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PREFACE 1

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

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

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

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

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

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

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

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 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 overall coverage by protected water supply
is 30%, with urban coverage at 64%, and rural coverage at 15%.

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 Ipcd. For Maralal
this figure is 52 Ipcd, for the rural schemes 31 Ipcd.

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 watertis being treated. The developed capacity of the
schemes may be estimated at 126 m3/hr, i.e 17% of the calculated 1988 total water
demand (if assuming a 12-hour supply period).

Of 31 schemes, 10 are reportedly in 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 49% 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 available. The operation cost are
around 30 to 50 Shs per beneficiary per year, and between 2.5 and 4 Shs per m3
produced. The operation costs appear to be low, possibly due to understaffing, which
may explain the poor condition of the MoWD water supplies.

In 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 km? or 25% of the district is not within 10 km
reach of these temporary sources.




l
Erosion is rampant in parts of the District and many dams and pans are badly silted
The dams and pans are usually not fenced and animals and people take wate
directly. The poor condition of some of the dams can be explained from this
Supervision of the structures is almost non-existent and regular maintenance, eg. b)'
desilting, is not carried out. ‘ |

1
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 wate
demand and the type of water sources in the district. Other considerations 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 types supply areas were defined. The recommended technologies are:

Feasi-

Supply Area Source Development Water Supply Development 1) bility 2)
Urban Areas Dug/Drilled wells . Motorized pump, Storage, Distr. ++
Spring protection " Storage, distribution +
Surface Water Intake Treatment, storage, distrib. +
Roof Catchment Gutters, storage (individual) +
Rural Centres | Dug/brilled Well 3) Windmill, storage ++
Dug/Dritled Well Hand pumps ++
Sub-surface Dam Dug Well + Hand pump ++
Spring Protection Storage +
Roof Catchment Gutters, storage (individuat) +
Rock Catchment Storage +
Rural bug/Drilled wells 3) Hand pumps (small units) ++
Institution Dug/Drilled well 3) . | Windmill + storage (large units) ++
Sub-surface Dam o1 Dug Well + Hand pump ++
Spring protection Storage +
Roof Catchment Gutters, storage (individual) +
Rock Catchment Storage +
Dispersed Spring protection Storage ++
Rural Rock Catchment Storage +
Population Dug/Drilled Well 3) Hand pump +
Sub-surface Dam Dug Well + Hand pump +
Rural Deepening Depressions - ++
Livestock Dug/Dritled well &) Windmill, storage, trough ++
Dam construction &) Fencing, trough +
1) Development shown in decreasing order of suitability for each type of supply area
2) Feasibility with regards to availability of water resources
3 Dug wells in aquifer, or in storage provide by sub-surface dam

4) Maybe used also for supply of rural population, provided adequate measures are taken !

WRAP determined the typical properties and components of the water supply
technologies selected for Samburu District and cost estimates were made for each
component. The capital costs include costs of materials, labour, transport and:
depreciation of construction equipment. Overhead costs, such as depreciation of:
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 offices. The |
maintenance costs include spare parts, tools and costs of repairs.

The selected technologies were analyzed using the cost effectiveness approach, which |
measures the cost per cubic meter capacity of each supply system over its lifetime. |
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The lowest cost technology applicable in a given circumstance will be the most "cost
effective”. The analysis was conducted for 21 different types of 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 10% 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 gravity 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 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 will therefore have a low ranking in case of a low total yield.

The least cost effective 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 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 of some of the technology options for domestic supply
are shown in the table:

Source Total Capital Annual Unit Cost
Development Supply Development Capital | Cost/ Cost/
Cost Capita Capita Rate: 10%
(sShs) (shs) (Shs) (shs/m )
Boreholes (3) | Pumps, Storage, Chlorination, Distrib. 5,768,750 1,150 105 15.6
Borehole Winamill, Storage, Limited Distribution 1,131,250 2,265 32 22.5
Borehole Handpump 375,0007 1,875 17.5 12.5
Dug Well Handpump a 112,500 560 2.5 A
Spring Pump, Storage, Chiorination, Distribution| 4,800,000 960 60 11.0
Storage, Limited Distribution 210,000 420 56 6.9
| Storage, One Outletl 25,000 125 2.5 0.9
Surface Water | Weir, Treatment, Storage, Distribution 6,250,000} 1,250 155 19.8
Intake Chlorination, Storage, Limit. Distrib. 400,000] 1,865 76 1.0

The unit costs were also calculated for combined domestic-livestock supply and for
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 facility is small, due to the dispersion of the population. It may even be so that
participation of the community can only be expected, if water supply for the livestock
is included.

In general springs and dug wells are the cheapest water supply technologies.
Boreholes are more expensive, due to the high construction cost in Samburu District.
Surface water intakes are economic if 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. INTRODUCTION

1.1 Purpose and Scope of the Study

- The District Water Development Study (DWDS) of Samburu District is aimed at

providing the basis for the District Water Development Plan (DWDP), which in turn will
be the sector input to the District Development Plan (DDP).

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

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

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

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

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

The DWDP based on the study will be more specific in that it also comprises the
decisions of the district authorities regarding selection and prioritization of the water
development schemes. The plan is to cover a period of 20 years, according to MoWD
guidelines, starting from1993 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 of the district in perspective to all the available
resources. From the above it may be clear that both plans are closely linked and can
only be successfully developed in good co-ordination.

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

In order to provide optimal conditions for district involvement, the DWDS is carried out
in three phases. District engineers and institutions concerned with water use and
water supply are extensively consulted during the periods of data collection and
analysis. The final report includes three volumes, corresponding with the three phases
of the study. Each of these volumes is presented and discussed at a DEC-meeting.




The present report on the identification of water supply options and unit costs is PartI
2 of the DWDS. The report studies the functioning of the existing water supplies in
Samburu District in the broad sense (quantity, quality, reliability, 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
i the report is to recommend affordable water supply options for the variety of situations
encountered in Samburu District.

|

1.2 international Co-operation l

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 Institute of Applied
Geoscience, Delft, The Netherlands, within the framework of the Water Resources
Assessment and Planning (WRAP) project. .~

Consultancy services were provided by the Netherlands Economic Institute, Rotterdam,
i The Netherlands and the International Institute for Hydraulic and Environmental
I Engineering, Delft, The Netherlands.
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2. GENERAL APPROACH

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

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

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

the viability of the ‘technical options for water supply development based on
environmental and sustainability criteria

the investments involved in the district water development and the technical,
institutional, social and financial factors determining the sustainability of selected
solutions

The results obtained in the subsequent phases of the DWDS are presented in Part 1,
Part 2 and Part 3 of the DWDS report. An outline of the Study is given below.

Water Demand Study (Part 1)

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

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

The method adopted provides for projections following three different scenarios: a high
growth scenario based on optimal conditions in economical development, a medium
growth scenario corresponding with national and district development expectations and
a low growth scenario taking into account the less favourable conditions set by the
environment.

It may be clear that the DWDS depends on the input from other sectors, such as
livestock and agriculture, to complete the projections in the most realistic way.
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Water Resources Assessment Study (Part 1)

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

the foliowing:

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

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

i 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 of Water Demand and Available Resources (Part 1)

Having estimated the water demand over the next 25 years and the water resources
available in the district, a close analysis is made of the water development potential to
decide whether the projected water demand can be met. This analysis of water
demand versus water resources availability 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. In
“ this respect both quantity and quality of the water must be considered.

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

Study of Water Supply Development Options (Part 2)

From the actual and projected water demand and the capacity of existing water supply
schemes, the need for further development of the water supplies can be determined.
I
an Limited ,water resources, contrasting interest or expected negative environmental
1 impact:may hamper further development. However, in situations with sufficient water
) available, often more than one supply option can be considered. A selection of the

5
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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

- Inventory 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 presentéd in Part 2 of the DWDS
report. Together with Part 1 this forms the basis for the ’District Water Development
Guidelines’.

I~

Formulation of Guidelines and Recommendations
for investment 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 for implementation
of the DWDP

- A framework for a proposal based on the investment packages

The analyses, results, conclusions and recommendations arrived at are presented in .

Part 3 of the DWDS report. The three parts of DWDS should provide the district
authorities with sufficient base information for initiating further development of the water
resources in the district.

1
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3. METHODOLOGY
3.1 Introduction

The objective of Part 2 is to recommend affordable and sustainable water supply
options for the variety 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 institutions and dispersed rural population, and water
supplies for livestock.

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

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

The descriptions of the supply technologies remain only superficial in the present
study, because already sufficient publications exist where detailed information on these

.can be found. However it would be useful to have a publication accompanying the

DWDP which provides descriptions and designs of the technology options. Such a
publication may be an update of McPherson et al (1984), which contains a very useful
description of the low cost technologies in Kenya. This publication contains also
evaluations of implemented projects and gives proposals for new water supply
projects.

3.2

Analysis of Water Supply Coverage

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

i
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 quality 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.



3.3 Study of Existing Water Supplies

The objective of the study of existing water supplies is to analyse the condition and
effectiveness of the supphes in order to recommend the appropriate technolognes 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
of 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. ' ;
Section 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 information.
Operators or pump attendants usually fill the charts, but their data may be incomplete
or inaccurate, because the usefulness of reliable information is not perceived by them. :

Information on each water supply operated by private or other organisations (eg by
Diocese of Marsabit) is available at the District Water Office from the water perm;t
which needs to be issued for 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 for the visits to the water supplies, which consists of six
sheets on which information can be recorded:

Sheet 1 General Inventory

Sheet 2.1 Inspection Form for Surface Water Sources
Sheet 2.2 Inspection Form for Groundwater Sources
Sheet 2.3 Inspection Form for Distribution System
Sheet 3 Operational Inventory

Sheet 4 Financial Inventory

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 of 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).




