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SUMMARY

The purpose of the village planning review in the context of the Project Planning Report of the
Bura Irrigation Settlement Project was to identify and analyse previously established planning
criteria, to amend these if required, to develop a theoretical and functional network of tenant
villages, and to prepare conceptual designs for various types of centres. On the basis of site visits,
of a review of relevant documents, and after meetings with the authorities concerned, a statement
of goals and objectives was derived, and was followed by the determination of a series of planning
parameters for site selection and village design. A project structure plan, conceptual village
layouts, and a land-use plan for an administrative centre were the ultimate results of the studies.

The conclusions and recommendations from these studies indicate the following:

Centre Network

A maximum population of 2 500 persons is recommended for villages, for health, sociological
and administrative reasons. This parameter coupled with a maximum walking distance by tenants
to their holdings led to the conclusion that at least 23 villages will be required in Phase | of the
project, to accommodate the expected population. These villages would form a hierarchy of
centres of three economic orders, namely: 4 market centres, 8 local centres, and 11 sub-local
centres. Their respective functions would vary in terms of educational, health, commercial and
administrative resources, yet their population sizes would be approximately equal.

Village Locations

The sites for the 23 villages were identified within the context of the following parameters: soils
suitability, walking distances to holdings, relationship to the proposed transportation
infrastructure, relationship to each other, and cost of servicing runs. Wherever possible and
feasible, villages were grouped together, so that services and roads could cater for one or more
sites.

In general, the villages would be located near branch or block canals, at the perimeter of
irrigation fields.

Rural Centre Location

To meet the specialised economic and administrative requirements of the project, and to
accommodate associated industrial, educational and residential uses, an administrative or Rural
Centre is required. This should be centrally located, accessible, near the scheme, and include
sufficient space to allow for all anticipated uses and for expansion. A suitable location for this
urban area was identified north of the Pumwani branch canal, east of the main canal. It is
accessible from the relocated Garsen - Garissa trunk road and from all villages, and commands
sufficient space to contain all anticipated uses.

Rural Centre Structure Plan

Two alternative conceptual structure plans, reflecting the spatial dimensions and location of
various land uses within the administrative centre, were prepared. The land-use components
include a ginnery, a National Irrigation Board (NIB) workshop, a National Youth Service (NYS)
yard, infrastructural servicing plants, and schools. In addition, an administrative zone, a
commercial district, a health centre, and residential areas are proposed. These are illustrated in
Figures 4.1 and 4.2.

The Rural Centre would contain between 8 000 and 10 000 inhabitants at the mature state of
Phase | of the project. Expansion space has, however, been allocated for informal sector

population growth, natural increases, and for the eventuality that Phase Il of the project is
initiated.



The Rural Centre shown in the alternative designs, is easily accessible from the Garsen -

Road as well as from villages within the project area. Industrial traffic would not be
through the town, but bypass it by the Pumwani branch canal road.

Village Design

To avoid the monotony and dilution of spaces experienced in the grid-iron patterned villages
the Hola Irrigation Scheme, a new concept, based on the proposed procedure of sett
smallholders, is envisaged. This concept is grounded on a hierarchical system of units, cf
modules and wards, assembled in increments of six houses. Thus, two units of six houses wo
compose a cell, arranged around a central courtyard. Two cells of twelve houses would, in tu
make up one module. Three modules would form one ward of 72 houses and a complete vill
would be composed of four residential wards (see Figures 3.1 to 3.4).

The residential wards would be symmetrically aligned along a central village axis.
commercial, administrative, social and educational amenities would be located at the ce
the village, on either side of the central axis. These non-residential uses and the central axis
thus separate the settlement into residential quadrants,

The advantages of this conceptual layout are as follows:

(a) Each village would be introspectively oriented and walking distances to the central al
be equalized due to the concentric pattern. k.

(b) A compact village structure, in harmony with climatic design criteria for hot
regions, would result. :

(c) The modular arrangement would foster the creation of a hierarchy of spaces for plz
meetings, aesthetic enhancement and orientation. The monotony of grid-layouts
be avoided.

(d) Water supply to standpipes in the courtyards of the cells would be relative
economical,

(e) The proposed plot sizes of 392 square metres per house would permit easy extensis

of structures within the plot.

(f) The layout concept could be generally applied to all villages required for the proje
with modifications in response to preferred village orientation, desired populati
capacity, given site configuration, required non-residential land use components a
prevailing physical characteristics. :

It is emphasised that the site selection and design of centres, outlined in this report,
preliminary and conceptual only. Field verification of proposed sites, and detailed designs fi
each village must be undertaken prior to implementation of the project. '



CHAPTER 1 INTRODUCTION

GENERAL BACKGROUND
; | Scope of Work

In the long term the Bura Project may comprise development of both the western bank (Stage 1)
and the-eastern bank (Stage 1) of the Lower Tana River. Immediate development of part of the
western bank (Stage |, Phase |), some 6700 hectares is currently proposed. A further
development of about 5 500 hectares of the western bank (Stage I, Phase I1) may occur if soils
prove suitable: this Phase || would comprise two separate areas, about 1 600 hectares north of
the Laga Hiraman and about 3 900 hectares adjacent to the existing Hola Irrigation Scheme. This
report is primarily concerned with the planning of the 6 700 hectares of Stage |, Phase | of the
project, but also demonstrates how the development of Phase || would be integrated with that of
Phase 1.

The first phase of the Bura Project, approximately 6 700 net hectares of irrigation land, is to be
developed for intensive agricultural production and to be settled by tenant smallholders selected
from all regions of Kenya. It is envisaged that these tenants will be housed in a number of villages
located within a reasonable walking distance of their holdings, and containing a limited range of
social, educational and infrastructural facilities, generally associated with the rural life style. Also
included in the villages would be services and housing for administrative personnel and for an
affinitive non-agricultural population, likely to be composed of shopkeepers, medical personnel,
teachers and others.

Previous work on housing and village planning for the Bura Project has been limited to a
preliminary identification of a network of service centres, and some cost estimates of several
settler housing types. These studies (1) undertaken as part of a feasibility study completed in
1975, are now outdated, because the scope of the project has been substantially reduced. Criteria
and conceptual or prototypical designs for villages have thus far not been formulated for the
project.

Housing and associated facilities represent a major cost component of the Bura Project. In
addition, the success of the project can be greatly dependent on the level of satisfaction achieved
by individual tenants in their home life. It is thus of paramount importance that functional yet
economical housing be developed on the project and that settlements suited for the climatic,
topographic and economic characteristics of the area, be planned. In this context, it is the
primary purpose of this part of the Project Planning Study to:

(a) Review the criteria, base data, conclusions and recommendations of previous work on
village planning and design for the Bura Project.

(b) Determine the theoretical number and types of towns and villages required to
accommodate the population estimated for the reduced scheme.

() Select sites for the towns and villages

(d) Prepare a general structure plan, outlining the relationship between Phase | (6 700

hectares net irrigable land) and Phase |1 (5 500 hectares net irrigable land), including
village sites and roads.

(e) Prepare conceptual designs for various types of settlements, including a settler village
and the main rural (administrative) centre of the project. These layouts should include
a functional integration of land-use components and adhere to established design
criteria regarding climate aesthetics, social convenience and engineering feasibility.



1.2 Study Method

The village planning studies for the Project Planning Report are based to a large degree
previous work performed by ILACO, the National Irrigation Board (NIB) and the P
Planning Department of the Ministry of Lands and Settlement. The Yellow Cover Report of
World Bank (IBRD) further served as a framework for the indentification of tenant requireme
The most relevant planning criteria resulting from these preliminary studies are summarised !
discussed in Chapters 2 and 3 of this Annexe. £

As part of the familiarisation with the proposed project, field visits to the site and to of
similar projects were undertaken by the village planning team. Particular attention was paig
the Hola Irrigation Scheme, which, due to its propinquity and location, was deemed to prowvis
good indication of conditions likely to develop at Bura. s

The field studies included visits to, and preliminary soil sampling of, various potential sit
settlements, discussions with NIB personnel and existing tenants, examination of tenants v
and administrative buildings, as well as a brief identification of available construction materi
This information coupled with data from previous studies and with a recent survey conducted
the NIB, was then analysed critically, resulting in a matrix of planning and design paramets
These were subsequently applied to the ultimate village site selection and conceptual layouts.

An examination of the available base data ultimately resulted in the definition of the desired
to be achieved for the Bura Project, in terms of village site selection and design. These are:

(a) Goal

To develop a hierarchical network of service centres and villages for the tenants
staff of the Bura Project, maximising socio-economic and infrastructural se
minimising project costs, and emphasising aesthetic quality.

(b) Objectives

(1) To provide convenient, spacious, and dignified housing for the tenants, ':

and affinitive population, within the constraints posed by materials availability a
costs. :

(2) To develop an interesting village fabric, maximising administrative ease
community spirit and identity, individual expression, thermal comfort, public
personal spaces, social services and infrastructural components, and minimising
hazards, ecological disruption, distances to fields and services, and capital costs.

(3) To formulate a hierarchical structure plan in conformance with the Repub
of Kenya Development Plan, 1974-1978, incorporating a nesting procedure for t
distribution of goods and services. '

(4) To provide space for the immediate needs and eventual expansion of tenar
affinitive population and all concerned private and statal agencies.

(5) To optimise the location of service centres, houses and project-relate
structures in terms of soils suitability, social and educational services, water supply, t
irrigation fields and the region as a whole.

(6) To optimise access to, and internal circulation within, villages and
project as a whole.

(7) To plan the required network of service centres for the first phase of
Bura Project so that it can be easily integrated with centres required for Phase || of
project. :



The observation of planning principles throughout the study enabled these goals and objectives to
be generally attained. To this end, various basic criteria were developed by members of the
multi-disciplinary study team, and applied by the physical planners towards the development of a
theoretical land-use programme for villages and centres of diverse orders. In particular, the
contributions of the sociologist, municipal engineers, management, and institutions and services
specialists, as well as pedologists, health consultants and architects, were extremely useful in the
derivation of realistic design parameters for villages and the regional structure as a whole.

Base data about the study area, relating to physical and climatic features, locational
characteristics and the infrastructural components of the project, have been amplified in several
previous reports, including the | LACO Feasibility Study and the IBRD Yellow Cover Report, and
need not be repeated here. For detailed information regarding the sociological, demographic,
institutional, administrative and other technical considerations, the reader is referred to the
appropriate annexes of the Project Planning Report. Only the information directly related to site
selection and land-use planning of service centres is summarised in this annexe.



CHAPTER 2 THE VILLAGE NETWORK

PLANNING CRITERIA

2.1

Previous Proposals

In the feasibility study prepared by ILACO (1975), an array of criteria defining the number and
location of service centres, was proposed. These criteria, generally accepted by the NIB and the
IBRD, are briefly summarised as follows:

(a)

(b)

()

(d)

(e)

(f)

(9)

(h)

(i)

(i)

(k)

Each tenant family selected for the project will obtain 1.25 hectares of irrigable land
for the production of cotton and food crops.

Each tenant family will receive one vegetable garden plot measuring 500 square metres
for the production of food crops for personal consumption or sale.

A network of service centres housing tenants, project staff and an affinitive population
will be established, consisting of urban, rural, market, local and sub-local centres and
providing a descending order of services.

To encourage the evolution of a community spirit and a rustic atmosphere, the average
population size of the villages (market, local and sub-local centres) should range
between 2 000 and 3 000 persons.

The anticipated territorial size of the villages ranges between 50 and 80 hectares,
including vegetable garden plots. Village areas are calculated on the basis of 2 000
square metres of land per tenant family.

The agricultural holding of each tenant should be located within a walking distance of
less than two kilometres from his village,

The agricultural holdings of tenants from a given village should preferably be
consolidated in irrigation units adjoining the village.

Villages should contain nursery schools, health service delivery units, social halls and
primary schools. More elaborate social and educational services would be provided in
centres of higher order, such as market and rural centres.

Centres should be located on non-irrigable land, exhibiting good drainage
characteristics.

Centres should be interconnected by the internal transportation network contiguous to
the canal system.

Water treatment plants are envisaged for clusters of centres and for project compounds.
Communal water points would be provided in each of the centres. Water consumption
is assumed to be 100 litres per head per day.

In the original Bura Irrigation Project proposals outlined in the |LACO Feasibility Study (1975),
38 towns and villages would be required to serve a project area of about 14 000 hectares.
According to the criteria outlined in the Republic of Kenya Development Plan, 1974-1978, the
service centres of various levels, each type offering an increasingly specialised degree of
commercial and administrative amenities to a larger population, would be dispersed as shown in
Table 2.1 below.



