sprilg_s!,RO_lies with a single outlet were available from S|DA (Kwale
Project) and FINNIDA (KEFINCO). The construction cost is about 25,000 Shs.'

ln Samburu springs are often at some distance from the village, therefore it may be
necess.ary to convey the water to the people. ïhis would also be necessary if tne
spring isinside the Íorest. Therefore also options were costed including a pipeline and
storage (Appendix 5).

Dug Wells: Shallow wells (or hand drilled tube wells) are recommended in certain
areas, mainly near laggas.. They can also be consídered as means of water quality
improvement as for 913mple as oÍf{akes in pans and dams. Shallow well siting Íó
natural aquifers should be undertaken by specialists. lnner lining of weÍls may be àone
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 may be done by a
windmill, a hand Pump or by other means. The required depth oÍ tÉe dug wells in
Samburu District is expected to be S-10 m.

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 Samburu District is 560
Shs/capita (Appendix 5). These costs do not include survey costs to determine the
location of the well, which may give additional eosts of abou[ 10,000 shs.

Drilled Wells: Drilled .deep wells or boreholes are feasible at rnany locations in
Samburu District. The abstraction method depends on the demand, bLrícan be either
by qoJor P-ump, windmill or hand .pufp. Well siting should be undertaken by
specialists, if_Pos.sible using geophysical techniques. fypical properties of boreholeó
in Samburu District are summarized in table 6.2.
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Table 6.2 Average Properties oÍ Boreholes in Samburu District

BBscnÉnt Areà Votcanic Area

Dritted Depth
DriLted Dianeter
Casi16 Dianeter
T;pe of Casing
Lergth of Fitters
Borehote Yietd

100 n
200 rn
150 m
steet
2la

?-4 I thr

200 n
200 m
150 rn
steet
21 n

2-1? r? lh?

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 4 contains
some cost estimates. For the DWDS a unit cost of 2,500 Shs/m is applied.

Cost estimates oÍ boreholes fitted with hand pumps were a'{ailable from LBDA, SIDA,
FINNIDA and PENCOL The costs vary considerably, mainly due to the depth of
drilling. The construction cost adopted for Samburu District was determined at 375,000
Shs (Appendix 5). This 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.

SurÍace Water lntake: The intake on a perennial river may cCInsist of a weir or a dam.
The site should be at a levelthat allows the water to be gravitated to the supply area,
and be preferably upstream of pollution sources or farming areas.

Surface water intakes are feasible at a few sites only in Samburu District (South Horr,
Amaiya, Kichich). A water supply project is currently under construction at South Horr
(MoWD, SIDA and I(\/VAHO), including a weir costing 120,000 Shs. The cost estimate
for an average weir adopted Íor the Samburu District Water Development is 200,000
Shs (Appendix 5).

Sub-SurÍace Dams And Sand Dams: tn 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 useful especially in areas where groundwater outside the
river sediments is saline or has a high ffuoride concentratíon.

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

The potentialfor sub-surface dams or sand darns was not investigated by WRAP. But
it can be stated that in general, conditions are favourable, especially in the Basement
area where dykes cross the numerous laggas.

Cost estimates obtained from other studies (PENCOL, GSK) indicate a unit cost of 1500
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 Samburu District and the
associated construction costs.
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Rock and EooÍ Catchments: Hock catchments are simple in nature. Siting should
take into account community access and geological struc'ture. 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 rainfàl
quanti§ and variability, but often the available area is limited due to the local conditions.

Roof Catchments for schools and other institutions where extensive roof corrugation
exists, and which include guttering and ground storage tanks, may offset 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 polltÍion by dust, leaves and bird droppings on the roof.

The required surface area and storage for rainwater harvesting can be estimated
roughly with Íormulas provided in the MoWD Design manual. The 90% - probabili§
annual rainfall is used, which in many areas of Samburu does not exceed 250 mm.

Table 6.3 Required Area and Storage of Rainwater Catchments

Cont i nuous
Derand

(Íl /day)

Storage
Tsnk
tnl I

Roof Area
(nt,

Rock Area
(mr )

I
5

10
?0

1

2

120
600
200
400

?,250
I 1 ,250
u,500
45,000

3,600
1 8,000
3ó,000
ï2,000

Iotes: 1) Storage capacíty = 0,03 x Denrard x (I + 2)
ï = tongest dry spett = 2 months

2, Surface Area = (450 x Dernard) I coel x 9Í)X - rain
coef = 0.8 for roof catchnents ard

0.5 for rock catchrrents

The requíred 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 areà
could supply 175 people every day with only 1 litre drinking water). With rock
catchmentsthe required storage capacity can only be obtained béninO sóalldams (this
solution is used frequently in Kitui District).

It was not possible to obtain good cost estimates on rock catchments. Costs of these
9epg_!d very much on the local conditions. The feasibility of rock catchments is
insutficiently.known in Samburu District. A small one was constructed recently at
Raraita, but information is not yet available. Therefore more study is needed of inis
technology.

Cost estimates of roof catchments are included in Appendix 4. The cost is about 10O0
or more.Sh.s/c_aPita. lt is clear that both roof and rock catchments have little potential
to supply the Íull water demand for domestic use. More study is needed bf these
technologies, therefore unit costs were not included at this st-age of the Samburu
District Water Development Study.

Pans and Dams: Small reservoirs (< 10,000 ms) can usually be constructed with small
earth-mov{l.g equipment. They are relatively cheap and not difficult to operate and
maintain. Site selection must be done by qualified personnel. Earth dams n'eed proper
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catchments (conservation measures are often needed as a pre-condition). Siltation ís
almost inevitable if no measures are taken. Evaporation in the reservoirs is usually
high. Spillways must be properly designed to prevent erosíon and overtopping of the
dam. The site must be properly selecled to have maximum storage and should not
have leakages. Care should be taken to prevent mosquito and snail breeding.
Fencing of the reservoir and dam site is necessary to prevent pollution and erosion by
livestock. For domestíc consumption, a shallow well at the foot of the dam where
some seepage occurs, may be constructed which will draw reasonably clean water.
Ahernatively an off{ake structure may be constructed in the lower part of the reservoir
connected to a filter structure with a hand pump.

Cost estimates of dams and pans constructed by DCUS in Samburu District were not
available. Only a few cost estimates from other Districts were available, which however
vary considerably, because Baringo-estimates are based on contraclor prices, while
Kitui-estimates are based on a large community contribution in labour.

A rough estimate of total costs based on rates provided by DCUS was made. The
unit cost per ma works out at 50 Shs/ms.

- Small dams/pans (5000 ms): 250,000 Shs
- Medium earth dams (25,000 ms): 1,250,0O0 Shs

lnvestigations to locate sites for dams/pans were not executed by WRAP. However
areas with potentialfor the construction of dams and pans can be determined from the
surveys executed for the Range Management Handbook. These areas will be
presented in Part 1 of the Samburu District Water Development Study.

6.1.2 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 reliability 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 ,.0 *tlhr (or more). An average person can draw the following
quantities from a well:

Dyramic rater [eve[ (m)
Yietd (Íf /hr)

5

3.5
10

2.0
20
1.0

30
0.8

40
0. ó5

50
0.5

Sa.rce: (lllE, 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 4).
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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 iÍ 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.

The+nsst€ornmon 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 g m, but an extension to
12 m is possible. The costs are summarised in Appendix 4.

lT-Power (1989) has made a cost comparison between wind pumps and stand-alone
diesel pumps. Three curves were derived for monthly wind speeds of 2.5, 3.0 and 3.S
mls. Combinations of volume and head below the curves are those for which wind
pumps provide cheaper water on a life cycle costing basis.

100
Volume
m3/day

80

60

40

2.5 m/s

3.O m/s

3.5 m/s

Fig. 6.1

20

0
0 2A 40 60

Total head (m)
80 ,. 100

The Economics oÍ wind Pumps versus Diesel pumps Íor village
and Livestock Water Supplies in Kenya (Írom: lT-power, 1999)

Wind speed data are not available Íor Samburu District. The nearest station with data
is at Rumuruti. Average wind speed at this station is >2.5 m/s during 11 months per
year. lf conditions are similar in Samburu then wind pumps are feasibte. At Lerata a
windmill was installed a few years ago. The people of Lerata complain that the wind
pump does not provide sufficient water, but a clear conclusion cannot be drawn from
their experience, because the storage tank is not connected.

Hydraulic Rams ancl Solar Pumps: Both use natural sources of energy. A hydraulic
ram uses a large volume of water to pump a small proportion of that volume. Rams
PQuire careful adjustment. Ham pumps are relatively expensive, but easy to malntain.
The application of ram pumps is limited to locations with ample flowing water. tn
Samburu such sites are few. At Amaiya the missíon is currently using a ram pump.
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Solar pumps may be suitable Íor arid areas. 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 325,000 Shs (ex. works) which at this stage of
development is considered too expensive to be included as a feasible option. However
some donors currently include solar units in their projects, therefore itwill be interesting
to monitor the performance of these un'rts.

Diesel and Eleetric Pumps: Dieselpumps in remote areas often lackfuel, spare parts
and personnel to maintain. Elestric motors need less maintenance and are more
reliable and are prefened where a reliable supply of electricity 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 Íull
treatment plant. The pump capacity 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 150,000 to
200,000 Shs. The cost of a pump plant in a surface water scheme between intake and
treatment may be estimated at 300,000 Shs.

Storage: Sufficient storage is required at a water supply to cover periods of peak
demand or to supply water iÍ the supply is temporarily out oÍ 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 applies 1 day storage also for
supplies from a spring or from surface water, including urban supplies (50m people).
The required storage Íor rainwater harvesting systems is already described in the
previous paragraph.

The costs oÍ storage was based on masonry/concrete tanks and was estimated at Shs
3,000 per mg.

Treatment: The planned water supplies in Samburu District are of a small scale,
therefore treatment is not always feasible, due to in proportion high costs. Supplies
using as source springs or surface water either include treatment by filtration or
chlorination only or include Íull treatment. Supplies using groundwater as source usually
need treatment by chlorination only.

The cost of treatment works for urban supplies was estimated at 2@ Shs per me/day
for chlorination only and at 5000 Shs per ms for full treatment. A full treatment plant
comprises chemicalfeeders, flocculation and sedimentation tanks, sand fílters, pumps
and storage for backwashing of filters.

Distribution System: A piped distribution system is only included for supplies to rural
or urban centres. The number oÍ connections Íor a typical water supply were
determined at:

Ruràt Centre
<zo I ta;,y»

Urban Area
<zoo i ftayt

lndividrat Corhections
Cqm.nat 9ater Points
Cattte ïranghs

5
2
I

200
2-0
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It is difficult to establish a unit cost for distribution systems, because it is not possible
to generalize díameters and lengths oÍ pipes. Comparison oÍ various distribution
systems installed with assistance from SIDA or Norad yielded a rough estimate which
will be applied in this District Water Development Study:

- distribtrtion system for 500 people : 400 Shs per'capita
- distribution system for 5000 people : 200 Shs per capita

Costs of supply points were adopted Írom SIDA:

Communal water points : 15,000 Shs each
Cattle Troughs : 25,000 Shs each

The cost of an indívidual connection was generally estimated at 2@0 Shs per
connection.

6.2 Cost oÍ Operation and MaÍntenance of Water Suppties

The success of a water supply depends on various factors, oÍ which the organisation
of the operation and maintenance (O & M) is one of the most importaÀt. When
planning for water supply development it is crucialthat the O & M is takèn into account.
lmplementation of w_ater 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 effoils between the government anOine beneficiaries, which
requires that communities contribute significantly towards the (construction and)
maintenance of facilitíes. lt is therefore important ihat the communities participate ió
the decisíon making at the earliest stage possible.
Government policy is also that cost recovery is an essentia! etement in the water supply
programmes. ln urban areas water. prices should cover both maintenanee anO ca'pitdt
costs. ln rural areas water rates should cover at least the direct O & M costs of tne
water supply.

The involvement of the communi§ in the O & M of the water supplies is actively
promoted in several qf-ggrammes, around Kenya (e.g in LBDA, Westèrn and Kwale)-.
The.approach may differ slightly between thése pógrammes, but generalty coní-
munities are expected to participate in all phases, in tne planningl constiuction,
operation and maintenance of the supplies. Usually the communities form watei
committees, which are responsible for the water suppty. Part 3 elaborates Íurther on
the aspect of community participation.

The O & M costs of the various selected technologíes, described in the previous
chapter, were estimated-using information from the abóve mentioned programines and
from publications. O & M costs were found Íor onty some of the sup'ptyiechnologies.
The costs are expressed in Shs/ms produced (Ap§endix O). The aririuàt maintenànce
costs may also Og-"$if{ed.as a percentage of the constiuction (installation) cost as
presented in the MoWD Design Manual (Appendix 6).

The available examples 
_of 

O & M costs can not always be compared directly, because
the organisation oÍ the O & M may differ. WRAP haé adopted as much as'[ossible O
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& 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: - fuel or electricity
- salaries oÍ 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 dus free
price. Costs of replacement due to expiry of the lifetime of materials are not inctuded
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.

Springs: The operation of a spring supply is usually easy, because it does not invotve
valves. lt is important that a good design is used, which ensures as little as possible
disturbance of the spring flow. Contamination oÍ 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 similar to other piped systems.

Operation: no costs (unless a spring attendant is needed)
Maintenance: very low, estimate 2o/o ol capital cost
Ufetime: 30 years

Dug Wells: The operation of a dug well depends on the installed type of pump, whích
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
Lifetime: 20 years or more

Boreholes: Generally little maintenance is needed for boreholes, if the borehole is
properly designed. But the operation can be troublesome iÍ a wrong borehole screen
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: 1o/o aÍ 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 quali§ of locally available
material is not sufficient (PVC pipes for rising main, pump cylinder, bearings).
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The handpumps can be distinguished in VLOM (Village Level Operation and
Maintenance) and not VLOM. ln case communities are expected to be responsible for
the O & M of handpumps, then lt is necessary to install handpumps oÍ the VLOM type.
VLOM handpumps in Kenya are the NIRA 85 and Afridev both in use by KEFINCO and
the latter aÍso in Kwale. Not VLOM handpumps are the lndia Mark tl 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/year, which also includes the cost of repairman. Usually maintenance
becomes more expensive, if the watertable is deeper.

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

Operation: 12,000 Shs/year (salary of attendant)
Maintenance: 1,000 - 1,500 Shs/year
Lifetime: 20 years

So.lar. Pumps: The solar pumps have only recently been introduced and not many
uníts have been installed as yet. O & M is easy and very little maintenance is needed.
Tlrg major probiem may be the breakage of the panels by vandalism or wind gusts.
Maintenance costs therefore comprise mainly replacement of broken panels, íhich
cost about 10,000 Shs each.

Operation:
Maintenance:

Lifetime:

Operation:
Maintenance:
Lifetime- panels:

- pump:

Operation:
Maintenance:

Lifetime:

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

1,000 Shs/year for handpump on a borehole
6 years or more

none (unless an attendant is required)
5,000 Shs/year
20 years
5 years (15,000 hours)

Moto.r Pumps: The O & M of motor pumps depends on the type. Electrical pumps
usually require little maintenance. Diesel engínes either driving pumps directly'or
th.rough a generator, require regular maintenance. ïhis has to be óone by a mechànic,
who is usually in the staff which runs the pump plant. Operation cósts of motoi
pumps atso include energy costs.

costs include salaries + energy (electricity or fuel)
Regular servíce of engines is needed. The MowD estimate is s%
of the capital costs oÍ pumps and generators.
10 years for pumps and generators

Distribution Systems: The O & M depends on the size oÍ the system and the
pressures in the pipes. Simple gfavrty supplied distribution systems are easy to
maíntain. But a proper design incÍuding gate valves, wash-ouís, air-valves, etó. is
needed, to ensure easy operation of the system. Storage is usually included in the
system to ensure suppÍy during peak hours.
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Operation:
Maintenance:
Lifetime:

Operation:
Maintenance:
Lifetime:

The operation of larger distribution systems which supply urban centres normally
involve a number of staff, which require an office, transport etc. The costs of O & M
is estimated according the rates used by the MoWD

Operation: depends on number of staff
Maintenance: ?A of capital costs (106tor piping only)
Ufetime: 30 years

Pans and Dams: The maintenance of pans and dams is often neglected, although
regular attention may improve the lifetime of the facility. A major problem is the
generally high rate of erosion in the semi-arid areas, which causes a reduction in
storag_e capaci§ of the reservoirs. Only measures in the catchment areas can remedy
this. Scooping of the pans and dams may maintain a sufficient water storage. But if
this is not done on a regular bases, than often large desalting operations are needed.
These may prove just as expensive as building a new pan or dam.
Larger dams usually have an attendant, who may also be able to repair the fencing or
to maintain the vegetation on and around the embarkment(s). An attendant will also
be required, to operate an off-take for domestic use.

Operation: 12,000 Shs/year (salary of attendant)
Maintenance: 5o/o of capital cost
Lifetime: varies from site to site, but may be only a few years in areas with

high erosion.

Sub-suíace Dams and Sand Dams: The maintenance may be very little if a proper
design is used. The water is usually abstracted through dug wells or a piped offtake
and the O & M of these do not differ from similar supplies.

Operation: none (unless an attendant is required)
Maintenance: 1o/o ol capital cost
Lifetime: 20 years or more

Rock Catchments: The maintenance may be very little if a proper design is used.

Operation: none (unless an attendant is required)
Maintenance: 1o/o ol capital cost
Lifetime: 20 years

RooÍ Catchments: The O & M is done on a private basis, because the supply is
either Íor a family or an institution. The maintenance should be very little, unless poor
materials are used for gutters or storage

cost of attendant
1o/o of capital cost
30 years

none
1o/o ol capital cost
20 years (corrugated tanks 10 years)
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6.3 Cost Effectíveness Analysis

6.3.1 lntroduction

The water supplies in Samburu Distrist will mainly supply water for domestic use and
livestock watering. The overview of the cost of water supply development for different
supply areas therefore distinguishes three types oÍ supply: domestic supply only,
livestock supply only and combined domestic - livestock supply fiable 6.5 and 6.6).
lndicated in the tables are estimates of the initial capital (investment) costs, the annual
0 & M costs and the costs per capita. These costs were used to carry out an
economic analysis oÍ the supply technologies.

A complete economic analysis of a water supply system would take into account the
costs of the system over the life of the project and compare them to the benefits of the
system. ln practice, while costs are relatively straightforward to establish, the full
benefits of water supplies are difficult to estimate. This is particularly the case in rural
supplies where time savings, health and induced economic activity will be important.
A methodology for assessment of some oí these benefits is set out in Section 5.2 oÍ
Part 3, but it is not possible to undertake this assessment for the various systems in
general as the value of these benefits (and costs) is project specific. The approach
adopted in this section considers only the cost and the output of the systems.

This approach is known as cost effectiveness analysis. lt measures the cost per cubic
rneter capacity of each system over its lifetime. The lowest cost technology applicable
in a given circumstance will be the most'cost effective'. Tables 6.5 and 6.6 set out the
costing of the various types of supplies considered in the previous sections of thís
report. The present cost per cubic meter capacity is found using a technique known
as discounting, where future expenditures are expressed in present values.

The methodology followed in discounting costs and benefits involved the following
steps:

1 Estimate of the costs incurred in the system, e.g.:
- capital costs: buildings, drilling equipment, vehicles, engines, pumps;
- recurrent costs: staff salaries, allowances, operation & maintenance, spare

parts, fuel and lubricants.

Estimate of the yields of water in m3, similarly as in step 1 above, year by year

Discounting of all costs figures to arrive at their present values by using different
diseount rates.

4. Calculation oÍ the cost etfectiveness per ms capacity of water supply at present
value by totalling the discounted costs divided by the annualyield of the system.

The discounting was done using three different rates 5o/o, 1A16 and 15o/o. This range
of percentages was used to indieate that the ranking of the technologies may differ
according to the selected discount percentage.

2.

3.
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6,3.2 Results oÍ Analysis

The cost effectiveness exercise was conducted Íor 21 different types of domestic
supply systems, representing supplies to ruralareas, rural centres ànd urban centres
(Appendix 7). The analysis was carried out over a N year period, and the systemi
were ranked according to the 10% discount rate.
It should be noted that this-analysis was carried out in order to obtain a ranking of
systems according to cost effectiveness criteria. lt does NOT produce an average öost
of water over the lifetime of the project. These eosts are discussed in paragrapí 6.4.2.

Table 6.4 Results oÍ Cost Effectiveness Anatysis

Totat Cost/rl
(Shs)Rank i ng

NurÈer
Technotogy

trl I

Tota t
Yield

(Shs)

Tota I
Capí ta I
Costs

(Shs)

Totat
O&il Costs

51
di sc.

102
di sc

15X
disc

Spring

Spring, 35 m3 Storage

Spring, 6ravity Distrih,ition, 70 lB

Spring, Gravity Distrih;tion, 200 mI

grorrdrater
2 Dug getl Hith Hardprlp

4 DW lte[[ eith Hardryrp

9 BorehoLe rith Hardryrp

10 Borehote rith ilotorryrp, Distrihrtion

1Í Dug retl, Hith uírdnitt

13 3 Boreholes rith Í.lotorp.rp, Distrib

14 Borehole xith ttotorp.np, Distribution

15 Borehote xith uirÉnitt

18 Borehote eith trindniil.

19 Borehole r,íth fiotorFrrrp, Limíted Dístr,

?0 Borehote xith hardplnp

surface ster
6 Surface Lrater, Heir, Gravity Distr.