3.4 Selection of Water Supply Technologies
ition and The objective of the analysis of the supply options is to select the appropriate water
ogies for supply technologies which suit the conditions prevailing in Samburu District.

The analysis of feasible water supply options for Samburu District depends on the
conclusions 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 level that it is willing
to pay for, will benefit from and has the institutional capacity to sustain.

The main considerations in the selection of water supply technologies are:
ice and - the different water users in the district, which can be distinguished in:

consist . urban areas >2000 population

rural centres <2000 population

rural institutions (schools, health centres, etc.)
dispersed rural population mainly living in Manyatta’s
industries and tourist lodges

f water . livestock
| © T wildiife
fuel, : agriculture

i Igw - the distribution and user related character of the water demand:

ofticial

mation.j . urban areas: supply mainly through individual connections

mplete | . rural centres: supply by combination of individual connections and

them. |} communal water points

. rural institutions: supply specifically for institution and possibly also for
(eg by | nearby rural population
permit ; . dispersed rural population: supply to homadic population
rict no \n . industries and tourist lodges: large point supply of high required reliability
€. | . livestock: supply for varying number of animals

o : wildlife: supply for free moving animals
of six 4 . agriculture: supply for irrigation

- the type of water sourcesjin 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

U:t?fU' | serviceability of water supply systems

ion

there, - the limited availability of local staff with adequate training in operation and
‘ maintenance of water supplies

ry of

N on - the limited chance of effective recovery of costs of operation and maintenance

(assuming that costs of construction of supplies are covered by eg. donors)




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

|

| | . industries of a significant size are not present in the district and plans for
i new such industries are not known; furthermore industries are expected'
! to be supplied through existing urban water supplies (eg. at Maraial)

I therefore no separate industrial water supplies are planned for.
{ 1‘31 . tourist lodges usually organise their water supply independently, therefore,
l' ‘ 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.,
h Such facilities may not always be reached, because fences are
‘ recommended. Therefore separate water points for wndhfe may bei
considered, if such demand exnsts

irrigated agriculture is currently practised on a very small scale at South
Horr and Amaiya. 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.

n ‘J :
H Note: Since 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 Supply

The objective of the cost study is: |
|
di - to provide estimates of capital costs and operation and maintenance costs for|
( each selected water supply technology

- to enable a cost effectiveness analysis to determine the lowest cost technology |
- to provide unit costs of supplies per m3 produced and per beneficiary for the
determination of costs of investment packages.

!
|
The cost study on capital costs included:

i - The collection of construction costs of complete water supplies or supply
components, which can be obtained from contracts, quotations, design reports,

g project documents, annual project reports, etc.

I - The collection of data on design capacities and number of benefumaroes

) - The determination of cost per head of population or per m’> 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 of Statistics.

The costs of O & M were estimated on the basis of information from the Design
Manual of the MoWD or from publications. The aspects of O & M are described in
paragraph 6.2 for each technology.
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The type of water supplies for which costs were obtained are:

1. Domestic water supply:

a) Conventional surface watersupply (intake, treatment, storage, distribution)

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

c) Gravity spring captation systems

d) Drilled and dug wells with electrical or diesel pumps, hand pumps,
windmills and solar pumps

e) Rainwater harvesting systems: rock catchments, roof catchments

f) Sub-surface dams and sand dams.
2. Livestock water supply:

a) Dams

b) Pans

The system components for which costs were obtained are:

Water treatment plants (type, capacity)
Pipelines (for various diameters)
Reservoirs (elevated, ground level)
Spring captations

Drilled and dug wells

Hand pumps, windmills, solar pumps

2B LR

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

11
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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 in a narrow band on
either side of the C77/78/72 primary roads. The population outside the reach of the
settiements 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 (including supplies under
construction) is 30%, with urban coverage at 64%, and rural coverage at 15%.
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)

Samburu District Urban Rural Total
(4 towns) 1)
Total population 28,710 69,580 98,290
Served Population 18,250 10,766 29,016
Service Coverage (%) ' 64 15 30
\
Note: 1) Urban centres are settlements with more than 2000 inhabitants.

In Samburu these are Maralal (18,000), Wamba (5,095), Baragoi
(3,365) and Sukuta Marmar (2,250)

2) The Maralal supply alone covers 10,000 population (estimate)

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, O -
30% in 5 sub-locations, 30-60% in 11 sub-locations, and in excess of 0% in 12 sub-
locations only.

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

Sub-tocations
Samburu District Number with water supply coverage
Total % of Pop.
Number Covered
0% 0-30% 30-60% | 60-100%

1 Baragoi Division 20 14 1 3 2 21

Lorroki Division 29 15 3 5 6 36

Wamba Division 20 12 1 3 4 27

\ District 69 4 5 1 12 30

13



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 Ipcd). The supply
coverage therefore 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 km?, i.e only 1.2%
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 of water supply. In fact, within the shaded
areas, existing supplies only cover a small area.

41.2 Unprotected Water Supply Coverage !
About 99% of Samburu District area has no protected water supplies. This implies that |
the majority of the people (about 70%) and-almost the entire livestock rely on
unprotected sources for their water supply. From table 4.1 above, it can be seen that
36% of the urban population and about 85% of the rural population 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. i

The Range Management Handbook (MoLD, in preparation) describes the water supply
coverage for livestock in terms of maximum walking distance from the watering point
to the grazing area (Bake, 1989). In 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 75% of |
Samburu District (Plate 2) |

4.2 Assessment of Protected Water Supply

|
The assessment of 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 findings 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 few cases the water is being treated. The developed capacity of the schemes
may be estimated at 126 m3/hr, i.e 17% of the calculated 1988 total water demand (if
assuming a 12-hour supply period).

14
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Table 4.3 Summary Technical Description of Protected Water Supply

No. of Schemes No. of Schemes
Source Total Developed
No. of Schemes | Gravity | Pumped?) With Without Capacity (? /h)
Treatment | Treatment 3y
Borehole 14 - 14 (3) 1) 13 34
Dam 4 1 3 () 2 2 54
Springs 6 4 2 () 1) 5 18
Rivers 7 4 3. 1 6 20
31 9 22 (&) 5 26 126
Notes: 1) Figures between brackets show no. of schemes where energy is other than fossil fuel,
e.g. water (1 no), wind (2 (no), solar energy (1 no).
2) Treatment consists of chlorination only

3 The devEloped capacity was estimated for the supplies without data.

422 Service Level

Drinking water is supplied through communal water points, kiosks, and house
connections (metered or un-metered). The number and type of service connections
is known for 23 supplies, however, the number of beneficiaries per unit can be only
estimated. It would seem that of all beneficiaries roughly one third receives water
through communal connections, and two-third through house connections. 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
Communal Individual
. - Total
Communal : Metered Non-Metered i
Water Point Kiosk Connection | Connection
1
No. of Connections 36 12 531 199 778
Beneficiaries/Connect. 225 25 -
Total No. Beneficiaries 10,800 18,250 29,016
Percentage 37 63 100

Water production is on record for 4 urban schemes and for 7 rural schemes. The
average water production per beneficiary is 31 Ipcd. For Maralal this figure is 52 Ipcd,
for the other urban systems 7 Ipcd, and for the rural schemes 31 Ipcd. 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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Table 4.5 Estimated Supply Level (1988)
\

Al i)
‘!!‘ Water Production per
I Production No. of Beneficiary (ipcd)
I ' 7yr) Beneficiaries
. Range
‘HI Average -
“l Minimum | Maximum
(i .
|
i - Maratal 190,000 10,000 52 n.a n.a
1 Urban Schemes = others | 21,341 8,500 7 4 8 .
i
i
([ 7 Rural Schemes 69,960 6,280 31 15 80
| 1 4 0
' ALL Schemes 281,301 24,780 3 8 |
|
i
' st also supplies water to Isiolo District, which is included in the above:

i:] Note: 1) Archer's Po
1. figur‘es

L

h‘( 2) Loijok water supply is included, plthough it is out of order.

4.2.3 Functioning of the Systems

Of 31 schemes, 10 are reportedly in good _vi)orking condition, 8 in fair working'
condition anoth’er 6 are in poor condition, whilst 3 are under construction and 2 are'
out of orc§er. On 2 schemes no performance is available. The 4 urban systems are in

poor to good condition.

iabili chemes, expressed:in the number of days without water varies
Iv?fe{f_"aggﬁhf g%es?;hemes with available data the average number of days without,
water is 73 (20%). For the 4 urban schemes alone thns: average is 33 (1(?%). Four c_)f
the rural schemes (all pumped) are permanently or sem:-per.manently in disorder. _Thns
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 of the Water Supply Systems
|
N
No. of Days/yr without water
No. of Range
Schemes | Average
: Minimum | Maximum
A |
| Corean shenes |6 | 32| e
# Rural Schemes 10 56 0 120
] Rural Schemes | 2 225 100 270
tff Total 16 3 0 270

There are no reports on the 'bacteriological quality of water being distributed. The
effectiveness of the schemes in terms of provnqung protected water supp!y quality can
therefore not be established. Quality may certainly be doubted for the 6 river schemes
and the one dam scheme that have no treatment at all.