Table 2.1 - Service Centre Requirements, Original Bura Irrigation Project

Centre level Quantity

Service Area
(population)
Urban 1 100 000 to 120 000
Rural 2 30 000 to 40 000
Market 4 10 000 to 15 000
Local 12 3000to 5000
Sub-local 19

less than 3000

If the criteria developed in the ILACO Feasibility Study are applied to the present Bura Pro
(Phase | - 6700 hectares of irrigable land) then 33 500 settlers and their families co
expected, plus an affinitive population of project personnel, shopkeepers, teachers and
Assuming that the affinitive inhabitants represent 25 per cent of the population (as origir
estimated by ILACO), then approximately 42000 people would settle on the pro
Theoretically, this would result in the following breakdown of dispersed service centres: |
rural centre, three market centres, five local centres and nine sub-local centres.

2.2 Revised Criteria

After the review of the criteria proposed in the ILACO Feasibility Study, and of the irrig
sector layout recently submitted by the same consultant, it was concluded that at least 24 sen
centres, would be required for the settlement of farmers and the affinitive population. 1
conclusion is based on the following revised planning parameters:

(a) Village size

The population of villages, including market, local and sub-local centres, should not exceed 2
persons. This threshold is deemed to be the most appropriate for the provision of health ¢
delivery, for the administration of the centre by unskilled volunteer personnel, and for instillir
community spirit into the tenants. In addition, walking distances to agricultural plots

inversely proportional to the number of villages provided. Thus, the greater the numb
villages, the shorter the walking distances.

Other reasons for proposing a theoretical village population limit of 2 500 persons are:

(1) A territorial reduction of individual village sites by increasing their number. _
(2) Delivery of primary education in accordance with standards of the Physical Plai
Department, Ministry of Lands and Settlement (one school for every 5 000 persor

(3) Ease of design and implementation through standardisation.

It is emphasised that while a village size of 2 500 persons is deemed to be the guiding upper lir
for reasons summarised here and outlined in greater detail in the Public Health, and Sociole
and Settlement Annexes, some flexibility of this figure would be permitted. Although
population expansion factor has been included in this threshold population, marginal deviatic
must be accommodated on account of changes in economic and demographic conditions.

(b) Household Size

Each village would contain tenants and an affinitive population consisting of project ¢
shopkeepers, and other personnel, including their families. It has been estimated that this supp
population represents approximately ten per cent of village inhabitants (see Table 3.1), E

Theoretically, this would permit the inclusion of 2 250 tenants into a given village. At



originally assumed household size of seven persons, 321 tenant families could thus be
accommodated in each settlement. However, a household size estimate of seven persons may be
conservative. Experience in the Hola Irrigation Scheme has shown that household sizes have
increased to 10 to 12 persons over a few years due to natural growth and immigration of
‘permanent visitors’, relatives, and itinerant labourers (2). This was corroborated in discussions
with representatives of the Physical Planning Department; in detailed population projections for
the present project, outlined in the Sociology and Settlement Annexe; and in the results of
population analyses described in the Public Health Annexe.

Assuming an ultimate household size of 10 persons, probably reached after approximately 10 to
12 years from inception of settlement, only 225 tenant households could be accommodated in
each village of 2 500 inhabitants. If it is further assumed that the affinitive population, which is
likely to exhibit a lower rate of natural increase than the tenants, has an average household size
of six persons (including bachelors), then an additional 36 households would result for each
village. Thus, a total of 261 households, each requiring a residential unit, must be incorporated
into each service centre.

(c) Number of Villages

If each village contains 225 tenant families, then 225 agricultural plots and vegetable gardens,
each totalling 1.3 hectares should be available for cultivation contiguous to the settlement. Thus,
292.5 hectares of net irrigable land should be allocated to each village. Since 6 700 hectares of
net irrigable land are available in the first phase of the project, 23 villages, each containing 225
tenant families, are theoretically required. In Phase 1l, an additional 1 600 hectares of irrigable
land could be appropriated for agricultural production in the Yedi branch canal command
requiring a further six villages north of Laga Hiraman.

(d) Hierarchy of Centres

In conformance with the hierarchy advocated by the Government of Kenya, the following urban
centre pattern would result for Phase |:

Urban Centre 0
Rural Centre 1
Market Centres 4
Local Centres 8
Sub-local Centres 1

Should Phase |1 be implemented, the 1 600 hectares of the Yedi branch canal command would be
served by one market centre, two local centres, and three sub-local centres.

It is assumed that the existing conurbation at Hola will continue to serve as the urban centre for
the Tana watershed between Nanigi and villages to the south, as envisaged in the Regional
Development Plan for Coast Province (3). It would thus contain the District Headquarters,
District Hospital and other institutional services, at least for the foreseeable future. A change in
the status of Hola could occur, if the current project is expanded to include Stage |, Phase |1, or
if the proposed Bura Project, Stage |1, east of the Tana River, is implemented. In that eventuality,
the weighting of service centres would probably require amendment. For example, the proposed
rural centre would likely be upgraded to an urban centre, while one or two market centres might
become rural centres. These possibilities must be taken into account during the space allocation
process within centres of various orders.

(e) Population Estimates

From the previous discussions it becomes apparent that the population likely to be settled during
Phase | of the project will include 5 150 tenant families, as well as an affinitive population. The

latter would be distributed throughout the service centres, primarily in a main administrative
town or Rural Centre.



If 23 villages are established, 57 500 tenants and supporting population would be accommod )
In addition, a population of 8 000 to 10 000 persons is anticipated for a Rural Centre,
Chapter 4). For planning purposes, the total population of Phase | of the Bura Project is tf
estimated at 67 000 persons. Should Phase |l of the project be implemented it is envisaged i
the area of about 3 900 hectares adjacent to the Hola Irrigation Scheme would be incorporatec
that scheme, and the area of about 1 600 hectares north of Phase | and the Laga Hiraman wot
be incorporated in Phase I. In this case the total expected population for the enlarged F
would be approximately 80 000. 2

SITE SELECTION OF SERVICE CENTRES

2.3 Basic Considerations =
Eleven sites for the placement of service centres were selected by ILACO for Phase | of
present project and four sites for the northern sector of Phase || (Yedi). These sites vary in_;_
from 30 to 130 hectares and, in some cases, could accommodate more than one village. A site
a Rural Centre and project compound was not identified. :

A maximum walking distance of two kilometres from a tenant’s house to his holding has bes
proposed as a guiding principle in previous studies. This was initially deemed to be excest
view of prevailing climatic conditions under which harvests have to be transported to villages.
review the locational suitability of the eleven village sites selected by |LACO for Phase | of §
project, the two kilometre criterion was, however, applied in a theoretical analysis of wvil
holding catchment areas. This resulted in the identification of several shadow zones, conta "
agricultural holdings more than two kilometres from any village. In some cases, walking distai €
to a holding exceed 3.5 kilometres from the nearest village. Particularly holdings south of
Pumwani branch canal were found to be accessible only by overcoming relatively large distane
Similar difficulties were identified with regard to the villages selected for Stage |, Phase |1 of t
project, north of the Phase | area. A re-distribution of village sites, designed to minimise walk ]
distance to holdings, was thus initiated.

24 Village Allocation
In distributing sites for tenant villages, the following guidelines were applied:

(a) Each village should be located contiguous to approximately 290 to 300 hectares of
irrigable land, within a minimum walking distance of two kilometres. Conversely,
irrigable land should be located within two kilometres walking distance of a settleme

I,

(b) Villages must be located above floodplain lands.

(c) Sites for villages selected by ILACO should be retained wherever feasible, because the
are generally situated on non-irrigable land and well-drained soils. ;

(d) Crossing of branch canals by tenants walking to their fields should be minimised.

(e) Villages should be located preferably on typic soils (Classes PR; N1, N2) not ideal:

suitable for irrigation, but exhibiting good drainage characteristics.

(f) Villages should be clustered wherever possible, to achieve cost savings in servicing ar
to permit sharing of facilities such as schools, post offices and administrative offices.

(a) Villages should relate to the proposed road and irrigation networks.

The results of this procedure are illustrated conceptually in Figure 2.1. As can be seen, 23 site
for service centres (villages) have been allocated to the Phase | area and six to the northern pa



FIGURE 2.1

CONCEPTUAL VILLAGE NETWORK




of the Phase || area (Yedi branch canal command). With one exception, all sites proposed by
ILACO have been retained. However, to cover the previously identified shadow zones not within
a walking distance of two kilometres from any settlement, several additional sites have been
selected.

The village sites are primarily located on marginally arable land of Class N2. These soils are sandy
and exhibit good drainage characteristics. Other soils, on which sites for centres have been
tentatively allocated, include those of Classes N3, N41 and GU2, none of which is highly suitable
for cultivation.

In all cases, holding catchment areas are located contiguous to their respective villages, thus
minimising walking distances. However disruption of catchment areas by branch and block feeder
canals could, occasionally, not be avoided.

Clustering of villages was achieved in several locations. In the Bura branch canal command two
sites, each containing two villages, are proposed. In the Pumwani branch canal command one site
containing three villages is envisaged. In the Masabubu branch canal command two additional
clusters of double villages are identified. Considerable cost savings could thus be achieved by the
reduction of servicing runs, scale economies, and facility sharing between villages.

This revised village distribution, Phase | of the Bura Project, corresponds with the theoretically
derived requirements outlined in Section 2.2. A summary of the proposed distribution by
irrigation area is presented in Table 2.2.

Table 2.2 - Proposed Distribution of Service Centres,
by Canal Commands (Phase )

Command Net Area No. of Avg. Irrig. Land
(ha. approx.) centres per Centre (ha.)
Bura 1850 6 308
Chewelle 830 3 276
Pumwani North 15560 5 310
Pumwani South 1160 5 300
Masabubu 1225 4 306
Total 6 605 23

In addition to the 23 villages anticipated for Phase | of the project, six villages would be required
in the Yedi command, if it were developed in Phase || of Stage 1.

2.5 Rural Centre Site Selection

An area measuring approximately 150 hectares is required for the allocation of a Rural Centre, to
accommodate administrative, commercial, residential, and institutional components of higher
order. NIB Project headquarters, as well as a ginnery, water treatment facilities and workshops,
would be located in this town. A detailed breakdown of anticipated land-use components is
presented in Section 4.2.

The following site selection criteria for this centre were derived:

(a) It should be easily accessible from all villages of the project, including the Yedi
command of Phase || by means of the proposed road network along branch and block
canals,

10



(b) It should be as centrally located as possible, in relation to all villages, to equalin.-'
distances. :

=

(c) It should be located within the project area, east of the main canal, to reduce
length of servicing runs, walking, and driving distances.

(d) It should be located near the main canal for easy water supply.

(e) It should be located near a branch drainage channel for disposal of treated efflue f
storm drainage water,

(f) It should be located near already proposed roads to achieve cost savings.

(g) It should be located above the floodplain on gently sloping and well-drained Iand,
sub-surface conditions favourable for construction. 3

(h) It should be located in the vicinity of the Garsen - Garissa Road, soon to be re
to the west of the proposed main canal.

(i) It should be located on a site defined by established physical boundaries, to inst
recognisable identity and to minimise urban sprawl. B

Several alternative sites for the Rural Centre were identified and evaluated in relation t
above criteria. Possible locations included one site on the west of the main canal
Pumwani branch canal, one east of the main canal and south of the Pumwani branch canal,
one east of the main canal and north of the Pumwani branch canal. All three sites exhibit
characteristics suitable for drainage and construction and each has various advantages
constraints. The latter site, however, appears to combine most positively the require
accessibility, distance minimisation in relation to centres water supply, storm drainage,
definition of edges. It was thus selected as the optimum location for the Rural Centre within
context of the project area.

2.6 The Structure Plan

To identify the relative placement of centres of different orders within the context of the pro
as a whole, a Structure Plan, illustrated in Figure 2.2, was prepared. It represents a combinat
of the conceptual village allocation discussed in Section 2.4 and of the theoretical hierarchy
centres, developed in Section 2.2. E

Service Centres

Centres of various orders, such as the rural centre, market centres, local centres and sub-lc
centres, are identified in their preferred locations, not only in relation to suitable sub-su ;
conditions, but also respecting obstacles such as canals, drains and roads. All market, local

sub-local centres cover approximately 30 hectares of land, thus meeting the requireme
outlined in Chapter 3. In addition, the nesting pattern has been arranged so that the inhabita
of sub-local centres can reach specialised services located only in local and market centres
walking less than 1.5 kilometres.

Wherever possible, market centres have been centralised to serve two or three other cen
lower order. Centre 1-3, located at the junction of the main canal and the Bura branch ca
would, for example, supply services, such as health care, education and specialised shopping.
all villages in the Bura command (see Figure 2.2). It is conveniently accessible along the brag
canal roads. Similarly, Centre 1-10 would serve villages in the northern part of the Pumwwm
command. In the southern part of the latter command, specialised services would be provided
the rural centre.

1



Centres 1 - 19 and 1 - 23 would serve the southern commands of the irrigation project. The latter
village in particular, would be easily accessible from the existing Garsen - Garissa Road and could
thus achieve considerable importance as a commercial node.

The construction phasing of the service centres will, in general, take place in harmony with the
proposed north to south development of the irrigation commands. The northerly villages (1-1 to
1-8) will thus probably be constructed first, followed by villages 1-7 to 1-23, in a southerly
progression.

