
REPUBLIC OF KENYA 

MINISTRY OF WATER DEVELOPMENT 

a w'u 
D> 

w> 

DISTRICT WATER DEVELOPMENT STUDY 

1993 - 2013 

PART 2 

EXISTING SUPPLY, TECHNOLOGY OPTIONS 

AND COSTS 

February 1991 

ISRIC LIBRAET ^ 

K *! 1991.27 ; 
ON 

rrmniiiMiiiiiHfl à 
ASSESSMENT«PUNNINC 

N- TNO-INSTITUTE 
OF APPLIED GEOSCIENCE 

DELFT, THE NETHERLANDS 

tfageningen 
The Netherlands 



PREFACE 

i 
kd 

.A F; Y 

l kd 
'1 

i °>\ ^ i 
f Vv'aaeiiin jor,, The Netherlands 

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. 

I 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 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). 

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 km2 or 25% of the district is not within 10 km 
reach of these temporary sources. 
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Erosion is rampant in parts of the District and many dams and pans are badly silted 
The dams and pans are usually not 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. bj 
desilting, is not carried out. . j 

i 

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 watei 
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 ol 
the population and the limited chances of effective cost recovery. 

Five types supply areas were defined. The recommended technologies are: 

Supply Area Source Development Water Supply Development 1) 
Feasi-
bility 2) 

Urban Areas Dug/DriI led wel Is 
Spring protection 
Surface Water Intake 
Roof Catchment 

r Motorized pump. Storage, Distr. 
Storage, distribution 
Treatment, storage, distrib. 
Gutters; storage (individual) 

++ 
+ 
+ 
+ 

Rural Centres Dug/Drilled Well 3) 
Dug/Drilled Well 
Sub-surface Dam 
Spring Protection 
Roof Catchment 
Rock Catchment 

Wind/nil I, storage 
Hand pumps 
Dug Well + Hand pump 
Storage 
Gutters, storage (individual) 
Storage 

++ 
++ 
++ 
+ 
+ 
+ 

Rural 
Institution 

Dug/DriI led wel Is 3) 
Dug/Drilled well 3) . 
Sub-surface Dam 
Spring protection 
Roof Catchment 
Rock Catchment 

Hand pumps (small units) 
Windmill + storage (large units) 
Dug Wei I + Hand pump 
Storage 
Gutters, storage (individual) 
Storage 

++ 
++ 
++ 
+ 
+ 
+ 

Dispersed 
Rural 
Population 

Spring protection 
Rock Catchment 
Dug/Drilled Well 3) 
Sub-surface Dam 

Storage 
Storage 
Hand pump 
Dug Well + Hand pump 

++ 
+ 
+ 
+ 

Rural 
Livestock 

Deepening Depressions 
Dug/Drilled well 4) 
Dam construction 4) 

Windmill, storage, trough 
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 i 
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, i 
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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 m3 produced for each 
supply technology. Examples of some of the technology options for domestic supply 
are shown in the table: 

Source 
Development Supply Development 

Total 
Capital 
Cost 
(Shs) 

Capital 
Cost/ 
Capita 
(Shs) 

Annual 
Cost/ 
Capita 
(Shs) 

Unit Cost 

Rate: 10% 
(Shs/m3 ) 

Boreholes (3) 
Borehole 
Borehole 

Pumps, Storage, Chlorination, Distrib. 
Windmill, Storage, Limited Distribution 
Handpump 

5,768,750 
1,131,250 
375,000 

1,150 
2,265 
1,875 

105 
32 
17.5 

15.6 
22.5 
12.5 

Dug Uell Handpump 112,500 560 2.5 4.1 

Spring Pump, Storage, Chlorination, Distribution 
Storage, Limited Distribution 
Storage, One Outlet 

4,800,000 
210,000 
25,000 

960 
420 
125 

60 
56 
2.5 

11.0 
6.9 
0.9 

Surface Water 
Intake 

Weir, Treatment, Storage, Distribution 
Chlorination, Storage, Limit. Distrib. 

6,250,000 
400,000 

1,250 
1.865 

155 
76 

19.8 
11.0 

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. 
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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 from 1993 when operation of the first new schemes will supposedly 
begin. The DWDP will be an important component of the DDP which includes the 
entire socio-economical planning 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. 
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The present report on the identification of water supply options and unit costs is Part 
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 
the report is to recommend affordable water supply options for the variety of situations 
encountered in Samburu District. 

1.2 International Co-operation 

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

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, 
The Netherlands and the International Institute for Hydraulic and Environmental 
Engineering, Delft, The Netherlands. 



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, agriculture, 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 following: 

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 
boreholes and test pumping. 

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

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

Comparison 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. 

Limited^water resources, contrasting interest or expected negative environmental 
impact .may hamper further development. However, in situations with sufficient water 
available, often more than one supply option can be considered. A selection of the 
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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 presented in Part 2 of the DWDS 
report. Together with Part 1 this forms the basis for the 'District Water Development 
Guidelines'. 

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. 
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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. 

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. 

7 