7 Surface gater, ueir, Gravity Distr.

12 Pan (5000 m3, 6 months ríth rater)

16 Dam (25000 n3) rith Han#,rp and Trorrgh

17 Surface Uater, yeir, Distrih.rtion

21 Surface lrater, Dam, DistrihJtion

sPrrrxls
I

3

5

8

76,650

2óa,275

536,550

Í ,533, 000

76,650

38,325

76,610

536,550

2?0,500

1,533,000

?§,275

220,500

1 26,000

1 53,300

38,325

268,275

53ó,550

94,500

383,250

1 ,533,000

1,533,000

25,000

293,750

1 , ?81 ,250

4, goo, o00

187.500

187,500

450,000

1 ,925, 000

1,175,000

6,219,750

1 ,275,000

1,125,000

1,131 ,250

1 , 093,750

450,000

187,500

í, 150,000

312,500

2,137 ,500

7, ?50,000

1 3,250,000

1 0, 500

627,375

2,050,125

6,?16,A00

1 0, 500

1 0, 500

73,500

3,176,250

283,500

10,976,427

1,911,250

33ó,000

356,000

1 ,563,?40

13,500

'l ,572,375

3,191,500

580,125

2,óó9,6?5

1ó,01 2,500

17,272,500

8.7

5/,.5

101.ó

120.3

14.4

88.9

127.1

149.1

129.2

178.4

180.8

156.?

??4.1

269.8

?51.8

117.1

121.E

152.1

209.1

233.0

326.3

8.2

15.2

8ó.5

104.3

39.1

78.8

119.1

123.1

124.1

1/.9.6

149.7

150.2

213.9

??1.7

238.3

93.9

101.4

127.8

180.7

188.ó

278.7

7.8

40. 0

77.9

95 -2

36.6

73.2

114.5

108.4

121 .2

131.8

132.3

14ó.8

207.9

191.9

?29.0

80. 7

88.1

1'11.0

1&.5

163.6

251 .7

tJote (1)
(2)

Totat cost/nl is the totat discqnted cost per cubic mter capacity per year
Roof ard rock catchmnts arrC stó-surface danrs rere not inctuded in ihe anatysis, because
rpre detaited study is needed on their feasibitíty ard because avaitabte cost estirnates arenot suff iciently accurate.
Iotal. Capital Costs irrtr.rdes investEflt + replaceínent costs.
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6.3.3 Conclusions

ïhe total costs in Shs/ms calculated for a period of operation of 20-years were used
to compare technologies with different supply capacities. Due to the nature oÍ the
estimates used the Íollowing conclusions must be taken as indicative.
The ranking of the systems may ditfer depending on the discount rate. Systems with
low O & M costs will benefit in the comparison if the discount rate is low, while systems
with high O & M costs will benefit in the comparison frorn a high discount rate.

The most cost effective systems are generally the spring supplies with or without gravity
distribution. However springs are not always feasible, because they occur in a limited
number of areas. Other cost efÍective systems are dug wells with handpumps, followed
by surface water weirs with small gravity distribution systems. Boreholes with
handpumps are expensive due to the costs of the borehole and the ranking of thís
system may be low if the totat yield is small.

ïhe outcome of the comparison of boreholes and dug wells equipped with windmills
or motorpumps depends on the total yield of the system. Systems with a windmill
benefit from a low discount rate, because of the relatively low O & M costs. Supplies
from boreholes are generally expensive, due to the high construction costs' of
boreholes in Samburu and willtherefore have a low ranking in case of a low total yield.

The least cost efíective system is a water supply from a dam. The supply from a dam
usually has high capital and O & M costs and will only be cost efÍective in case of a
high annual yieid.

6.4 Unit Cost Analvsís

ln addition to examining costs from the cost effectiveness viewpoint, additionaÍ insight
into.costs may b.e had by examining unit costs per capita anb per m'producedior
each water supply technology. The unit costs will be used to caleulate ihe total iost
of the water supply development in each sub-location of Samburu District. This will be
included in the so called investment packages, which are described in part 3 of this
study.

6.4.1 Unit Cost per Beneficiary

The water supplies ín Samburu District mainly supply water for domestic use and
livestock watering. Therefore only population and livestock are considered as
beneficiaries.

The supplies have been distinguished in domestic supply only, livestock supply only
and combined domestic-livestock supply. The cost per beneficiary is estiriateO per
head of population. Cost per head of livestock has not been calculaied. The costs are
based on the initial capital costs and are presented in table 6.5 and 6.6.

The cost per capita for the combined domestic-livestock supplies is higher than for the
domestic supply only. This is because the eost of water developmént for livestock
Pupply is also included. As the livestock is owned by the populaiion, the benefits of
livestock water supply will come to them and therefore highbr per capita costs are
acceptable.
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The supply to urban areas has been costed for three options: boreholes, springs or
surface water intake. The capital costs per capita of the three do not differ much at
around 1,000 Shs, but the surface water option using an intake weir is the most
expensive. This option is only feasible at a few locations in Samburu. lntake Írom a
dam with sufficient storage to last the dry season is feasible at more locations (e.g
Wamba), but this option is even more expensive, due to the high costs of the dam.

The supply to rural centres (500 population) is relatively expensive due to the cost of
distribution. Per capita costs Íor supply from boreholes or surface water intake are
around 2,000 Shs and if including livestock supply 2,500-3,5ffi Shs. Generally the
cheapest option is water supply from springs, but this option is of course feasible only
if a spring can be used. The second cheapest option is a dug wellwith a hand pump,
which is about 675 Shs/capita. Boreholes are more expensive, because of the
required large drilling depths in Samburu Distric-t.

The non-domestic supply is cheapest in case a small dam or pan is feasible. The cost
per LU is about 600 Shs.

The supply of the dispersed population is relatively expensive, because of the small
number of users per facili§. Options where domestic and non-domestic supply can
be combined should be preferred in the rural areas. The cost of a filter structure with
a hand pump as domestic water supply off-take from a dam or pan can be estimated
at the same cost as a dug well with hand pump. This option was included under
livestock supply from a dam in table 6.6.

6.4.2 Unit Cost per m'

The average cost of each ms of water supplied during a 20-year period of operatlon
may be calculated using the same discounting technique as described in paragraph
6.3.1. The only difference in calculation is that the annual yield is also discounted. This
has been done for the systems of table 6.5 and 6.6 and the resuhs are presented in
the last columns.

The unit cost gives an indication of the financial contribution which may be required
from the rural population. The ieast expensive options using handpumps on dug'wells
show a cost price of about 4-8 Shs/mg or 8-16 cts/debe (20 litres). The annual O &
M cost is 2.5-5 Shs/capita.

ln the rural centres and urban areas the cost price of water is generally higher at about
10 Shs/m3 or more, depending on the technology. Only the supply from a spring or
from dug wells may be cheaper.

The unit costs in Shslms should only be used indicatively, because the absolute values
are considered to be insufficiently aceurate. This is due to the accuracy of the
estimates used and the applied limitations in costs and yields (no other benefits are
included). The following conclusions can be made (the indicated unit costs refer to a
discount rate of 1Ao/o):

Springs: This technology generally has the lowest capital costs and unit costs: 2-4
Shs/ms for rural supplies, 7-11 Shs/mg for urban supplies. But springs are not present
in many areas, therefore springs are otten not an option.
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Dug Wells: Dug. wells are usually selected in combination with a handpump, in whieh
case costs remain low:-4-9 Shs/ms. The combination dug well - wincimill has higher
capitalcosts, but O & M costs are also low. The unit costsàre about 1S Shs/mg. öug
wells can be made at locations where shatlow groundwater is present, eg. neàr laggai
Therefore dug wells are not an option, in.ease the groundw'ater table-is deep. 

-órg
wells may be used in combination with sub-surface dams or with dams or pans.

Boreholes: Various methods to abstract the water from a borehole were analyzed.
Generally boreholes are.less expensive for big supplies than for small supplies. ÉitteO
with.a handpump the unit costs are between 12 and eS Shs/ma, depending'on the daily
yield. Fitted with a windmill the unit costs are between 11 

'and'22'Sns7m;. 
Fitted wi6

an electrical submersible pump the unit eosts are between 19 ahO ZS Shs/ms.
Windmills and pumps are not much different in terms of unit eosts, but windmills are
less expensive to operate.

Suíaee \ffater Intakes: The use of surface water from streams is usually attractive
in.case a gravi§.supply.is.possible: unil costs are about 11 Shs/ms. But it is expensivà
when pumping is needed; about 20 Shs/m3 or more. The ó a ft,t of surfac'e water
supplies includes treatment, which is not needed (except chlorination) for groundwater
or spring supplies.

RooÍ or Rock Catchments: The unit costs of these options were not analyzed,
because this §pe of supply is not expeclted to be able to cover the water demaíd ati
year around.

Dams and Pans: The unit costs of dams and pans are high; 1g-1g Shs/ms. This is
9-rq to the high maíntenance rate oí 5o/o. fhe siltation of dàms and pans'may lead to
lifetimes shorter than 20 years, in which case the unit costs will even be hiEhlr.

The unit costs analysis shows that a combined domestic-livestock supply is cheaper
per me than domestic supply alone. Considering that livestock is the'rildin lívelihdod
for the rural population, where possible combineó supplies should be encouraged (ln
ma.ny areas it-may be that participation of the communis can only be expecteó it tàe
water supply for the livestock is implemented before the domestii supply).
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APPENDIX 1

WRAP . INVENTORY SHEETS FOR EXISTING WATER SUPPLIES

Sheet 1 General Inventory

Sheet 2.1 Water Supply lnspection Form Íor Surface Water
Source

Sheet 2.2 Water Supply lnspection Form for Groundwater
Sources

Sheet 2.3 Water Supply lnspection Form for Dístríbution
System

Sheet 3 Operational lnventory

Sheet 4 Financial lnventory

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: Provídes the Operational Costs, Consisting of Chemicals, Fuel,
Salaries/Wages, Overheads, etc.



WATER RESOUHCES ASSESSMENT AND PLANNTNG PROJECT
-Survey oÍ Existing Water Supplies-

GENERAL INVENTORY SHEET 1

Date of Field Check:

Name of Water Supply

organization: o MowD o council o Míssion o self Help o other..
District...... Division

Location Sub-Location

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

Baw Water Souree: o Borehole o Shallow Well o Spring o Waterhole o Raín

o River o Lake o Dam o pan o Bock catchment o other
Pumping Plant: o Electrical o Diesel o Handpump o Gravis o Manuat

o Other

Discharge: Design m"/d Present...... m'/d
Raw Water: Storage .................. mt Conveyance ................ km

Clear Water: Storage ..................m' Distribution .................. km

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 PoÍnts: lndividual ....... Metered no. ....... Non-metered no. .......
Kiosks ..... cattle-troughs ..... -dips ..... communal waterpoints ......
Other......

Population Served Livestock lrrigation

Commercial Establishments / lnstitutions Served No.: ........

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

Project Type

Year of Commissioning

Cost at Commissioning ïme

1-1



WATER RESOURCES ASSESSMENT AND PLANNING PROJECT
Ministry oÍ Water Development

WATER SUPPLY INSPECTION FORM
Íor suíace water sources

SHEET 2.1

1.

2.
3.

Name of Supply:
Location:
Source: dam / pan / weir /water hole / river f lake / rock catchment /

roof catchment / other:

4. Technical lnformation:

tntake structure: dam / weir / pipe /other:
structure material: clay /rocks / concrete / bricks / metal I

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

lntake storage capacity: mt

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

/ other: i .

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

Constructed by:
Year of construction: 19 . .

5. Condition of Works:

lntake: good / tau / poor
Erosion : much/moderate/little/none
Spillway: silted/eroded/good/not present
Reeds : much/moderate/littl e f none
Dam silted: much/moderate/little/none
Leakage : much/moderate/littl e f none
Outlet pipe: working/not working/not pres
Fence: good/damaged/not present

Required rehabilitation

Pumping plant:
Pump: good /Íau / poor
Engine: good /Ían / poor

Required rehabilitation:

1-2

continue on other side



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

WATER SUPPLY INSPECTION FORM
íor groundwater sources

good/fai/poor
good/tar /poor
good/fak /poor
yes/no yes/no
good/tar/poor
good/tai /poor
good/tau/poor
yes/no yes/no
yes/no yes/no
yes/no yes/no

good/tat /poor
good/tar /poor

goodltai/poor
good/fairlpoor
good/fat/poor

yes/no
good/fai /poor

SHEET 2.2

Sorino
gd/far/poor

gd/tau/poor

gd/fau/poor

1

2
J

Name of Supply:
Location:
Source: borehole / dug well / spring / other:

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

Width / diameter: m. Depth: m.
Water level: m.
Discharge (estimate): m'fday or litre/sec.
Well /borehole lining: yes/no
Type of lining: concrete / bricks / steel casing / pvc casing /
Pump present: yes/no Type: handpump / submersible / reciprocating

I centrifugal / other:
Pumping plant: electrical / diesel / petrol / hand / other:
Discharge (estimate): m'f day or litre/sec.

Constructed by:
Year of construction: 19 . .

5. Condition oÍ Works:
Bor Duo well

General structure:
Lining:
Slab:
Structure/slab undermíned:
Cover/cap:
Casing:
Screen:
Leakage sides:
Leakage underneath:
Proper excess water drainage:
Overflow pipe present:
Protection agst. surf. water:
Fence: yes/no

yes/no
yes/no
yes/no

good/fair/poor
good/fau /poor

yes/no
gcrd./fan
good/air

Pumping plant:
Pump: good /tau / poor
Engine: good / hn / poor
Pump-engine connection: good /lair / poor

Required rehabilitation:

1-3 continue on other side



WATER RESOURCES ASSESSMENT AND PLANNING PROJECT
Ministry oÍ Water Development

í
2

3

Name of Supply:
Location:

Technical lnformation:

4 . Condition of Works:

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

Distribution system: Total pipe length: km.
Pipe diameters: inches/mm

Booster pumps: yes/no Number of pumps:
Pump Capacity: m'1hr

Storage: yes/no Type: tank/other Number of tanks:
Storage capacity: m'

Treatment plant: yes/no Type:

WATER SUPPLY INSPECTION FORM
Íor distribution system

SHEET 2.3

Comments

continue on other side

General condition: pipes:
valves:
taps:
meters:
pumps:' 
,?t"'ji,ïfl3;,

5 . Appraisal of facility:

Supply: Domestic:
Livestock:
lrrigation:

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

sooa/iair/óói
good/tau/poor
good/tair/poor
good/tau/poor
good/fair/poor
good/fair/poor
good/tair/poor

Acceptable / Not acceptable
Acceptable /. Not acceptable
Acceptable / Not acceptable

Water pressure: Sufficient / Not sufficíent

Water quality: Domestic:
Livestock:
lrrigation:

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

1-4



WATER RESOURCES ASSESSMENT AND PI3NNING PROJECT

-Survey oÍ Existing Water Supplies-

OPERATIONAL INVENTORY SHEET 3

Name of Water Supply:

Organization responsible for operation:

Organization responsible for maintenance:

Operation staff:

Designation Task Training 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 Reliabili§

Belíability of Pumps

Reliability of Conveyance

Beliability of Distribution

Reliabili§ of Treatment

Causes of malfunctioning

í_(



WATER RESOURCES ASSESSMENT AND PI.ANNING PROJECT

-Survey oÍ Existing Water Supplies-

FINANCIAL 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 funds: state:

No. of metered connections: ..

Ksh

Ksh

Ksh

Ksh

Ksh

Ksh

Ksh

. Ksh

Year of
Courmissioning

Cost Capacity

fnÈake m3

Treatment l{orks m3/d

Pipelines km

Storage m3

Dams/Pans m3

1-6
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APPENDIX 2

INVENTORY OF INFRASTRUCTURT

(by Ministry of Planning and National Development)

Water Facilities:

1. Responsibili§ and Capacity

2. Users, Utilízation Rate and Condition

3. Supply and Costs
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INVENTORY OF EXISTING WATER SUPPLIES IN SAMBURU DISTRICT



APPENDIX 3

INVENTORY OF EXISTING WATER SUPPLIES IN SAMBURU DISTRICT

3.1 lntroduction

3.2 Baragoí Division

3.2.1
3.2.2
3.2.3
3.2.4
3.2.5
9.2.6'
3.2.7

Baragoi Water Supply
Baragoi Secondary School Water Supply
Lesirikan Water Supply
Marti Water Supply
South Horr Catholic Mission
South Horr Water Supply
Tuum Water Supply

3.3 Lorroki Division

3.3.1 Amaiya (Agriculture) Water Supply
3.3.2 Amaiya (lnÍand Church) Water Supply
3.3.3 Bauwa Water Supply
3.3.4 Kirimun Water Supply
3.3.5 Kisima Water Supply
3.3.6 Lodokojek Water Supply
3.3.7 Longewan Water Supply
3.3.8 Maralal Water Supply
3.3.9 Poro Water Supply
3.3.10 Sirata Oirobi Water Supply
3.3.11 Suguta Marmar Water Supply

3.4 Wamba Division

3.4.1
3.4.2
3.4.3
3.4.4
3.4.5
3.4.6
3.4.7
3.4.8
3.4.9

Archer's Post Water Supply
Lerata Water Supply
Lodungokwe Water Supply
Loijok Water Supply
Samburu Lodge Water Supply
Serolipi Water Supply
Wamba Borehole Water Supply
Wamba Gravity Water Supply
West Gate Water Supply



Appendix 3. INVENTORY OF EXISTING WATER SUPPLIES
IN SAMBURU DISTRICT

3.1 lntroduction

This Appendix describes the existing water supplies in Samburu District by Division. The Appendix
describes the water supplies in Baragoi Division, Lorroki Division and Wamba Division in that order. Each
water supply is described as per the following headings.

Technical Description
Potential and actually served beneÍiciaries
Livestock Use
Functional Analysis
Financial Analysis
I nstitutional Analysis

The water supplies are summarized in tables 4.11 and 4j2 aÍ the end of chapter 4. Table 4.11 contains
technical data and Table 4.12 contains operational data.

3.2 Baraqoi Division
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(a)
(b)
(c)
(d)
(e)
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3.2.1 Baragoi Water Supply

Technical Description: This is a water su
source oÍ water is a borehole whose yie.ld
area. The total supply storage is 45 mr.

pply whjch serves Baragoi Rural Centre and its environs. The
is 0.9 m'/hr. The borehole is located about 2 km Írom supply

Potential and Aclually Served BeneÍiciaries: Currently the supply serves Baragoi Rural centre. The
1979 census gives the.population of Baragoi centre as 2,592. The population [rojection for 19gg is
3365. The population that is served by the water supply is estimated as 3000. TherL are 1Z individual
connections, one comm-unal water point and there are 63 institutions served from the system. The
supply covers an area oÍ about 8 km'.

Livestock Use: Due to the nomadic lifestyle of the people in the District, estimation of livestock actuaily
using the supply cannot be very accurate but an average figure of 130 is estimated to be using thó
existing supply.

Functional Analysis: The..supply is reliable most times of the year. As long as there is a regular supply
oJ diesel operational reliability is good. The major cause of malfunction in tÉis system is that-sometinieó
the fuel slpply is unreliable. Minor.pipe breakages also causes the supply to malfunction. Seventy five
percent of the meters are not functional. The water quality is good in terós of colour and turbidity. The
amount of TDS is less than the maximum allowed by WHO.

Financial Analysis: The project was constructed at a cost of Ksh. 320,000.00 in 1973.
The average revenue- c.ollected per month is about Ksh. 600 - 800. The diesel consumption used Íor
pulping is about 33.6 litres per day. The cost of diesel at Maralal is about Ksh.7 per litre. 

'The 
cost then

is Ksh 7,056 per month. The stafÍ and labour costs amount to Ksh. 3095 per óonth. This gives Ksh.'!9,15í a§ total operating eost per .mo1th, which is much higher than the revenue collected [er month
(data collected at the supply, 1988). This project is handled by the Ministry oÍ Water Development and
hence all operation costs are met by the Ministry of Water Deíelopment. 

-

lnstitutional Analysis: As in all the water supplies operatd by the Ministry oÍ Water Development, there
are two categories oÍ staff who are involved in operation and maintenancó of water suppliei. There are
members of stafÍ who are resident at the works site, and the District Headquarters étàff, who once a
month travel to the water supplies to check the general performance and to supply fuel. ln this case,
a Divisional Water Officer is stationed at Baragoi Centre and he is overall in charg'e 

-of 
the water suppty.

This one has qualified from the Ministry's Training lnstitute. There are two puríp atendants anO'önL
watchman whose education levels are primary schooland not educated respectively.



3.2.2 Baragoi Secondary SchoolWater Supply

Technical Description: This water supply serves Baragoi Secondary School, which is a Boarding
lnstitution located about 2 km from Baragoi Bural Centre. Water is pumped from a borehole which is

situated about 1 km Írom the s^chool, using a Kijito windmill. The borehole water whose tested yield is
1.Zg m3 /hr is stored in a 12 m3 elevated sieel tank and then gravitates to consumers. The total length
oÍ the distribution mains is about 0.5 km, mainly to staff houses where there are 5 individual unmetered
connections. There are two other unmetered connections which serve the kitchen and wash rooms.

Potential and Actually Served BeneÍicíaries: This water sup
hence serves only the students, leachers and other members
compound. The total population served is 400.

ply is an institutional water supply and
of stafÍ who are resident in the school

Livestock Use: This is an institutional water supply and there is no livestock kept in the school
compound.

Functional Anatysis: The tested yield of the Borehole is as indicated earlier t.Zs m3/hr. Ihe
conveyance rdia6ility is good because as long as there is wind, the windmill will always function. The
major tonstraint of this wàter supply is that the water is very hard and the consumers use detergents Íor
bat-hÍng and washing. The water was also said to be saline, but this is not conÍirmed Írom samples
taken éome years ago. The valves and pipes in the distribution network get blocked. After some
consultation witn tne headmaster, he stated that the water quantity is not always enough.