The rural centre, discussed in Section 2.5 is identified in the Structure Plan in the dimensions
anticipated for its ultimate state of development. It would serve as a supply centre for the project
as a whole, and also contain the administrative and industrial components of the project. It
would thus include housing for junior, senior and subordinate staff and would be complemented
by commercial, institutional and recreational facilities designed to fulfil the specialised
requirements of the inhabitants of the entire project.

Experimental Farm and Prison Compound

Other proposed land uses within the project area are a research and experimental farm and a
prison farm. Both would be located south of the Pumwani branch canal between the main canal
and the South Pumwani irrigation fields (Figure 2.2).

The prison would include a fenced compound for staff and inmates. Approximately 150 hectares
of irrigable land would be associated with this institution. This is discussed further in the
Institutions and Services Annexe.

Transportation

The transportation network proposed for the Bura Projectis outlined in the ILACO Feasibility
Study (1975) and the World Bank Yellow Cover Report. Briefly, this consists of surfaced roads
(width 4.5 metres) parallel to either side of branch canals and the main canal, unsurfaced roads
along block feeder canals, and unsurfaced roads along unit feeders. Block feeder roads leading to
villages would be surfaced. It is also proposed that the existing Garsen - Garissa Road be
re-located outside the project area, some distance west of the main canal.

In conformity with these proposals, a conceptual road network, reflected in Figure 2.2 was
developed. All villages would be connected to the branch canal roads by surfaced feeder roads. In
addition, adjoining villages would be linked directly by short, surfaced roads, where required.

Two internal north-south linkages are proposed. The first and most easterly, would permit a
direct connection from Centre 1-22 to the most northerly irrigation sector. It would thus link
Centres 1-22, 1-21, 1-17, 1-15, 1-9, 1-10 and 1-2 by means of block feeder roads and, in places,
by branch canal roads. The second, westerly, internal route would originate at Centre 1-23 and
follow block feeder and branch canal roads linking Centres 1-20, 1-19, 1-18, 1-16 1-14, the rural
centre, and villages further north. It is anticipated that these internal routes would cater for local
traffic only. Regional traffic would by-pass the project along the re-located Garissa Road.
Intensive lorry traffic associated with the project during harvests would be directed to villages via
the Garsen - Garissa Road and the branch canal roads, from the rural centre.

In places, the old Garsen - Garissa Road, within the project area, would be preserved for active
use. For example, sections of this road would be retained to link Centres 1-23 and 1-18, as well as
Centres 1-14 and 1-7. Similarly the existing road and bridge over Laga Hiraman could be
preserved to connect Centres 1-7 and 1-6. Should Phase || of the project be implemented, Centres
1-2 and 2-6 could also be joined by an existing section of the Garsen - Garissa Road.

Tho re-alignment of the Garsen - Garissa Road outside the project area is recommended to be
fixed at least two kilometres to the west of the proposed main canal. This would permit
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flexibility on site for the final alignment of the canal, without disruption of traffic,
not necessitate bridges. Near the rural centre, the road would be aligned within 200 metres ¢
main canal, for easy access to facilities in the town.

A local airfield, for the convenience of visitors and for purposes of crop-dusting, is envis
the vacant land west of the rural centre and west of the proposed Garsen - Garissa Ro
runway of approximately 1 000 metres in length would be aligned in a northerly directior
facing the prevailing winds. It would be surfaced, and connected to the road linking the
centre with the new Garsen - Garissa road. Its location would minimise overflight of po
areas in the rural centre.
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CHAPTER3 VILLAGE DESIGN

PLANNING CONSIDERATIONS
3.1 General Background

As discussed in Chapter 2, the tenants of the project, in addition to project staff and an affinitive
population, are to be accommodated in a series of villages dispersed throughout the study area. It
is proposed that the tenants be assigned a housing plot within a village site and proceed to
construct their homes with the help of other tenants. Materials, loans and technical assistance
would be provided by the NIB.

To ensure the creation of self-contained villages, not only housing, but also other facilities and
services, such as schools, health-care units, and social halls, normally associated with rural
communities, must be planned and eventually established.

In Chapter 2, it was proposed that the ultimate population of the villages should ideally be
limited to 2 500, and that, consequently, 260 households of tenants and affinitive inhabitants
could be accommodated in each village. It was further identified that the taxonomy of villages,
advocated by the Physical Planning Department, and including market, local and sub-local
centres, should be applied in the project.

A hierarchy of centres, at the village level, facilitates the economical distribution of goods and
services in rural areas. Based on Central Place Theory, the economic importance of a given centre
in the hierarchy is not necessarily a function of population size. Thus a market and sub-local
centre could have equal populations, yet the former would fulfill a higher degree of economic
and social functions. In theory then, all three types of villages (market, local and sub-local
centres) could be inhabited by equal populations. However, the internal land-use components of
each type of centre would vary in accordance with specific assigned functions.

Because the design of all required villages was beyond the scope of this phase of the study, only
the identification of planning parameters for prototypical village designs was attempted. These
concepts could, with site-specific modifications, be used for the detailed design of all villages,
including market, local and sub-local centres. Design flexibility could be achieved through the
functional segregation of self-contained housing areas within villages, from other types of land
uses, varying from centre to centre,

3.2 The Hola Experience

Several villages of the Hola Irrigation Scheme were studied during site visits, because the
proximity of this scheme to Bura suggests that it is likely to be a valid indicator of what might
occur on the proposed project. In addition, a survey conducted recently by the NIB (2),
reporting in some detail on the villages at Hola, was thoroughly analysed.

Villages at Hola are not categorised in terms of market, local and sub-local centres. They are
generally smaller than the villages envisaged for the present project, containing on the average less
than 100 tenant households. However, the existing household size ranges from 10 to 12.6. This is
higher than that anticipated for Bura.

All houses at Hola are arranged in a rigid grid or labour line pattern and are constructed of mud
and wattle with galvanised corrugated iron (GCI) roofs. Vegetation within the villages is virtually
absent, creating dust problems and a very sterile appearance.

Roads within the villages are difficult to define, not only owing to the dearth of vehicles but also

the generous spaces between houses. This looseness, coupled with the absence of structured
central places or activity nodes, appears to hinder the emergence of a village identity.
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Other dispersed land uses at Hola include livestock pens, primary schools, nursery schoc
quarters, places of worship, shops and restaurants. Water supply facilities consist of col "
waterpoints (one for 25 households) and of communal shower blocks. Pit latrines, one f

house, are located approximately 10 metres behind each structure.

In general ‘the wide open areas between the long lines of houses, the sandy surrounding
absence of trees as well as any landmarks, provide a picture of a monotonous, |
environment. The absence of trees makes the rows of pit latrines an undesirable ¢

feature. This overall picture is common for all villages with Bahati as a noteworthy exce
(2).

The above description demonstrates that a variety of deficiencies influencing the quality ©
manifested in villages at Hola, and should be avoided in the Bura Project. In this regard, t

has recommended that the following be taken into consideration during the planning a
for villages in the present project (2):

(a) Each village should be composed of groups of houses, to avoid monotony.

(b) The village layouts should be based on simple geometric patterns. Long thro
should, however, be avoided, for climatic and aesthetic reasons.

(c) The village layouts should be in accordance with the climatic requirements f

(d) An open, public meeting space should be established.

(e) Shops, workshops and ‘hotelis’ should be located within a defined area of the '_

() Roads should be provided with urface water drains.

(g) Windbreaking screens of trees should be planted at the periphery of villages,
protection against strong winds and dust storms.

(h) Granting of tenure of houses and plots should be considered as an induce

tenants to maintain their homes to high standards.

(i) The plot size and configuration should allow for a courtyard-type of developme

(i) Each plot should, from the start, be provided with its own pit latrine.

3.3 Village Planning Criteria

On the basis of the recommendations of the NIB, and after the review and application of

planning principles used in Kenya and in other parts of the world, the following criteria
developed for incorporation in the design:

(a) Plot Size

In hot, dry semi-desert areas such as the proposed Bura Project, compact housing align
permitting through-circulation of winds and maximising shade, are recommended.

‘Housing sites in the Semi-Desert Zone should be located close to work places, shops, schg

other communlty facilities so as to keep distances within human settlements down
minimum’.

‘Housing layouts should be urban in nature as is traditional to desert settlements.
inward-looking settlements help shield themselves and their occupants from the fi

=TCe
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Compact planning minimises the solar exposure of individual houses, and as a result, minimises
solar heat gains by providing mutual shading and by reducing external surface areas. Compact
layouts keep down windspeeds and thereby considerably reduce the sand and dust content of the
air within settlements during sandstorms. The close grouping of houses also usefully reduces
walking distances between buildings besides minimising the length and cost of service runs’ (4).

This suggests that housing plots should be reduced to a minimal size, while still remaining within
the regulations of the Ministry of Health, and within Grade || By-Laws.

At the same time, each plot should be able to accommodate the following components:

(1) the core house

(2) a house extension
(3) a storage shed

(4) a pit latrine

(5) a cotton drying area
(6) a verandah

(7) an interior courtyard

To accommodate these facilities, and particularly to keep the pit latrine at least 9 metres from
the nearest habitable room (Grade || By-Laws), a plot size of 350 to 400 square metres is
required. While this plot size would initially, before the extension of houses lead to a relatively
loose village structure, not entirely in harmony with the recommendations contained in ‘Design
for Climate’ it represents a compromise between the functional requirements of the tenants, and
the ideal type arrangement recommended in that publication. For design purposes a plot size of
392 square metres, with the dimensions of 14 metres by 28 metres, was used. This was derived
through a theoretical placement of various house types into plots of diverse dimensions.

(b) Number of Plots

As mentioned in Chapter 2, approximately 260 housing plots would be required in each village,
to accommodate a population of 2 500 persons. At 392 square metres per plot this would result
in a net residential area of 10.2 hectares for each village.

(c) Exposure to Winds

Erosion, and exposure to wind and dust should be minimised in all villages. Since the prevailing
winds in the study area originate in the north and north-east in the hot-season, trees and other
plant materials should be retained or planted near the northern edges of villages. This would
result in the disruption of lower, dust-carrying winds and still permit the influx of higher,
particle-free breeze into the village areas.

(d) Alignment of Houses

To minimise insolation onto individual houses, the structures should be so arranged that the
smallest external wall areas face the south or south-east.

(e) Landscaping

The provision of landscaped areas and trees along roads and communal places would raise the
aesthetic quality of villages and provide shade and protection from dust.

() Irrigation Canals

:To contain the effects of schistosomiasis, irrigation canals and ditches should not be introduced
into the village areas. To discourage settlers, particularly young children, from bathing in canals,
intervening bilharzia-free bathing opportunities should be provided in or near each village.
Similarly, facilities for washing, such as showers and clothes washing basins, are required. These
are described in detail in the Public Health and Utility Services Annexes.

16



(g) Village Location

In addition to the locational criteria for the overall placement of villages outlined in Cl
the sites selected should be well-drained and located on soils suitable for house construction.

(h) Allotment Gardens

To minimise health hazards irrigation water will not be provided to the villages, and thl
plots must be sited at the perimeters of villages, wherever possible.

(i) Water Supply

A continuous water supply for domestic purposes must be ensured and a greater number @
points per village should be provided than is the current practice at Hola. In addltion,
supply systems should be designed to such capacity that the option of individual connecti@
houses is left open for the future.

(i) Internal Structure

For aesthetic and thermal comfort reasons, villages should not be composed of monotonous
of houses, but of diverse modular arrangements. In addition, activity nodes, open space
palaver points should be provided, thus fostering a communal identity. -

(k) Roads

Roads to, and within, the villages are not expected to carry heavy vehicular traffic. In discus
with members of the Physical Planning Department it was agreed that reserves of 12 n
would be sufficient for main village roads. Widths of six to nine metres for secondary ¢
would also be acceptable. Walkways should be three metres wide. This network would et
vehicular access to all structures and would be harmonious with a compact internal village la

(n Primary Schools

The current criterion of The Department of Physical Planning for the provision of pril
schools is one per 5 000 persons. However, studies and analyses of the distribution of age g
of tenant population detailed in the Institutions and Services and Sociology and
Annexes demonstrate that the proportion of children for the Bura Project will be much k
than that for Kenya as a whole. After discussions with the Department of Physlcal Planni
the Ministry of Education it was agreed that provision would be made for one primary sl:h
each village type.

34 Land-use Components

The three types of villages, market, local and sub-local centres, would each provide a diffe
level of social and economic services: consequently the land uses in each could vary consider

To determine the ultimate territorial extent of a given village, and to facilitate layout and dk :

anticipated land-use components for diverse types of villages were identified and are liste
Table 3.1. i

All types of villages would contain centralised social and commercial facilities as wel] |
multi-purpose complex composed of offices, a cotton collection yard, a community hall
primary school. Nursery schools and churches would also be included in each type of vill '
However these latter facilities would not be centralised, but dispersed throughout reside
districts.