16
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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 therefore 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% of operation costs; in rural areas this is
only about 12%. Revenue collected amounts to about 75% of revenue billed.
Consequently, in urban schemes 54% of operation cost are recovered, whilst in rural
schemes this is only 9%. The cost of maintenance is not recovered at all.

Table 4.7 Cost Recovery in Existing Water Supplies

No. of Annual Annual Revenue (Shs)
Schemes | Operat. Ratio of Revenue
with Cost Bilted Colliected | Collected to
Data (Shs) Operation Costs
Urban Schemes 4 571,300 [ 395,591 | 308,300 0.54
Rural Schemes 12 414,100 50,460 37,713 0.09

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

Table 4.8 Unit Cost of Operatioﬁ

No. of Operation Costs (Shs)| Annual
Schemes Operat. Number of Production
With per m per year and | Costs Beneficiaries
Data | produced’| beneficiary | (Shs) (m /yr)
Urban Schemes 4 2.70 3 571,300 18,500 211,341
Rural Schemes 12 n.a -7 414,100 8,191 n.a
7H 3.76 ; 43 263,400 6,280 69,960
i
Note: 1) The group of 7 rural schemes is part of the 13 schemes in the same table.
425 Institutional Aspects

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 or if including also MoWD/Self Help supplies, 87% of all beneficiaries.
Outside the 4 urban areas the MoWD serves an estimated 49% and 64% respectively
of the rural population.

\
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Table 4.9 Agencies Operating the Existing Water Supplies |

Beneficiaries . \ .
Owner/Operator No. of |
Schemes | Number | % of : .
| total ' \

MoWD - Urban 5 18,500 64 !
- Rural .9 5,200 18
Other Ministries 3 1,011 3
Institutions 7 1,980 7
Private 1 150 1
Ministries/SH 5 1,675 ]
Self Help 1 500 2

31 29,016 | 100 :

The sixteen schemes operated by MoWD employ a total of about 27- personnel on
site. Supervision and supplies are prowded by MoWD divisional and district staff. Five
rural schemes do not have employed operators the other 11 rural schemes employ,
a rather high number of operators, the average benng 1.4 operator per scheme or 4.4
operators per 1000 beneficiaries. A

s
<

Table 4.10 Staffing of MoWD Operated Water Supplies

Number of Site Staff
Number of Number of
Type of Scheme Beneficiaries | Site Staff | per scheme per 1000
! Beneficiaries
Urban - Maralat 10,000 5 5 0.5
- 3 other 8,500 + 6 + 2 0.7
Urban Schemes 18,500 1 2.8 0.6
Rural - 5 Schemes ®) 2,500 0 0 0
-11 Other 3,610 + 16 + 1.4 4.4
Rural Schemes 6,110 16 1.0 2.6
Atl Schemes 24,610 27 1.4 1.1

Note: 1) Of these 5 schemes, 4 are borehole schemes with solar (1 no) or diesel
driven (3 no) pumpsets, 1 is a gravity scheme taking water from a stream

If comparing this with the staff required as prescribed by the MoWD Design Manual,
then it can be concluded that the water supplies in Samburu District are strongly
understaffed.
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4.3 Assessment of Unprotecied Water Supply

The assessment of the unprotected water supply is described here in general, mainly
covering the functioning of this type 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 turbidity and organic matter. Chemical data of some
of the sources are summarized in Part 1.

The size of dams and pans varies considerably in Samburu District (a list with the sizes
and condition of the dams and pans is included in Part 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

In 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 km? or 25% of 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 Institutional Aspects of the U'nprotected 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 and 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 for improved Water Suppt

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

The supply level in the urban areas of Wamba, Baragoi and Sukuta Marmar is on
average only 7 Ipcd. 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 supply more rural settlements, and also to supply
the dispersed rural population, that now depends on unprotected facilities shared with
livestock. In 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 for Extension of Domestic Water Supply Coverage

Population (1988)

No. of ¥

Schemes | Supplied |Extension of New Total ,

) Supply ) | Supplies k
Urban Systems ) H 18,250 14,850 - 33,100
Rural Systems 26 10,766 6,500 47,924 65,190
Total 31 29,016 21,350 47,924 98,290

Notes: 1) Figures for urban systems include rural population on fringes of town

2) Rehabilitation of supplies is needed to improve service level
3) Population COVered by extension of domestic supply is a rough estimate.

Table 5.2 Need for New Water Systems
for institutions in Rural Areas (1988)

No.of No. of
J . | Institution People
Rural Institutions:
- Schools ; 55 7,279
- Clinics 8 n.a

The existing facilities for livestock watering cover the larger part (75%) of the Samburu
area, 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. In 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 Range Management Handbook (MoLD in
preparation) indicate that only 12% of the rangeland in the District is currently in good
condition. The rest of the rangeland is either indicated as fair 65% or poor 23%. The
studies do ‘not provide the districts capacity for livestock in L.U. and it is therefore
|mpossrble to indicate at this stage how many additional facilities would be required for
improved livestock watering.
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52 Samburu Context

5.2.1 Settiements

it :

" Three types of settlements may be distinguished in Samburu, namely towns, rurq}
centres and rural, single family compounds {manyattas). From population figures |
would appear that about 64% of the population lives in the rural, single family
compounds, 28% in towns and 7% 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, ina much
lesser dense setting, family compounds are situated. These compounds are of the
typical Samburu type with 4 to 8 huts grouped in a yard that is surrounded by a circula
thorn hedge. The huts have wattle and mud walls and roofs; in a fairly large numbe;
of compounds one or two huts are of different design with a ga!vanized steel roof. |

The trading centres consist of one street, sometimes two. Whilst some buildings are
permanent (a police station, a school, a mission post), most houses are semi

" permanent; roofs are of galvanized steel sheetnng Like in the case of towns, the
centres are surrounded by single family compounds. These compounds generally
outnumber the (semi-) permanent houses found in the centre; unlike in the urbar
periphery, the huts are nearly all wattle and mud structures, sometimes roofs arg
thatched.

Outside the towns and trading centres, one finds only family compounds. Generally
these compounds have about 4-8 huts, though occasionally larger compounds, of ug
to 40 huts may be seen. Huts are exclusively wattle and mud structures. The
occupied compounds are scattered over the country side, and it is rather unusual 1
see compounds iess than 500 m apart. In most areas, except in Lorroki division, the
number of abandoned compounds is much larger than the occupied ones. This i
| \ evidence of the non-sedentary, livestock oriented life of most of the Samburu people

The compounds are generally situated on gently sloping ground, near a road, a dr
river bed, or at the foot of a hill.

e —

Table 5.3 Type of Settiements and Housing (1988)

il ll‘

. Type of Housing 2)
} Average Population
[|. Type of Settlement | Number | Population 1) | Distribution Semi - Non-
it Permanent | permanent | Permanent

‘| Town - Maratal 1 18,000 18% + - .
Il - Others 3 3,500 1% - ++ + .

! 4
;F Rural Centres 17 500 7% - + ++

Family Compounds 1600 25-50 64% - - -+

" District n.a n.a 100% - + ++
.
Wl KR Notes: 1) Including population in the immediate periphery

2) Permanent: stone or brick walls, galvanized steel roof;

: semi-permanent: walls: poles with mud/cement plastering, galvanized steel roof;
[ non-permanent; mud and wattle walls and roof

shown to be (-) absent or nearly absent, (+) present as a substantial percentage of total
(++) predominant.
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52.2 Infrastructure

Infrastructure in the district is poorly deveioped. The total Iength of ciassified roads is
only 336.8 km, i.e 1.6 km per 100 km? of area. Electricity is available only in Maralal
and Sukuta Marmar.

The majority of facilities in the District are located within 10 km distance from the main

roads. This is probably related to the inaccessibility 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 machines or drilling rigs.

523 Organization and Attitude

The Samburu people had a very unique form of organisation before independence.
They had no chiefs and all power was contained in the institution of elders. Normally
they used to settle conflicts through extensive discussions. Every man wouid be given
a chance to air his views until an acceptable 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 of their poor
attitude towards education is shown by the very low school enrolment and especially
in secondary schools. Between 1883 and 1987 secondary school enrolment increased
by only 4%. In general the Samburu people feel that they should be aliowed 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.

In the past, the Samburu ideology of work emphasised on individualism. There was
very poor attitude towards harambee (self-help) projects. However recent changes
from field data show contributions to harambee projects as being considerable. Cases
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 which organise some of

the activities of the community. An example is the grazing of animals, for which areas

are indicated each season outside which grazing is not allowed. These committees may

glay an important role in the implementation of the future development plans for the
istrict.

Pastoralism is regarded as a noble profession amongst the Samburu people. In fact
livestock related activities account for about 57% 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 4% of the employment. Self-employment in small-scale and
informal business accounts for about 7.3% of the employment and this is expected to
rise by about 11.6% annually for the next five (5) years. It must however be
emphasized here that employment as a source of income is still very insignificant for
the Samburu people. Only a handful of people go out to look for employment in urban
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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 ang
Baragoi) for the year 1988 were Shs. 822 per capita per month.- Earnings in'the rural

- areas can therefore be expected to be quite low.