Financial Anatysis: The existing borehole was drilled by the Ministry oÍ Water Development in 1977 and
the total amount spent in equipping the borehole was Ksh. 85,000. The distribution pipelines which were

constructed in 1981 cost Ksh. 77,OOO. The storage cost oÍ Ksh. 115,000 included the elevated storage
tank (Ksh. 80,OOO) and the 8 m' roof catchment storage (Ksh. 35,000).

Operation & Maintenance: The greasing expenditure is minimal because this is done once in two
mbnths. Amount used is about 2 kg oÍ grease per year. 3 washers are also changed once after every
6 months and hence the monthly expenditure is negligible. The total revenue collected Írom the system
is Ksh. 75 per month and the total operating cost is about 2,150 Ksh per month.

tnstitutionat Analysis: The school employs one artisan who has a Government Trade Test Grade lll for
the maintenance of water supply at a salary of Ksh. 2,000 per month.
The school is wholly responsible íor operation and maintenance of the water supply.

3.2.3 Lesirikan Water SuPPly

Technicat Description: This water supply is located in Lesirikan sub-location oÍ Ndoto location. The

source of the watbr is a borehole who!è yietO is estimated as 5.5 m'7hr. 
^lt 

uses solar energy as the

source oÍ power. The borehole is only 600 m from the storage tank (50 m'), which is under construc'
tion. The water is not treated.

Potential and Actually Served Beneficiaries: The supply covers an area of about 2.68 km2 and serves

about 38 households ihrough 1 communal water point situated about 600 m from the borehole intake.

Livestock use: Livestock in this area which utilise the facility are estimated as 50 LU.

Functional Analysis: The supply uses solar energy for pumping and as long as there is sun, the pump

always works. Currently the supply is not fully Íunctional because construction of the tank is going on,

but a communalwater point is giving service meanwhile.

Financial Anatysis: lnformation available Íor the construction cost oÍ this water supply indicate that the

borehole was drilled at a cost oÍ Ksh. 170,000. But the solar equipment was donated freely. Since
pumping is undertaken using solar energy operation, maintenance cost are negligible Íor this water
supply. No revenue is collected here.

lnstitutional Anatysis: There is currently no person who is engaged full time to work at the supply. lÍ
any sort of advice-is required, some personnel travel from Maralal. The supply is under the Ministry oÍ
Water Development.

3-2



3.2.4 Marti Water Supply

Technical Description: This water supply is loqated in Kalele sub-location of Marti Location. The
source of water is a borehole whose yield is 0.68 m'/h. Pumping is done 8 hours per day. The borehole
is located about 500 m from Marti centre. From the borehole the water is pumped lo a 24 m' tank in a
pipe about 25 m long. From the tank the water is conveyed to a cattle trough. Just close to the storage
tank, there is a communal water point. Pump and diesel engine are in a pumphouse.

Potential and Aclually Served Beneíiciaries: Currently the supply serves a population oÍ about 500
including l3pommercial plots at Marti centre Írom the communal water point. The area covered is
about 11 km'

Livestock Use: The number of livestock actually using the supply can not be stated accurately but we
estimate that currently about 1200 in the supply area use the facility.

Functional Analysis: As in most water supplies in this area which utilise dieselfor pumping, this water
supply is reliable as Íar as conveyance to the cattle trough and communal water point is concerned.
Sometimes there is shortage oÍ diesel and the engine has to be serviced now and then, therefore there
are many days without water at this supply.

Financial Analysis: The supply was constructed at a cost of Ksh. 22O,OOO. There is no revenue
collected from this supply since there are no kiosks and no metered connections. The diesel
consumption per month amounts to Ksh.2700 iÍ diesel is supplied regularly. Stafí and labour costs
amount to Ksh. 2,330. The owner oÍthis supply is Ministry oÍ Water Development and hence the Ministry
is the one which finances all the operation and maintenance.

lnstitutional Analysis: There are two Íull time pump attendants at the pumping station. One is educated
up to standard seven and the other one has not attended any formal schooling. Personnel from the
head office make occasional visits.

3.2.5 South Hon Catholic Mission

Technical Description: This water supply is an institutional water supply belonging to the Catholic
Mission oÍ the Diocese of Marsabit. lt is located in South Horr subJocation of Nyiro location. The
source of the supply is a stream. The water gravitates to the mission and is stored in storage tanks.
The surrounding communities are served through two communal water points at the mission compound.
All other houses in the mission compound are served via individual connections.

Potential and Actually Served BeneÍiciaries: As stated above, the water supply serves the mission and
surrounding communities through two communalwater points. The actual population served could not
be obtained.

Livestock Use: This is an institutional water supply and so no livestock utilise the supply.

Functiona! Analysis: The South Horr stream datq taken between 1973 and 1988 show a maximum
discharge oÍ 3292 m" lday and a minimum of 346 m31day. Comprehensive chemical analysis has been
done and the raw water quality is good. This supply is very reliable as Íar as operational reliability is
concerned because it is a gravity supply.

Financial Analysis: The operation and maintenance cost per month is negligible considering that no
pumping is required and no treatment is undertaken. There are no personnel employed specifically to
operate the scheme. lÍ a breakdown occurs the workers from the mission are dispatched to repair-the
breakage.

lnstitutional Analysis: Since this supply is just operated by the mission and no serious operation is
undertaken, there is no institutional set up for operation and maintenance oÍ the supply.

3.2.6 South Hon Water Supply

Jgchnical Deseription, Thjs water supply is under construction by a joint venture involving Ministry of
Water Development and self-help. The Ministry oÍ Water Development is supplying technicaÍknow-h-ow,
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materials and construction superuision. The beneficiaries are supplying unskilled labour.

The source oÍ supply is the South-Horr stream, where a weir 1.5 m. wide has been constructed. The raw
water gravitates lhrough a raw water main whose length is 1.35 km to a plain sedimentation chamber
whose dimensions are 0.9 x 0.9 x 1.8 m. From here the water gravitates to a clear water storage tank
whose capacity is 100 ms. The water then gravitates to consumers through 1 1.5 km of distribution mains.

Potential and Aclually Served Beneíiciaries: The population to be served initially is expected to be
5,410, rising to 7,200 in 1997 and ultimately to 9,583 in the year 2,007. The proposed consumer supply
points is expected to be 20 individual connectíon, 100 melered connections, 10 non-metered connections
and 10 communalwater points. The total supply area is 75 km'.

The population served by individual connections is expected to be 50 initially, rising to 199 in 1997 and
ultimately 443 in 2007. Those beneÍiting from communal water points are expected to be 4,483 initially,
rising to 5,967 in 1997 and ultimately lo 7,941 in 2007. Two institutions will be served. A nursery school
will have an initial population oÍ 97 consumers rising to 129 ultimately in2007. A primary school will have
an initial population oÍ 370 consumers rising to 492 ultimately in 2007.

Liveslock Use: lt is expected that ultimately 4,400 livestock units will beneÍit from the supply through
construction of 3 cattle troughs in the supply area.

Functional Analysis: The South Horr stream data taken between 1973 and 1988 show a maximum
discharge oÍ 3,292 mt /day and a minimum of 346 mz /day. The design discharge for the scheme is 746
ms/day. lt can be seen that during the very dry seasons when the river flow is minimum there is a
shortÍall oÍ 400 ms/day. During rainy seasons the water carries a lot of silt and suspended materials this
will obviously affect the quality of water.

ïhe conveyance system is expected to be reliable because this is a gravity scheme and so the írequent
fuel shortages and engine breakdowns that limit the functional reliably oÍ other pumped schemes in the
district will not be applicable here.

Financial Analysis: The estimated construction cost when the scheme is commissioned is expected
to be Ksh. 1,340,000.

The initial operation cost per year is expected lo be Ksh. 120,000 rising to Ksh. 132,000 in Íuture and
ultimalely Ksh. 145,000. The maintenance cost is expected to be initially Ksh. 11,310 rising to Ksh. 45,720
in future and ultimalely to Ksh. 118,590.

The total operation and maintenance cost is then expected to be Ksh. 131 ,310, rising to Ksh. 177,320 in
future and ultimately Ksh. 263,590. The tarifÍ rate is expected to be the currenl system used by the
Ministry oÍ Water Development at a rate of Ksh. 2fmt lor all metered connections.

lnstitutional Analysis: lt is expected that when the supply is functional, a full time meter reader will be
stationed here. He will be reporting to the Divisional Water Officer who is based in Baragoi Centre. The
Divisional Water Officer reports to the District water office headquarters in Maralal.

Since this will require Íilling the operation and maintenance chafts it is expected that the person stationed
here will have an education background oÍ up to íorm four and have some technical training preferably
in possession oÍ Government Trade test Grade lll.

3.2.7 Tuum Water Supply

Technical Description: This water supply is located in Tuum subJocation oÍ Nyiro location. The source
is a mountain stream which does not dry up even in very dry seasons. Qischarges taken for the Tuum
sp^ring in late 1987 and early 1988 show a minimum discharge oÍ 43 m'/day and a maximum oÍ 432
m" f day, The water is abstracted Írom a-stream about 7 km upstream into a storage tank whose capacity
is 4S m3. The discharge is about tO m3/day. From this stoiage tank, the water-gravities to consumers
at distance of about 5 km. There are 12 non-metered individual connections. There is no treatment
undertaken.

Potential and Actually Served BeneÍiciaries: Currently the supply serves a population of about 250
and 12 institutions through unmetered individual connections.
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3.3

Livestock Use: The livestock serued Írom this supply could not be established accurately but an
estimate of about 50 livestock units is approximated, the majority being donkeys used for transportation.

Functional Analysis: The estimared water production to consumers for this supply is about 16.0
m" /day. The water is not treated so its bacteriological quality is not reliable. Since the source is a
mountain stream, the water is not saline. lt is slightly turbid. Lack of treatment of water may be
considered as a draw back. However, the water is of good quality. The operation reliability of this
supply is very good, because the whole syslem is gravity. Apafi from leaves from forest trees blocking
the intake pipe occasionally, and which are removed manually, the system is trouble free as far as
conveyance of water to consumers is concerned.

Financial Analysis: This project was commissioned in 1988 and the value of historical investment cost
is estimated at Ksh. 3,000,000. The operation and maintenance costs per month are negligible because
no personnel is employed to run the system on Íull time basis. No treatment is undertaken so the cost
of chemicals is zero. The occasional breakage oÍ pipe which happens very irregularly can be taken as
negligible cost per month. No revenue is collected from consumers.

lnstitutional Analysis: There is no staff resident here to operate and run the scheme. lf any
maintenance or operation problem arises, then personnel Írom Division Headquarlers in Baragoi are
dispatched to rectify the situation.

Lorroki Division

3.3.1 Amaiya (Agriculture) Water Supply

Technical Description: This water supply is located in Amaiya sub-location, Sukuta Marmar Location.
The water supply was initially meant for irrigation, but it is now used for domestic consumption. The
intake is Amaiya stream. A concrete weir was erected across the stream about 6 km downstream of the
source. Water then gravitates to consumers at a distance of about 5 km from the intake. No treatment
is undertaken here and the consumers are served through 2 communal water points.

Potential and Actually Served BeneÍiciaries: Currently about t 75 people beneÍit Írom this supply. Two
institutions are served from this supply.

Livestock Use: Any livestock present in the area use the water Írom Amaiya stream.

Functional Analysis: From visual observation, it was seen that the water was slightly turbid, and small
particles oÍ leaves were present. lt was also found that the scheme is very reliable in terms oÍ
conveyance to consumers, because it is a gravity system.
The system works very reliably and there are no causes of malfunction. Amaiya stream -discharge
measurements betwgen late 1987 and mid 1988 indicate a minimum discharge of 933 m"/day and
maximum oÍ 6273 m31day.

Financial Analysis: Dírect operational costs are negligible per month as the water is not treated and
it gravitates to consumers. No revenue ís collected from consumers.

lnstitutional Analysis: This water supply was commissioned by Ministry oÍ Agriculture in 1978 and
thereÍore they are the owners oÍ the scheme. No institutional set up is in existence.

3.3.2 Amaiya (lnland Church) Waler Suppty

Technical Description: This water supply is administratively in Baringo District but due to the close
proximity to Samburu, it was included in Samburu inventory. The intake is also in Amaiya stream where
a small concrete dam was constructed in 1978. The water gravitates to an hydram which pumps the
water to the mission, a distance oÍ about 6 km. No treatment is undertaken and the supply just serves
the mission through unmetered individual connections to a Dispensary and the Residential House in the
mission compound.

Potential and Actually Served BeneÍiciaries: As explained briefly above, the supply serves the mission
and the Dispensary whose resident population is about 10.
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Livestock Use: No livestock is served from this supply as it is an institutional supply.

Functional Analysis: The water quality is also Írom visual observation slightly turbid. From the
inÍormation obtained from site the operational reliability oÍ the scheme was good. No serious cases oÍ
malfunction were reported in the system as it was working very reliably.

Financial Analysis: Operational costs are also minimal due to the nature of the system.

lnstitutional Analysis: The African lnland Church is solely responsible for operation and maintenance
of the supply. The system requires very little maintenance.

3.3.3 Bauwa Water Supply

Technical !níormation: The supply is localed in Lkilorit sub-location of Poro location. The source of the
supply is a borehole which uses diesel for pumping. The tested yield of the boreholq is 4 m3/hr and the
distance to storage is only 50 m from borehole.- The storage capacity is 22.5 m3. No tieatment is
undertaken here and consumers get their water from individual un-metered connections. The total
distribution network is 4 km.

Potentialand Actually Served BeneÍiciaries: lt is estimated that about 500 people use this s.lrpply, all
serued Írom un-metered individual connections. The scheme covers an area of about 16 kmz.

Livestock Use: The number of livestock currently using the supply could not be accurately determined.

Functional Analysis: According to iníormation obtained from Ministry of Planning the distribution
capacity oí the scheme is 0.7 m'fhr. The water is not treated but from visual inspection, the water is of
good quality. The system operates very reliably and there are no serious cases oÍ malfunction.

Financial Analysis: The project was constructed in 1984 at a cost oÍ Ksh. 550,000. The current
operation and maintenance cost amount to Ksh. 18,200 per year. No revenue is collected from
consumers. No treatment is undertaken here and hence no chemical related costs are incurred.

!nstitutional Analysis: The Ministry of Water Development is responsÍble íor operation and maintenance
of scheme. Normally the District head office staff make regular visits to site to check the working
conditions oÍ the scheme.

3.3.4 Kirimun VÍater Supply

Technical Description: This water supply is located in Kirimun subJocation oÍ Lodokojek location.
The source is a spring which is located at the boundary between Laikipia and Samburri District. A
concrete canal leads the spring water to a pump sump where using a diesel engine, water is pumped
to the trading centre and another pipe takes water to a high level tank and from here oÍ gravitates to
Livestock Marketing Division consumers. The total length of pipe to the storage tank is about 1 km. The
storage ís about 2óo m3 capacity. The water is not Ireateà and it is fed tó consumers using 6 non-
metered individual connections and 2 cattle dips. The pumping equipment is housed in a pump house.

Potential and Actually Served BeneÍiciaries: Currently it is estimated that the total population served
is about 400 including 6 institutions all served through individual un metered connections.

Livestock Use: The number of livestock actually using the supply could not be accurately determined,
but a figure of 1300 livestock units is estimated.

Functiona! Analysis: The amount oÍ water produced from the spring was estimated to be about 20
m"/hour. The spring is perennial. The water qualityfrom visual observation looked good, but protection
is required against surÍace polÍution.
The system works very reliably in terms of the conveyance to consumers but in terms oí bacteriological
quality of water this could not be ascenained because it looked as if the system is prone to suíace
pollution especially during the rainy seasons.

Financial Analysis: The historical investment cost was estimated as Ksh. 1.6 m as for t986 prices. Two
pump operators are employed at the pumping station and their total remuneration is Ksh. 4000 per
month. Diesel consumption is about Ksh. 700 per month. No revenue is collected Írom the consumers
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and operation and maintenance is undertaken by Ministry oÍ Livestock Development. The total operation
and malntenance cost per month then amount to about Ksh. 5000.

lnstitutional Analysis: Ministry of Livestock Development is wholly responsible Íor operation and
maintenance of the supply. The operators who are resident at the pumping station report to the
Livestock Marketing OfÍice who is stationed at a distance of about 3 km in Laikipia District. The
personnel employed lo run the system have not had any formal schooling.

3.3.5 Kisima Water Supply

Technical Description: This supply is currently under construction and it is expected to supply the
Kisima Centre in Mbaringon sub-location of Kisima location. The source is Ngare-Narok Dam which is
located in Nauneri sublocation, a distance oÍ about 4.8 km. The raw water undergoes full treatment
before being conveyed to a 100 m' storage tank and then distributed to consumers through 60 non-
metered connections and 2 communal water points. The distribution system which also serves 7
institutions is 6.6 km long. The Íollowing facilities are located at treatment works site; workshop, double
grade 9 staff housing, laboratory and office.

Potential and Actually Served Beneíiciaries: This supply will be serving about 60 shops in Kisima
centre plus 7 institutions and population to be served in future will be 850.

Livestock Use: The livestock use in supply could not be established, but it is believed that any livestock
in this area would utilize the l-ake Kisima which is nearby or Ngare -Narok Dam also nearby.

Functionat Analysis: The raw water pipeline discharge is 0.5 m'7hr and the treated water pipelíne
discharge is 0.4 m'/hr. The water quality is expected to be good, because Íull treatment will be
undertaken here.

Financial Analysis: The project is not complete yet so the investment costs can not be ascertained.
The cost of chemicals can not be ascertained yet, but the value of labour cost would amount to about
Ksh. 7000 per month.

lnstitutional Analysis: This is a Ministry oÍ Water Development Project and so when the project is fully
operational the Ministry will deploy its personnel to manage the system. These personnel will be
reporting to District Water Office.

3.3.5 Lodokojek Water Supply

Technical Description: This water supply belongs to the Catholic Diocese of Marsabit. The source oÍ
water is a borehole No. C7191. lt is expected that a 50 mm from the borehole to a new tank will be laid.
From the tank, 30 mm pipeline will convey the water to a rest house and another to a new building which
will be erected.

Potential and actually served Beneficiaries: This is a new missíon post water supply and it is currently
expected to serve about 200 people.

Livestock Use: No livestock is expected to use this supply.

Functional Analysis: The project is under construction and is expected to be reliable in terms of
conveyance to consumers. The water analysis from the borehole indicate that the fluoride content is
very high.
Financial Analysis: Quotation from bore-hole contractor gave a figure of Ksh. 128,750 for equipping
of the borehole. The borehole drilling is expected to cost about Ksh. 195,000.

lnstitutional Analysis: The supply will be operated by the diocese, when fully operational. The water
matters in the diocese are handled by the Diocese Water Project.

3.3.7 Longewan Vlfater Supply

Technical Description: The project is located in Longewan sublocation of Suguta Marmar Location.
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Tlle source of the supply is a borehole which was drilled in 1952 and whose tested yield was 2.50
m'7hour. The borehoie ió housed in a pump house, and using a Lister engine, which usés dieselwater
is pumped to a 50 m'tank through a 75 mm pipe, about 150 m long. The water then gravitates to 2
cattle troughs, 20 m and 220 m away respectívely. At the storage tank the outlet from the pumping main
serves as a communal water point.

Potential and Actually Served BeneÍiciaries: The population served here is estimated at about 500.
lncluding a school, and 2 shops.

Livestock Use: lt is estimated that about 2000 livestock units use the supply every day.

FunctionalAnalysis: The water quality as per visual observation was not turbid. The TDS is 546 mg/l.
No bacteriologÍcal examínation was done, but it was noted that there was diesel ingress into the
borehole. The major problem with this supply was the unreliability of diesel. They rely on any donor to
supply them with diesel. The engine belt also breaks down.

Financia! Analysis: The historical investment cost could not be obtained due to the age oí the supply.
The díesel availability is so irregular that the fuel running cost per month can not be ascertained. When
some diesel is donated, any one of the residents of the area volunteers to switch on the engine. So the
labour cost is also neglígible. But considering 1986 prices the investment cost would amount to Ksh.
424,000.

lnstitutional Analysis: The supply is operated by the beneficiaries themselves on self help basis. Talks
have been going on between the representative of the beneÍiciaries and the District Water Office on the
possibility of Ministry oÍ Water Development taking over the running of the supply, but so far nothing has
taken place.

3.3.8 Maralal Water Supply

Technical Description: This water supply is a major supply which serves Maralal Township. The supply
area is in Township and Ledero subJocation, of Maralal location. The source is Nundoto dam. Water
is pumped from the dam using electrical driven pumps over a distance of about 3 km to the treatment
works where the raw water is given full conventionaltreatment. The water then gravitates to consumers
who are served through 347 individual metered connections, 4 kiosks and 1 communalwater point.

Potential and Actually Served BeneÍiciaries: The current population served is about 20,000 through
individual connections, kiosks, and communal water point.

Livestock Use: lt appears that sinee this supply was meant to serve township population no facilities
for cattle troughs were built. lt can be safely said that livestock use here is negligible.

Functiona! Analysis: The average daily consumption ís 450 mt. The water is given Íulltreatment and
so the water quality is good. Conveyance to consumers is also very reliable. The operational reliability
is good as there are no water shortages in town.

Financial Analysis: The project was commissioned in 1986 at a cost oÍ Ksh. 33 million. Total revenue
collected per month is about Ksh. 8,456. The totaloperation costs per month is about Ksh. 36,000. This
includes electrical power consumption cost of about Ksh. 18,000 per month and chemicals cost oÍ about
Ksh. 9,000 and staff / labour costs oÍ about Ksh. 8,900 per month.

lnstitutional Analysis: The day to day running of the system is supervised by Water Supply operator
grade ll, who has attended the Ministry's Training School. His deputy is a water supply operator grade
lll. His training level is equivalent to that oÍ the water supply operator. There is then the chemical
attendant, pump attendant and subordinate stafÍ whose level of education is primary class seven. The
stafÍ from the District Head Office makes frequent checks.