It is envisaged that ponds of approximately 0.5 hectares be constructed in all villages for purp

17



of bathing, aesthetic enhancement, and recreation. These ponds would be treated against
schistosomiasis and be located as intervening opportunities between contaminated canals and the
villages. They should not be regarded as substitutes for shower and washing facilities, but rather
as complementary recreation resources designed to decrease the levels of infection from
waterborne diseases.

Facilities such as health sub-centres, police posts and post offices would only be located in
market centres. Primary schools would be provided in market, local and sub-local centres.
Sub-local centres would be limited to basic social and shopping facilities. Any specialised
requirements by residents of sub-local centres would be fulfilled in centres of higher order.

The institutional and administrative land uses are discussed in some detail in the Institutions and
Services Annexe. For planning purposes, it has, however, been calculated (see Table 3.1) that
approximately six hectares of land should be reserved for non-residential uses in market centres,
and five hectares in local and sub-local centres.

Affinitive population estimates, based on the land-use tabulation for villages, indicate that in
market centres, over 75 households would contain non-tenants. In local centres 46 households
are expected to be non-tenants, while in sub-local centres the number decreases slightly to 42. It
is emphasised that these figures are hypothetical and that, at this stage of the project, they must
be regarded only as flexible criteria for conceptual design.

Table 3.1 - Proposed Land Uses for Villages

(A) Market Centres
Facility Number Space Employees Population
Required (hectares) (x 6)

Post Office 1 0.2 3 18
Tel. Exchange 1 . 2 12
Churches 4 0.4 2 12
Nursery Schools 4 04 ’ .
Shops 12 0.6 12 72
Market 1 0.4 . -
Multi-purpose complex: 1 0.5 . .
Coop. Office (1) . 2 12
Comm. Dev. Office (1) 1 6
Forestry Office (1) 1 6
Vet. Office (1) 2 12
Social Hall (1) - .
NIB Office (1) 12 72
Ass, Chief Office (1) 8 48
Health Sub-centre * 1 0.8 5 30
Primary School 1 2.0 16 96
Lorry Park 1 0.2 . .
Village Pond 1 0.5 -
Total . 6.0 66 396

*This space allocation permits possible future upgrading of the Health Sub-centre to a Health Centre.
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Facility

Primary School
Churches
Nursery School
Shops

Market

Pond

Multi-purpose complex:

Coop. Office
Comm. Dev.

NIB Office

Social Hall

Asst. Chief Office
Health Unit

Total

Facility

Primary School
Churches
Nursery Schools
Shops

Market

Village Pond

Multi-purpose complex:

Health Unit
Project Office
Social Hall

Coop. Office
Comm. Dev, Office

Total

Table 3.1 - Proposed Land Uses for Villages (cont)

(B) Local Centres

Number
Regduired

e = I

(1)
(1)
(1)
(1)
(1)
(1)

- Space

(hectares)

2.0
0.4
0.4
0.5
0.4
0.5

0.5

4.7

(C) Sub-local Centres

Number
Required

-t 00 A=

(1)
(1)
(1)
(1)
(1)

19

Space
(hectares)

2.0
0.4
0.4
0.4
0.4
0.5

0.5

4.6

Employees

16
2

10

[ m_‘Ni

St

41

Employees

- N ' -
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INTERNAL VILLAGE STRUCTURE
3.5 Modular Composition

A modular arrangement of the proposed villages is envisaged, in adherence to the village planning
criteria and the land-use requirements established in the previous section. This would consist of
the assembly of housing groups into a curvilinear geometric system.

On the basis of the proposed initial settiement and house-construction procedure, in which six
tenants would help to build each others houses, it seems logical to use this group as a foundation
for a settlement structure. By treating the six houses built by this group of tenants as a unit
arranged in a semicircle and by adding another unit of six structures to this configuration, a cell
of twelve houses would result. This cell, illustrated in Figure 3.1, would be accessible from two
sides and contain an interior courtyard. Through the addition of another cell, a module of 24
houses could be created. It would thus contain 2 cells of 12 houses, facing inwards to interior
courtyards, and be accessible from several sides. This progression would be continued by
arranging three peanut-shaped modules into one ward of 72 structures.

Several advantages of this modular concept are evident. By using the initial group of six tenants
as a basic component of the tenant hierachy in the construction and alignment of their homes, a
cohesive, cross-tribal comradeship may develop and continue to exist after construction. The
arrangement of two units into one circular cell is in conformity with African building traditions
and prevents the emergence of a rigid grid-iron pattern. At the same time, the interior courtyard
created by this configuration facilitates a spatial identity at a fundamental level. The courtyard
could serve as a focal point of each cell, particularly if provided with a waterpoint, shower block
and laundry slabs. These essential functions, treated with plant materials for shade, would lend
each courtyard a special position in the village hierarchy of spaces, namely that of a palaver point
and communal outdoor living room (see Figure 3.2).

The arrangement of the three modules into one ward, illustrated in Figure 3.3 would result in
another communal space at the entrance to the central module. The nodal space could be used
for the construction of a shop, a nursery school and a place of worship, each serving the ward.
The provision of these decentralised services would minimise walking distances since the residents

would not be required to travel to the village centre for their most basic social and economic
needs.

Other advantages of the proposed modular system would be:
(a) Water supply would be relatively inexpensive. Feeder pipes to the water points in each

cell could be easily laid from a trunk main at the base of the ward. The need for
circular mains would thus be eliminated.

(b) An interior walkway system, meandering through the ward and connecting the three
modules, could be easily created, as shown in Figure 3.3.

(c) Access to the irrigation fields from each module would be assured.

(d) The modular arrangements, coupled with variations in building setbacks, would prevent

the monotony of linear arangements.

(e) The staggered alignment of houses would permit circulation of refreshing winds.
Breezes would not be blocked by long lines of structures.
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3.6 Village Design Concepts

The orderly arrangement of residential wards and infrastructural land uses into a cohesive
settlement unit depends, to a large degree, on the social and economic functions of a given
village. In general, however, it is envisaged that each village would include an axis within which
commercial, educational and administrative components would be centralised, and to either side
of which two wards would be attached. This basic concept is illustrated in Figures 3.4 to 3.6.

Alternative A (Figure 3.4) conceptually reflects the layout for a market centre. The village as a
whole would face onto a branch or block canal road but be separated from it by a substantial
buffer zone containing amenities such as a village pond,afootball field and a cemetery. It is
essential that this buffer zone be protected from any formal or informal expansion of the village,
to discourage intrusion into the canal right of way.

The village itself would contain a commercial district near its entrance, including market, shops
and administrative functions. From there the central axis would gradually flow into a public open
space, followed by a centralised primary school. The axis would then continue towards another
open space adjoining ward nodes. Two wards with 72 houses in each, would face the central axis
on either side, giving the village a total residential capacity of 288 houses.

At the geographical centre of the village, a transverse axis would separate it into equal halves.
This feature, coupled with the perpendicular main village axis, would thus result in village
quadrants containing one ward each. The transverse axis would permit easy entrance to the
village itself from fields and from neighbouring settlements.

Alternative B (Figure 3.5) depicts the conceptual arrangement of a local centre. The layout is
similar to that shown in Alternative A, except that the primary school is not contained in the
centre of the village but in the buffer zone below the main branch or block feeder access road.
The village pond would form a physical and visual buffer between the school and the central
business district. Again a transverse axis would help to define four equal quadrants, and provide
access to fields and neighbouring settlements. '

Alternative C (Figure 3.6) reflects the conceptual layout for a sub-local centre. Again the wards
would be symmetrically arranged along the village axis. Centralised uses along the axis would
only include ward nodes, public open spaces, the primary school, the village pond, and the
central business zone.

It is recognised that the land-use structure of these alternatives is conceptually very similar.
Diversification of the basic composition is, however, possible. For example, in a specific
situation, it may be advantageous to arrange the four required wards in a catenary linked by
commercial and administrative components. Similarly, it would be possible to consolidate
infrastructural land uses on the transverse village axis, with the wards facing symmetrically onto a
central artery. This latter option is developed further in Figure 3.7.

Internal transportation in the villages would be primarily pedestrian. Automobile traffic would,
however, be accommodated. It is thus envisaged that the two main village axes consist of twelve
metre road rights of way. Roads would be murram-surfaced to a width of approximately five
metres. Access to the individual modules would be provided by unsurfaced corridors with a
maximum width of nine metres between plot boundaries. Walkways connecting individual
modules and separating the cells would vary in width from three to five metres.

It is emphasised that these widths were derived in discussions with officials of the Physical
Planning Department and that they are subject to changes in the detailed design phase. In view of
the climatic design considerations and the resulting need for compaction of villages, it may be
advisable to reduce these road widths considerably.

In thg village designs the creation of an orderly hierarchy of spaces has been attempted. thus
fostering aesthetically interesting horizontal vistas and permitting wind circulation. This
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hierarchy is evident particularly along the main village axis, and within each module. As one
progresses along the axis, narrow sections open into land use components such as the market, the
park and the ward nodes. Similarly within each module the interior courtyards represent defined
open spaces. It is recommended that these diverse spaces be treated sensitively with plant
materials for shade and aesthetic enhancement.

3.7 Village Prototype

To ilustrate the balanced land use structure envisaged for the villages of the project, one
prototypical layout of a market centre has been developed in greater detail. As can be seen in
Figiie 3.7, this design consists of four residential wards arranged along a primary village axis. The
ceriiie of the village is defined by the longitudinal alignment of infrastructural components such
as 1+ primary school, the administrative and multi-purpose complex, and the health sub-centre.
By sllocating these uses to the geographical centre of the village, a symmetrically balanced
struciure would result and walking distances from the perimeter would be equalised as much as

T
eyl
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The main entrance to the village would be located opposite a branch or block feeder canal road.
A viilage pond, cemetery and various recreational resources would be situated within the buffer
yors hetween the canal road and the residential areas.

Accoss to fields and neighbouring settlements would be assured from the central transverse axis
of the village, containing the commercial, administrative and educational land uses, and from the
individual modules. Internal circulation is proposed to move along the meandering walkway
system joining the housing areas.

The arrangement of the four wards of the village is introspective, with each ward being tied to the
central spine by an activity node containing a shop, a place of worship, and a nursery school.
These ward nodes would thus cater for the basic shopping and socio-cultural requirements of the
inhabitants. More specialised services would be provided in the village core.

Other design features illustrated in this village prototype are:
(a) Village Orientation

Since the prevailing winds at the site originate from the north and north east in the hot season,
the village would be oriented so that the access corridors of the residential areas are aligned on a
north-east to south-west axis. This would permit the influx and circulation of the northerly
breezes into the village, and particularly in and around the houses.

(b) Protective Planting

Dust and sand particles are generally carried in the lower layers of the north-easterly desert
breezes. To reduce the effects of wind blown sand within villages, xerophytic trees, low shrubs
and hedges would be planted on the windward side of the village, approximately 50 to 100
metres from its outer perimeter. This would effectively filter the dust from the winds and still
permit the continued flow of the breezes into the interior of the village.

(c) Village Landscaping

Although irrigation water will not be channelled directly into the village, it is recommended that
a full landscaping programme be undertaken. Trees for shade, aesthetic appearance and dust
collection would be required primarily in the courtyards of the modules, along the primary
village axes, in the central market, the park and around the pond. Planting should also be
encouraged within individual housing plots.

Considerable success in tree planting and maintenance has been experienced in Bahati Village at
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Hola. In that example, trees are watered regularly by tenants, with waste water. Particulas
water points, waste water could be easily diverted through narrow furrows to irrigate in
trees. Where watering of plant materials through furrows or ditches is impracticab
irrigation methods could be applied on a tree-by-tree basis. This would be e resp
the individual tenants.

(d) Water Supply

A trunk main is envisaged to follow the village spine, feeding branch pipes leading
water points contained in the courtyards of the modules, 24 waterpoints wou!d be establisi

Individual water connections could be provided in the future to those wishing to subsg
such a service, if the design diameter of the pipes were raised from inception. i

In addition to the waterpoints in the courtyard of each cell, it is proposed that the two.
units, one for females and one for males be constructed in the centre of eaci cell. The pr
of clothes washing slabs in each courtyard should also be considered.