53 Considerations for 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 protected drinking water supply it is felt that a first distinction

“ should be made where it concerns urban areas (>2000 population), rural village type

settiements (<2000 popuiation, e.g. trading centres) rural institutions, and dispersed

Major considerations in developing water supply are the following:

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

2. Limited availability of local staff with adequate training in operation and

maintenance of water supplies;

3. The smali size of the rural centres, and the extremely low density of the rural
population.

4, 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 for Technology Choice

Characteristic Associated with Choice of Technology
Type of Supply Area

Approximate

Population | Accessibility Local Cost

per Supply Maintenance | Recovery

Unit (1988) Capacity Potential
Maralal 18,000 good good fair
Other Urban Areas 3,500 good fair fair
Rural Centres 500 fair to poor fair to poor| low
Rural Institutions <500 fair to poor fair to poor| fair

| Dispersed population | . <100 poor poor Low

In 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 requ:rements
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5.4 Technology Choice

The sources for water supply development in Samburu have been recommended in

~ Part 1.

The proposed development of the water resources was determined according the
following assumptions:

1. The development of groundwater (and springs) is preferred to the development
of surfacewater for reasons of water quality and of supply reliability during
drought situations. The increase of the domestic demand until 2003 is therefore
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 possibie water quality, with no or littie 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
Baragoi, almost all other small centres). Water supply is required in greater
quantities than for rural domestic supplies, therefore surface water is also an
option. Treatment is required for surface water sources.

Table 5.5 Proposed Source Deveiopment for 2003 Demand (Scenario 2)

Domestic §,upply Non-Domestic Supply
E]

No. No.
Gw Rw/Sw Sp Gw Rw/Sw Sp Res. Dev.

Baragoi Division

- Quantity (m /d) 917 87 18 | 158 | 122 0 21 -
- Nr. of sub-locations 18 2 21 M 7 0 2 7

7

Lorroki Division

- Quantity (m /d) 3,575 (1,39 | 70| 214 |81 | o 539 | -

- Nr. of sub-locations 219 2 12 9 0 171 12
1

Wanba Division

-~ Quantity (m /d) 722 0 70 | 52 21 0 0 -

- Nr. of sub-locations 12 D 3 3 1 0 0 9

Maso Division -

- Quantity (m /d) 138 ] 107 | 68 52 0 67 |- -
- Nr. of sub-locations 8 0 1 5

Total Quantity (m /d) |5,351 [1,436 265 | 492 376 0 619 -

Note: 1) Gw = Groundwater, Rw = Rainwater, Sw = Surface Water, Sp = Spring,
No Dev. = No development due to rangeland condition,
Nat. Res= Natural Resources (no development required)

2) Total number of sub-locations may be bigger than the total in the Division, because some sub-
_locations have more than one water source

\ Total sub-locations: Baragoi Division: 20
Lorroki Division: 29
Wamba Division: 12
Waso Division: 8
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Rural non-domestic demand is supplied from springs, surface water or ground-
water. If possible surfacewater and groundwater are used in combination on 3
50-50% basis. In 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 8 and the results for each sub-location is
presented in Table A8.4. ‘

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

¢

Table 5.6 Suitability of Technolbgies for Domestic Water Supply

Domestic Water Supply Development Oﬁfions Suit?bility 1y
- or
Supply Category ?)
Source Development Water Supply Development
Source Technology Water
Distribution Technology 112 3 4
Ground- | Drilled/Dug | Single “Hand pump - =+ |+
water wWell outiet 3) ‘Windmill & Storage - | o+ | -
.Motor pump (fossil fuel) +
Storage - + + -
Multiple Windmill + Storage +
outlet Distribution System - - - -
Motor + Storage +
Distribution System ++ [ - - -
Spring Single Storage - | o+ | e
Protection outlet
Multiple Storage + Distribution
outlet System ++ f - - -
Rain Roof Catch- | Single Gutters + Storage ] e | e ] -
water ments outlet
Rock Catch- | Single Storage - | e + +
ments outlet
Multiple Storage + gravity distrib. -1 - - -
outlet
Surface | Sub-surface
water dam + dug SEE ABOVE FOR DRILLED/DUG WELL
wells
Direct Multiple Motorized pumps,
intake outlet treatment, storage,
distribution + - - -
Note: 1) Suitability: (-) not suitable, (+) suitable, (++) very suitable
2) Supply category: 1. Urban Centre
2. Rural Centre
3. Rural institution
4. Dispersed Rural Population
3 Single outlet may be a communal water point/kiosk, or a single Line with some CWP'S

or kiosks
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For rural areas, provided suitable precautions are taken to avoid source contamination,
one source could provide for domestic supply through a communal water point and for

livestock
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 for Various Types of Users

Table 5.7 Suitability of Technologies for Livestock Water Supply

Livestock Water Supply Development

Source Development

Water Supply Development Suitability

Source Technology
Groundwater | Dug/Drilled well | Hand pump +
Windmill + storage ¢ trough ++
Motorpump + storage + trough -

Rainwater Deepening
Depressions - ++
Dam Construction | Fencing + troughs +

watering through troughs. Joint source development may be very cost-

Feasi-
Supply Area Source Development Water Supply Development 1) bitity 2)
urban Areas Dug/Drilled welts Motorized pump, Storage, Distr. ++
Spring protection Storage, distribution +
Surface Water Intake Treatment, storage, distrib. +
Roof Catchment Gutters, storage (individual) +
Rural Centres | Dug/Drilled Well 3) Windmill, storage ++
Pug/Drilled Welt Hand pumps ++
Sub-surface Dam Dug Well + Hand pump +4+
Spring Protection Storage +
Roof Catchment Gutters, storage (individual) +
Rock Catchment Storage +
Rural Dug/Orilled wells 3) Hand pumps (small units) ++
Institution bug/Drilled well 3) Windmitl + storage (large units) ++
Sub-surface Dam Dug Well + Hand pump ++
Spring protection Storage +
Roof Catchment Gutters, storage (individual) +
Rock Catchment Storage +
Dispersed Spring protection Storage ++
Rural Rock Catchment Storage +
Poputation Dug/Drilled Well 3) Kand pump +
Sub-surface Dam Dug Well + Hand pump +
Rural Deepening Depressions - ++
Livestock Dug/Drilled well 4) Windmill, storage, trough ++
Dam construction 4) Fencing, trough +
1 Development shown in decreasing order of suitability for each type of supply area
2) Feasibility with regards to availability of water resources
3 Dug wells in equifer, or in storage provide by sub-surface dam
4)

May be used also for supply of rural population, provided adequate measures are taken
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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 for each water supply technology which is
" feasible in Samburu District. Both costs are used for a cost effectiveness analysis and
for the determination of unit costs per m® produced and per beneficiary.

information on costs was obtained from the Ministry of Water Development, from
NGO’s working inside the MoWD (Norad, SIDA), from other water projects (LBDA,
KEFINCO, etc.) and from various publications. The costs were analyzed and were
adapted to enable comparison. If necessary, costs were converted to 1988 - price

ievels.

6.1 Description and Cost Estimates of Water Supply Technologies

The description of 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 McPherson et al (1984).

The estimates of construction costs given here were considered to contam the
following items:

- costs of materials

- costs of skilled and unskilied labour

- costs of transport

- costs of depreciation of construction equipment

At this stage of planning, cost estimates need only be indicative, as the objective is only
to provide a rough estimate of the cost of water development. Cost estimates on
complete supplies or components of complete supplies were coilected from many
different sources. The sources of information are summarized in Appendix 4 in tables,
which include:

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

Itis often difficult to compare directly the costs from different sources for a similar water
supply 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, also
different makes of handpumps, motorpumps, etc. are being used. Sometimes
materials are imported by the project (duty free).

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

- allocation method of labour costs: labour provided by the community is
§om"etimes paid for, but often provided free of charge. The free labour however
should also be included as costs, because it must be treated as if it is a financial
contribution by the community.
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- allocation method of overhead costs: overhead costs differ greatly from Projs
to project, but are often also allocated differently to the construction costs Gy
costs of expatriate assistance or of materials bought with\overseas funds ;
sometimes not included in the overhead costs. ) '

) . 3

Further complication of the unit costs analysis is caused, because of diﬁ‘erenoes

between the designs adopted for Samburu District and the designs used in other pa

of Kenya. The DWDS has tried to overcome these complications, by determining the
typical properties and components of the water supply technologies specific fa

Samburu District, and to obtain separate cost estimates for these components.

The construction costs of each component was analysed and finally cost estimate
were determined of the complete water supply options, which are applicable to th
conditions in Samburu District (Appendix 5). The costs are summarized in table 61

The capital costs do not include overhead costs, such as depreciation of vehigle
costs of office staff or expatriate staff. The costs include costs of preliminaries (15%j
and of contingencies (10%), which is according to the MoWD Design Manual for the
preliminary design stage. For easiness both percentages were combined to 254

* contingencies.