3.3.9 Poro líVater Supply

Technical Description: This water supply whose some components are still under construction is
located in Siambu sub-location, Poro location. The source of the supply is a dam. The water is pumped
using a diesel engine to a 45 m' storage tank and the water then gravitates to consumers through
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individual connections. A composite filter is under construction.

Potential and Actually Served BeneÍiciaries: The supply is intended to supply water to a population
of about 500 including a Primary School.

Livestock Use: The total number of lívestock units in Siambu location is currently estimated as 1231.
The actual number using this supply is estimated at g00.

Functional Analysis: The water consumplion Írom this supply is estimated as t2 m3/day. The quality
Írom the surface dam is bound to be low, but since treatment will be undenaken, it is exp-ected that thó
quality to consumers will be good and of acceptable quality. lt is also expected that when construction
of the project is complete, the operational reliability will be good.

Financial Analysis: After the construction of the project is over, it is expected to cost Ksh. 450,000.
The components which are complgte, have operational costs which amount to about Ksh. 1,400 per
month. No revenue is collected. The Ministry of Water Development is responsible for operation and
maintenance of the supply.

lnstitutional Analysis: Currently a pump attendant is empÍoyed to operate the pump. He is educated
to the level oÍ primary class seven.

3.3.10 Sirata Oirobi Water Suppty

Technical Description: This supply is located in Sirata Oirobi sub-location oÍ Poro Location. The
source which is a borehole whose drilling was completed in 1972 has a tested yield oÍ 2.20 m3/hour.
Pumping is undertaken using a diesel driven engine. The consumers are served tirrough 1 kiosk whose
construction was Íinished in 1988. No treatment is undertaken but the water qfality from visual
observation indicate that the water quality is good. There exists staff housing at the site.

Potentialand Actually Served BeneÍiciaries: The water supply serves an estimated population of S00
including 1 primary school and 1 dispensary. The consumers obtain their water from a'kiosk.

Lívestock Use: The estimated populatÍon of livestock units in Sirata-Oirobí is about 7S0. The actual
number using the supply could not be estimated accurately, but it is estimated that about B0 utilize the
facility.

Functional Analysis: The borehole yield is2.2 m3/hour. The water quality is good, although it is
expected to be. slightly_ saline and probably hard. The consumption rate is eótimaíeO as 1.9 mvThour.
The operational reliability of the supply is fair.

Financial Analysis: The supply was constructed in 1973 at a cost of Ksh.288,000. The diesel
consumed per month is Ksh. 1,702, staff and labour cost about Ksh. 2,760 per month. The total
operation and maintenance cost per month is then Ksh. 4,462.The total revenue collected per month is
Ksh. 560.

lnslitutional Analysis: The supply is operated by the stafÍ fronr the Ministry of Water Development. A
water supply inspector who.graduated from the Ministry's Training lnstitute is in charge. He iö assisted
by í subordinate stafÍ who has not had any Íormal schooling and a watchman.

3.3.11 Suguta Marmar Water Suppty

Technica.l Description: Water is pumped using a diesel driven engine from a spring into 45 m3 storage
tanks and then is distributed to consumers through 10 metered anó gs non-meierà connections. TÉe
pumphouse is at the vicinity of the intake.

Potential and Actually Served Beneficiaries: The supply serves a population of about 2,500.

Livestock Use: lt is estimated that the number of tivestock units in the supply area is about 2,000. The
animals drink directly from the springs.

Functional Analysis: The water consumption for this supply is estimated at about 20 m3/day. The
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water quality Írom visual observation was found to be good in terms of colour, The supply was not
found to be saline. Thg conveyance to consumers is reliable there are no major Ureakàles. lt was
however indicated that the current production was not enough for the current poilulation. Tlere are no
major causes of malfunction.

FinancialAnalysis: The projectwas constructed at a cost of Ksh. 400,000. The average operation and
maintenance costs Íor the supply is Ksh. 3,200 per month. There is no revenue coitecded from the
system, and Ministry oÍ Water Development pays for operation and maintenance of the supply.

lnstitutional Analysis: The Ministry of Water Development operates and maintains the system. At the
site, there resides a water supply operator who has had training Írom the Ministry's Training lnstitute.
He reports to the Head Office in Maralal.

3.4 Wamba Division

3.4.í Archer's Post Water Suppty

Technical Descriplion: The project is localed in Archer's Post sub-location oÍ Waso locatíon. The
supply has its source in Bufíalo springs in lsiolo Dístrict at a distance oÍ 3.7 km from the treatment works
site. The intake is Íeneed and has meshed screens to trap large objects from entering the raw water
main. From the intake, the raw water gravitates to the treatmentworks located close to the bridge over
Ewaso Nyiro River.
The quality of raw water is quite good and only chlorination is undefiaken at the treatment works. The
water is then pumped to various elevated storage tanks from where it is supplied to consumers via
gravity, through 10 metered connections, 3 non-metered connections, 3 kiosks and 1 cattle dip. At the
treatment works site, there exists a store, a laboratory, a pumphouse and a stafÍ house.

Potential and Actually Served Beneficiaries: Currently the population served is 3,180. This includes
1 school, t hospital, 2 nursery schools, School oÍ Combat Engineering and Chokaa Gate of Samburu
Game Reserve. The total population served in Samburu Distriót is estimated at g00.

Livestock Use: No livestock use the supply, except Íor the cattle dip.

Functional Analysis: The average water production per day is 60 m3. This figure could be taken as the
consumption figure as during the site visil no leakage was detected. As iÀdicated earlier, the water
quality is ggod althougi it is slightly saline due to the fact that the source is a spring, which is
unde.rground in origin. Since the water is chlorinated, its bacteriological quality can be'assumed to be
good. At the time of visit the system had no operational problems as Íar as conveyance was concerned.
The only matter which needed to be looked into was repair oÍ the standby pump.

FinancialAnalysis: At the time oÍ completion, the project (which was contracted) had a revised contract
value of Ksh. 7,636,493.15. The personnel employed to actually run the scheme have a total
remuneration of Ksh. 6,000 per month. Tropicalchloride of lime is dosed at a rate of 500 grams per day.
The total dosing cost is about Ksh. 200 per month. The diesel cost is about Ksh. 5,600 pér moritn. fn-e
total operation cost is then about Ksh. 12,000 per month. The total revenue collected per month is on
average currently Ksh. 3,800 per month which is much lower than operation and maintenance costs. lt
was also noted that due to increased consumption due to recent connection to the School of Combat
Engineering, the revenue collected for the month of October 1988 amounted to Ksh. 7,000. This means
that the full potential oÍ the system has not been realized yet to be able to pay off the operation costs
from revenue collected. This is a supply that is run and managed by Ministry of Water Development'and
the cost of operation and maintenance is met by the Ministry.

lnstitutional Analysis: The personnel responsible for actual day to day operation of the system are
headed by an operator in charge who qualiÍied from a technical institute. Working under him are two
assistants who are pump operators and also help in dosing the water. A watchmàn is also employed
at the treatment works compound. All the personnel here report to the District Water Office, SamUuru.

3.4.2 Lerata Water Supply

Technical Description: The project is located in Lerata subJocation of Waso location. The source
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which is a borehole is located about 30 metres from the road to Wamba fro-m the Archer's Post-Serolipi

lunction. A windmill is used for pumping. Water is then pumped to a 50 m3 storage tank located about
60 m from the borehole. From this tank, the water gravitates to a cattle trough and a communal water
point located about 50 m from the tank. Froln visual observation the waler quality seems good. The
yietd trom the borehole is estimat ed at 2.27 m'7hr. Chemical analysis indicates thàt the waÈr is satine
and very hard. At the site exists a staff house.

Potential and Actually Served BeneÍiciaries: Currently the supply serves an estimated population oÍ
350 and a primary school nearby.

Livestock Use: lnÍormation obtained from the operator at the site indicated that approximately 1000
cattle come to use the water here every day.

Functional Analysis: The system depends on wind energy to pump water. As long as there is wÍnd,
the pump willwork. So operational reliability for this system is good. There is no treatment undertaken
here but Írom visual observation, the water is not turbid, but it is slightly saline. When there is continuous
high wind, the tank, which does not have an overflow arrangement overflows from the inspection hole.
The water then undermines the masonry wall and the Íoundation.

FinancialAnalysis: The Kijito windmill used for pumping was purchased at a cost of Ksh.375,000. The
operator (pump) attendant earns about Ksh. 1,500 p.m. The grease for the gear system of the supply
is supplied by the Catholic Diocese of Marsabit. The water is provided free to consumers and so there
is no revenue collected. Apart from the salary of the operator, there is no other operational expenditure
incurred in this supply.

lnstitution Analysis: The water supply is under the MinÍstry of Water Development and so the salary
oÍ the operator is paid by the ministry. The supply of grease is done by the Catholic Diocese. The
operator who runs the supply has had no Íormal schooling. He reports directly to the District Water
office.

3.4.3 Lodungokwe Water Supply

Technical Description: The water supply is located in Lpus sub-location of Wamba location. The
source is a borehole which is located at a distance of about 3.5 km from the storage tank whose capacity
is 45 m3 capachy. The water is pumped using a Lister engine, which uses dieéel to pump the watei.
From the storage tank water gravitates to coqsumers. Two pumps are used. One low lifi and the other
high lift. The yield of the borehole is 3.05 m" /hr. Total length of distribution to consumers is about 1

km. The water is not treated and there are 17 metered connections and 1 kiosk. At the pumping station
there exists 1 pump house, 1 store and stafÍ housing Íor the operators.

Potential and Actually Served Beneficiaries: purrently it is estimated that 800 people are served by
the supply which covers an area of about 4 km'. Also served are 12 commercial plots.

Livestock Use: The number of livestock served by the supply can not be accurately assessed but it is
approximated that aboLrt 100 lÍvestock units use the supply.

Functional Analysis: The water quality as far as turbidity is concerned is good, but like most ground
waters in this area, it is saline. The chemicat analysis done indicate that the supply is fit for domestic
use.
At the time of she visit, the supply was good in terms of conveyance to consumers. The fuel supply was
also reliable. Apart from mínor repairs to distribution network and the rising main, which is subject to
vandalism, the supply is functionally good.

Financial Analysis: The supply was commissioned in 1978 at a cost of Ksh. 250,000. ln terms of direct
labour cost, two casual workers are employed on full time basis, at a total cost of Ksh. 3,215 per month.
The diesel supply which is regular, costs about Ksh. 2,800 per month. The water is not treated and so
chemical cost is zero per month. The total operation and maintenance costs are Ksh. 6,015 per month.
Average revenue collected per month is about Ksh. 800, which is much lower than the expenditure.

lnstitutional Analysis: The supply is under a Divisional Water Officer who resides at Wamba centre but
makes regdar vlsle lo slte. He ln turn reports to District Water Officer at Maralal. At the water supply,
1 operator, 2 cOsrral workers and a watchman reside there on full time basis.
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3.4.4 Loijok Water Supply

Technical Description: The water supply is located in Lerata sub-location.
Originally two boreholes existed, but due to vandalism one was filled up with stones. The supply is
located far away in a swamp. Water is pumped Írom borehole to a 50 m'tank, 100 m away, and from
this a tap is drawn which acts as a communalwater point. There is no treatment undertaken here and
the consumers have to come and draw the water from the CWP at the storage. At the site there is one
staff house.

Potential and Actually Served BeneÍiciaries: lt is estimated that currently about 450 people are served
from this supply through the communal water point adjacent to the tank.

Livestock Use: No accurate Íigures could be obtained íor livestock actually using the supply, but a
Íigure of 1100 is estimated.

Functional Analysis: Due to the remoteness oÍ the^ supply, fuel delivery is very unreliable. lt is
estimated that the production Írom the source is 9.6 m'/day.
During the rains, due to the fact that the supply is located at a swamp and drainage is poor, the area
around the borehole gets flooded and renders the system non-functional. The supply is currently out of
order and it is reported that it has not been operated for the last two years.

Financial Analysis: The borehole was drilled and equipped in 1974 but the cost in 1986 is estimated
at Ksh. 400,000. The water is not treated so no cost of chemicals is incurred. Normally the Ministry
headquarters vísits the supply once to supply the system with a drum oÍ diesel with a capacity of 200
litres. The cost per month for Íuel is about Ksh. 1,400. The consumers are not charged any revenue Íor
the water and hence no revenue is collected Írom this supply.

lnstitutional Analysis: There ís no personnel who is involved Íull time for the maintenance of the supply.
The personnel who rnake a site visit now and then from District Headquarters come once a month to
bring Íuel.

3.4.5 Samburu Lodge Water Supply

Technieal Description: This is a private water supply which is located in Archer's Post sub-locatíon of
Waso location. The supply serves the lodge. The source of water is a borehole which was drilled in the
vicinity oÍ lodge about 1 km from treatment works. The water is pumped by an electrical submersible
pump into a treatment works which include coagulation, flocculation and filtration using a pressure filter
supplied by Davjs and Shirtliff. The water is then pumped into an elevated pressed steel tank whose
capacity is 40 m'. The supply normally serves the lodges and the other amenities ín the lodge including
the swimming pool. There are hence 75 individual connections which are nol metered. There exists
workshop, store and staff house.

Potential and Actually Served BeneÍiciaries: This supply serves the entire lodge population which,
together with the stafÍ is at an average of 1500. All cottages have their own individual connections and
the junior stafÍ houses have a communalwater point.

Livestock Use: This is a private water supply and so there is no livestock in the supply area.

Functional Analysis: The total amount oÍ water produced here could not be estimated because there
is no necessity for meters as the water is not sold. The quality oÍ water is good. lt is given full treatment.
The system operates very reliably all the year rouM. There are no serious causes of malÍunction of this
supply.

FinancialAnalysis: The cost of construction of the project could not be estimated because it was built
in phases. The person employed to run the system earns a salary of about Ksh. 4000 oÍ p.m. The cost
of chemicals used amounts to about Ksh. 400 per month. The electricity generated from the lodge's
generator is used for the whole lodge and hence the amount spent on water supply could not be
estimated.
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3.4.6 Serolipi Water Supply

Technical Description: This water supply is located in Serolipi sub-location of Serolipi location. The
source is a borehole which is located about 1.5 km from the supply area across a dry river bed (Lagga).
The yield of the borehole is approximated to be about s.sz m3/iróur. The suppty uies a diesei eíónL
to pump and the water is conveyed to a 50 mr storage tank io a distance of aUout 1.S km from-the
source. There is no treatment undertaken here and water is supplied to consumers through a communal
water point located at the police compound. At the borehole site, the engine is housed in a pumphouse.

Potential and Actually Served BeneÍieiaries: This water supply serues the police post and the
surrounding population including 2 shops, 1 school, 1 church, 1 game department and a clinic. The total
population serued ís estimated at about S00.

Livestock Use: There is a pan located near the supply point and so it can be assumed that the livestock
in this area do not use this supply.

Functiona.l Analysis: Water is not treated, is hard and saline. The fuel supply is adequate and there
are no serious causes of malfunction. lt was noted that lhe supply is adequaté in terms of quantíty.

Financial Analysis: There is no person employed to specifically run the supply and so there are no
labour related costs. No chemicals are used because fhere is no treatment'anà no chemical related
costs. The water is provided free to consumers and so there is no revenue collected.

The diesel consumed per month Íor pumping is about 1,000 litres and this would cost about Ksh. 7,000
per month. The investment cost is estimated at Ksh. 4SO,0OO.

lnstitutionalAnalysis: The overall.responsíbility of running the supply is under the ofÍicer in charge oÍ
the station who reports to the District OfÍice in Maralal.

3.4.7 Wamba Borehole Water Suppty

Technical Description: This supply is located in Wamba Town. The source is a borehole located about
3 km from the Qame Camp tank and about 2 km to Health c-entre storage. The borehole has a tested
yield of 6.825 m3/hour, anà the average consumption is C r?Àour. There is no treatment undertaken
here. 

. 
Currently the consumers are served by a communal water point. There is a pumphouse at the

pumping station. The total storage is currently 4g m3.

Potential and Actually Served Beneficiaries: lt is estiqated that currently about 3000 people are
served.by the supply which covers an area of about 15 km2. This includes 2 ichools (r prirïrary anJ i
secondary).

Livestock Use: A pan is located nearby and it can be assumed that the livestock use water from the
pan.

Functional Analysis: At the time of the visit the supply was in good operational state. The water quality
i1 terlms. of turbídity is good but it is saline. CurreirtÍy the màjor próbtem with the sysrem is thàt tnó
distribution network is completely out of order.

The estimated 1993 total demand for Wamba town is 279 mi/d. The borehole tested yield is 6.925
mo/hour' 

-Assuming an I hour pumping period the total amount available from boreholgfalls short of
demand. So clearly an alternative schemé has to be designed to cater for this short fall.

Financial Analysis: The borehole was drilled in 1978 and records concerning the historical investment
costs indicate a construction cost oí Ksh. 300,000. There are two pump atteídants employed full time
at the pumping station whose total salaries amount to about g,ooó. The supply consumes about 500
litres oÍ.diesel per month whose cost amounts to Ksh. 3500 per month. The ióai revenue collected per
month is about Ksh. 300.. The total operation and maintenance cost is thus 6,500 per month which is
met by the Ministry of water Development, who own and maintain the supply.

lnstitutional Analysis: The two pymP attendants whoryn the supply are employees of Ministry oÍ Water
Development and they report to the Divisional Water Officer wfró'is based ilr Wamba.
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3.4.8 Wamba Gravity Water Supply

Technical Descriplion: This water supply which is currently under construction is meant to augment
the existing Wamba borehole. The source is a rock catchment. The water then gravitates to Game
camp tank. No treatment is undertaken and it is expected that the supply will be connected to the
centre's distribution network. The description give her is not up to date.

Potential and Actually Served Beneíiciaries: Currently the supply is not operational as the project is
under construction. lt is estimated that after construction is complete about 3000 people will benefit.

Livestock Use: This supply as lhat one of Wamba Borehole is meant for human population and hence
no livestock is anticipated to use the supply.

Functional Analysis: The water quality is oí good quality and it is expected that when the construction
is complete, operational reliability will be good.

The data available indicate that 70olo of the time, the average yield Írom the source is about 75 m3/d and
that 30oÉ of the time, the average yield is 35 m3/d. The lowest discharge was recorded in 1987 as 23
m3/d. The 1993 total demand íor Wamba town is estimated as 273 ry1s/d. Clearly this demand can not
be met by this supply alone, and an alternative scheme has lo be designed to augment this.

Financial Analysis: When the scheme is Íully operation and the distribution network is complete, it is
expected that the total costs will be about Ksh. 900,000. The supply will be run and maintained by the
Ministry of Water Development.

lnstitutional Analysis: The Divísional Water Officer who is currently based in Wamba is the overall in
charge. He reports to Maralal water office.

3.4.9 West Gate \Írraler Supply

Technical Description: This is a water supply located at the West Gate oÍ Samburu Game Reserve in
Archer's Post subJocation, Waso location.
The source is river Ewaso Nyiro, where a petrol driven portable pump, pumps water to treatment works
just 50 m Írom the bank of the river. The water undergoes full treatment and filtration is undertaken by
a pressure filter supplied by Davis and Shirtliff. The water is then pumped to a storage tank from where
it gravitates to consumers. The consumers are connected using unmetered individual connections.
There are 13 individual connections.

Potential and Actually Served BeneÍiciaries: This supply serves the Game stafi who man the West
Gate. Currently there are Í 1Í people including í school and teachers.

Livestock Use: The livestock at the viciníty of the supply use River Ewaso Nyiro and so no livestock
uses this supply.

Functiona! Analysis: At the time of visit, the system was completely out of order. Biver Ewaso-Nyiro
had overflowed its banks and the flood waters had knocked down elements of the system. Plans had
also been mooted to have a major supply which would incorporate the West Gate and the surrounding
areas including livestock. ln this respect the distribution network was removed. Discussion are now
underway to have the distribution network reinstated and the treatment works rehabilitated.

Financial Analysis: The historical investment cosl estimate the supply was estimated at Ksh. 900,000.
The labour costs amount to Ksh. 1,500 per month and petrol used for pumping amounted to Ksh. 320
per month. There is no revenue collected from consumers and all operational and maintenance costs
are met by Samburu County Council who own the Game Reserve.

lnstitutional Analysis: A Íull time employee oÍ Samburu County Council is employed to run the system
when it is operational. He reports to the warden in charge.
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UNIT COSTS OF WATER SUPPLIES: SOURCE DATA

Sr.ppty: Rurat Supply GroundHater

Irrtuding: Boreholes, punp, storage, distrih,rtion

Sr-ppty: RuraI Suppty Surfacerater/Gravity

Irrctuding: Intake, main Iines, stonage, TreatÍnent, Distrih.rtion

Srppty: RuraI Supply Surf aceuater./Hydram

Inctrdirg: Hydram. TreatÍÍEnt, Storage tank, Distribution

Stppty: Protected Spring

Irrctudirg: Spring Captation Hith one outtet

Sr+pl.y: Protected Spring

lrrctrding: Spring Captation !,ith of f -take pipetine and l,ater points

Source
of Data

Project Name Yea r Tota I
Costs Popr.r.