Eor a more detailed discussion of Infrastructural services in the villages, reference shouldl
to the Utility Services Annexe. 3

(e) Alignment of Houses

Depending on village location and orientation, the setback and alignment of houses withir
could be varied, for three main reasons. First, variable setbacks could result in a circular |
around the internal courtyards of the modules. Second, variable setbacks would expose ) |
number of structures directly to the refreshing effects of the prevailing winds. Third, the.
could be aligned diagonally to the plot boundaries so that the most narrow walls of the
would face the direction of the mid-day sun, thus minimising frontal insolation. k-

(f) Roads

As aleady outlined the main road reserves would be 12 metres. Access corridors to the mi

would vary in width from six to nine metres. The walkways, inter-connecting the modules,
be three to five metres wide. ' 1

(a) Staff Housing

The staff housing within villages would cater for junior and subordinate staff only. Depeng
the ultimate requirements, to be identified during the more detailed planning phase, one |
modules would be reserved for staff housing. The plot sizes for these structures would be :
to those of settler houses. However, the design of staff houses would conform to the stai
stipulated by the concerned Ministries, such as Education, Social Services and Health, aj
detailed in the Housing and Building Annexe. :

(h) Sewage Disposal

Each plot would be supplied with a pit latrine situated at least nine metres from the 3
habitable room of the house in accordance with the Grade || By-laws. 3

It is emphasised that the prototypical design illustrated in Figure 3.7 is conceptually appi
all village sites selected in Chapter 2, but that changes in alignment of roads, houses angd
land uses will be required to adapt to specific site conditions. During the detailed design
soils, topographic characteristics and proposed canal rights of way must thus be studied 4
and the results be incorporated in the ultimate layout of each village.
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CHAPTER4 THE RURAL CENTRE

DESIGN PARAMETE RS
4.1 Basic Functions

The administrative or rural centre of the Bura Project would form the distributive hub of the
proiect. As such, it should be centrally located, easily accessible by road and pedestrian paths,
and contain specialised services which cannot be sustained economically in centres of lower
order In addition, it would include the NIB project headquarters consisting of offices, workshops
anc «1aff housing. Other Ministries concerned with the project would also require office space
an< housing for their staff.

In qeneral, the administrative centre should be planned so that it could eventually also serve the
Ve command of Phase Il of the project. This could entail the upgrading of the town from a
rurs! o an urban centre. Expansion space for this eventuality should thus be available.

4.2 Design Criteria

The =onsiderations regarding the design for climate, outlined in Chapter 3, are also applicable to
the dasign of the rural centre. Compaction of land-use components is thus a guiding principle. In
addition, the village planning criteria concerning landscaping, internal structure, irrigation canals
within a centre, and alignment of houses are also applicable in this context and need not be
repeated here (see Section 3.3). However, the following considerations are of specific concern in
the planning of the rural centre:

(a) Location

The preferred site for the centre has been identified north of the Pumwani branch canal, east of
the main canal and south of the Pumwani branch drain.

(b) Buffer Zones

The settlement areas should not be located contiguous to the canals but be separated from the
latter by buffer zones. The widths of these buffer zones should be: 100 metres from the main
canal, 80 metres from the branch canal, 80 metres from the branch drain, and 50 metres from the
block feeders.

(c) Roads

Main roads in the town should be 15 metres wide. Secondary collector roads should have a width
of 12 metres and tertiary collectors a width of 9 metres. Main roads should be paved while
secondary and tertiary collectors should be surfaced with murram. Drainage ditches should be
provided on both sides of all roads. These road widths have been derived in consultation with the
staff of the Physical Planning Department.

In the allocation of land uses for the centre, lorry traffic within the town should be minimised to
reduce the effects of noise and dust.

(d) Vegetation
To minimise the dust content of winds, and to increase shade, vegetation should be preserved or
planted strategically, particularly in parks and activity nodes, and along roads. Because irrigation

ditches are not to be introduced into the town for fear of bilharzia contamination, the watering
of plant materials must be undertaken by tanker trucks and other manual techniques.
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(e) Ponds

Similar to the previously discussed villages, it is envisaged that a series of ponc
schistomiasis contamination, be created to permit clean bathing and recreation.

(f) Housing

Various types of housing, for senior, junior and subordinate staff, and aiso for
population, will be required in the rural centre. All housing should be grouped strategi

relation to employment areas. Adequate space for the future expansion of the ha
should also be provided.

In anticipation of an unknown informal employment sector component, a housing area @
to cater for this influx should also be included in the town.

(g) Industry 2

Sufficient space for the accommodation of workshops. construction yards, a ginnery, in
industrial land uses should be provided. To minimise noise and odour caused

components, they should be located in the lee of the town and as far removed from ha
as possible.

(h) Other Land Uses

A centralised commercial district, schools, community centres, staff clubs and
resources should be provided, to meet the special demands of this administration-orie
and to fulfil the requirements and guidelines established by the Physical Planning Depa

43 Proposed Land-use Components
The site selected for the location of the rural centre measures over 350 hectares. To d
the space requirements for housing and other components, the anticipated land uses |

centre, in the first phase of the project, have been identified, (see Table 4.1). The aj
Iand-use standards were derived in consultation with the Physical Planning Department a
Ministries. For more details regarding the institutional components of the rural centre, the i
is referred to the Institutions and Services Annexe. 3

Table 4.1 shows that over 71 hectares of land would be required to accommodate antic
administrative, institutional, recreational, commercial and industrial uses in the rural cen
addition, housing areas and roads must be provided. The net area for residential use has
tentatively calculated for planning purposes on the basis of the following plot sizes:

Senior Housing -~ 500 m? per plot
Junior Housing - 350 m? per plot
Subordinate Housing - 288 m? per plot

In harmony with the principles of design for semi-desert climatic conditions, these plot sizes
been reduced from the standards generally accepted in Kenya for specific senior, junior
subordinate housing types. It may thus be necessary to amend the configuration and si
standard staff house designs for these plot sizes. Should this be regarded as impracticab _-
proposed theoretical plot sizes could be increased during the detailed design phas
accommodate the standard designs of the Kenya Ministry of Works.
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Table 4.1 - Proposed Land Use Components for the Rural Centre

Typ#

Police Station
Pos: (ilfice
Telaphione Exchange
Town Hall
Coop. Development
Corriiunity Development
Miniztry of Agriculture
Foresiry
Vet, and Livestock
Wildtifa
NIB Administration

" D O Office
Fisheries
Contingency

Sub Total

(a) Administrative Uses

Required PPD Suggested Number of
Number Standard Standard Employees
- (ha) (ha)
1 3.2 03 * 40
1 0.2 0.1* 7
1 0.405 0.05* 3
1 0.405 0.4 " 8
1 - 0.1 12
1 - 0.1 12
1 - 0.2 18
1 - 0.3 41
1 - 0.2 8
1 - 0.2 9
1 5 1 3.0 85
1 0.4 0.4 29
1 - - 15
1 - 1.0 10
6.35 297

Total
Population
(x 6)

240
42
18
48
72
72

108

246
48
54

510

174

1782

* The residential land requirements of these components are not included in these space standards.




Type

Health Centre
Secondary School
Primary School
Nursery Schools
Churches

Social Halls

NIB Guest House

Sub Total

Type

Parks and Playground
Ponds
Staff Clubs

Sub Total

Table 4.1 (cont)

(b) Institutional Uses

Required PPD Suggested
Number Standard Standard
(ha) (ha)
1 0.810 0.80
1 14.16 ' 8.00
2 1.89 2.00(x2)
5 0.405 0.3 (x5)
4 0.405 0.2 (x4)
3 0.810 0.2 (x3)
1 - 0.2
15.9

(c) Recreational Uses

Required PPD Suggested
Number Standard Standard
(ha) (ha)
3 - 0.8 (x3)
3 - 1.0 (x3)
3 — 0.5 (x3)
6.9
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Type

Sh&.‘-:- 3

Marlcat

Banl

Petr: Station
Cings:a / Theatre
Bus Dapot

Hotel

Suby 1'otal

Type

Abbatoir

Water Works

Refuse Disposal Yard
MOwW

Ginnery

Generating Plant

NIB Workshop

Sewage Treatment Plant
NYS Yard

Sub Total

ABSOLUTE TOTAL

Table 4.1 (cont)

(d) Commercial Uses

Required PPD
Number Standard
(ha)
35 0.05
1 0.04
1 0.05
2 0.2
1 0.2
1 0.4
1 -

(e) Industrial Uses

Required PPD
Number Standard
(ha)
0.3
0.8

d-ﬂdd—l—‘—l‘—.
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Suggested Number of
Stanciard Employees
(ha

0.05 (x35) 35
0.04 2
0.05 5
0.2 (x2) 6
0.2 3
0.4 2
0.5 10
3.7 63

Suggested Number of
Standard Employees
(ha)

0.3 7
1.0 8
0.2 16
0.8 3
10.0 A
1.0 8
5.0 235
156.0 8
5.0 3
38.3 318
71.15 774

Total

Population
(x 6)

210
12

18
12

378

Total

Population
(x 6)

42

18

186

1410

18
1908

4 644




As shown in Ta_bl_e.4.2, nearly 33 net hectares of land would be required for the accommoG
of staff and affinitive population. In addition, approximately 25 per cent of the total area ¢

centre would consist of roads, walkways and other rights of way. Thus the total
requirements for the rural centre would exceed 130 hectares in Phase . :

Table 4.2 - Net Residential Land Requirements,
Rural Centre - Phase |

4 Number Plot Size
Housing Type Required (m?)
Senior 73 500
Junior 367 350
Subordinate 568 288
TOTAL 1008

In terms of population, it has been calculated that over 1 000 employees, such as project s
civil administrators, labourers and commercial entrepreneurs, would be accommodated in
centre, as part of the first phase. Others likely to reside in the town would include approxi :
1 500 to 2 000 secondary and technical school students and some ancillary personnel sue
servants, itinerant farm labourers and visitors. In addition, it is anticipated that the in
economic magnetism of the rural centre will attract an informal sector population element, 1§
consisting of nomadic tribesmen, artisans and casual workers. For purposes of this study, |
based on estimates derived from an analysis of similar rural towns in Kenya, (Garissa, H
Garsen), it can be expected that between 1 000 and 1 500 persons would settle informally i
rural centre, to take advantage of economic opportunities. Therefore, a nomadic and infor
sector housing reserve of 10 to 15 hectares should be incorporated into the land use plan for
centre. This is discussed in greater detail in the Sociology and Settlement Annexe. .
In summary, approximately 8 000 to 10 000 persons can be expected to settle in the rural ces
at maturity of the first phase of the Bura Project (see Table 4.3). Should Phase |1 of the proj
be initiated, an additional population of 2 000 to 3 000 persons would likely be attracted e
centre.

(O

Table 4.3 - Estimated Gross Population,
Rural Centre - Phase |

Population Estimated
Type Number
Employees (incl. families) 6 000
Students 1500
Servants and Itinerant Labourers 1 000
Nomadic and Informal Sector 1 500
TOTAL 10 000

3
1
=
5




RURAL CENTRE DESIGN
4.4 Proposed Structure Plan

The land requirements of the various functions identified in Table 4.1 represent the contextural
framework for the conceptual structure plans shown in Figures 4.1 and 4.2. Both alternatives
depict the general arrangement of the proposed land uses delimited by the defined boundaries of
the selected site. The two alternatives differ primarily in their respective road alignments. The
specific boundaries of various land uses, and the alignment of residential roads, must be
determined during the detailed planning of the town.

Alternative A

In this preferred proposal, the rural centre is generally aligned along an east - west axis formed by
a major artery connecting the town to the re-located Garsen - Garissa Road west of the main
canal. The administrative offices and the health centre would be situated at the entrance to the
town. The central business district consisting of parks, shops, and the market, would be reached
as one continued east on the main road.

Residential areas would surround the centre of the town. This arrangement would facilitate
access to commercial, educational and employment areas located in the centre, from all sides.

The industrial employment areas, such as the ginnery, NIB workshops, NYS Yard and abattoir,
would be situated in the south-eastern quadrant of the town, thus being in the lee, This location
is advantageous, because it permits lorry traffic to by-pass the central area by moving east on the
Pumwani branch canal road, and thence entering the industrial area through a southern access
point.

Other features of Alternative A are briefly summarised as follows:
(i) Road Alignment

The transportation network embodies a curvilinear design approach, intended to offer
changing vistas to the moving pedestrian and automobile traveller. The non-rigid
alignment of the roads also reduces travel speeds, thus increasing public safety. In
general, this transportation skeleton would decrease the horizontal monotony usually
associated with flat semi-desert areas, and would provide greater opportunities for the
designer in the configuration and allocation of various land-use components.

Road widths would vary between 9 metres (right of way) for residential access roads,
to 15 metres (right of way) for the primary arteries.

(ii) Residential Subdivisions

Various housing types are situated in relation to intended employment zones. Thus,
senior housing areas are placed in proximity to the administration zone, junior housing
areas in relation to the central business district, the administration zone and the
industrial reserve, and labour housing areas primarily in propinquity to the industrial
zone. All residential areas are conveniently served by schools of various types.