Table 6.1 Production Capacity and Capital Cost of Water Supply Development

Source Supply Development %Production Capital Cost | Cost/m /day
Development - (m /day) (shs) (shs)
Borehole Pump, storage, chlorination, 50/100 1) 1,437,500/ 28,750/

distribution, 1,625,000 16,250
Windmill, storage, small 35 1,425,000 40,700
distribution
Handpump 10 375,000 37,500
Dug well Windmill, storage, small 40 1,175,000 29,400
distribution
Hand pump 10 112,500 11,250
Surfacewater| Weir, treatment, storage, 200 6,250,000 31,250
Intake distribution
Weir, storage, chlorination, 70 1,150,000 16,500
small distribution
Spring Storage, chlorination, 200 4,800,000 24,000
Protection distribution
Storage, small distribution 70 1,281,250 18,300
Storage, cwp, trough 35 293,750 8,400
Storage, one outlet 10 25,000 2,500
Dam or Pan 2,500 o (50) ) 156,250 (3,100)
5,000 m (50) ) 312,500 (6,250)
10,000 (50) ®) 625,000 (12,500)
25,000 m 40 1,562,500 39,000
50,000 m 40 3,125,000 78,000

Notes: 1) Production

Basement Rock: 50 m’/day
Volcanic Rock: 100 m’/day

2) Contains and supplies water part of the year only
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_The typical properties and components of the 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 deveiopment also includes a
summary of the 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 into a storage chamber (spring box). The supply may consist of a single
outlet and a drainage channel (design KEFINCO) or of a pipeline with communal water
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 of pipeline and water points. Proper protection of the catchment area is
very important and surface water should be diverted away from the intake.

Artesian springs are preferred more than gravity springs due to less fluctuation in water
quantity and better bacteriological quality, but most springs in Samburu District are

* gravity springs. Spring discharges range from 10 m3/day (Oromodei) to >300 m3/day

(South Horr).

Cost estimates on spring supplies with a single outiet were available from SiDA (KWale
Project) and FINNIDA (KEFINCO). The construction cost is about 25,000 Shs.

In Samburu springs are often at some distance from the village, therefore it may be
necessary to convey the water to the people. This would also be necessary if the
spring is inside the forest. Therefore also options were costed including a pipeline and
storage (Appendix 5). ;

Dug Wells: Shaliow wells (or hand drilled tube wells) are recommended in certain
areas, mainly near laggas. They can also be considered as means of water quality
improvement as for example as off-takes in pans and dams. Shallow well siting for
natural aquifers should be undertaken by specialists. Inner lining of wells may be done
with rings of brick, stone or concrete rings precast or cast in situ, etc. The wells must
be protected from poliution by a well cover. Abstraction of water may be done by a
windmill, a hand pump or by other means. The required depth of the dug wells in
Samburu District is expected to be 5-10 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 costs of about 10,000 Shs.

Drilled Wells: Drilled deep wells or boreholes are feasible at many locations in
Samburu District. The abstraction method depends on the demand, but can be either
by motor pump, windmill or hand pump. Well siting should be undertaken by
Specialists, if possible using geophysvcal techniques. Typical properties of boreholes
in Samburu District are summarized in table 6.2.
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Table 6.2 Average Properties of Boreholes in Samburu District

, \
Basement Area | Volcanic Area
Drilted Depth 100 m 200 m \
Drilted Diameter 200 mm 200 mm
Casing Diameter 150 mm 150 mm
Type of Casing steel steel
tength of Filters 2t m 2im
Borehole Yield 2-4 1 /hr 2-12 ot /hr

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 of boreholes fitted with hand‘pumps were available from LBDA, SIDA,

- FINNIDA and PENCOL. The costs vary considerably, mainly due to the depth of

drilling. The construction cost adopted 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.

Surface Water Intake: The intake on a perennial river may consist of a weir or a dam.
The site should be at a level that allows the water to be gravitated to the supply area,
and be preferably upstream of poliution 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 KWAHO), including a weir costing 120,000 Shs. The cost estimate
for an average weir adopted for the Samburu District Water Development is 200,000

Shs (Appendix 5).

Sub-Surface Dams And Sand Dams: In seasonal flow 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 type 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 fluoride concentration.

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

The potential for sub-surface dams or sand dams 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. It 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 Roof Catchments: Rock catchments are simple in nature. Siting should
take into account community access and geological structure. The best sites are found
on lower reaches of bare rock inselbergs which minimise runoff loss to soil, vegetation
and fractures. Storage may be provided behind dams, because generally a large
storage is required-{see table 6.3). The required catchment area depends on rainfall

" quantity and variability, but often the available area is limited due to the local 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 pollution by dust, leaves and bird droppings on the roof.

The required surface area and storage for rainwater harvesting can be estimated
roughly with formulas provided in the MoWD Design manual. The 90% - probability
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

Continuous Storage
Demand Tank Roof Area | Rock Area
(' /day) () (m?) (m?)
1 120 2,250 3,600
5 600 11,250 18,000
10 1,200 22,500 36,000
20 2,400 45,000 72,000

Notes: 1) Storage capacity = 0.03 x Demand x (T + 2)
T = longest dry .spetl = 2 months

2) Surface Area = (450 x Demand) / coef x 90% - rain
coef = 0.8 for roof catchments and
0.5 for rock catchments

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

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

Cost estimates of roof catchments are included in Appendix 4. The cost is about 1000
or more Shs/capita. Itis clear that both roof and rock catchments have little potential
to supply the full water demand for domestic use. More study is needed of these
technologies, therefore unit costs were not included at this stage of the Samburu
Dgstrict Water Development Study.

Pans and Dams: Small reservoirs (< 10,000 m3) can usually be constructed with small

eanh-mo§ring equipment. They are relatively cheap and not difficult to operate and
maintain. Site selection must be done by qualified personnel. Earth dams need proper
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catchments (conservation measures are often needed as a pre-condition). Siltation is
almost inevitable if no measures are taken. Evaporation in the reservoirs is usually
high. Spillways must be properly designed to prevent erosion and overtopping of the
dam. The site must be properly selected to have maximum storage and should not
have ieakages. 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 domestic consumption, a shaliow well at the foot of the dam where
some seepage occurs, may be constructed which will draw reasonably clean water.
Alternatively an off-take structure may be constructed in the lower part of the reservoir
connected to a 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 contractor prices, while
Kitui-estimates are based on a large community contribution in labour.

b
A rough estimate of total costs based on rates provided by DCUS was made. The
unit cost per m3 works out at 50 Shs/m3. .

- Small dams/pans (5000 m3): 250,000 Shs
- Medium earth dams (25,000 m?3): 1,250,000 Shs

investigations to locate sites for dams/pans were not executed by WRAP. However
areas with potential for 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 well organised, 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 2.0 m3/hr (or more). An average person can draw the following
quantities from a well:

Dynamic water level (m) 5 10| 20 30 40 50
Yield (nf /hr) 3.51] 2.0 1.0 | 0.8 | 0.65 0.5

Source: (1HE, 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 - india Mk Il (Kefinco)

The Afridev and India Mk Il 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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ltation is Windmills (Pumps): Wind is free, therefore windmills are relatively cheap in operation.
usually  But windmills are expensive to install. They may be combined with a hand pump so
g of the that water can be pumped by hand if there is no wind. Or a diesel engine may be used
ould not as standby. If only wind power is used, a three day storage of water is required as
g. minimum.
sion by '
m where The-most-common-and successful Kijito windmill is produced with four different rotor
n water. sizes (3.7, 4.9, 6.0 and 7.5 m diameter). Standard height is 8 m, but an extension to
reservoir 12 m is possible. The costs are summarised in Appendix 4.
IT-Power (1988) has made a cost comparison between wind pumps and stand-alone
ﬁaere not diesel pumps. Three curves were derived for monthly wind speeds of 2.5, 3.0 and 3.5
owever m/s. Combinations of volume and head below the curves are those for which wind
s, while pumps provide cheaper water on a life cycle costing basis.
1100
ge. The r:?’sl/uc;nai/ \\ — 2.5 m/s
. — 3.0 m/s
80
However 80 r
from the
will be
40 F
201
require
iderably
pth of 60 o - ' , ,
j and to ' -
0 .20 40 60 80 100
OUid_be Total head (m) 7
pliowing
Fig. 6.1 The Economicsf of Wind Pumps Versus Diesel Pumps for Village

and Livestock Water Supplies in Kenya (from: IT-Power, 1889)

Wind speed data are not available for 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. |f conditions are similar in Samburu then wind pumps are feasible. 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.

néga for Hydraulic Rams and Solar Pumps: Both use natural sources of energy. A hydraulic

q ram uses a large volume of water to pump a small proportion of that volume. Rams
0%9;22 requnre careful adjustment. Ram pumps are relatively expensive, but easy to maintain.

The apphcatnon of ram pumps is limited to locations with ample flownng water. In
Samburu such sites are few. At Amaiya the mission is currently using a ram pump.
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Solar pumps may be suitable for arid areas. They may pump.as much as 6 I/s.
Sophisticated technology is required and they are not easy to repalr\ 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 it will be interesting

- to monitor the performance of these units.

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

The selected water supply options all deliver water by gravity to the consumers. ltis
assumed that motor pumps are included only to pump water from the source to the ful
treatment plant. The pump capacity to the treatment plant is based on 24 hours
pumping. Borehole pumps are also designed to operate 24-hours. o

The total cost of a diese!l 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 watér supply to cover periods of peak
demand or to supply water if the supply is temporarily out of order (emergency
storage). The MoWD Design Manual states that emergency storage is not required in
rural areas, including rural centres, except for supplies from windmilis (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 (5000 people).
The required storage for rainwater harvesting systems is already described in the
previous paragraph.

The costs of storage was based on masonry/concrete tanks and was estimated at Shs
3,000 per m3.

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
chiorination only or include full treatment. Supplies using groundwater as source usually
need treatment by chlorination only.

The cost of treatment works for urban supplies was estimated at 200 Shs per m3/day
for chiorination only and at 5000 Shs per m3 for full treatment. A full treatment plant
comprises chemical feeders, fiocculation and sedimentation tanks, sand filters, pumps
and storage for backwashing of filters.