Costs./
Capí ta Rema rks

SIDA Tur ima/Gampua
Xitihori
Nkururuni
Kagor6e
Rrakinanga
lluguko
Rukenya

1988
1988
1 988
1988
1988
1988
1988

720
500
680
290
?70
270
440

000
000
000
000
000
000
000

I 220
430
300
130
310
280
550

1

590
1,160

5?3
674
791
965
800

Sota
Sol a
5bh
2 btl
2 bt'
2 btr
3bh

r punp, 1 borehole
r Ërlp, 1 boreholels, hardpulp, s/s damts, handpunp, s,/s damts, hardpurp,
rs, hardpulp, s/s damts, hardpump, s/s dam

Source
of Data

Project Nanre Year Tota I
Costs Popu,

Costs/
Capi t a Remarks

BISH
lilcPhenson

Chepa t unga 1989
1984

1 05,902, ó52
972,118

135,850
5, 150

780
190

Large suppty í0.050 Íf /d
Hypothetical suppty, loH costs of
intake and storage (no treatrnent)

Source
of Data

Project Narne Year Tota I
Costs Potrr.

Costs/
Capi ta Remarks

SIDA Karurna
lluyoya-
Kamatungu

1988 510
660

000
000

1

1

200
500

150
110

Source
of Data

Project Name Year Tota I
Costs Popr.r

Costs/
Capí ta Remarks

SIDA

FINNIDA

KL'DP

KFRIiISDP

1988

1988

63,500

11 ,716

500

200

127

132

Excludíng overhead

Exclr.rding overhead

Source
of Data

Project l'lame Year Tota t
Costs Poprl

Costs/
Capi ta Remarks

GSK KI DP 1989 1 00, 000

250,000

500

1,250

200

200

?0 r? tday

50 n? tday
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UNIT COSTS OF WATER SUPPLIES: SOUHCE DATA

Srppl.y: Boreho I es

Irrluding: DriLlins, casing, developnent, suPerstructure, handpmp, tabour costs

sr.ppty ccíporlent: Borehote Construction,

Irrtuding: Dritting, casing, devetoping, testing

Sr.ppty: Dug llet Is

IrrtrdirB: Dug ret [, t ining, suPerstructure, handpurp, Iabour costs

Source
of Data

Pro j ect I'lame Year Average
Bh. Depth

(m)

Tota t
Costs Popu

Costs/
Capi ta Rema rks

LBDA

SIDA

FINNIDA

PE NCOL

RDIJS & SP

Nkururui ni
KIJDP

I( FRIJSDP

CBI'DP

198ó

1988
'85-'87

1988

1984

65

?

?

50

1 07,500
't27,170

1 20,000
8,228

71,180
120,486

?27,700

200
200

260
200

200
200

200

538
637

460
311

357
602

1 138

Exctuding overhead
I nc I r.rdi ng overhead

Exctuding overhead

Exctudíng overhead
Inctr.rding overhead

Source
of Data

Project Narne Year Tota I
Costs Depth

Costs/
m Renra rks

D i ocese

MoWD

GSK

PE NCOL

D i ocese

of Marsabit

Des i gn l,lanua I

KIDP

CBIJDP

8a rago i
Lodokoj ek

1989

1986

1989

198r'.
1984

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
3

880
760

2,500
2,#0

Large nr. in same area

Singte or fen hotes

150 Ím diarDeter
200 rrn diameter

One borehote
(21 m 150 rm Johnson screen)

Source
of Data

Project Name Yea r Average
LJeL I Depth

(m)

Tota I
Costs Poptt.

Cost
Capi

s/
ta Remarks

LBDA

SIDA

FINNIDA

PENCOL

GSK

RDI,'S & SP

Kl'rDP

TFRUSDP

CBI''DP

XIDP

1986

1985-
1987

1988

198/

1989

15

6,2

?

?

37
51

000
lrlr0

57,000

51 ,218
79,959

17,438

35,000

200
200

200

200
200

200

100

185
272

285

256
400

237

350

Exctuding overhead
Inctuding overhead

Exctuding overhead

Exctuding overhead
Inctr.rding overhead
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UNIT COSTS OF WATER SUPPLIES: SOURCE DATA

Sr4pty Canponent: Dug lJetts

Irrtuding: Digging 0nty

SrppLy: Handdri I ted tJe[ [

Sr.pp[y: Rain Catchment (Roof)

SrT?ty: Rooí Catchment Tanks

Source
of Data

Project Name Year Average
tlel. t Depth

(m)

Tota I
Costs Popn

Costs/
rneter Remarks

LBDA

GSK

iíoUD

RDUS & SP

KIDP

Design l.lanuaI

1986
1 989

1986

15
7

5- 15

1 1 ,000

70, 000

750
1 000

>5000

tnctuding Stab

Concrete rings,
ínctuding survey

Source
of Data

Project Name Year Average
Uet L Depth

(m)

Tota I
Cos ts Popu

Costs/
meter Remarks

MolrD Design Manuat 198ó 5- 15 30,000 >2000 lncIuding survey

Source
of Data

Project Name Yea r Tota I
Costs Popu

Costs,/
Capi ta Remarks

SIDA

CBI.'DP

GSK

SIDA

Krate

PENCOL

OraI Informa-
tíon

l|arímanti-
Health Centre

Primary Sch.

Mar imant i
l'larimanti

1988

1984

1989

50, 350

14,304,000

25,000

77,000

95,000

50

3, 700

1,007

3,1166

525/n?
215/Í?

Inctuding overhead

Based on consurption of
20 l,/person/day. Roof +

Storage costs

25-28 Í? ferro cement tank
& gutters

90 nl tank, 138 m gutters

112 nl tank, 1ó0 m

Tank
Gut ters

Source
of Data

Project Narne Year Type Vo I une
(Írl )

Costs,/

'Ít
Rema rks

McPherson 't981 Cor rugat ed
I ron

Br i cklCement
Ghala Basket
CeÍnent Jars
Fer rocernent
Concrete ring

,|

5

10
1-1000
1-8
1- 10
1-200
1-25

890
3U
354
600-900

2500-ó00
500- 750
200-400
350

Hust be transported to site
Not very durabte

Cost assurcs standard desígn
2000-5000 constructed in Kenya
Large jars need reinforcement

Sirpter to buitd than ferrocement
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Source
of Dàta

Project Name Year Tota I
Costs Poprr

Cos t s/
Capi ta Remarks

SIDA

GSK

McPherson

Kxate

KIDP

Hutomo
Mutomo

1 988

1 989

1981
1984

?

900/n?
11/í.1

1 00,000
1 50, 000
250, 000

200
1 ,500
1 ,500

500
100
175

Stone masonry
Stone gutters
coÍnptete 10 n? lday
storage 3,500 Írl , l5tr? /day
Costs including supervi-
sion and setf hetp labour

UNIT COSTS OF WATER SUPPLIES: SOURCE DATA

Sr4pl.y: Rain Catchment (Rock)

Sr.pty: Sub-Surface Dams ard Sand Dams

Srppty: Pans

Sr.pl.y CoírpdÉnt : D istrih* im System (Grdrdrater)

Irrltding: l,lain Iine, storage, Distribution Netrork ConrrunaI lJater Points, Cattle Troughs

Source
of Data

Project Name Year Tota I
Costs Poptr.

Costs/
Capi ta Remarks

PENCOL

GSK

SIDA

ilcPherson

CBIJDP

KIDP

Kyandi t i
Ka I ama

Eth i opi a

Nkururui ni

MIDP
Embu District

1981

1 989

1979
1 980
1981

1988

1981
1984

300,000

9OO/n?
150,000

30,000
1 5, 000
&,66
80,000

2?,000
125,000

200

100

1

1

000
000
800

300-400

1 ,500

1,500

30
15
83

300-400

11 Í? /day

Stone masonry xatI
Sard Dam 5 r? laay

3 m high, no conrn,rnity invotvement
3 m high, conmunity invotved

38 m high, no cormunity invotvement

Livestock suppty

Concrete dam, ó,500 nl storage
Sard reirs, donor:ODA

Source
of Data

Project Name Year Tota I
Costs Popr.

Costs/
Capi ta Remarks

PENCOL

DCU5

GSK

CBI,JDP

KIDP

í 984

1 989

1989

2,g23,ooo
950,000

1 , 500, ooo

Rates
Onty

1 0 000
000250

1 250
( 1 250)

150

ó0
85

65

200
2001

?340
760

3333

shs/nl
shs/rl

shs/nl

50
208

5O nllday perennial
50 r? /day seasonat
18 ÍrPlday domestic

Desi Iting
Enbankment (excavat ion, transport,
conpact i on)
Excavat i on

Small earth dam, 10 n? /a"y
l,tediun earth dam, 60 n? /day

Source
of Data

Project Name Yeer Tota I
Costs PopJ.

s/
ta

Cost
Capi Rerra rks

SIDA

SIDÀ

SIDA

NORAD

Seri cho

Dabet

Sototo

llxingi
I ten

1988

1988

1988

r988
1988

1,1'.17,600

?,570,600

2,25o, ooo

5, 5oo, ooo
2,000,000

2,000

4,3{0

9,500

<1 0,000
1,2A0

709

592

(237,

550
(176)

8 CLIP 5 troughs. Sotar Ènp set (2 bh's)

Part of pop. may use dug retls and
hardryps
Part of pop. may use other Sources
(no cattte troughs)
Design pop. 1995
only main Iine, no distribution
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Source
of Data

Project Name Yea r Tot6 I
Costs Poprr.

Cost s/
Capi ta Remarks

SIDA
NORAD

NORAD

SIDA

South Horr
OI Joro Orok
lshiara
Karuma

1 988
1 988
1987
1 988

1,125,000
7, 500, 000
4 , 800, 000

540,000

5

2

1
1

400
000
000
200

1

208
625

(313)
150

20 CtlP. 8 troughs
Design popuLation 2005
Distribution onIy
5 CIJP, Roughing Fi tters

UNIT COSTS OF WATER SUPPLIES: SOUHCE DATA

Slppl.y Cflponent: Distribution Systems (Surface xater/gravity)

Irrtuding: Main Iine, Storage, Distribution Netxork, ConmunaI lJater, Points, Cattte Iroughs

Sr-ppl.y Csrpooent : D i st r i but i on ( pi pes onl y)

Att SIDA-costs exctuding Iabour

Sr-ppl.y CqÍponent: CormunaI l,rater Points

Srppty CoÍpooent: Cattte Troughs

SuppLy Coponent: Surfacewater lntake (Heir)

Source
of Data

Project Name Yea r Tota I
Costs Popu.

Costs,/
Capi ta Remarks

SIDA

Norad

SIDA

L BDA

South Horr.
Ser i cho
Dabe I
Soloto
Nkabune

t-íw i ng i
0[ Joro Orok

Ka ruma
Ishiara

RDIJSSP

1988
1988
1 988
1 988
1988

1 988
1 988

1 988
1987

1 989

200, o0o
127,600

1 ,531,600
1 , ó00,000

500, 000

3 , 000, 000
7, 000 , 000

1 80, 000
4 ,800, 000

230,000

5

2
1
9
3

10
12

400
000
340
500
000

000
000

200
000

1

41

37
61

354
1ó8
167

300
583

150
343

targe suppLy area

extension oÍ existíng net. Hork

12
28

km

km

58 km

Unit cost per kmz

Source
of Data

Project Name Yea r Tota I
Cost s Popu

Cos t s./
Capi ta Rema rks

SIDA
PENCOL

South Horr
CBUDP

198ó
1984
198/.

15
27
16

000
000
000

Kiosk
Hydrant

Source
of Data

Project Name Yea r Tota I
Costs Popu

Cos t s/
Capi ta Rema rks

SIDA
GSK

South Horr
KIDP

1986
1989

25
1

000
000

Source
of Data

Project Name Year Tota I
Costs Popn

Costs/
Capi ta Remarks

SIDA

Norad

Nkabune
South Horr
0[ Joro Orok
Ena
Sagana

1988
1988
1988
1988
1988

200,000
1 20, 000

1 1 ,900,000
2 , 000, 000

500,000

ó,000
5,400

1 2,000
44,000

33
22

992

t r? lday
19? rf lday
Concrete Dam, 2500 n? /day
27OO Íi lday
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UNIT COSTS OF WATER SUPPLIES: SOUHCE DATA

SrTply Corponent: TreatÍDent

lrrtrdirrg: Chlorination onty

Suppl.y CdrpdEnt: Treatment

Irrclrding: Filters

S,mty Coponent: Íreatment

Irrtudirg: Fut I Treatment

Sr.ppty CoÍponent: Storage Tanks

Source
of Data

Project Name Year Tota I
Costs Popr.r.

Costs/
Capi ta

C-osts/
nf lday Remarks

Norad l,lxingi
l,leru
I ten

1 988
1 988
1 988

1 00, 000
500,000
1 00, 000

10
95

4

000
000
200

10
5

21

113
50

182

Gx source, Prod. /00 Í? lday
SH source 10000-m'/day
Gx source 550 rrl lday

Source
of Data

Project Name Yea r Tota t
Costs Pop.r.

Cost
Capi

s/
ta Remarks

SIDA Kàrtrne 1988 220,000 1,200 Horizontal roughing fitters inct. 50nl tank

Source
of Data

Project Name Year Tota I
Costs Pop.r.

s/
ta

Cos t
Capi

C-osts/
tl lday Remarks

Norad

ilo!,D

H. Hunpr

0[ Joro Orok
Ena
Design li{anuaI

l,larataI tJ.S-
Kisima Ll.S-

1

1

988
987

19e6

1976

5 , ó00, 000
6,000,000

15,000,000
14,000,000
1 2,300, 000
1 0, 800, 000
7, ó00,000
2,700,000

1 2, 000
14, 000

I 1 ,000

167
136

250

?10
222
500
750
050
700
800
5ó1

?,
2,
1,
t,
?,
2,
3,
1,

Sr{ source, 2500 r? lday
SH source, ?,700^nf /day
Capacity 10000 rt'lday
8000 d /day
ó000 ni /day
1000 nf- lday
?000 nf- /day
1729 rl /day

Source
of Data

Project Name Year Tota t
Costs Popu.

Co-s ts/
rÍf Remarks

Mot.,D

ODA

Llarren

SIDA

Pencot

l{orad

SIDA

Design t,lanuaI
( Conc rete
Tanks )

Kijito Lrind-
Pup Evalua-
tion

ouotat i on

South Horr

Dabet

CBI'DP

llxingi
Gar i ssa

l{ar imant i

198ó

1986

1988

1988

1984

1988
1989

1988

280

440
720
010
260

72
62

75
300

,000

í

,000
,000
,000
,000

,0s
,800

1

000
000

ó75, 000

70,000
I 04,000
1 50,000
257,000
463,000
ó70,000
087,000
704,000
826,000

500,000
000,000

1

1

1

2
3

2,800

?,200
1 ,800
1,300
1,050

/r80

3,000

3,000

7 000
't60
000
570
315

4

233
174
130

1,5?1

5, ooo
7,500

525

100 # (exctr.rding contingencies

200n1 ( " )100Í'f ( , )
800nf « tr )

1200d ( " )

32 rl tank (Pressed steel)
Tower 4 m

?5
100

rl
rÍt

tank
tank

225 Írl (3 tanks)

10 rf
25 Í?
50#

100 #
200 rf
300 rP
500 rP
800 íÍl

1200 rP

500 rÍl
400 #

Roof tank
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UNIT COSTS OF WATER SUPPLIES: SOURCE DATA

Srppty Cqponent: tJindmi t t

Irrctuding: Kijito tJindmitt, Punp and Stuffing Box, tnstaltation

Srppty Cdtporent: HYdram

Irrtuding: Hydram, PuÍPhouse

Sr.ppty Cfipqlent: Ilotor PLmP

Irrtuding: DieseI Generator ' PuÍP

Sr4pty Corpsrent: Solar Pwp

Source
of Data

Project NaÍÍÉ Year Tota I
Costs PoFx,.

Cost
Capi

s/
ta Remarks

@A

D i ocese

Kijito
tJ i rrdpurnp
Eva Iuat i on

14a rsabi t

1989 133,'155
172,?60
234,135
269,910

226,192

3.7 m rotor
4.9 m rotor
6.0 m rotor
7.5 m rotor

6.0 m rotor

Source
of Data

Project Narne Year Tota I
Costs Popn.

Costs/
Capi ta Rennrks

SIDA Karuna 1988 1 00, 000 1200

Source
of Data

Project NaÍne Year Tota I
Costs PopJ

Cost s/
Capi ta Rennrks

oDA

GSK

D i ocese

Lli gg t es-
§orth

Kijito Hind-
DUII)
kvai uat i on

xi tuí /Danida

Baragoi

Nanyuki

Lodokojek

tJamba

Quotat i on

1989

1989

1988

19?

1987

1987

'1989

123,255

150,975

1 50,000

82,450

67,475

128,750

181,015

176
?09
zT3
325
383

650
850
600
600
600

Excluding instat Iation

Inclr.rding instaI tat ion

50 rl /day

exctuding generator

exctr.rding generator (inctuding 1500m cabte)

including generator

t d /nr, 75 m head
3 'l/-lht,75 m head
5 d. /ht, 75 m head
8 rf1hr, 75 m head
12 i /hr, 75 m head

Source
of Data

Year Totat
Costs Remarks

Davís & Shirttiff

llcPherson

1989

1989

1989

1989

198/

325, 000

90,000

9,500

8,000

21 0, ooo

coíÍptete, 2 íÍ? lfu, 30 m head, 21 modutes (exct. instal lation)

suhnersibte ptrp, inverter, connectors

sotar module (ARC0)

support structure for 7 nPdutes

colptete, 35 panels, 65-105 lÍllday (exctuding instattation
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UNIT COSTS OF WATER SUPPLIES: SOURCE DATA

Stpply Cmponent: Handpup

Srppty Corporurt: Handpunp

Irrcl.uding: Handpunp + Superstructure on Dug rel[ + Instattation

S,fpty Copcurt: Handpunp

Irctuding: Handpump + Superstructure on Borehote + lnstattation

Source
of Data

Project l{ame Year Iotat
Costs Remarks

SIDA

lrarren

GSK
t1otlo
LBDA

KLIDP

ouot8t i on

KIDP
Design ilanuat
Siaya District

1988

1988

1989
198ó
19BB

1 4,000

?3,670

1 0, 000
20,000
14,218
'16,293
18,3ó8
23,520
27,670
31,920

Afridev ryrp
llono purp, depth 5.2 m

Depth up to 20 m
SI,N-harÉprrlp duty
SUli-handpLÍrp duty
SL|N-handpup duty
StN-handpup duty
SLiN-handpLÍp duty
SLJI-handpup duty

free
free
free
Í ree
f ree
f ree

nported,
rported,
mportd,
rported,
fiported,
fiPorted,

rett 10 m deep
xett 15 m deep
reLL 20 m deep
borehote 50 m deep
borehote ó0 m deep
borehote 70 m deep

Source
of Data

Project NaÍlle Year Iota I
Costs Remarks

LBOA Siaya District 1988 34,218
36,293
38,3ó8

SlrN-handpuÍp duty free irported, ret[ 10 m deep
StN-handpunp duty free iÍrported, retl, 15 m deep
Stlll-handpup duty free irported, rel, l, 20 m deep

Source
of Data

Project ilaÍne Year Iota t
Costs Rernarks

LBOA

l,lollÍ)

Siaya District

Design llanuat

1988

198ó

13,52O
47,670
51,820

20,000

Slll'l-handpuup
SUN-handpup
SlrN-handpunp

duty f
duty f
duty f

ree
ree
ree

Ínported,
Ínportd,
Íq)orted,

borehote 50
borehote 60
borehote 70

m deep
m deep
m deep
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APPENDIX 5

DETAILS AND COSTS OF A TYPICAL WATER SUPPLY

Using - A Borehole

- Dug Wells

- A Surface Water lntake

- A Spring

DEÏAILS AND COSTS OF A LIVESTOCK WATER SUPPLY
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Details and Costs of a Typical Water Supply using Dug Wells

Suppty Area Rurat Centre Rurat lnstitution

Poputation
L ivestock
Dai ty Suppty

Dug llet Ls
Dug tJett Yietd
Dug llett Depth
Superst ructure
Punp Ptant
Maín Lines
Storage
Distcih.rtion
ConmunaI l.later points
lndi viduat Connect i ons
Cattte Troughs

Dug Ue[ ts
Superst ructure
Punp Ptant
Hain Lines
Storage
Distribution
ConmrnaI tJater points
Irdividuat Connect i ons
cattte Troughs
Bui tdings
Fenc i ng
Contingencies (25%)

200 peopl.e
500 L.U.
35 Í? ld

1 nr-
>3 rl /hr

10 m.

tJi rdni t t
200 m

105 rl

1 nr.

, n..

30,000 shs
20,000 Shs

235,000 Shs
50,000 shs

315,000 shs

15,000 shs

25 000
000
000
000

Sh

sh
Sh

sh

s
20

5

23

0
0
5 S

200 peopte

5-10 rÍf ld

1 nr.
> 1r?/hr
10 m.

Handpenp

30,000 Shs
20,000 shs
20,000 Shs

20
22

000 Shs
500 Shs

TotaI construction Cost
Costs per Capita

1,175,000 Shs
5,880 Shs

1 12,500 shs
560 Shs

Xote: tt is not certain Hhether the combination dug rett-rlindmiLL ritt yietd enough water

The daity production can be estimated from Figure 6.1

Average rindspeed (m/s)
Total head (m)
Votune $? lday,

1.5 3.0
15 15
30 ó0

2.5
50
15

3
50
25

0
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Details and Costs of a Typical Water Suppty using a SurÍace Water lntake

Details and costs oÍ a Typicat water suppty using a spring

Suppty Area Urban Area Urban Area Rural Centre RuraI Centre

Population
L i vest ock
Dai ty Suppty

Intake Structure
Treatment
Pump Ptant
Pump Capacity
líaín L ines
S torage
Distribution
CormunaI Llater. points
IndíviduaI Connect ions
Catt te Troughs

Intake Structure
T reatment
Punp Plant
Main Lines
S t orage
Distribution
Conmuna[ lrater points
lndividuaI Connect ions
Cattte Troughs
Bui Idings
Fenc i ng
Contingencíes (25%)

5000 peopte

200 Í? ld
Dam: 100,000 nl
Ful. t
Diese[ ./ Electric
10 # /trr
2km
200 ÍrP

... km

20 nr.
200 nr.