(iii) Open Space Network

A continuous network of open spaces consisting of parks, schools and a stadium, is
designed to link the northern and southern residential areas with each other and with
the central business district. It is envisaged that considerable vegetative cover should be
fostered in these open spaces, to provide shade, aesthetic enhancement, dust filtering
and a high textural quality to the town. In particular, shrubs and trees would help to
break the spatial monotony so frequently associated with semi-desert environments.
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(iv)

(v)

{vi)

(vii)

{viii)

(ix)

The irrigation of the plant materials in the open spaces presents a difficult pro
both technical and financial. It is considered impractical to introduce irrigation
and feeder canals into the urban area, for health and safety reasons. Therefor
envisaged that only xerophytic plants be introduced into the rural centre, a
these be watered by means of tanker trucks, and by manual methods, from
waterpoints fed by the main and branch canals, :

Schools

Several schools, including a secondary school, two primary schools, and a
school have beenincorporated in the design. The primary schools waw!d serve
residents of the town. The other, higher level, institutions would serve both
population of the 23 villages and of the rural centre. ]

Health Centre

Although by Government planning standards only 0.8 hectares of land
required for a health centre, over 4 hectares have been allocated in the plan.
apparent excess has been proposed to cover the eventuality of the expansion
health centre to a hospital. The site for the health centre is centraily located, t
easily accessible from within and outside the town. '

Churches, Clubs and Community Centres

Sites for these amenities have been dispersed throughout the town, in relation
surrounding residential and employment areas. Nursery schools have not
identified spatially as this would require a more detailed knowledge of populat
profiles, not available during this phase of planning. E

Ponds

A series of bilharzia-free ponds is envisaged to be located at the perimeter of the t o
near the main and branch canals. These facilities would serve the adjoining residen
areas by providing opportunities for uncontaminated swimming, and for other forms
recreation. Their strategic location would detract inhabitants from bathing in
canals. _.

Infrastructural Services

A sewage treatment plant, a water treatment plant, and a generating station have b
allocated in the plan. The sewage treatment plant would be located on
north-eastern extremity of the rural centre, near the branch drain. This would facil
the discharge of treated effluent. The generating plant would be located in |
industrial zone in the south-eastern quadrant. This would permit electrical supply:
the ginnery and the town as a whole. 3

Infrastructural services are discussed in greater detail in the Utility Services Annexe.
Informal Sector Reserve

In anticipation of the growth of population through in-migration of informal settle
an area of 15 hectares has been reserved in the north-eastern sector of the town f§
squatters, nomads and casual labourers. Housing in the area would neither be fung
by the NIB nor any other Government Agency. However, to prevent health hazards
water supply network of public kiosks is envisaged. It is emphasised that st
development control guidelines must be prepared prior to the implementation of 1
project, to govern construction of houses in this reserve, and in fact, in the town a:
whole. Similarly, an enforcement framework must be established. '
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FIGURE 4.1

RURAL CENTRE STRUCTURE PLAN

ALTERNATIVE A
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FIGURE 4.2

RURAL CENTRE STRUCTURE PLAN

ALTERNATIVE B
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(x)

(xi)

(xii)

(xiii)

£xpansion Zone

To cope with any future growth of the rural centre, such as may occur if Phase 1l of
the project is implemented, or if other regional projects are to be serviced by this
centre, expansion spaces for housing and other uses has been allocated in the northern
sector of the town. Thus, in the foreseeable future, only the southern half of the entire
site would be developed, and a centrifugal growth pattern be encouraged once the
mature state of Phase | has been achieved.

Buffer Zone

The entire site would be buffered by an open zone varying in width between 50 and
114} metres, to separate the canals visually from the urban land uses, and physically
from the inhabitants of the town.

Apcess

‘The rural centre can be reached by transport from the east, south and west. In the east
a block feeder road from Centres 1-12 and 1-4 would be extended to flow into the
central artery, bisecting the town. From the south a main access road originating at the
fumwani branch canal road, would lead to the industrial zone and the central business
district. The Pumwani branch canal road itself would be the primary access corridor to
the perimeter of the town, carrying traffic from villages on the east and also from the
Garsen - Garissa trunk road. From the west, access to the town would be possible from
the Garsen - Garissa road by means of a primary artery crossing the main canal and
leading east through the centre. At the junction of the main artery and the western
extension of the Puwani branch canal road, amenities such as service ‘stations, shops,
and a boarding house, could be located to cater for travellers on the trunk road to
Garsen and Garissa. Another secondary, access road from the west is proposed to enter
the town at the north-west extremity, near the water treatment plant. It would also
originate at the Garsen - Garissa Road.

Although it has been stipulated that the Garsen - Garissa road be re-aligned from its
existing course to a line approximately two kilometres west of the main canal, a
deviation to within 200 metres of the main canal is proposed near the rural centre. This
would possibly boost the economy of the centre by the travellers stopping off and
would also provide a welcome visual break for motorists along the monotonous drive
between Garsen and Garissa.

Advance Buildings

A considerable number of houses and infrastructural buildings is likely to be required
in the initial phases of project implementation. for construction and administrative
personnel. It is of paramount importance that the types and quantities of these
advance buildings be identified and that a more detailed plan for the rural centre be
prepared and approved, showing plot locations, residential road alignments and
building configurations. In addition, a phasing plan, reflecting the incorporation of the
advance buildings into the final layout, is required. At present, it is envisaged that the
advance buildings would be permanent structures, to be used by the various senior,
junior and subordinate staff after they have been vacated by the implementation
personnel. The buildings should be located in the general land-use zones identified in
Figures 4.1 and 4.2.
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Alternative B

In this proposal, a land-use structure very similar to that envisaged in Alternative A is pre
However, the road network would, in general, be more rigid and symmetrical. Although
feature offers advantages in the ease of surveying and rectangular plot allocation, it al
several disadvantages. Visual interest would be difficult to preserve along the straigl
because new vistas would not be presented to the traveller. The monotony of the long tu

arteries would be aesthetically undesirable and this constraint cou Id be compounded by p
of speeding traffic.

The arrangement of the land uses in Alternative B is based on the same consideration &
Alternative A. The central business and administrative district would be joined to the surroun:
residential zones by a central open space system consisting of parks, schools, and clubs and
industrial zone would again be situated in the south-east quadrant, in the lee of the town.

In general the description of the residential subdivisions, the open space network, schools

health centre, ponds, and other features in Alternative A, also apply to this conceptual
plan.



CHAPTER 5 GENERAL CONCLUSIONS

The purposz of the village planning and design studies within the context of the Project Planning
Report of thz Bura Project was to review previously established criteria, to develop functional
planning principles for the site, to identify a theoretical and practical village network, and to
prepare conceptual designs for various types of centres. On the basis of an analysis including site
visits, stucly of relevant documents and meetings with authorities concerned, a statement of goals
and objectives was derived, and was followed by a series of planning parameters for site selection
and villags <esign. Subsequently, a project structure plan, conceptual village layouts, and land-use
plans for s administrative centre were prepared. The following is a summary of the results of the
study:

(a) Canire Network

Zzsed on an optimal village population size of 2 500 persons and on a minimum
walking distance to agricultural holdings of two kilometres, it was determined that a
total of 23 villages would be required to accommodate the expected population. These
viliages would be centres of several economic orders, namely 4 market centres, 8 local
centres, and 11 sub-local centres. In addition, one rural centre would be required for
administration and servicing of the scheme as a whole.

(b) Village Location

The sites for the villages were identified in relation to soil conditions and to
agricultural holding catchment areas. In general, the villages would be located on the
perimeter of irrigation sectors, oriented towards branch or block canals.

(c) Rural Centre Location

To meet the specialised economic requirements of the project population, and to
accommodate administrative, industrial and servicing uses associated with the scheme,
an administrative town or rural centre is proposed. A suitable location for this urban
area was identified in relation to regional considerations, distances to population
nodes, and specific site conditions.

(d) Rural Centre Structure Plan

Conceptual land-use plans for the rural centre, based on specific space components and
on population estimates, were prepared. Between 8 000 and 10 000 persons are
expected to reside in the rural centre in the mature state of Phase |, thus requiring
residential space. Expansion space for future population growth was also allocated.

The plans allow for the development of industrial, commercial, administrative,
recreational, educational and residential uses, and ensure access, traffic circulation, and
the definition of spaces.

(e) Village Design

To avoid the monotony and dilution of spaces, experienced in the grid-iron villages at
the Hola Irrigation Scheme, a new concept, based on the proposed procedure of
settling smallholders, is proposed. This concept is founded on a hierarchical system of
units, cells, modules and wards, built in increments of six houses.

Each village would include basic commercial, administrative, social and educational
amenities. The internal structure of each village would be introspectively oriented, and
a symmetrical yet non-rigid alignment of residential units be achieved.
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SUMMARY AND RECOMMENDATIONS

Summary

In accordanc: with the terms of reference for this report, architectural and quantity surveying
reviews were ade of a considerable number of government designs for staff and tenant housing
and buildings, supplied by the National Irrigation Board (N1B). Generally, most of the staff house
designs were prepared for upland or coastal areas and were not suitable for the climatic
conditions @i particular requirements at Bura. Despite considerable attempts at modification,
no really satistsctory modified designs were achieved at economic costs.

At present thzre appears to be no local code of practice or regulations relating government house
types and sizas to staff grades. With the very large number of staff houses required for the Bura
project some system of house grading will be necessary.

A good deal of work has already been done to design cheap but effective tenant houses.
Preference is given to the double banked type house which could be extended by the tenant at a
later date to form a courtyard, and to provide some family privacy. The cheapest form of tenant
house would be pole-framed with mud and wattle walls, pole rafters and purlins, and thatch:
gabled ends with vents would be desirable to increase ventilation. The poles must be termite
resistant and tha most suitable material is mangrove poles grown on the coast. Some local thatch
is availible but is not termite resistant: Makuti reed from the coast is much more suitable and
shoula he transported to site. Transportation costs are therefore a substantial portion of total
costs.

There is thought to be adequate supplies of Makuti reed but the amount of mangrove poles
available is limited. There is sufficient time to stockpile mangrove poles in advance to mitigate
supply problems, but mud-brick walls may have to be considered for some villages preferably
where suitable mud material is available nearby. This introduces problems of foundations to
minimise cracking of the mud-bricks and would add substantially to costs. Clearly there is at
present insufficient information on the supply of materials and possible foundation problems at
particular village sites.

There are two major objections to the use of thatch. One is the risk of fire, particularly where
cooking is traditionally done inside the house. The second objection is much less tangible but of
considerable social importance, namely, that a corrugated galvanised iron (CGI) roof has a much
higher social status in Kenya than thatch, even although the latter is much cooler and cheaper,
and would have a life of 10 to 15 years if well constructed of good materials. It may well be
argued that the tenant could at some later date at his own expense replace his thatch with CGl,
but the general consensus of opinion in Kenya suggests that the tenants would prefer their houses
to be roofed with CGl.

The latest estimates of tenant houses vary from K Sh 3 700 to 5 400 for essentially mud and
wattle type and from about K Sh 6000 to 7 700 for mud-brick type: the range of prices
reflecting materials used and options adopted. The estimated cost of corrugated iron roofing is
about K Sh 1 700, a third of the total basic cost of a mud and wattle type without options, and
just over one-fifth for a similar mud-brick type.

Recommendations

In the context of the Bura Project it would be well worthwhile preparing new economic staff
housing designs to match up-to-date living standards, the locai climatic and particular conditions,
and staff grades. Good staff housing and recreational facilities are essential prerequisites for
encouraging qualified and experienced staff to live and work in remote areas.

Good staff housing does not necessarily mean lavish or expensive dwellings. Some six or seven
basic economic designs could be prepared with one or two variations: the fewer the designs the




cheaper and easier construction will be, although variety and planning concepts must be borne in
mind. The NIB staff are very familiar with the climatic and particular conditions of the area and
have already prepared several conceptional designs. They should prepare all the basic
conceptional designs which would then be developed into working designs and tender documents.

All staff housing would be constructed by contract after international competitive bidding. Two
contracts are envisaged: one dealing with the advance staff housing and buildings required in the
three first villages and the rural centre before the arrival of the first tenants, and which would
include the sewage system and house connnections for the rural centre advance houses; the
second would deal with the remaining staff houses and buildings, the treated water supply, the
electrical power generation and the electrical distribution system in the rural centre. Thes
contracts are considered to be of sufficient value to attract good contractors.

The co-financers have stipulated that their funding of tenant houses would be limited to a basic
cost of K Sh 4000 per house excluding physical and price contingencies: any additional
expenditure would be financed by the Government of Kenya. The cost of the tenant house is to
be recovered from the tenant over a ten year period. The Government can therefore finance any
additional expenditure within its finance and cash flow capabilities knowing that it will

eventually recover the costs, although probably without interest: such a decision must rest with
the Government.

However, Government will have many calls on its financial resources during the implementation
period of the project and should not undertake unnecessary expenditure, nor should the tenant
be burdened with excessive repayment costs in the initial years of development. We would
therefore suggest that the aim as far as the tenant houses are concerned should be to provide &
basically sound, cheap structure which could be improved by the tenant when he so wishes. Thus
we would recommend adopting wherever possible the mangrove pole framed, mud and wattle
walled house, with pole rafters and purlins, thatch roofing and with two of the life expectancy
options, that is, bituminising the bases of mangrove poles of the frame, adding lime or cement 0
the mud plaster and lime washing the mud and wattle walls, but not treating the ground with

termite protection chemicals which would only have a limited life of effectiveness. This would
give a basic cost of about K Sh 4 080 for this type of house.

If CGI roofing is socially desirable, the tenant will have adequate incentive to replace his roof

thatching early, a relatively simple operation not affecting the structural soundness of the
dwelling.