Distribution System: A piped distribution system is only included for supplies to rurd
or urban centres. The number of connections for a typical water supply weré
determined at:

Rural Centre | Urban Area
(20 o /day) (200 a /day)

Individual Connections 5 ‘ 200
Coomunal Water Points 2 20
Cattle Troughs 1 -
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It is difficult to establish a unit cost for distribution systems, because it is not possible
to generalize diameters and lengths of pipes. Comparison of various distribution -
systems installed with assistance from SIDA or Norad yielded a rough estimate which
will be applied in this District Water Deveiopment Study:

- distribution system for 500 pebple : 400 Shs per capita

. distribution system for 5000 people : 200 Shs per capita
Costs of supply points were adopted from SIDA:

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

The cost of an individual connection was generally estimated at 2000 Shs per
connection.

6.2 Cost of Operation and Maintenance of Water Supplies

.....

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

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

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

water supply.

The involvement of the community in the O & M of the water supplies is actively
promoted in several programmes, ‘around Kenya (e.g in LBDA, Western and Kwale).
The approach may differ slightly 'between these programmes, but generally com-
munities are expected to participate in all phases, in the planning, construction,
operation and maintenance of the supplies. Usually the communities form water
committees, which are responsible for the water supply. Part 3 elaborates further on
the aspect of community participation.

The O & M costs of the various selected technologies, described in the previous
chapter, were estimated using information from the above mentioned programmes and
from publications. O & M costs were found for only some of the supply technologies.
The costs are expressed in Shs/m? produced (Appendix 6). The annual maintenance
costs may also be estimated as a percentage of the construction (installation) cost as
présented in the MoWD Design Manual (Appendix 6).

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

. .» \
Operation: - fuel or electricity

- salaries of operators, attendants etc. -
- chemicals '
- transport and offices

Maintenance: - spare parts
- tools
- costs of repair

The true cost of spare parts are not always available, because sometimes parts have
to be imported and are provided by the projects free of charge or against the duty free
price. Costs of replacement due to expiry of the lifetime of materials are not included
inthe O & M costs. These are dealt with separately in the costing of the water supplies

-in Part 3. However the lifetime is indicated o{ the technologies described below.

Springs: The operation of a spring supply is usually easy, because it does not involve
valves. Itis important that a good design is used, which ensures as little as possible
disturbance of the spring flow. Contamination. of the spring can be prevented by
protecting the area immediately above and around the spring and by keeping the
collection point at a distance. The spring can also be connected to a (gravity) 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 2% of capital cost
Lifetime: 30 years

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

~ Operation: no costs
Maintenance: no costs
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 if a wrong borehole screen
is instalied, which causes sediments to enter. Separate operation costs are not
included, as these depend on the type of pump.

Operation: no costs
Maintenance: 1% of 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. Improvements 10
handpumps are made continuously and some types are now manufactured in Kenya.
However some parts need to be imported, because the quality of locally available
material is not sufficient (PVC pipes for rising main, pump cylinder, bearings).
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The handpumps can be distinguished in VLOM (Village Level Operation and
Maintenance) and not VLOM. In case communities are expected to be responsible for
the O & M of handpumps, then it is necessary to install handpumps of the VLOM type.
VLOM handpumps in Kenya are the NIRA 85 and Afridev both in use by KEFINCO and
the latter also in Kwaie. Not VLOM handpumps are the India Mark |l 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.

Operation: no costs (uniess a pump attendant is paid)
Maintenance: 500 Shs/year for handpump on a dug well

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

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

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

Solar Pumps: The solar pumps have only recently been introduced and not many
units have been instalied as yet. O & M is easy and very little maintenance is needed.
The major problem may be the breakage of the panels by vandalism or wind gusts.
Maintenance ccsts therefore comprise mainly replacement of broken panels, which
cost about 10,000 Shs each.

Operation: none (unless an attendant is required)
Maintenance: 5,000 Shs/year
Lifetime - panels: 20 years

- pump: S years (15,000 hours) .
Motor Pumps: The O & M of motor pumps depends on the type. Electrical pumps
usually require little maintenance. Diesel engines either driving pumps directly or
through a generator require regular maintenance. This has to be done by a mechanic,
who is usually in' the staff which’ runs the pump plant. Operation costs of motor
pumps also include energy costs.

Operation: costs include salaries + energy (electricity or fuel)

Maintenance: Regular service of engines is needed. The MoWD estimate is 5%
of the capital costs of pumps and generators.

Lifetime: 10 years for pumps and generators

Distribution Systems: The O & M depends on the size of the system and the
pressures in the pipes. Simple gravity supplied distribution systems are easy to
maintain. But a proper design including gate valves, wash-outs, air-valves, etc. is
needed, to ensure easy operation of the system. Storage is usually included in the
system to ensure supply during peak hours.

\
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Operation: ~ cost of attendant
Maintenance: 1% of capital cost , \
Lifetime: 30 years -

. e . \
~ 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: 2% of capital costs (1% for piping only)
Lifetime: 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- and areas, which causes a reduction in
storage capacity 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: 5% of capital cost ,

Lifetime: varies from site to site, but may be only a few years in areas with
high erosion.

Sub-surface 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 off-take
and the O & M of these do not differ from simiiar supplies.

Operation: none (unless an attendant is required)
Maintenance: 1% of 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: 1% of capital cost
Lifetime: 20 years

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

Operation: none
Maintenance: 1% of capital cost
Lifetime: 20 years {corrugated tanks 10 years)
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6.3 Cost Effectiveness Analysis

6.3.1 introduction

. The water supplies in Samburu District 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 of supply: domestic supply only,
livestock supply only and combined domestic - livestock supply (Table 6.5 and 6.6).
Indicated 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 of the supply technologies.

A complete economic ana!yszs 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. In 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 of these benefits is set out in Section 5.2 of
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. It measures the cost per cubic
meter 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 this
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.

4

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

3. = Discounting of all costs figures to arrive at their present values by using different
- discount rates.

4. Calculation of the cost effectiveness per m? capacity of water supply at present
value by totalling the discounted costs divided by the annual yield of the system.

The discounting was done using three different rates 5%, 10% and 15%. This range

of percentages was used to indicate that the ranking of the technologies may differ
according to the selected discount percentage.
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6.3.2 Results of Analysis ,» ' ' 6.:
The cost effectiveness exercise was conducted for 21 different types\of domestig T
supply systems, representing supplies to rural areas, rural centres and urban centreg to
(Appendix 7). The analysis was carried out over a 20 year period, and the systemg es
- were ranked according to the 10% discount rate. T,J
it should be noted that this analysis was carried out in order to obtain a ranking of lov
systems according to cost effectiveness criteria. It does NOT produce an average cost wil
of water over the lifetime of the project. These costs are discussed in paragraph 6.4.2
: TH
dig
Table 6.4 Results of Cost Effectiveness Analysis ny
: by
Total Total Total Total Cost/m ha
Ranking| Technology Yield Capital O&M Costs {Shs) sy
Number Costs -
¢ 5% | 10% | 15%
) | (Shs) (shs)  |disc. |disc. |dise, T+
springs : . or
1 Spring 76,650 25,000 10,500 8.71 B2 1t be
3 Spring, 35 m3 Storage 268,275 ""293,750 627,375 54.5 | 45.2 | 404
5 Spring, Gravity Distribution, 70 m3 536,550 { 1,281,250 | 2,050,125 {101.6 | 86.5 { 773
8 Spring, Gravity Distribution, 200 m3 1,533,000 | 4,800,000 | 6,216,000 ]120.3 |104.3 | 95.2
groundwater ]
2 Dug Well with Handpump 76»1650 187,500 10,500 44.4 1 39.6 | 36
4 Dug Well with Handpump 38,325 187,500 10,500 | 88.9 | 78.8 | 73.2
9 Borehole with Handpump 76,650 450,000 73,500 1127.4 [119.1 [114.5
10 Borehole with Motorpump, Distribution 536,550 | 1,925,000 | 3,176,250 [149.1 [123.1 [108.¢
1 Dug well with Windmill 220,500 { 1,175,000 283,500 {129.2 [124.1 [121.2
13 3 Boreholes with Motorpump, Distrib 1,533,000 | 6,218,750 110,976,427 }178.4 ]148.6 [131.8
14 Borehole with Motorpump, Distribution 268,275 | 1,275,000 | 1,811,250 [180.8 [149.7 [132.3
15 Borehole with Windmill 220,500 | 1,425,000 336,000 [156.2 [150.2 [146.8
18 Borehole with Windmill 126,000 | 1,131,250 336,000 (224.4 {213.9 [207.9
19 Borehole with Motorpump, Limited Distr. | 153,300 | 1,093,750 | 1,563,240 [269.8 {221.7 {194.9
20 Borehole with handpump 38,325 450,000 73,500 |254.8 |238.3 |229.0
surface water
) Surface Water, Weir, Gravity Distr, 268,275 487,500 § 1,572,375 1117.1 ]| 93.9 | 80.7
7 Surface Water, Weir, Gravity Distr. 536,550 | 1,150,000 | 3,181,500 [124.8 {101.4 | 88.1
12 Pan (5000 m3, 6 months with water) 94,500 | 312,500 580,125 [152.1 [127.8 [114.0
;j,f 16 Dam (25000 m3) with Handpump and Trough | 383,250 | 2,137,500 | 2,669,625 1209.1 |180.7 [164.5
Al ‘“ 17 Surface Water, Weir, Distribution 1,533,000 | 7,250,000 |16,012,500 |233.0 [188.6 |163.6;
A 21 Surface Water, Dam, Distribution 1,533,000 }13,250,000 |17,272,500 [326.3 [278.7 |251.7
‘ Il
] Note {1) - Total Cost/m is the total discounted cost per cubic meter capacity per year
o (2) - Roof and rock catchments and sub-surface dams were not included in the analysis, because

I

* more detailed study is needed on their feasibility and because available cost estimates are
not sufficiently accurate.