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

500,000 Shs
500,000 shs
600,000 shs
000,000 Shs
300,000 shs
400,000 shs

400,000 shs
100,000 shs

2,450,000 Shs

1

5000 peopte

200 Í? ld

hlei r
Fut t
Diese[ / Electric
10 rl /hr
2kn
200 rl
... km

20 nr.
200 nr.

200
000
500
500
ó00
000
300
400

000 shs
000 Shs
000 Shs
000 Shs
000 Shs
000 Shs
000 shs
000 Shs

1

1

400,000 shs
100,000 shs

1,250,000 shs

500 peopte
1000 L.U.
70 Í? /d

Uei r
Chlorination

Gravi ty
200 m

70 n?
... km
2 nn.
5 nr.
Í nr.

1 ?0
?s

000 Shs
000 Shs

50,000 shs
210,000 shs
200,000 shs
30,000 Shs
10,000 shs
25,000 shs

200,000 Shs
50,000 Shs

230,000 shs

200 peopLe
500 r.u
35 n? ld

Uei r
Chtorination

Gravi ty
200 m

35#
... km
1 nr.

1nr

100,000 shs
25,000 shs

50,000 Shs
't 05 , 000 shs

15,000 shs

25,000 shs
50,000 shs
20,000 shs
97,500 shs

TotaI construction Cost
Costs per Capita

12,250,000 shs
2,450 shs

6 250
1

000 Shs
250 Shs

1,150,000 shs
2,300 shs

487,500 shs
2,440 Shs

Suppty Area Urban Area RuraI Centre RuraI Centre RuraI Instítutíon
PopuI at i on
L ivestock
Dai Ly Suppty

Spring Protection
7 reatÍDent
PuÍnp P Iant
Pump Capacity
Main Lines
St orage
Distribution
CoÍm. lJater points
Indiv. Connections
Cattte Troughs

Spring Protection
Main Lines
T reatment
Pirnp P t ant
St orage
Distribution
Conm. LJater points
Indiv. Connections
CattIe Troughs
Bui tdings
Fenc i ng
Contingencies (25%)

5000 peopte

200 nl /d

Chtorínatíon onty
Gravity

500,000 shs
500,000 shs
40,000 Shs

ó00,000 shs
1 , 000, 000 shs

300,000 Shs
400,000 shs

/r00,000 Shs
100,000 shs
960,000 shs

2km
200 Írl
.... km
20 nr.
200 nr.

Gravi ty

1km
70 Í?
.... km
2 nr'.
5 nr.
1 nr.

210,000 shs
200,000 Shs
30,000 shs
10,000 Shs
?5,000 Shs

200,000 shs
50,000 shs

256,250 Shs

te

50
250

500 peop
1000 L.U
70 Í? ld

000 Shs
000 shs

200 peopte
500 L.U.
35#/d

Gravi ty

200
35

1

;

000
000

sh
sh

m

Íf

20 s
s50

'105 , 000

1 5,000

25, 000

20,000
58,750

Shs

Shs

Shs

Shs
Shs

Gravíty

20,000 Shs

5,000 Shs

200 peopl, e

10 Í? /d

TotaI construction Costs
Costs pen Capita

1 800 000 Shs
9ó0 Shs

1,281,250 shs
2,5ó0 shs

293,750 shs
1,470 Shs

25,000 shs
125 Shs
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Details and Costs oÍ a Typical Livestock Water Supply

Suppty Area RuraI Area Rurat Area

Poputation
L i vestock
Dai Ly Suppty

Dam Capacity
PriÍp P tant
Main Lines
Storage
Distribution
Connnrnat tlater points
Cattte Troughs

Dam
St ruc tures
Pwp Ptant
Main Lines
Storage
Distribution
Conmuna[ [Jaten Points
CattIe Troughs
Bui tdings
Fenc i ng
Contingencies (25%)

1000 L.u
50 Íf /d

25,000 Íf
Handpurp
200 m

2

1, 25
3
2
5

0,
0,
0,
0,

000
000
000
000

000
000
000
500

50
150
'100

112

500 L.U
25 ÍÍ? ldr )

5
9oo

Írt

250,000

62,500

IotaI construction Cost 2,062,500 shs 312,500 Shs

llote: r) Suppty from pan onl.y ó months/year
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APPENDIX 6

OPERATION AND MAINTENANCE COSTS

Annual Maintenance Costs as percentage
of Construction Costs

References of Operation and Maintenance Costs



tJater Supply CoÍDponent
Economi c
L i fet ime
Years

Annua t
Ha í nt enance
Costs in Z

- Dams

- Intake rorks, inctuding boreholes:
tlass concrete structures, such as
intakes, undergrourrd pits,
cutverts, etc.

- Earthrorks generatty

- Borehotes and petts

- PrxÍrps:

Hydrams and tlydrostats
other pumps

- PoHer
DieseI Engines

Engine and Èrmp sets petrot
paraffin

Electric ÍÍrotors. cabtes and
sritch gears

- Piping:

At t types

- Treatment Uorks:

Treatment rorks in masonry or
reiníorced concrete

- Reservoi rs:

Storage tanks in masonry or
reinforced concrete

Storage tanks, sectíonaI steel
including toHers

Storage tanks, corrugated
gatvanized stee[ (C,G,S.) on
tímber stands

' Bui tding:

Buitding C.G.S. on timber
Bui Iding, masonry

- l,liscettaneous structures and items:
Corimunal Hater points (CI.JP)

Uaten kiosks, tatrines, Iicensed
retaiter points etc.

Gantries, steetrork etc

Penmanent toots and ptant not
mentíoned elsewhere

[.rater Íneters

- ChemicaI Apparatus:

ChemicaI dosing gear
Instrunents and testing apparatus

- Roads, fences etc.

Roads of access, generat

Fences, G.S. rire or mesh on
t inber

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

10

30

30

30

20

10

20
30

10

20

20

5
0

'10

10

5

30

20

10
5

4o

40

40

?0

10

10

0.5

5
5

5

5
5

5

5

5

2

2

2

2

2

5

Annual Maintenance Costs as Percentage oÍ Construction Costs

Source: ilohlD, Design l,{anuat, 198ó
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Operation and Maintenance Costs: Source Data

* O & M costs include depreciation

Proj
lnf

ect/Source
onmat i on

Short Descríption Popu I a'
tron

0 & I'l Costs
(shs/ÍÍP )

SIDA - South-llorr

Chepa I unga

slDA - Sericho- Dabel.
- Sololo

LBDA.RDUS&SP

FINNIDA. KTRIJSDP

SIDA . KIJDP

Surface uater source:

Gravity, 20 cup, 8 troughs

Gravity (Z pLnping), 4330 km2

Grordnater Source:

ó boreholes, sotar purp, 8 crp, 5 troughs
5 borehoIes, hardpr,nps, Ínotorp{Jnps
boreholes, dug xe[1s, sotar/motor Flp
Dug retts, handpup

Dug relt, handputp

Handpump

5,400

135,850

2
1
9

000
310
500

200

1.6 *

17

500- 1 000
Shs/reI t
200 Shs/pump

*
*
*

11 .8
'11.8
10
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APPENDIX 7

COST EFFECTIVEN ESS ANALYSIS

Urban Supply from Boreholes with Pumps

Rural Supply from a Borehole with a Pump

Rural Supply from a Borehole with a Pump

Rural Supply from a Borehole with a Pump

Rural Supply from a Borehole with a Windmill

Rural Supply Írom a Borehole with a Windmill

Rural Supply from a Borehole with a Handpump

Rural Supply from a Borehole wíth a Handpump

Rural Supply from a Dug Well with a Windmill

Rural Supply from a Dug Well with a Handpump

Rural Supply from a Dug Well with a Handpump

Urban Supply from a Spring

Rural Supply from a Spring

Rural Supply from a Spring

Rural Supply from a Spring

Urban Supply Írom a Surface Water Dam

Urban Supply from a Surface Water Weir

Rural Supply Írom a Surface Water Weir

Rural Supply from a Surface Water Weir

Livestock Supply from a Dam

Livestock Supply from a Pan



Cost Effectiveness Analysis of Urban Suppty Írom Boreholes with Pumps

Technotogy: 3 Borehotes rith lr'lotorrynp, Distribution. 200 rB Storage, Chtorination

Capitàl cost: 5,7ó8,750 Shs

Annual Costs: 52?,87 Shs (iíaintenance + Salaries + Energy Costs + Chemicals)
RePtaceÍnent Costs: /r50,000 for motorpunps + generators every 15 years (inct. stand-by pgmp)

Annual Yietd: 200 trí/day * 365 = 73000 m3lyear

Year

Annua I
Yietd

(m3)

Capi ta t
Costs
(Shs)

Annua I
Costs
(Shs )

Dis
5r(

Costs Cost/yr
(Shs) (Shs,/m3)

count
10r

Costs Cost/yr
(Shs) (shs/rB)

ate
15 

'tCosts Cost/yr
(Shs) (shs/m3)

0

1

2

3

I
5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

73000

73000

73000

73000

rjo00
73000

13000

73000

13000

73000

rJ000

rJ000
73000

73000

73000

73000

73000

73000

73000

8000
73000

5 768 750 522,97
522,687

52?,687
522,687
522,687
52?,687
522,687
522,97
52?,687
522,687

52?,687
5?2,687

522,687
522,687
522,87
522,687

52?,687
522,687

522,687

522,687

522,687

6,?91 ,137
497,797

474,093
451 ,517
130,016
109,539

390,037
371,164
353,775
336,929

320,894

305,604
291,052
217,192
263,992
467,979
239,149
?28,047
217,187

206,U5
196,995

Ító.2

6.8
6.5
6.2
5.9
5.6
5.3
5.1
1.8

6,291 ,137
175,170

131,973

392,702
357,002

3?4,519
?95,013
269,221

243,837

221,670

201 ,5 1g

183,199

1&,544
151,104

137,610

232,854
113,752
103,411

94,01 0

85,164
77,694

86.?
6.5
5.9
5.4
1.9
1.4
4.0
3.7
3.3
3.0
2.8
2.5
2.3
2.1
1.9
3.2
't.6
1.1
1.3
1.2

1.1

6,?91 ,137
454,510

395,2?6

343,675
298,848

259,868
2?5,972
196,497

170,U7
148,580

1?9,200

112,318

97,691
84, 95 1

73,871

119,539

55,857

18,571

42,236

36,727

31 ,936

%.2
6.2
5.4
1.7
4.1

3.6
3.1
2.7
2.3
2.0
1.8

1.5
1.3
1.2
1.0

1.6
0.8
0.7
0.ó
0.5

0.4

4.6
1.4
4.2

450,000

4.0
3,8
3.6
6.4
3.3
3.1
3.0
2.8
2.7

Total 1,533,000 6,?18,750 10,976,4?7 13,0?1 ,730 178.4 10,a49,093 148.6 9,618,111 131.8

DISCOU}IT
10 7.

RATE
5% 15 7"

TotaI Cost
(shs,/n3)

178.4 118.6 131.8

7-1



Cost Effectiveness Analysis oÍ Rural Supply Írom a Borehole with a pump

ïechnoIogy: Borehole rith l,lotorpurp, Distribution, 70 m3 Storage

Capital cost: 1,625,000 Shs

Annual Costsz 151,250 Shs (l,laintenance + Salaries + Ene.gy Costs + Chemical,s)
Reptacement Costs: 150,000 for motorpunp + generator every 10 years

Annual Yield: 70 r3/day * 3ó5 = 25550 m3lyear

Year

Annual

Yietd
(m3)

capi ta I

Cos ts
(shs)

Annuat

Costs
(Shs)

D i scou
5Z

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

ntRat
102

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

e

152
Costs Cost,/yr
(Shs) (Shs,h3)

0

I
2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

?0

25550

25550

25550

25550

25550

25550

25550

25550

21550

25550

25550

25550

25550

255r0
25550

25550

25550

25550

25550

25550

25550

I , ó25. 000

150,000

Í 50, 000

151,250

151,250

151,?50

151 ,250
151,250

151,250

151,250

151,250

151 ,250
151 ,250
151,250

15Í,250
151,250

15Í.250
151 ,250
151,250

151 ,250
151,250
'151 ,?50
151,250

151,250

1,n6,250
$1,A48
137,188

130,655

124,434

1 18,508

I 12,865

107,191

102,372

97,497

181 ,91'l
88,/r33

u,222
80,21 I
76,392
72,751
69,?89

ó5,990

62,847

59,855

1 13,538

ó9.5

5.6
5.1
5.1
1.9
1.6
4.1
1.2
1.0
3.8
7.2
3.5
3.3
3.1

3.0
2.8
2.7
?.6
2.5

2.3
1.4

1,776,250
137,500

125,000

113,636

1 03,306

93,914
85,377

77,615
70,559
64,115

116,115

53,012
48,193

43,812

39,829
36,208
3?,916
29,921
27,?04

24,731

11 ,779

69.5

5.4
1.9
1.4
4.0
3.7
3.3
3.0
2.8
2.5
1.5
2.1

1.9
1.7
1.6
1.4
1.3
1.2
1.1

1.0
1.8

1,776,250
131 ,522
111,367

99,119
8ó,178
75,198
65,390

56,860
19,111

4?,995
71,164
32,510
28,270
21 ,582
?1,376
18,588

16,163

1 4, 055

12,222

10,628
'18,106

69.5

5.1
4.5
3.9
3.1
2.9
2.6
2.2
1.9
1.7
2.9
1.3
1.1

1.0
0.8
0.7
0.ó
0.6
0.5
0.4
0.7

Tota[ 53ó,550 1,925,000 3,176,250 3,809,780 119.1 3,111 ,055 123.1 2,769,217 108.4

DISCOUNT
101

RATE
5Z 15 7"

TotaI Cost
( Shs/ít3 )

149.1 123-1 108.4
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Cost EÍfectiveness Analysis oÍ Rural Supply Írom a Borehole with a Pump

Technotogy: Borehole pith ,,lotorpurp, Distribution, 35 m5 Storage

Capital cost: 1,025,000 Shs

Annual Costs: 86,250 Shs (l.laintenance + Sataries + Energy Costs + Chemicats)
Reptacement Costs: 125,000 for motorFx.rnp + generator every 10 years

Annual Yield: 35 ro3/day * 365 = 12775 ÍBlyear

Yeàr

Annuat

Y iel,d
(m3)

Capi ta t

Costs
(Shs)

Ànnua I

Costs
(shs)

Discou
5A

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

ntRat
101

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

e

152
Costs Cost/yr
(Shs) (Shs/rn3)

0

1

2

3

1

5

6

7

8

9

10

11

12

13

14

15

't6

17

18

19

?0

1?775

12775

12775

12775

12775

12775

12775

1?775

12n5
1?775

1?775

12775

't?775

12775

1?775

12775

12775

't2775

12n5
12775

12r,-5

1 ,025,000 86,250
86,?50
Ít6,250
86,250
86,250
86,250
86,250
%,250
%,250
116,25O

86,250
86,250
86,250
tt6,?50
t!ó,250
86,250
86,250
%,?50
86,250
U,?50
86,250

1 ,1 1 í,250
82,143
78,231

74,506
70,958
67,579
61,361

61 ,296
58,377

55,598

129,689

54,129
48,027

45,740

13,562
/r1,488

39,512
37,631

35,839
34,132
79,618

87.0
6.4
6.1
5.8
5.6
5.3
5.0
4.8
4.6
4.4

10.2
3.9
3.8
3.6
3.4
3.2
3.1
?.9
2.8
2.7
6.2

1,111 ,250
78,409

71 ,281
64,801

58,91 0

53,551

18,&
14,260

10,236

36,578
81,446
30,230
27,182
24,984
?2,712
20,618
18,771

17,061

15, 513

11,103

31,401

87.0
6.1

5.ó
5.1

1.6
1.2
3.8
3.5
3.1

2.9
6.4
2.1
2.2
?,0
1.8
1.ó
1.5

1.3

1.2
1.1

2.5

1,111 ,250
75,000

65,217

56,711

49,314
12,881

37,299
32,425
28,195
21 ,519
52,218
18,539

16,121

14,018

12,190
1 0, 600

9,217
8,015
6,969
ó,0ó0

12,907

87.0
5.9
5.1

1.4
3.9
3.4
2.9
2.5
?.2
1.9

1 25,000 1

5

3

1

0

125,000

,275,000 I

0.8
0.7
0.6
0.5
0.5
1.0

Total 268,275 I ,81 1,250 2,309,9& 180.8 1,912,318 '.119.7 1,689,613 132.3

5't
DISCOUNT RATE

10% 15%

totat cost
per Írr3

180.8 149.7 132.3
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Cost EfÍectiveness Analysis oÍ Hural Supply from a Borehole with a Pump

Technotogy: Borehole uith llotorplp, Limited Oistribution, 20 m3 Storage

capita[ cost: 843,750 Shs

Annual Costs: 74,440 Shs (Naintenance + Sataries + Energy Costs + Chemicals)

Reptacement costs: 125,000 for motorPmP + generatof every 10 years

Annual Yieldz 20 rBldaY * 3ó5 = f300 ln3,/yeatr

Annua I

Year Yietd
(m3)

Capi ta t

Costs
(shs)

Annua l
Costs
(shs)

D i scou
5Z

Costs Cost/yr
(Shs) (Shs/nB)

ntRat
10u

Costs Cost/yr
(Shs) (Shs,/ttg)

e

15'6
Costs Cost/yf
(Shs) (Shs/m3)

0

I
2

3

4

5

6

7

8

9

10

11

1?

13

14

15

16

17

18

19

20

7300

7300

7300

7300

7300

7300

7300

7500

7300

7300

7300

r300
7300

7300

rJ00
7300

7300

7"500

7300

7300

7300

u3,750 71,440
74,440
71 ,140
71,110
74,410
71 ,110
74,110
74,410
74,140
71,110
71,440
71,410
74,440
74,44O

74,440
74,110
74,110
74,140
71,140
74,440
74,410

918,190

m.895
67,519

64,101

61 ,212
58,32ó

55,548

52.,903

50.384

47.985

12,,439
al,5z4
{1,45 I
39,477

,.7,597

35,807

34,102

*.,478
30,93'.l

8,458
75,167

125.8

9.7
9.2
8.8
8.4
8.0
7.6
7.2
6.9
6.6

16.8
ó.0
5.7
5.4
5.2
4.9
4.7
4.4
4.2
4.0

10.3

9í8,190
67,673

61 ,521
55,928
50,844
16,221

4?,019
38,199
34,727
31 ,570
76,893
26,O91

23,719
21 ,563
19,602
17,820

16,200

14,728
13,389

12,172
29,645

125.8

9.3
8.4
7.7
7.0
6.3
5.8
5.2
4.8
1.3

r0.5
3.6
3.2
3.0
2.7
2.4
2.2
2.0
1.8
1.7
1.1

918,190

64,730

56,287

18,916
12,561

37,0 1 0

32,18?
27,985
24,335
21,160
49,?99

1 ó,000
13,913

12,099

10,521

9,118
7,955
6,917
6,0'15

5,?31
12,186

125 .8
8.9
7.7
6.7
5.8
5.1
4.1
3.8
3.3
2.9
ó.8
2.2
1.9
1.7
1.4
1.3
1.1

0.9
0.8
0.7
1.7

'125,000

Totat 153,300

1 25, 000

1 , 093, 750 1 ,563,?40 1,gfp,727 ?69.8 1,618,713 22',1 .7 1,122,670 191.9

5Z
DISCOUNT RATE

10,{ 15 7"

TotaI cost
( Shs,/m3 )

zé9.8 221.7 194.9
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Cost EÍÍectiveness Analysis oÍ Bural Supply Írom a Borehote with a Wíndmill

Technotogy: Borehote rith uírxtnitl,

Capital cost: 1,425,000 Shs

Annuat Costsz 16,O00 Shs (l{aintenance + Sataries)
Rep[acement Costs: None

Annuat Yietdt 35 nts/day * 300 = 10500 m3,/year

Annual

Year Yietd
(m3)

Capi ta t Annuat

Costs
(shs)

D i scou
5A

Costs Cost/yr
(Shs) (Shs/Ín3)

ntRat
104

Costs Cost/yr
(Shs) (shs/íg)

e

152
Costs Cost/yr
(Shs) (Shs./,n3)

Costs
(Shs )

0

I
2

3

4

5

6

7

8

9

t0
1í
't2

13

14

15

16

17

18

19

?0

I 0500

1 0500

10500

10500

I 0500

1 0500

1 0500

I 0500

1 0500

I 0500

I 0500

10500

1 0500

10500

I 0500

1 0500

1 0500

1 0500

I 0500

1 0500

10500

'l ,425,000 16,000

I ó,000
1ó.000
I 6,000
16,000

16,000

1 ó,000
1 6,000
16,000

16,000

Íó,000
16,000

1 ó,000
1 ó,000
1ó,000

1 ó,000
1 6,000
16,000

1 6,000
1ó,000

í ó,000

1 ,411,000
15,238
14,512
13,921

13,163

1?,536
11 ,g3g
11 ,371
'10,929

10,314

9,823
9,355
8.909
8,485
8,081

7,696
7,330
6,981

6,*g
6,332
6,030

137.2

1.5

1.4

1.3

1,111,O00

14,515

13,223
12,0?1

10,9?8

9,935
9,032
8,?11

7,46t+

6,7t!6
6,169
5,608
5,099
4,635
4,213
3,830
3,482
3,166
2,879
2,616
2,378

137.?