The vast majority of the tenants will construct their own houses using materials supplied by the
NIB and under the supervision of the proposed building section of NIB (see the Implementation
Annexe). To ensure that the supplied materials are of a suitable quality and adequate in quantity,
and the standard of construction is satisfactory, a Clerk of Works employed to supervise the

housing and building contracts will inspect both materials and workmanship and issue certificates
of acceptance.

To provide temporary accommodation for the first group of tenants for each village before they
build their houses, 8 to 12 tenant houses will be required in advance in each village. These
advance tenant houses for the first three villages will be built as part of the advance housing
contract and the remaining advance tenant housing under the second housing contract. The

tenants who will not have to build their own houses would construct primary schools and
community halls.

There are a number of matters of the housing aspect which require further study. These include
the available supplies of suitable mangrove poles, Makuti thatch, suitable muds and sands
adjacent to the village sites and trial borings to determine foundation problems. These studies

should be undertaken as quickly as possible so that housing proposals can be finalised and fully
detailed.



CHAPTER 1 INTRODUCTION

1.1 Background

In Kenya, Government staff housing is normally designed and constructed by the Ministry of
Works (MOW;. However, some parastatal government organisations have designed and
constructed thair own housing, occassionally obtaining MOW approval of their designs.

Over the years a number of MOW house designs have been evolved. Most of these are for upland
climatic conditions, but one or two have been developed for coastal conditions. There appears to
be no local code of standard practice specifically relating either house design to particular
climatic conditions or house standards to staff grades.

The terms of raference for the Project Planning Report stipulated that the following tasks should
be carried out in co-operation with the National Irrigation Board (N1B):

‘Review of the programme and design for project housing and buildings, as well as for
villages and rural centres, and prepare recommendations if required.

Prepare the cost estimates for project housing and buildings as well as for infrastructure
for villages and rural centres up 10 feasibility study standards.’

To facilitate the review, the NIB supplied a number of drawings, bills of quantity and other
related information, covering MOW staff houses, NIB tenant houses and buildings, and various
government infrastructural buildings: these are listed in Appendix A. The architectural review
covered the housing and NIB buildings only, whereas the quantity surveying also included the
infrastructural buildings.

V2 Basis of the Review

The documents supplied differed in such aspects as degree of completion, detailed information
and specification, scales and system used (imperial or metric), presentation and original source,
Moreover, the review material had in most cases been developed for climates and conditions other
than those at Bura.

To provide a common basis for the review, criteria were formulated for both the architectural
and quantity surveying aspects: these are set out in Appendices B and C.

Bearing in mind that the terms of reference were to ‘review’ as opposed to ‘design’ or ‘re-design’,
some difficulty was experienced in deciding the extent to which to modify a given design to
achieve suitability for Bura without increasing costs. For the majority of the designs provided
there was a strong inclination to prepare new designs that would satisfy climatic requirements
whilst achieving functional and economic solutions. Where it was considered necessary 10 make
extensive modifications to designs the supplied and recommended, modified versions exhibit
marked differences.

The modification of some of the buildings has involved extra costs. Although these have been

kept to a minimum, the suitability for the climate and function achieved by modification would
justify such extra costs.

1.3 Presentation

For ease of reference and comparison between the material presented for review and its modified
form, the following presentation has been adopted:




Figures

Costing

— All drawings of houses and NIB buildings were red:ced, generally to the
scale of 1:200, and placed at the top-right-hand corner of the Figure. The
recommended modifications were then drawn up, gererally to the scale of
1:100, and form the main body of the Figure. The reference or fitle
description of the NIB drawing appears below the 1:200 drawing, at the
top-right-hand corner, while the amended 1:100 drawin is referenced by the
reference of the original drawing prefixed with the letter ‘R’ for revision, &8
(R-MBX/80). It has not been found necessary nor v there the time to
present in graphic form, sections and elevations of buildings. Where
necessary, these have been discussed in the text accompanying each Figure

— The quantity surveying estimates for the original des:an and the modified
version, appear on one page in two columns. The cost sstimates and plinth
area of the original design appear on the third column on the page, while
those of the modified design appear on the last column.

At the bottom of the page appear the unit cost and the sstimated savings of
extras.



CHAPTER 2 REVIEW FINDINGS

2.1 Architectural Review
The architecti: ! review covered the following houses and buildings:

2 Principal staff houses

10 Senior staff houses

7 Junior staff houses

2 Subordinate staff houses
2 Guest houses

5 Tenant houses

4 NIB buildings

Staff Houses

The detailed findings of the architectural review concerning staff houses are summarised in Table
2.1. Many of the houses were not suitable for the climatic conditions at Bura and would require
extensive modification or re-design. Even after these modifications, the resultant designs are
generally not ideal,

The general conclusion reached was that the staff housing designs were not in keeping with the
climatic conditions of the project area nor were the special concepts in accordance with
present-day conditions in Kenya.

In addition to the climatic and functional requirements overall planning concepts affect the
orientation of the buildings, and a close liaison was maintained during the review with the
planners preparing the village and rural centre structural plans. The climate at the project area is
semi-desert with prevailing north-east winds during the local summer period (the European
winter), and south-east winds during the cooler local winter months. Details of the climatic
conditions are given in Appendix B, the Architectural Review.
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Table 2.1 - Summary of Architectural Review, Staff Houtos

Staff House Type

PRINCIPAL
DC House (18/51361/20)
Manager’s House (MBX/43)

SENIOR
(MAX 8)
(MAX 9)
(MBX 20)
(MBX 78)
(MBX 80)
(TAP1/46)

(D - Lowland)
(E - Lowland)
(F - Lowland)
(C - Lake)

JUNIOR

(MBX/41 semi-detached)
(MBX/66)

(MBX/89)

(MBX/95)

(TAP1/86)

(TAP1/48)

(MAX/5)

SUBORDINATE
(MBX/40) 4 attached units
(MAX/3)

GUEST HOUSES
PC G House
(MBX/39)

Notes:

Number of

ww

WNNWENLWWNWW

NWWWW

Comments

RM
SM

SM
SM
SM
RM
RM
NS
NS
NS
SM
RM

NS
NS
NS
SM
NS
NS
Insufficient
information

SM
Insufficient
information

NS
SM

RM - Recommended after modification
SM - Suitable after modification
NS - Not suitable

** _ Includes servants quarters and kitchen unit

248
212

204
181

95
129
137
180
125

60
126
81
40
49

65

52

78
86

Cost (1,000 K Sh
Original

243
200

179
196
101
133
138
170
125
92
60
140

87
49
47
51

m‘.

68

74
81



Tenant House:

Table 2.2 su;marises the findings of the Architectural Review of the tenant houses. The
alternatives re!+ to different materials used in construction, i.e. mangrove pole frame, rafters and

purlins, mud =i wattle walls and CGI roofing; mangrove pole frame, mud and wattle walls, sawn
podo timber ruiters and purlins, and CGI roofing; and, thirdly, mud-brick walls, sawn podo
timber rafters i purlins and CGl roofing. Modifications were cement rendering walls internally

and externally and dwarf wall for cooking verandah. In no design was thatch roofing
contemplated Four of the five sets of designs were considered suitable after modification.

Table 2.2 - Summary of Architectural Review, Tenant Houses

Number of Cost (K Sh)
Tenant House Bedrooms Comments Original Modified
K11/83 (43 m‘) 2 RM
Alternative 1 4 425 5 505
Alternative 2 5 348 6 428
Alternative 3 7 642 8722
K11/83 (modifizd) - RM
Alternative 1 2 4254 5105
Alternative 2 5217 6 067
Alternative 3 6 265 7110
NIB Amended Hola
Tenant House 2 RM
Alternative 1 4818 5738
Alternative 2 5974 6 894
Alternative 3 8 247 9167
Tenant House (MBX/77) 2 NS 20 145 24 272
Tenant House (MBX/14) 2 RM
Alternative 1 5 008 6 642
Alternative 2 6 069 7 822
Alternative 3 6 8356 7 655
Note: RM - Recommended after modification

NS - Not suitable even after modification

Other Buildings

The other buildings considered in the Architectural Review required modifications before they
would be suitable for use at Bura. Some of the building drawings provided could not be reviewed
adequately because insufficient information was provided.

The provision of offices and other buildings at the site will require further consideration at the

detailed stage, and it is likely that new designs will be required to suit the detailed requirements
of the project.
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The following items will be included:

Administrative Offices:

NIB 640 sq.m
Government 330 sa.m
Workshops and Service Bays 1478 sq.m
Storage and Machinery Sheds
at Rural Centre and Villages 5 050 sq.m
2.2 Quantity Surveying Review

Cost estimates were prepared for all buildings for which Bills of Quantities were provided or for
which sufficient information for taking off purposes was contained in the drawings. Those for the
staff houses and tenant houses are summarised in Tables 2.1 and 2.2, respectively.

The cost estimates were based on current tender prices in Nairobi and t:2 additional costs of
construction at Bura were calculated. These additional costs include additional transportation,
difficulties in obtaining aggregates and other building materials locally, a/ditional contractors
overheads for the provision of camps for building workers and other costs irvolved in working is
a remote area. These costs varied between about 30 and 45 per cent depeiicling on the type of
building and the quantity of materials to be transported to site. A figure of 40 per cent wa
adopted overall to simplify matters. This figure represented the increased costs of the majority of
housing and building types likely to be required at the project area.

Reductions in costs as the resuit of modifications in design only generally cccurred for the mor

expensive senior staff houses. Junior and subordinate staff house costs were generally increased
when the designs were modified.

Tenant house costs were also increased as a result of modifications. However, the use of thatch
instead of CGI roofing would considerably reduce costs (see Chapter 3).

The Quantity Surveying Review is included as Appendix C of this Annexe.

2.3 Conclusions

Few of the staff house designs could be wholeheartedly recommended even after modifications
and these resulted in increased costs except for one or two senior houses.

The large numbers of staff houses required for the Bura Project, particularly the junior and
subordinate staff types, justify a complete reconsideration of house design for the project. Te
achieve a proper solution to the climatic and functional problems arising in the Bura situation i

an economic way, new staff house designs are required. The solution of these problems &
discussed in the following chapters.
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CHAPTER 3 HOUSING AND BUILDING RECOMMENDATIONS AND PROJECT COSTS

3.1 Intradiiction

In addition to ili2 problems created by the unsuitability of a number of the reviewed designs, the
remoteness of tha site and the need to keep costs of construction to a minimum, there are other
factors to be considered including the housing requirements at the project site.

A large number of staff will be required to move to the area to administer NIB and other
Government agency operations. A mixture of housing types is required to suit the grading of
these staffs and their family requirements. Provision has also to be made for servants quarters,
garaging and other requirements where necessary.

In the case of tenants’ housing, the house has to be designed to be an economic core dwelling,
capable of being built by the tenant, and capable of being extended by him in the future to meet
increased domestic needs or aspirations.

A number of these problems can only be properly solved at the detailed design stage, and it is
necessary to make assumptions here to assess realistic cost estimates for project planning
purposes. The assumptions that have been made in determining cost estimates based on present
recommendations are discussed in this chapter, and details of the organisation of construction
proposed are given in the following chapters.

3.2 Staff Grades, House Types and Unit Costs

The practice of the National Irrigation Board is to allocate grades of housing in accordance with
the position of the member of staff concerned in the NIB salary scale structure. The practice of
other government agencies is similar except that a points system is used to take into account the
size and structure of a staff member’s family and other factors. There are also generally only
three grades of housing considered in government house grading, although there are variations in

house type within any one grade.

Staff family sizes and other such factors are indeterminate at this stage of the project, and
allocation of housing has been made only by reference to staff salary grades. The allocation of
house types by grade is shown in Table 3.1.

The house types currently recommended and used to prepare the cost estimates are design
concepts developed by the National Irrigation Board (NIB) staff for construction at the Hola
Scheme, or derivatives of such designs. The range comprises seven basic types which are described
below. It is anticipated that if for any reason these designs are not acceptable for the occupation
of government agency staff as well as NIB staff, alternative designs for government agency staff
could be developed which would be of a similar cost.




Table 3.1 - Total Housing Requirements at Site - Summ =y’

Housing at Site
House Type

Area (m?)

Cost (K Sh 1 000)

Staff Scales

Agency

NIB operational staff
Livestock
Fisheries

Wildlife

Forestry
Processing
Marketing
Research
Education ¢
Health

Social Services
Communications
Infrastructure
District and Local
Administration.