! q (3) - Total Capital Costs includes investment + replacement costs.
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Cost/m
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10X 15%
disc. [disc,

8.2 7.8
45.2 | 40.0
86.5 | 77.9

04.3 | 95.2

39.4 | 36.6
78.8 | 73.2
19.1 11145
23.1 108.4
26.1 [121.2
48.6 |131.8
49.7 1132.3

50.2 |146.8
13.9 {207.9
R1.7 |194.9
38.3 1229.0

3.9 | 80.7
D1.4 | 88.1
P7.8 1114.0
B0.7 [164.5
B8.6 1163.6

8.7 |251.7

. because
mates are

- 633 Conciusions

The total costs in Shs/m3 calculated for a period of operation of 20-years were used
to compare technologies with different supply capacities. Due to the nature of the
estimates used the foliowing conclusions must be taken as indicative.

The ranking of the systems may differ 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 from 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 effective 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 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 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 will therefore have a low ranking in case of a low total yield.

The least cost effective 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 effective in case of a
high annual yield.

6.4 Unit Cost Analysis

In addition to examining costs from the cost effectiveness viewpoint, addmonal insight
into costs may be had by examining unit costs per capita and per m’ produced for
each water supply technology. The unit costs will be used to calculate the total cost
of the water supply development in each sub-location of Samburu District. This will be
included in the so ca!led investment packages, which are described in Part 3 of this
study.

6.4.1 Unit Cost per Beneﬁ:ciary

The water supplies in 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 estimated per
head of population. Cost per head of livestock has not been calculated. 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 cost of water development for livestock
supply is also included. As the livestock is owned by the population, the benefits of
livestock water supply will come to them and therefore higher 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. Intake from a
dam with sufficient storage to last the dry season is feasible at more locations (e.
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 for supply from boreholes or surface water intake are
around 2,000 Shs and if including livestock supply 2,500-3,500 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 well with a hand pump,
which is about 675 Shs/capita. Boreholes are more expensive, because of the
required large drilling depths in Samburu District. ~

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 smal
number of users per facility. 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 m? of water supplied during a 20-year period of operation
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 results 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 least expensive options using handpumps on dug wells
show a cost price of about 4-8 Shs/m3 or 8-16 cts/debe (20 litres). The annual O &

M cost is 2.5-5 Shs/capita.

In 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 of
from dug wells may be cheaper.

The unit costs in Shs/m?3 should only be used indicatively, because the absolute values
are considered to be insufficiently accurate. This is due to the accuracy of the
estimates used and the applied limitations in costs and yields (no other benefits aré
included). The following conclusions can be made (the indicated unit costs refer to 8

discount rate of 10%):

Springs: This technology generally has the lowest capital costs and unit costs: 24
Shs/ms for rural supplies, 7-11 Shs/ms for urban supplies. But springs are not presen!
in many areas, therefore springs are often not an option.
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rings or Dug Wells: Dug wells are usually selected in combination with a handpump, in which
nuch at case costs remain low: 4-8 Shs/m3. The combination dug well - windmili has higher
e most capital costs, but O & M costs are also low. The unit costs are about 13 Shs/m?3. Dug
, from a wells can be made at locations where shallow groundwater is present, eg. near laggas. :
ns (e.g Therefore dug wells are- not an option, in case the groundwater table is deep. Dug :
dam. - wells may be used in combination with sub-surface dams or with dams or pans. ‘*
1
cost of Boreholes: Various methods to abstract the water from a borehole were analyzed. {]
ake are Generally boreholes are less expensive for big supplies than for small supplies. Fitted |
ally the with a handpump the unit costs are between 12 and 25 Shs/m?3, depending on the daily
sle only yield. Fitted with a windmili the unit costs are between 11 and 22 Shs/m3. Fitted with !
pump, an electrical submersible pump the unit costs are between 13 and 23 Shs/m3. 1
of the Windmilis and pumps are not much different in terms of unit costs, but windmills are |

less expensive to operate.

in case a gravity supply is possible: unit costs are about 11 Shs/m3. But it is expensive

he cost Surface Water Intakes: The use of surface water from streams is usually attractive i 41
when pumping is needed: about 20 Shs/m3 or more. The O & M of surface water 1

e small supplies includes treatment, which is not needed (except chlorination) for groundwater i
ply can or spring supplies. :
re with i
imated Roof or Rock Catchments: The unit costs of these options were not analyzed, A
under because this type of supply is not expected to be able to cover the water demand all )
year around. | !

Dams and Pans: The unit costs of dams and pans are high; 13-18 Shs/m3. This is
due to the high maintenance rate of 5%. The siltation of dams and pans may lead to | |
iifetimes shorter than 20 years, in which case the unit costs will even be higher. ‘
eration 'i
agraph The unit costs analysis shows that a combined domestic-livestock supply is cheaper |
i, This per m? than domestic supply alone. Considering that livestock is the main livelihood |
hted in for the rural population, where possible combined supplies shouid be encouraged (In
many areas it may be that participation of the community can only be expected if the
water supply for the livestock is implemented before the domestic supply).

quired ’ |
j wells ]
al O &
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ing or

values
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APPENDIX 1

WRAP - INVENTORY SHEETS FOR EXISTING WATER SUPPLIES

Sheet 1

General Inventory

Sheet 2.1 Water Supply Inspection Form for Surface Water

Sheet 2.2

Sheet 2.3

Sheet 3

Sheet 4

Source

Water Supply Inspection Form for Groundwater
Sources

Water Supply Inspection Form for Distribution
System

Operational Inventory

Financial Inventory

OPERATIONAL CHARTS OF MOWD WATER SUPPLIES

Section 1:
Section 2:

Section 3:

Section 4:

Provides Quantities of Chemicals used and Water Quality Data
Provides the Number of Pumping Hours and Fuel Consumption

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

Provides the _dperational Costs, Consisting of Chemicals, Fuel,
Salaries/Wages, Overheads, etc.




WATER RESOURCES ASSESSMENT AND PLANNING PROJECT
-Survey of Existing Water Supplies-
GENERAL INVENTORY SHEET 1
Date of Field Check:

Name of Water SUPPIY: .o
Organization: o MOoWD o Council o Mission o SelfHelp o Other ...........cocccccee.
DIStriCt .oooeveeeiiiieee e DIVISION  oeoreierieirtcereniecteee et e e e
Location ......c.eeeveeeerieeeiieneiiinens SUD-LOCELION ..o
Map-Sheet (50 000) ................ Coordinates (UTM) X ................ Y i,
Raw Water Source: o Borehole o Shallow Well o Spring o Waterhole o Rain

o River o Léke o Dam o Pan o Rock Catchment o Other ......................

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

O ORI e e
Discharge: Design ......c.ccceue... m’/d Present ........cooevennnnne. m’/d
Raw Water: Storage .................. m®  Conveyance ................ km
Clear Water: Storage .................. m®  Distribution .................. km
Treatment: o None o Chlorination OFull 0 Other .......ccooiiiiiiniiiii,

Water Quality: o Good o High TDS o Turbid o HighF o Not known

0 Contamination ...

Facilities: Workshop ..... Hous}ng ..... Laboratory ..... Office .....

01 1= SO UPUTRUSPPP
Consumer Supply Points: ‘Individual ....... Metered no. ....... Non-metered no. .......

Kiosks ..... Cattle-troughs ..... -dips ..... Communal Waterpoints ......

Other oovvvvvvrveeeeeneee ettt ettt
Population Served ................ " Livestock ................ Irrigation ...............
Commercial Establishments / Institutions Served No.: ........

..........................................................................................................................................

...........................................................................................................................................

PrOJECE TYPE .oviiieeiieeii ettt ettt te sttt s et et e st e e s s e s st e e e snesbesanansnessnnes
Year of COMMISSIONING ...cocerrieieeieeieeie ettt ettt st

Cost at ComMMISSIONING TIME ..c.vivereeeiieecie ettt ree e e e e e e e ae e e beeese s eseesneeseeeans
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WATER RESOURCES ASSESSMENT AND PLANNING PROJECT
Ministry of Water Development y

WATER SUPPLY INSPECTION FORM ~ SHEET 2.1
for surface water sources «

2. Location: . . . ... .. ... ...

structure material: clay / rocks /.concrete / bricks / metal /

other: . . . ... . . .. v
structure size: width m., height m., diameter m.
Intake storage capacity: m’ .
Pumping plant: electrical / diesel / petrol / hand / gravity / none
Jother: . . . . .. .. ..
Discharge (estimate): m’/day or litre/sec.

Year of construction: 19 . .

5. Condition of Works:

Intake: good / fair / poor Required rehabilitation:

Erosion: much/moderate/little/none . . . ..o oo
Spillway: silted/eroded/good/not present . . . . . . L L oL oL oL
Reeds: much/moderate/little/none . . . ..o o000
Dam silted: much/moderate/little/none . . . . . .. .o oo
Leakage: much/moderate/littte/none . . . . Lo Lo L
Outlet pipe: working/not working/notpres. . . . . . . . . . . .. ...
Fence: good/damaged/not present . . . ... oL oL oo

.........................................