1.4
1.3
1.1

1.0
0.9
0.9
0.8
0.7
0.6
0.6
0.5
0.5
0.4
0.4
0.4
0.3
0.3
0.3
0.2
0.2

1,441 ,o0o
13,913

12,098

10,520

9,118
7,955
6,917
6,015
5,230
4,518
3,955
3,139
?,991
2,600
2,261
1,96
1,710
1,487

1,?93

1,124
978

137.2

1.3
1.2
1.0
0.9
0.8
0.7
0.ó
0.5
0.4
0.4
0.3
0.3
0.2
0.2
0.2
0.2
0.1

0.1
0.1

0.1

1.0
1.0
0.9
0.9
0.8
0.8
0.8
0.7
0.7
0.7
0.6
0.6
0.6

Totst 220,500 1,125,000 336,000 1,640,395 156.2 1,577,217 150.2 1,541 ,119 146.8

5r
DISCOUNÏ RATE

102 152

TotaI Cost
(Shs/m3)

156.2 150.2 14ó.8
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Cost EÍÍectiveness Analysis oÍ Rural Supply Írom a Borehole with a Windmill

Technology: Borehote rith yirÉnitl

Capitat cost: '1,í31,250 Shs

Annual Costs: 16,000 Shs ([aintenance + Sataries)
Reptacemnt Costs: None

Annual Yietd: 20 rB/day * 300 = 6000 m3lyear

Year

Annua I
Yi etd

(m3)

Capi ta L

Costs
(shs)

Annuat

Costs
(shs)

oiscountRate
5Z 102 152

Costs Cost/yr Costs Cost/yr Costs Cost/yr
(shs) (shs./nr3) (Shs) (shs/m3) (shs) (shs,/rg)

0

I
2

3

1

5

6

7

8

9

10

11

12

13

14

15

't6
17

18

19

?0

6000

6000

6000

6000

6000

6000

6000

ó000

6000

6000

6000

6000

ó000

ó000

ó000

6000

6000

6000

6000

6000

ó000

I , 131 .250 16,000

16,000

1ó,000

1ó,000

16,000

16,000
't6,000

1 ó,000
1 6,000
16,000

1 6,000
16,000

16,000

1ó,000
1 6,000
16,000

16,000

1 ó,000
1 ó,000
16,000

I ó,000

1,117,?50

15,238
14,51?
13,821

13,1ó3

12,536
11 ,939
11 ,371
1 0,829
10,314

9,823
9,355
8,909
8,485
8,081

7,696
7,330
6,981
6,&8
6,332
6,030

191.2

2.5
?.4
2.3
2.2
2.1

2.0
1.9
1.8
1.7
1.6
t.ó
1.5
1.4

1,147,250
14,515

13,223

12,021

10,928
9,935
9,032.

8,21 I
7,1&
6,7%
6,169
5,ó08
5,098
4,635
4,213
3,830
3,182
3,16
2,878
2,616
?,378

191.2

?.4
2.2
2.0
1.8
1.7
1.5
1.4
1.2
1.1

1.0
0.9
0.8
0.8
0.7
0.ó
0.6
0.5
0.5
0.4
0.4

1,147,250
13,913
I 2,098
10,5?0

9,118
7,955
6,917
6,015
5,230
1,548
3,955
3,439
2,991
?,600
2,261
1,96
1,710
1,187
1,293
1,121

978

191.2

2.3
2.0
1.8

.5

.3

.2

.0

3

3

z

2

Í
I
0

0.9
0.8
0.7
0.6
0.5
0.4
0.4
0.3
0.3
0.?
0.2
0.2
0.2

Tota1,126,000 í,131,250 356,000 1,y6,&5 224.4 1,283,167 213.9 1,217,399 207.9

5Z
DISCOUNT RATE

10x 154

TotaI Cost
(Shs/trB)

2?1.4 213.9 207.9
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Cost Effectiveness Analysis oÍ Rural Supply from a Borehole with a Handpump

Technology: Borehote xith Hardpwp

capitat costs 375.000 Shs

Annual Costs: 3,500 Shs (lilaintenance of Borehote ard Hardpunrp)

Reptacement Costs: Handpump 25,000 §hs - every 6 years.

Annual Yieldz 10 tr9/day * 365 = 3650 m3,/year

Annuat

Year Yietd
(m3)

Capi ta t
Costs
(Shs)

Annual

Costs
(shs)

DiscountRa
5A 10,(

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

te
1r%

Costs Cost/yr
(Shs) (Shs,/Ín3)

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

3650

3650

3650

3ó50

3650

3ó50

3ó50

3ó50

3650

3650

3ó50

3ó50

3650

3650

3650

3650

3ó50

3ó50

3650

3ó50

3ó50

375 000 3,500
3,500
3,500
3,500
3,500
3,500

5,500
3, 500

3,500
3, 500

3,500

3, 500

3,500

3, 5oo

3, 500

3,500
3, 500

3, 500

3,500
3,500
3, 500

378,500

3,333

3,175
3,023
?,879
?,742

?1 ,267
2,487
2,369

?,?56
2,119
2,016

15,870

I ,95ó
'l ,768
1 ,681
1,ó03

1,527
11 ,812

1 ,385
1 ,319

103.7
0.9
0.9
0.8
0.8
0.8
5.8
0.7
0.ó
0.ó
0.6
0.ó
1.3
0.5
0.5
0.5
0.4
0.4
3.2
0.4

0.4

378,500
3,182
2,893
2,630
2,391
2,173

16,088

1,796
1,633

I ,484
1,319
'l ,227
9,081

I ,014
922

838

762

692

5,126
572

520

103.7
0.9
0.8
0.7
0.7
0.ó
1.4
0.5
0.4
0.4
0.1

0.3
2.5
0.3
0.3
0.2
0.2
0.2
1.1
0.2
0.1

378,500

3,043
2,647
2,301
2,001

1 ,740
12,3?1

1 ,316
1,144

995

865

752

5,327

5ó9

495

130

374

325

2,303
216

?11

103.7
0.8
0.7
0.ó
0.5
0.5
3.4
0.4
0.3
0.3
0.2
0.2
1.5

0.2
0.1

0.1
0.'l
0.1
0.6
0.1
0.1

25 000

25 000

25, 000

Total 76,650 450,000 7f,500 165,082 127.4 134,872 1 19.1 417 ,909 114.5

DISCOUNT RATE
51 10z 15,{

TotaI Cost
(Shs/m3)

127 -1 119.1 114.5
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Cost EÍÍectiveness Analysis oÍ Rural Supply from a Borehole with a Handpump

Technotogy: Borehole rith handÈnp

Capitat cost! 375,000 Shs

Annual costs: 3,500 Shs (]laintenance oí Eorehote and Handprnp)

Reptacement Costs: HardÈÍp 25,000 Shs - every 6 years.

Annuat Yiel,d: 5 n3lday t 365 = 1825 r$lyear

Year

Annual

Yietd
(m3)

Capi tat
Costs
(Shs)

Annua I

Costs
(Shs)

D i scount R

5Z 102
Costs Cost/yr Costs Cost,/yr
(Shs) (shs./m3) (Shs) (Shs/ttr5)

ate
157

Costs Cost/yr
(Shs) (Shs,/m3)

0

I
?

3

4

5

6

7

8

9

10

11

1Z

13

14

15

16

17

18

19

20

1825

1825

1825

1825

1825

1825

1825

1825

1825

1825

1825

1825

1825

1825

1825

1825

1825

1825

1825

1825
't825

375 000 3,500

3,500
5,500
3,500
3, 500

3,500

3,500
3, 500

3,500
3,500
3,500
3,500
3,500
3,500
3,500
3, 500

3,500
3,500

3,500
3,500
3,500

378,500

3,333
3,175
3,0?3
2,879

?,712
?1 ,267
2,487
2,369
?,256
z,'149

2,016
15,870

1 ,85ó
1,78
1,6U
1 ,603
1,527

11 ,U2
I ,385
1,319

207.4

1.8

1.7
1.7
1.6
1.5

11.7
1.4
1.3
1.2
1.2
1.1

8.7

378,500

3,182
2,993
2,630
?,391
2,173

16,088

?07.4
1.7
1.6
1.4
1.3
1.2

8.8
1.0
0.9
0.E
0.7
0.7
5.0
0.6
0.5
0.5
0-4
0.4
2.8
0.3
0.3

378,500

3,043
?,617

2,301
2,001
1,740

12,321

1,316
1,114

995

8ó5

752

5,327
569

195

130

374

325

2,303
216

214

207 .4

.7

.5

.3

.1

.0

?5 000 ó.8
0.7
0.6
0.5
0.5
0.4
2.9
0.3
0.3
0.?
0.?
o-2

1.3
0.1

0.1

,796
,633
,1*
,319
,227

25 000 9,081

1,014

922

838

762

692

5,1?6
572

520

1.0
1.0
0.9
0.9

25, 000

0.8
6.5
0.8
0.7

Tota[ 38,325 450,000 73,500 165,082 251.8 131,872 238.3 117,909 229.0

DISCOUNT RATE
51 10,( 15 '/"

Total Cost
(Shs/m3)

254.8 238-3 ?29.0
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Cost Effectiveness Analysis of Rural Supply Írom a Dug Well with a Windmilt

Techno t ogy: Dug *e t t xi th tli ndni L l,

Capita[ cost: 1,175,000 Shs

Annual Costs: 13,500 Shs (l'{aintenance + Sataries)
ReplaceÍnent Costs: None

Annual Yield:35 n3lday * 300 = 10500 nB,/year (It is not certain rhether this yietd is possibte)

D i sc
5Z

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

o untRa
10%

Costs Cost./yr
(Shs) (Shs/m3)

te
15?(

Costs Cost/yr
(Shs) (Shs,/m3)

Year

Annua t

YieLd
(m3)

Capi ta I
Costs
(Shs)

Annua I
Costs
(shs)

0

I
2

3

4

5

6

7

8

9

10

't1

12

13

14

15

16

17

18

19

20

1 0500

1 0500

I 0500

1 0500

1 0500

1 0500

1 0500

1 0500

1 0500

1 0500

1 0500

1 0500

1 0500

1 0500

1 0500

1 0500

1 0500

1 0500

1 0500

1 0500

1 0500

1,175,000 13,500

13,500

13,500

13,500

1 3,500
13,500

13,500
'13,500

13,500

í3,500
13,500

1 3,500
Í3,500
1 3,500
13,500

13,500

13,500

13, 500

13,500
'l 3, 500

13,500

1, 189,500

12,857
12,245

11,662
11.10ó

1 0, 579

10,074

9,594
9,137
8,702
8,299
7,993
7,517
7,159
ó,818
6,494
6,195
5,990

5, ó10

5,342
5, 098

113.2

1.2
1.2
1.1

1.1

1.0
í.0
0.9
0.9
0.8
0.8
0.8
0.7
0.7
0.ó
0.6
0.6
0.ó
0.5
0.5
0.5

1, 199,500

12,273
1',! ,157
10,1/.3

9,?21

9,392
7,620
6,928
6,298
5,725
5,205
4,732
4,30?
3,910
3, 555

3,232
2,939
?,671

?,429
2,?07
2,007

't13.2

1.2
1.1

1.0
0.9
0.8
0.7
0.7
0.6
0.5
0.5
0.5
0.4
0.4
0.3
0.3
0.3
0.3
0.2
0.?
0.2

'l ,199,500
11 ,739
1 0, 2og

8,876
7,719
6,712
5,836
5,075
1,113
3,838
3,337
2,902
?,523
2,194
1 ,908
1,659

1 ,143
1,254
1 ,091

919

825

113.?

1.1

1.0
0.8
0.7
0.ó
0.6
0.5
0.4
0.1
0.3
0.3
0.2
0.2

0.2
0.2

0.1

0.1

0.1

0.1

0.1

Totat 220,500 í,175,000 283,500 1,356,740 129.2 1,303,133 121.1 1,?73,001 121 .2

DISCOUNT
10 7"

RATE
5Z 15 ï.

Total cost
( Shs/ÍÍr3 )

129.2 124.1 121.2
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Cost EfÍectiveness Analysis of Rural Supply from a Dug Well with a Handpump

ïechnology: Dug Ltett Híth HardÈrP

Capital cost: 112,500 Shs

Annual Costs: 500 Shs (]laintenance)

Reptacement Costs: HandPr"nP 25,000 Shs ' every 6 years.

Annual Yietd: 10 m3ldaY * 3ó5 = 3ó50 nB,/year

AnnuaI

Year Yietd
(m3)

Capi tat
Costs
(shs)

Annuat

Costs
(shs)

DiscountRa
5Z 102

Costs Cost/yr Costs Cost./Yr

(Shs) (Shs/m3) (Shs) (shs,/m3)

te
15?

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

3650

3650

3ó50

3650

3ó50

3650

3ó50

3ó50

3ó50

3ó50

3ó50

3ó50

3ó50

3ó50

3650

3650

3650

3ó50

3ó50

3ó50

3650

112,500 500

500

500

500

500

500

500

500

500

500

500

500

500

500

500

500

500

500

500

500

500

I 13,000

476

154

432

411

392
19,028

355

338

322
307

292
11,199

265

253

241

229

218
1 0,596

198

188

31.0
0.1

0.1

0.1

0.1

0.1

5.?
0.1

0.1

0.1

0.1

0.1

3.9
0.1

0.1

0.1

0.'l
0.1

?.9
0.'l
0.1

113,000

455

413

376

342

310

11 ,394
?57

233

212
'193

175

8,125
115

132

120

109

99

1,586
82

74

31.0
0.1
0.1
0.1
0.1
0.í
3.9
0.1
0.1
0.1
0.1

0.0
2.2
0.0
0.0
0.0
0.0
0.0
1.3
0.0
0.0

1 13,000

135

378

329

?86

219

11 ,024
188

1ó3

112

121

107

1,766
81

71

61

53

16

?,061
35

31

31.0
0.1

0.1

0.1

25,000

0.1

0.1

3.0
0.1

0.0
0.0

25,000

0.0
0.0
1.3
0.0
0.0
0.0
0.0
0.0
0.6
0.0
0.0

25,000

Totat 76,650 187,500 10,500 16?,195 44.4 143,831 39.4 133,631 36.6

DISCOUNT RATE
5Z '101 15?l

TotaI Cost
(shs/m3)

14.4 39.4 36.6
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Cost Effectiveness Analysis of Rural Supply Írom a Dug Well with a Handpump

Technotogy: Dug 9ett xith Handpunp

Capital cost! 112,500 Shs

Annual Costs: 500 Shs (]*laintenance)

ReptaceÍDent Costs: Handpunp 25,000 Shs - every 6 years.

Annual Yietdz 5 nBlday * 365 = 1825 m3lyear

DiscountR
5?t 107

Costs Cost/yr Costs Cost/yr
(Shs) (Shs./m3) (Shs) (Shs,rm3)

a te
15'í

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

Year

Annua I
Yi eld

(,n3 )

Capi ta I
Costs
(Shs)

Annua t
Costs
(Shs)

0

1

2

3

4

5

6

7

8

9

10

11

12

t3
14

15

16

17

18

19

?0

1825

1825

18?5

1825

1825

1825

1825

1825

1825

1825

1825

1825

1825

1825

18?5

1825

1825

1825

1 825

1825

1825

í 12,500 500

500

500

500

500

500

500

500

500

500

500

500

500

500

500

500

500

500

500

500

500

1 í3,000
476

154

432

411

392
19,028

355

338

3?2

307

?92

11,199

265

?53

241

229

218

10,596
't98

188

61.9
0.3
0.2
0.2
0.2
0.2

10.4

113,000

455

413

376

312
310

11 ,394
257

233

?1?

193

175

8,125

145

13?

120

109

99

4,586
82

74

61.9
0.2
0.2
0.2
0.2
0.2
7.9
0.1
0.1

0.1
0.1

0.1
4.5
0.1

0.1

0.1
0.'t
0.1
2.5
0.0
0.0

1 13,000

435

378
329

786

219

11,021
188

1ó3

142

124

107

4,766
81

71

61

53

16

2,061
35

31

61.9
0.?
0.2
0.2
0.2
0.1

ó.0
0.1
0.1

0.1

0.1

0.1

?.6
0.0
0.0
0.0
0.0
0.0
1.1

0.0
0.0

25, 000

0.2
0.2
0.2
0.2
0.2

25,000 7.8
0.1

0.Í
0.1

0.1
0.1

5.8
0.1
0.1

25, 0oo

Totat 38,3?5 187,500 10,500 16?,195 88.9 143,831 78.8 133,631 73.2

DISCOUNT RAÏE
5Z 10z. 15 iL

Totat Cost
(Shs/m3 )

88.9 78.8 73.2
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Cost EÍÍectiveness Analysis oÍ Urban Supply Írom a Spring

Technology: Spring, Gravity Distribution, 200 íg storage, chtorination

Capital cost:
Annuat Costs:
ReplaceÍnent Costs:

4,800,000 shs

296,OOO Shs (tlaintenance + Sataries + Chemicats)

None

Annuat Yietdz 200 ÍÍé/daY r 365 = f5000 rBlyear

Year

Annua t

Yietd
(rÉ)

Capi ta t
Costs
(shs)

AnnuaI

Costs
(Shs)

D i scount R

5/ 102
Costs Cost/yr Costs Cost/Yr

(shs) (shs/nr3) (shs) (shs/rB)

ate
153

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

0

1

?

3

I
5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

73000

73 000

73000

73000

73 000

73000

73000

73000

73000

73000

73000

73000

73000

73000

13000

73000

rJ000

r3000

73000

73000

rJ000

4,800,000 29ó,000

29ó,000

29ó,000

?96,O00

29ó,000

29ó,000

296,000

296,000

29ó,000

296,000

?96,000

296,000

296, oo0

296,000

296,000

29ó,000

29ó, ooo

296,000

29ó,000

296,000

296,000

5,09ó, ooo

281,905

268,181

255,696
243,520
231 ,924
220,880

210,362
200,344

190,804

181,718

173,065

1&,824
156,975

1 49,500

142,381

135 ,601
129,144

122,994

117,137

1ï1,559

69.8
3.9
3.7
3.5
3.3
3.2
3.0
2.9
?.7
2.6
2.5
2.4
2.3
2.?
2.0
2.0
1.9
1.8

5,09ó, ooo

269,09'.1

214,628

?22,389

202,172

183,793

167,081

151,895

138,086

125,533

111,121

103,746

91,315

85,741

77,916

70,t#0
64,118

58,562
53,238
48,398

13,999

ó9.8
3.7
3.4
3.0
2.8
?.5
2.3
2.1
1.9
1.7
1.6
1.1
1.3

1.2

1.1

1.0
0.9
0.8
0.7
0.7
0.6

5,096, ooo

257,391

??3,819
194,6?5

169,?39

117,164

1?7,969

111,?77

96,763
81,112
73,167

63,623

55,325
48, 1 08

11,833

36,377
31,632
27,506
23,918
?0,799
1 8,08ó

ó9.8
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
0.ó
0.5

0.1

0.4
0.3
0.3
0.?

1.7
't.6
1.5

Totat 1,535,000 4,800,000 6,21ó,000 8,7U,814 120.3 7,616,015 104.3 6,918,762 95,2

5%
DISCOUNT RATE

10u 15 7"

Total Cost

( Shs/m3 )

120.3 104.3 95.2
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Cost Effectiveness Analysis oÍ Rurat Supply Írom a Spring

Technotogy: Spring, Gravity Distribution, 70 m3 Storage

Capitat cost: Í,281,250 Shs

Annual Costs: 97,ó25 Shs (Èlaintenance + Sataries)
Reptacenrent Costs: None

Annual Yietdt 70 nB/day * 365 = 25550 nBlyear

AnnuaI

Year Yield
(m3)

Capi ta t
Costs
(shs)

1,?81 ,250

Annua I

Costs
(Shs)

97,625
97,625

97,625
97,625
97,625
97,6?5

97,625
97,625
97,625
97,6?5

97,625

97,625
97,625

97,625
97,6?5

97,6?5

97,625
97,6?5

97,625
97,6?5

97,625

DiscountRa
5'A 10,(

Costs Cost/yr Costs Cost,/yr
(Shs) (Shs,/m3) (Shs) (Shs./rÍB)

te
15 '.iA

Costs Cost,/yr
(Shs) (Shs/Ín3)

0

I
2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

0.9
0.8
0.8
0.7

25550

25550

25550

25550

?5550

25550

25550

?5550

25550

25550

25550

25s50

25550

25550

25550

25550

25550

25550

25550

25550

25550

1,379,975

92,976

88,549
81,332
80,31ó
76,492

72,U9
69,390
66,076
62,930

59,933
57,079

54,361

51 ,773
19,307
16,959
11 ,723
1?,593
40,565

38,634
36,794

1,379,975
88,750

80,682
73,347
66,679
60,617

55,107
50,097
15,543
41,403

37,639
31 ,217
3'.1 ,106
28,278
25,709
23,371
?1 ,?16
19,315
17,559
15,962
14,511

1 ,379,975
84,991

73,819
&,190
55,817
19,537

42,206

36,701
31 ,914
27,751
21 ,131
20,984
18,247

15,Í167

13,797

11,ggg

10,133
9,072
7,ggg

6,960
5,965

51 .0
3.6
3.5
3.5
3.1
3.0
2.9
2.7
2.6
2.5
2.3
2.2
2.1

?.0
1.9
Í.8
1.8
1.7
1.6
1.5

1.1

54 .0
3.5
3.2
2.9
2.6
2.1
2.2
2.0
1.8
't.6
1.5

54.0
3.3
2.9
?.5
2.2
1.9
1.7
1.4
1.2
1.1

0.9
0.8
0.7
0.ó
0.5
0.5
0-1
0.1
0.3
0.3
0.2

1.3
1.2

1.1

1.0

0.6
0.ó

Total, 53ó,550 1,281 ,250 2,050,125 2,595,498 101.ó ?,210,012 8ó.5 1,989,942 77.9

5r
DISCOUNT RAIE

10 "À 152

Total Cost
( Shs,/tn3 )

101.6 86-5 77 -9
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Cost EfÍectiveness Analysis oÍ Rural Supply from a Spring

Technotogy: Spring, 35 m3 Storage

CapitaI cost:
AnnuaI Costs:
Replacement Costs:

293,750 Shs

29,875 Shs (Maintenance + Salaries)
None

Annual Yietd: 35 rBlday * 365 = 12775 n3lyear

D i scount R

57 102
Costs Cost/yr Costs Cost/yr
(shs) (shs/Ín3) (shs) (shs/rB)

à te
15 7,

Costs Cost/yr
(shs) (shs/ÍÍg)

AnnuaI

Year Yiel,d
(m3)

Capi ta t
Costs
(shs)

Annua I

Costs
(shs)

0

í
2

3

4

5

6

7

8

9
't0

11

1Z

13

14

15

16

17

18

19

20

't?775

12775

12775

12775

1?775

12775

12775

12775

1?n5
1?775

12n5
1?775

1?775

1?n5
't2775

12775

12775

12775

12775

12775

12775

293,750' 29,875
29,875
?9,875
29,875
?9,875

29,875
29,875
29,875
?9,875
?9,875
29,875
29,875
?9,875
?9,875
?9,875
?9,875
29,875
?9,875
29,875
?9,875
29,E75

3?3,625
28,152
27,098
25,807

24,578
23,4O8

22,293
21 ,232
20,221

19,258
18,341

17,467

16,636
15,U3
1 5,089
11 ,370
13,ó86

13,034

12,114

1 1,823

11 ,?60

25.3
2.?
2.1

2.0
1.9
1.8
1.7
1.7
1.6
1.5

1.4

1.4
1.3
1.2
1.2
1.1

1.1

1.0
1.0
0.9
0.9

323,6?5

27,159

24,690
22,446
20,405

18,550

16,864

15,331

13,937

12,670

1 1,518

10,471

9,5'19

8,651
7,t§7
7,152
6,502
5,911
5,373
4,885

4,441

25.3
?.1

1.9
1.8
't.6
1.5
1.3
1.?
1.1

1.0
0.9
0.8
o.7
0.7
0.6
0.6
0.5
0.5
0.4
0.4
0-3

323,625
?5,978
22,590
19,613
1 7, 081

11,853
12,916
11 ,231
9,766
8,492
7,385
6,421
5,5u
4,856
1,2?Z

3,671
3,193
2,776
2,111
2,499
1 ,825

25.3
2.0
1.8
1.5

1.3

1.2
1.0
0.9
0.8
0.7
0.ó
0.5
0.4
0.1
0.3
0.3
0.?
0.2
0.2
0.2
0.1

Total 268,275 ?93,750 627,375 695,934 54.5 577,9§ 15.2 510,623 10.0

5Z
DISCOUNÏ RATE

102 15?