-----------------------------------------
.........................................

.........................................

........................................

Pumping plant: :
Pump: good / fair / poor |
Engine: good / fair / poor i

Required rehabilitation: ‘ : I

......................................
......................................
.....................................

« v
....................................

...............................

| continue on other side
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WATER RESOURCES ASSESSMENT AND PLANNING PROJECT
Ministry of Water Development

WATER SUPPLY INSPECTION FORM
for groundwater sources

1. Name of Supply: . . . . . .
2. Location: . . . .. ... ..

3. Source:

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

Width / diameter:
Water level: m.
Discharge (estimate):

m.

m’/day or

Well / borehole lining: yes/no

Type of lining: concrete / bricks / steel casing / pvc casing /

Pump present: yes/no

Pumping plant:
Discharge (estimate):

Depth: m.

litre /sec.

Constructedby: . . . . . . . . ... ... ...,

Year of construction: 19 . .

5. Condition of Works:

General structure:

Lining:

Slab:

Structure/slab undermmed
Cover/cap:

Casing:

Screen:

Leakage sides:

Leakage underneath:
Proper excess water drainage:
Overflow pipe present:
Protection agst. surf. water:
Fence: yes/no

Pumping plant:
Pump: good / fair / poor
Engine: good / fair / poor

SHEET 2.2

Type: handpump / submersible / reciprocating
/ centrifugal / other:
electrical / dlesel / petrol / hand / other:

m’/day or litre/sec.

Borehole Dug well Spring
good/fair/poor good/fair/poor good/fair/poor
good/fair/poor  good/fair/poor
good/fair/poor good/fair/poor good/fair/poor
yes/no yes/no yes/no
good/fair/poor good/fair/poor good/fair/poor
good/fair/poor
good/fair/poor
yes/no yes/no yes/no
yes/no yes/no yes/no
yes/no yes/no yes/no

yes/no
good/fair/poor good/fair/poor good/fair/poor
good/fair/poor good/fair/poor good/fair/poor

Pump-engine connection: good / fair / poor

Required rehabilitation:

..........................................

® * e & e e s = » & s 2 s s & s s T s & &2 & =8 e w a2 s & s & s & + » e e v s s = _»

-----------------------------------------

----------------
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WATER RESOURCES ASSESSMENT AND PLANNING PROJECT
Ministry of Water Development .

WATER SUPPLY INSPECTION FORM SIXIEET 23
for distribution system
1. Name of SUDDE\L: ...........
2.location: . . ... ...
3 . Technical Information:
Distribution system: Total pipe length: km.
Pipe diameters: inches/mm.
Booster pumps: yes/no  Number of pumps: '\
Pump Capacity: m*/hr
Storage: yes/no  Type: tank/other  Number of tanks:
Storage capacity: m’,
Treatment plant: yes/no Type:
4 . Condition of Warks:
" Distribution system: ;
In operation?: yes/no,because . . . .. . ... ... oo
General condition: pipes: good/f.ai}/;')o'or ..................
valves: good/fair/poor
v taps: good/fair/poor
meters: good/fair/poor
pumps:  good/fair/poor
storage: good/fair/poor
treatment:  good/fair/poor
5 . Appraisal of facility: Comments

Supply: Domestic:  Adequate / Not adequate / None . . . . . . ..
Livestock: Adequate / Not adequate / None . . . . . ...
Irrigation:  Adequate / Not adequate / None . . . . . ...

Water pressure: Sufficient / Not sufficient . . . ... ... L.

Water quality: Domestic:  Acceptable / Not acceptable . . . . . . . . ..
Livestock: Acceptable / Not acceptable . . . . . . . . ..
Irrigation:  Acceptable / Not acceptable . . . . . . .

Rehabilitation works required?: yes/no
(Specify requirements on seperate quantities form)
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WATER RESOURCES ASSESSMENT AND PLANNING PROJECT
-Survey of Existing Water Supplies-
OPERATIONAL INVENTORY SHEET 3

Name Of WaLer SUPPIY:  .oveeieieieiereceece ettt et aesn
Organization responsible for operation: ...
Organization responsible for maintenance: ...

Operation staff:

Designation ; Task Training Level

Maintenance: How often ? ... “«, ...................................................................................
Who pays for maintenénce e ———————————————————————— e e e e e rp b
Operation: How many working hours per 8ay 7  ..cocovvvvriiiiiiiiiieiceineeeeee e
How many days per month is supply working on average ? .....cccccevvveeeeeenn.

How is fuel supply’ 2 e e e e e et e et e bt e e ne e e stbeeeb e e e eeaaneennns
Operation Reliability oo e e ee e 2o oot s e eeee
REIADIEY Of PUMPS  +.veveevesoeeeeeeeesereeeseeeseeesese e eesseseesesseesesesesasessees e esesseen s
Reliability Of CONVEYENCE  ....ooviiiiieeee et
RENEDIlity OF DISTDUION  vvvvvoeveeeeeeeeeeeeessseeeees s s s s oseeereseesseessee e ss oo e
Reliability Of Treatment ..ot be e s
Causes of MalfuNCIONING  .oeeeiiiiec et e s e e s rae e e e e s e eeeans

.......................................................................................................................................
.......................................................................................................................................
.......................................................................................................................................

.......................................................................................................................................

1-5




WATER RESOURCES ASSESSMENT AND PLANNING PROJECT
-Survey of Existing Water Supplies- \
! M FINANCIAL INVENTORY :  SHEET 4
| | Date of Field Check: B
|| H’, NAME Of WALEr SUPPIY: ..oeeveeeeriereretcecteteteseeneesreeesesse e tesersteseebesseas e e eseeressesestenesons "
| “ —
| i‘! Year of Cost Capacit
y
IR Commissioning
M Intake m3
1 t‘b ™~ .
ik S
1B "Treatment Works : m3/d Eg
Pipelines . : kn :f
K
L
Storage m3 :
L4
i
| ¢
Dams/Pans m3 | 7]
8
|
]
Total Revenue Collected per month  ................ Ksh 0
Flat rate per connection ........... Ksh/month No. of connections: ................. I‘i
15
Metered Consumption Rate ....... Ksh/m®  No. of metered connections: .............. e
Nid
Total Operational Costs per month  .........cccecvviieeeninnnn. Ksh 18]
19
Electric Power Consumption Cost per month  ................. Ksh %’
Diesel Consumption cost per month  ........ccevvvvviiereennnnn. Ksh T‘:
24|
Chemicals cost per month ..., Ksh —
Staff / Labour Costs per month  .......cccieviiincrirnniirene Ksh
Maintenance Costs: Labour ....coccciiiiiiiiineee Ksh
Spare Parts  «....oceevvceciieiennienn, Ksh
Other ...coeieeieeeceeeenee Ksh
Other Sources of funds: state:
1 16
il




4 WATER SUPPLY OPERATION CHART - SECTION 1
LG WATER SuUpPPLY _\iug\i — MONTH YEAR 1989 _
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WATER SUPPLY OPERATION CHART — SECTION 2

r T
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— WATER SUPPLY OPERATION CHART - SECTION 3.
Erafu . _utland WATER suPPLY Tulk .. _MONTH YEAR (989
_ .
WASTE WATER. T METERS ALLOCATED TO THE SUPPLY
SUSPLig MA ER METER 8.
— e TR T 3 s sizm wnumErees e faciae fas iso |03 V0100 L0100
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— 22 Be2eld 21 Jupgso |~ U322 | - | TOTAL CONSUMERS "
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WATER ' SUPPLY ~OPERATION CHART -~ SECTION. 4.
CmbY. . WATER .SUPPLY. . - . MONTHI UL +YEAR 1985
rTEM . . COST OF OPERATION PER _MONTH, ..... BALULNCE OF STORES. _
: : ! QuuiTiTy l RATE, ToTiL. Bl bamTY 5%};’9 N
' T tq. v ka] Shas. Cfe. kg kg. kg.
PURCHASE = OF WATER... . ". . ........ m* @..... ~
B i i ] ] j e . Y
! CHEMICILS:  Alum . i 1S LODHALISI 230 (1> 11k .ov0o 1} S OD. Opr 5’5.\«@
g0 : Soda Ash. - L 2 40l 22l 7263 12D - Lo .oop L),
| Hydreled  Lime
| \ Chlorine Gee or Trop.Chloride of Lime. A0S R /DIASI. 2062 & 15 poo| I2SD.opd| Lo .?m
: other chemiccls. ; 7 5
I Litre FerLire — — Lilrg . Lilvg Litre
¥ FUEL : g “Diesel ( Not  For Tranmsporl.) o
Ul L. Lub Of. (= » ) -
it Petvol. (- e ) i = .
M ‘ Elechicity Unds. LYo 1p.93 47<" 17O ToperiTor - STATE ANy PLINT MANTENWICE RE®iRy
‘ R
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“’ [N Poinling « « s R
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‘ TRINSPORT: Funciig. P O.L. (Lump Sym) " « . TRV
i, CleEAAYTY.f <y a3ty . .+« [SANEER NAY
A OVERHELDS: Provincial Engineer .....:....%.  (SeceNoteg)| » « & .
] . Woter Supt......... %. (Sec MoAes) | . . ’ i
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