Totat Cost
( Shs,/m5 )

51.5 15.2 40.0
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Cost EÍÍectiveness Analysis oÍ Rural Supply Írom a Spring

Technotogy: Spríng

Capital cost:
AnnuaI Costs!
Reptacement Costs:

25,000 shs

500 Shs (l,laintenance)

lilone

Annual Yietd: 10 m3lday * 365 = 3650 nB/year

Year

0

1

2

5

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

Annua t
YieLd

(m3)

Capi ta L

Costs
(shs)

25,000

Annua I

Costs
(Shs)

DiscountR
5Z 10?

Costs Cost/yr Costs Cost./yr
(Shs) (Shs/m3) (Shs) (Shs,/Íg)

te
152

Costs cost,/yr
(Shs) (shs/m3)

3650

3650

3650

3ó50

3ó50

3650

3ó50

3ó50

3650

3650

3ó50

3650

3650

3ó50

3ó50

3ó50

3650

3650

3ó50

3650

3650

500

500

500

500

500

500

500

500

500

500

500

500

500

500

500

500

500

500

500

500

500

25, 500

476

154

132
t+11

392
3r3
355

338

322
307

292

278
265

253

241

??9

218

208

198

188

7.0
0.1

0.1

0.1
0.1
0.1

0.1

0.1

0.í
0.1

0.'l
0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

25,500

155

113

376

342
310

282

257

?33

212

193

175

159

115

132

120

109

99

90

82

74

7.0
0.1
0.1

0.1

0.1
0.1
0.1
0.1
0.1
0.1

0.1

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

435

378

329

286

219

216

188

163

112

124

107

93

81

71

61

53

16

10

35

31

7.0
0.1
0.1

0.1

0.1

0.'t
0.1

0.1
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

500?5,

0.0

Totat 76,650 25,000 10,500 31 ,731 8.7 29,757 8.2 28,630 7.8

DISCOUNT
102

RATE
57" 152

Totat Cost
(Shs,/ml)

8.7 8.2 7.8
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Cost EÍfectiveness Analysis oÍ Urban Supply Írom a SurÍace Water Dam

Technotogy: Surface Lrater, Dam, Disttibution, 200 m3 Storage, tutI Treatment

Capitat cost: 12,250,000 Shs

Annuat Costs: 822,500 Shs (l,laintenance + Salaries + Energy Costs + Chemicats)
Replacement Costs: 500,000 for Ínotorpurps + generators every 10 years

Annual Yietd: 200 m3/day * 3ó5 = 6000 m3lyear

0isc
5%

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

untRa
10%

Costs Cost/yr
(Shs) (shs./ÍÍr3)

te
15%

costs cost/yr
(Shs) (shs/ml)

o

Year

Annuat

YieLd
(m3)

13000

73000

73000

rJ000
7J000

rJ000
ri000
rJ000
r5000

73000

rJ000
rJ000
73000

rJ000
7J000

75000

73000

rJ000
rJ000
rio00
75000

capi ta I

Costs
(Shs)

I 2, 250, 000

500,000

500,000

Annuat

Costs
(Shs)

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

822,500

822,500

822,500

B22,5oo

822,500

822,500
822,500

822,500

822,500

822,500
822,500

822,500

822,500

822,500
822,500

822, 500

822,500

822, 500

822,500

822,500

822,500

13,O72,500

783,333

716,032
71O,506

676,673
644,150

613,76?

5B/r,535

55ó,700

530,191

81 1 ,900
480,899
457,999

436,189
415,418
395,637
376,797
358,854

341,766
325,191
198,436

179.1

10.7
10.2
9.7
9.3
8-8
8.4
8.0
7.6
7.3

11.1

6.6
6.3
6.0
5.7
5.4
5.2
4.9
1-7
1.5
ó.8

'13,072,50O

747,727
679,752
6'.17,956

561 ,779
510,708

4&,280
42?,473
383,702
348,820

509,881

288,281

262,071
238,249
?16,590
196,900

179,000

16?,727

147,934

134,185
't9ó,581

179.1

9.8
8.5
7.4
6.4
5.6
4.9
1-2
3.7
3.?
4.5
2.4
2.1

1.8
1.6
't.4
1.2
1.0
0.9
0.8
1.1

179.1 13,072,5O0

10.2 715 ,2'.17

9.3 621 ,928
8.5 5/i0,807
7 .7 170,267

7 -0 408,928
6.4 355,589
5.8 309,208
5,3 ?68,877
4.8 233,80ó
7 .o 3?6,902

3.9 176,791

3.ó 153,731

3.3 133,679
3.0 116,213
?.7 101,081

2.5 B7,896
2.2 76,132
2.0 66,462
1.8 57,793
2.7 Bo,805

Totat 1,533,000 13,250,000 17,272,500 23,818,0ó9 32ó.3 20,342,000 278.7 18,374,943 ?51.7

DISCOUNT
10 1(

RATE
5X 157

TotaI Cost
( Shs,/m3 )

326.3 278-7 251 -7
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Cost Effectiveness Analysis of Rural Supply Írom a Surtace Water Weir

Technotogy: surface Llater, treir, Gravity 0istrihjtion, 70 m3 storage, chl,orination

capitat cost: 1,150,000 Shs

Annual Costs: 151,500 Shs (llaintenance + Sataries + Chemical,s)
Reptacernnt Costs: l{one

Annual Yiel,d: 70 trí/day * 3ó5 = 25550 m3,/year

Year

AnnuaI

Yietd
(m3)

AnnuaI

Costs
(shs)

151,500

151,500

151,500

151,500

151,500

151,500

151,500

I 51,500
151,500

151,500

151,500

15Í,500
151,500

151 ,500
151,500

151,500

151,500

151,500

151,500

151,500

151,500

capi ta t
Costs
(shs)

1,150,000

DiscountRa
5% 10%

Costs Cost/yr Costs Cost./yr
(Shs) (5[s7ng) (shs) (shs.h3)

te
't5 7.

Costs Cost/yr
(Shs) (Shs./m3)

0

1

2

3

L

5

6

7

8

I
10

11

12

13

14

15

16

17

18

19

20

25550

25550

25550

25550

25550

25550

25550

25550

25550

25550

25550

25550

25550

25550

25550

25550

25550

25550

25550

25550

255s0

1,301,500

144,286
137,115

I 30,871

124,639

118,704

113,0r2
107,69
102,541

97,658

93,009
88,579

u,361
80,311
76,519
72,874
69,401
6,099
62,951

59,954
57,099

1 ,301,500
137,727

125,207

113,824

103,477

91 ,O7O

85,518
77,713

70,676
64,251

59,41 0

53,100

48,273
43,8U
39,895

36,?69
32,971
29,973
27,249
24,771
22,520

1 ,301 , 500

131 ,739
114,556
99,611
86,621

75,32?
65,498
56,954

49,526
43,066

37,118
32,564
28,316
21,6?3
21,411
18,ólg
1ó,190

14,078
12,21?
10,615
9,257

50.9
5.ó
5.1
5.1

1.9
4.6
1.1
4.2
4.0
3.8
3.6
3.5
3.3
3.1
3.0
?.9
?.7
?.6
?.5
2.3
2.2

50.9
5.1
4.9
4.5
4.0
3.7
3.3
3.0
2.8

3.4
2.9
2.6
2.2
't.9
1.7
't .5
1.3

1.1

1.0
0.8
0.7
0.ó
0.ó
0.5
0-4
0.1

50.9
5.2
4.5
3.9

2.5

2.3
2.1

1.9
1.7
1.6
1.4
1.3
1.?
1.1

1.0
0.9

Totat 53ó,550 1,150,000 3,181,500 3,189,525 124.9 2,591 ,305 ,l01 .4 2,249,799 88.1

DISCOUNT
10%

RATE
5% 15%

TotaI Cost
( Shs/ín3 )

124.8 101.4 BB.1
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Cost EÍÍectiveness Analysis of Urban Supply Írom a Surface Water Weir

Technotogy: Surface llater, lJeir, Distribr,rtion, 200 íE Storage, FutI Treatment

CapitaI cost:
AnnuaI Costs:

ReptaceÍnent Costs

6,250.000 Shs

762,500 Shs (l,laintenance + Salaries + Energy Costs + Chemicats)

500,000 for motorpr.np5 + generators every 10 years

Annual Yíetd: 200 n6lday * 3ó5 = 73000 m3lyear

Capi ta I

o

Year

Annua I

Yietd
(ÍïÈ)

73 000

73000

7f 000

73000

73000

rJ000
73 000

73000

73000

73000

73000

73000

73000

73000

73000

8000
73000

13000

13000

73 000

73 000

Costs
(shs)

ó, 250 , 000

500,000

Annua t

Costs
(Shs)

762,500
76?,500

762,5oo

762,500
762,500
762,500
762,500
76?,500
762,500
762,500
762,500

762,500
762,500
762,500
762,500
762,500
76?,5oo
76?,500
762,500
762,500
762,500

7,012,500
7?6,190
691 ,610
658,676
627,311

597,439
5ó8,989

5/+ I , 895

5 1 6,090
491 ,514
775,065
/r45,818

4?1 ,589
101,370
385,114

366,776

319,310
33?,676

316,831
301 ,747
475,823

7 ,012,500
693,182

ó30,1ó5

572,878
520,798
173,453

130,411

391 ,283
355,712

3?3,374

186,718
267,252
?4?,956
?20,t]69

200,790
182,536

165,912

1 50,857

137,14?

121,675

187,63

7 ,012,500
663,013

576,560

501,356
135,96?

379,097
329,650
?86,652
219,263
216,750
31?,071
163,894
112,517

'123,928

107,763

93,707

81,184
70,856
61 ,611
53,577
77,139

Disc
5"A

Costs Cost/yr
(Shs) (shs/ttr3)

untR
10 "a

Costs Cost/yr
(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

?o

000500

96.1

9.9
9.5
9.0
8.6
8.2
7.8
7.4
7.1
6.7

10.6

6.1
5.8
5.5
5.3
5.0
4.8
1.6
4.3
4.1
ó.5

96.1

9.5
8.6
7.8
7.'.|

6.5
5.9
5.1
4.9
1.4
6.7
3.7
3.3
3.0
2.8
2.5
2.3
2.1
1.9
1.7
2-6

96.1

9.'t
7.9

6.9
ó.0
(?

1.5
3.9
3.4
3.0
1.3

2.?
2-0

5

3

1

0

0.8
0.7
1.1

Totat 1,533,000 7,25O,OOO 16,012,500 17,010,337 233.0 13,771 ,186 188.6 11,939,383 163.6

DISCOUNT
102

RATE
3'A 157

TotaI cost
( Shs/m3 )

233.0 188. ó 163.6
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Cost Effectiveness Analysis oÍ Rural Supply Írom a Surface Water Weir

Technotogy: Surface lrater, lreir, Gravity Distribution, 35 m3 Storage, Chtorination

CFpitaI cost:
Annual Costs:
Reptacement Costs:

487,500 shs

71,875 Shs (Maintenance + Sataries + Chemicats)
lJone

Annual Yietd: 35 nB/day * 365 = 12775 tr,Slyear

Annua I

Y ietd
(m5)

Capitat Annua I

Costs

lshs)

DiscountRa
5'l 102

Costs Cost/yr Costs Cost/yr
(Shs) (Shs,/nl) (Shs) (Shs/m3)

te
15 't

Costs Cost/yr
(Shs) (Shs,/m3)

Year Costs
(shs)

0

I
2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

't7

18

19

20

12775

12775

12775

1?775

12775

12775

12775

12775

12775

12775

12775

12775

't2775

12775

12775

't2775

12775

1?775

12175

1?775

1?775

487,500 74,875
74,875
74,975

74,875
71 ,gT5
74,875
74,875

74,875
74,875
74,875
74,875
74,875
74,875
71 ,975
71 ,975
74,875
71,875
74,875

74,875
71 ,975
71 ,875

562,375
71 ,310
67,914
61,680
61,ó00

58,667
55,8r3
53,212
50,678
18,265
45,967
43,778
41,693
39,708
37,817
36,016
34,301
32,ffi
31 ,112
29,631

28,2?O

11.0

5.6
5.3
5.1

4.8
1.6
1.4
4.2
4.0
3.8
3.6
3.4
3.3
3.1
3.0
2.8
2.7

567,375

68,0ó8

ó1,890

56,255
51,111

16,491

42,265

38,123
34,930
31 ,751
28,8ó8

26,213
23,857

?1 ,89
19,717

17,924

16,295

11,811

13,467

12,213

1 1,130

41.0

5.3
1.8
4.4
4.0
3.ó
3.3
3.0
?.7
2.5
2.3
2.1
1.9
1.7
1.5
1.4
1.3
1.2
1.1

Í.0
0.9

562,375
65,109

56,616
19,232
42,810

37,226
32,371

28,148
24,477

21 ,284
1 8,508
16,094
13,995
12,169
1 0,582
9,20?
8,001
6,959
6,050
5,261

1,575

11.0

5.1

4.4
3.9
3.4
2.9
2.5

2.2
1.9
't.7
1.4

1.3
1.1

1.0

0.8
0.7
0.ó
0.5

0.5
0.1

0.1

?.6
2.4
2.3
2.2

Iotal 268,275 487,500 1,572,375 1,195,183 117.1 1,1gg,g2g 93.9 1,031 ,012 90.7

5%
DISCOUNT RATE

'10 z 15 7,

Totat Cost
( Shs,/n3 )

117.1 93.9 80.7
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Cost EÍfectiveness Analysis oÍ Livestock Suppty Írom a Dam

Technotogy: Dam (25000 m3) rith Handpr.np and Trough

Capitat cost: 2,062,500 Shs

Annuat Costsz '127,125 Shs (llaintenance + Sataries)
Reptaceínent Costs: HarïCpunp every 6 years

Annuat Yietd: 50 m3lday * 3ó5 = 18250 m3lyear

Annuat

Year Yietd
(ml)

Capi tal,
Costs
(shs)

2,062,500

25, 000

25,000

Annua I

Costs
(Shs)

DiscountRa
5% 10z

Costs Cost/yr Costs Cost,/yr
(Shs; 156s7.3) (shs) (Shs/Ín3)

te
15%

Costs Cost/yr
(Shs) (Shs,/ÍÍr3)

0

1

2

3

4

5

6

7

8

9

l0
11

12

13

11

15

16

17

18

19

20

18250

18250

18250

18250

18250

18250

18250

18250

18250

18250

18250

18250

r8250

18250

18250

18250

1B250

1B250

18250

18250

18250

?,'t89,625
1?1,071

115,30ó

1 09,81 5

1 04,58ó

99,606
1 13.518

90,345
8ó,043

81 ,946
78,044
74,327

81,709

67,417

64,207

61,119

58,237
55,464
63,?',|l
50,308

47,912

2,189,625
115,5óB

I 05,0ó2

95,511

Bó,828

78,935
85,871
65,235

59,305

53.91 3

49,012
44,557

48,472

36,8?1

33,476

30,433

27,66
25,151

27,361

20,7Uó

18, 89ó

120-0

6.3
5.8
5.2
4.8

2.0
1.8
1.7
1.5

1.1
1.5

1.1

1.0

2,189,625
'110,543

96,125
83,587
72,681
63,204
65,768
47,791
41,557
36,137
31,123
27,325
28,133
20,661

17,966
15,623

13,595

11,813

12,?92

8,932
7,767

00025

127,125

127,125

127,125

127,125

127,125

127,125

127,125

127,1?5

127,125
'127,125

127,125

1?7,125

127,125

127,125

127,125

127,125

127,125

127,125

127,125

127,125

127,1?5

120.0

6.6
ó.3
6.0
5.7
5.5
6.2
5.0
4.7
4.5
1.3
4.1
4.6
3.7
3.5
3.4
3.2
3.0
3.5
2.8
2.6

120.0

6.1

5.3
1.6
4-0
3.5
3.6
2.6
2-3
2-0
1.7
1.5

1.ó
1.1

1.0

0.9
0.7
0.6
0.7
0.5
0.4

4.3
1.7
3.6
3.2
3.0
2.7
2.4
2.7

Tota[ 383,250 2,137,500 ?,669,625 3,81ó,848 ?09.1 3,298,486 180.7 3,002,814 164.5

5r
DISCOUNT RATE

10,( 15?1

TotaI Cost
( shs/m3)

209.1 180.7 164.5
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Cost Effectiveness Analysis oÍ Livestock Supply Írom a pan

Technology: Pan (5000 m3, ó months r{ith r.ater)

capitaI cost:
AnnuaI Costs:
Reptacement Costs:

312,500 shs
?7,625 Shs (l,taintenance + Sataries)
None

Annuat Yietdz ?5 tt6/day * 180 = 4500 n1lyear

AnnuaI
Year Yietd

(m3)

capi tat
Costs
(shs)

3 1 2,5004500

4500

4500

4500

4500

4500

4500

4500

4500

4500

4500

4500

4500

4500

4500

4500

4500

4500

4500

4500

4500

Annual

Costs
(shs)

27,625
27,625
?7,625
27,625
27,625
27,625
?7,625
?7,625
27,625
27,625
27,6?5

27,625
27,625
?7,625
27,625
27,625
27,6?5

27,625
27,625
27,625
27,625

340,1?5
26,310
25,057

23,86tt
22,727
21 ,&5
20,614
19,ó33

18,ógg

17,807

1ó,959

16,152
1 5,383
11,650
'13,953

13,288

12,655

1 2,053
11,479

10,932
10,412

75.6
5.8
5.ó
5.3
5.1

4.8
4.6
4.4
4.2
4.0
3.8
3.ó
3.4
3.3
3.1

3.0

340,1?5
25,111
22,831

?0,755
18,8óg

17,153

15,594

14,176
12,U7
11 ,716
10,ó51

9,82
8,902
8,002
7,275
6,613
6,012
5,465
4,969
4,517
4,106

75.6
5.6
5.1

4.6
4.2
3.8
3.5
3.2
2.9
2.6
2.4

340,125
?4,022
20,889

18,164

15,795

13,735

11 ,913
I 0,385

9,031

7,953
6,929
5,938
5,163
4,490
3,904
3,395
2,952
2,567
2,232
1,941
1,ó88

75.6
5.3
4.6
4.0
3.5
3.1
2.7
?.3
2.0

DiscountRa
5% 10z

Costs Cost./yr Costs Cost/yr
(Shs) (Shs/m3) (Shs) (Shs/Ín3)

te
15%

Costs Cost/yr
(Shs) (Shs,/ÍÉ)

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

?0

?.2
2.0
1.8
1.ó
1.5
1.3

1.2
1.1

1.0
0.9

1.7
1.5
1.3
1.1

1.0

2.8
2.7
2.6
2.4
2.3

0.9
0.8
0.7
0.ó
0.5
0.1
0.4

Totat 94,500 312,500 580,125 &,394 152.1 575,3't2 127.8 515,039 114.O

OISCOUNT
t0u

RATE
5% 15 7"

Totat Cost
( Shs/m3 )

152.1 1?7.8 114.0
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