Total Housing at Site
(Total Staff)®

No‘te:%:

A B C D E F G

160 118 105 80 56 40 40

310 200 165 110 58 14 10
NIB Scale

H EtoG C&D A&B &l &IV \

Grade/Median Scale (K Sh 1 000)

Principal Senior 1 Senior 2 Senior 3 Junior | Junior 2 Subordina

70 55 40 27 15 8 8
1 9 27 18 28 298 109
- - 3 - = 6 1
- e 1 1 7 5 o
- & = & 1 12 =
- - 2 - 6 37 =
- 2 2 - 16 1 =
- - - 3 7 3 1
o o 1 % - - il
- - 1 8 83 239 25
= - L 4 13 18 25
~ 1 - 5 - 25 =
= = -3 1 4 22 1
» & 3 2 9 12 -
1 2? 3 3 23 104 22
2 14 43 43 197 793 194

(2) (15) (83) (55) (248) (850) (251)

! House type A allowed for Senior District Officer

2 House type B allowed for Police Inspector and Agricultural Officer

3 Total housing and building project costs are given in the Project

Costs Annexe

4 Educational housing allows for some teachers as married couples
see Institutions and Services Annexe

S Figures in brackets are total staffing at Site and Nairobi: housint

allowances for Nairobi based staff provided in operational costs, set

Project Costs Annexe

The characteristics of the house types are given in Table 3.2 below.
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Table 3.2 - Recommended Staff Houses and Estimated Costs

House Type

A: Principal 577 House

NIB Staff Grad.
Plinth area:
Materials:

Services:

Rooms:

B: Senior Stal'f House
NIB Staff Grads.
Plinth area:

Materials:

Services:

Rooms:

C: Senior Staff House
NIB Staff Grade:
Plinth area:

Materials:

Services:
Rooms:

D: Senior Staff House
NIB Staff Grade
Plinth area:

Materials:

Services:
Rooms:

E: Junior Staff House
NI8 Staff Grade
Plinth area:

Materials:

Services:
Rooms:

(K Sh 1 000)

H upwards

160 sgq.m

Roof - painted CGl sheeting

Ceilings - painted soft boards

Walls - concrete blockwork, plastered and
painted internally and externally

Floors - coloured cement screed,
trowelled smooth and polished
Electricity, piped water to kitchen, bath,
toilets, outdoor splash area, sanitary
connections to public sewer or septic tank
4 bedrooms, 1 living room, 1 dining room,
4 others

EtoG

118 sg.m

as per House Type A

as per House Type A

3 bedrooms, 1 living/dining room, 4 others

CtoD

105 sq.m

Roof - CGI sheeting

Ceilings - painted soft boards

Walls - concrete blockwork, rendered inside and out
Floor - coloured cement screed, trowelled

smooth and polished

as per House Type A

3 bedrooms, 1 living room, 3 others

AtoB

80 sq.m

Roof - CGI sheeting

Ceilings - painted soft boards

Walls - concrete blockwork, cement/sand
rendering inside and outside

Floors - coloured cement screed, trowelled
smooth and polished

as per House Type A

3 bedrooms, 1 living room, 3 others

I, 1

56 sq.m

Roof - CGl sheeting

Ceilings - none

Walls - concrete blockwork, rendered and
painted internally and externally

Floor - cement screed, trowelled smooth
Piped water in kitchen and shower, pit latrine
3 bedrooms, 1 living room, 2 others

1

Unit Cost

310

165

110




F: Junior Staff House
NIB Staff Grade:
Plinth area:

Materials:

Services:
Rooms:

1, IV

43 sgq.m

Roof - CGl sheeting
Ceilings - none

Walls - mud-brick, cement rendered inside and out

Floor - cement screed, trowelled smooth
Foundation - 2 sand/cement block courses below
ground level with bituminous felt d.p.c.

Pit latrine, pipe water supply

2 bedrooms, 2 others

G: Subordinate Staff House

NIB Staff Grade:
Plinth area:
Materials:

Services:
Rooms:

Vv

43 sg.m

Roof - CGI sheeting

Ceilings - none .

Walls - mud and mangrove poles, mud surface,
cement plastered and lime washed

Floor - cement screed, trowelled smooth

Pit latrine, pipe water supply

2 bedrooms, 2 others

12

14
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3.3 The Tenant House and Costs

A great deal has already been done to design cheap but effective tenant houses, various designs
have been deveioped and discussed by the NIB, the project consultants and World Bank advisors.
Preference is i+ 2 to the double banked type house which could be extended by the tenant at a
later date to for:v a courtyard and to provide some family privacy, see Figure 3.1.

The latest typical costs of alternative forms of tenant houses are given in Table 3.3.

Table 3.3 - Tenant House Types and Costs

(K Sh)
Type ' - Costs
A : Mangrove poles and mud and wattle walls
Basic Cost
Frame and roof poles 3193
Makuti thatch 500
CG! roofing 1668
Life expectancy options (LEP) 529
Total Cost
With thatch 3693
Thatch with LEP 4 222
With CGI roofing 4 861
CGl roofing with LEP 5 390
8 : Mud-brick walls and roofing poles
Basic Costs
Walls and roofing poles 5 459
Makuti thatch 500
CGI roofing 1668
Life expectancy options 529
Total Costs
With thatch 5959
Thatch with LEP 6 488
With CGI roofing 7127
CGI roofing with LEP 7 656

Notes: (a) Life expectancy options (LEP) are:
(i) bituminising bases of frame poles as
protection against termites (K Sh 50)
(ii) use of lime or cement in mud plaster and
limewash to the outside of walls (K Sh 336)
(iii)  treating soil for termite protection (k Sh 144)

(b) Above costs include labour for construction and for
latrine superstructure, costs of augered pit latrine and
its concrete slab included in village infrastructure costs.

The cheapest form of tenant house would be pole framed with mud and wattle walls, pole rafters
and purlins, and thatch: gabled ends with vents would be desirable to increase ventilation. The
poles should as far as possible be resistant to termites and the only material offering some degree
of protection is mangrove poles grown on the coast. Some local thatch is available but it is
subject to termite attack, and it would be much more prefereable to use the more resistant
Makuti reed, also obtainable from the coast. With both poles and thatch being brought from the
coast, transport costs will be a substantial portion of the total house costs.
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There are two major objections to the use of thatch. One is the risk of fire, particularly wher
cooking is traditionally done inside the house. The second objection is much less tangible, but of
considerable social importance; namely, that a corrugated galvanised iron (CGI) roof has a much
higher social status in Kenya than thatch, even though the latter is much cooler and cheaper, and
would have a life of 10 to 15 years if well constructed of good materials. |t may well be argued
that the tenant could at some later date at his own expense replace his thaich with CGI, but the

general consensus of opinion in Kenya suggests that the tenants would prefer their houses to be
roofed with CGI. |

The estimated cost of corrugated galvanised iron roofingis about K Sh 1 710, about a third of

the total basic cost of a mud and wattle type house without options, and just over one-fifth fore
similar mud-brick type.

The co-financers have stipulated that their funding of tenant houses would be limited to a basi
cost of K Sh 4000 per house excluding physical and price contingercies: any additiond
expenditure would be financed by the Government of Kenya. The cost of i'ie tenant house isto
be recovered from the tenant over about a ten year period. The Gover:iment can therefor
finance any additional expenditure within its finance and cash flow capabiiities knowing thatit

will eventually recover the costs, although probably without interest. Such a decision must rest
with the Government.

However, the Government will have many calls on its financial resources during the
implementation period of the project and should not undertake unnecessary expenditure, nor
should the tenant be burdened with excessive repayment costs in the initial years of
development. We would therefore suggest that the aim, as far as the tenant houses are concerned,
should be to provide a basically sound, cheap structure which could be improved by the tenant
when he so wishes. Thus we would recommend adopting wherever possible the mangrove pole,
mud and wattle type with thatch roofing and two of the life expectancy options; that is,
bituminising the bases of mangrove poles of the frame, adding lime or cement to the mud plaster
and lime washing the mud and wattle walls, but not treating the ground with termite protection
chemicals which would only have a limited life of effectiveness. This would give 2 basic cost of

about K Sh 4 080 for this type of house, including the costs of labour paid to the tenants while
constructing their houses.

If CGI roofing is socially desirable, the tenant will have adequate incentive to replace his roof

thatching early, a relatively simple operation not affecting the structural soundness of the
dwelling.

An overall basic cost of the K Sh 4 000 per tenant house has been used in the project estimates,
with an additional allowance of 20 per cent for physical and price contingencies.

There is thought to be adequate supplies of Makuti reed, but the amount of mangrove poles
available is limited. There is sufficient time to stockpile mangrove poles in advance to mitigate
supply problems, but mud-brick walls may have to be considered for some villages, preferably
where suitable natural mud is available nearby. This however introduces problems of foundations
to minimise cracking of the sun-baked mud-bricks and would add substantially to costs.

Clearly there is at present insufficient information on the supply of materials and possible
foundation problems at particular village sites, and an investigation is required into the
availability of these and other construction materials, such as mudding soil and sands. This should
be carried out as soon as possible, and will involve liaison with the Ministry of Works and the NIg
materials consultants. Soil testing will be required at the village sites.

3.4 Summary of Recommendations

In the context of the Bura Project, it would be well worthwhih_e preparing new economic staff
housing designs to match up-to-date living standards, the local climatic and particular conditions
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and staff grace: Good staff housing and recreational facilities are essential prerequisites for
encouraging qu! ied and experienced staff to live and work in remote areas.

Good staff housing does not necessarily mean lavish or expensive dwellings. Some six or seven
basic economic «»signs could be prepared with one or two variations: the fewer the designs the
cheaper and easier construction will be, although variety and planning concepts must be borne in
mind. The NIE «aff are very familiar with the climatic and particular conditions of the area and
have already :2pared several conceptional designs. They should prepare all the basic
conceptional desions which would then be developed into working designs and tender documents.

For tenant hous s it is recommended that wherever possible the mangrove pole frame type house
with mud and v.:itle walls, mangrove pole rafters and purlins and Makuti reed thatch be adopted,
together with .o life expectancy options, namely bituminising the butt ends of the mangrove
poles of the fruine, adding lime or cement to the mud plaster and lime washing the mud and
wattle walls ex iz nally. This would have a basic cost of about K Sh 4 080.

There are a nuii ber of matters of the housing aspect which require further study. These include
the available supplies of suitable mangrove poles, Makuti thatch, suitable muds and sands
adjacent to the village sites, and trial borings to determine foundation problems. These additional
studies should b2 carried out as quickly as possible so that housing proposals can be finalised and
fully detailed before contracts are let.
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FIGURE 3.1(a)

PROTOTYPE TENANT HOUSE
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FIGURE 3.1 (b)

| PROTOTYPE TENANT HOUSE
ELEVATION
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FIGURE 3.1(e

PROTOTYPE TENANT HOUSE
OF SIRABLE METHOD OF EXTENSION
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CHAPTER 4 17 MANT HOUSE CONSTRUCTI ON

4.1 Materiz ¢

The study of cortruction materials noted in Section 3.3 will be carried out before designs for
tenant housing ¢ finalised. The materials for construction will be transported to the village site
and stockpiled iwady for use, including mudding and sand loads where these materials are
available. The materials investigation will also identify any possible foundation problems at the
village sites by tria! boring and engineering analysis.

4.2 Organization of Construction

The organisation for construction of tenant houses and other village buildings will be under the
control of a clerk of works supplied by the project consultants. He will be responsible for the
co-ordination of wupplies, layouts and setting out, the standard of construction, and the issuing
of certificates of acceptance of materials and houses by NIB, and the approval of delivery notes
for materials sup:iied. He will be assisted in the planning and ordering of materials by the Bura
Co-ordinator’s office.

The construction of the tenant houses will be by teams of six tenants who will each build six
houses, one at a time. After their initial arrival at their village site, they will live temporarily in
tenant houses erected in advance by contractors, while constructing their houses. They will be
paid a subsistence allowance by NIB and provided with cooked food from temporary messes
supplied, erected and dismantled by NIB but operated by the Social Services. When the tenant
families arrive after construction of the houses, this catering will cease, and the families will be
required to be self-sufficient; advances of cash being made for food against repayment from the
tenant’s cash crop.

Tenants are programmed to arrive in groups of 36 each week, giving six construction groups per
week. Each construction group of six will be helped by one NIB artisan and each village directed
by one NIB building foreman. Where it is possible to fit in with farming operations, the tenants
who have received training in house construction in the earliest villages will be employed in
supervising tenant building work in the later villages.

Standard items such as roof trusses, doors and windows, will be made by NIB artisans in a central
woodwork shop and delivered prefabricated to the village sites.

On completing the construction of their houses, the tenants will proceed under supervision to the
construction of the village school buildings and the multi-purpose halls, to complete the village
development.

The exact number of staff required to supervise the tenants during their construction work will
depend on the actual rates of settlement and house construction achieved, but will amount to
about 2 permanent foremen, 30 temporary and permanent employee artisans, and setting out
staff. These staff will be from the NIB Building Section, described in the Organisation,
Management and Training Annexe.
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CHAPTER5 o7AFF HOUSING CONSTRUCTION

5.1 General

As previously zcribed, outline design for all houses will be done by the NIB architectural
adviser, and det:izd drawings and contract documents prepared by the project consultants, after
consultation wiit the Ministry of Works, as appropriate. A similar procedure is proposed for the
offices and other buildings, except that the project consultants will have a greater participation at
the outline desiqn stage.

It is proposed thiat the construction of all staff housing, both for NIB and government agencies,
shall be under the control of NiB. Because of the organisation for the provision of government
housing described earlier, it may be necessary for an appropriate agreement to be made between
the Ministry of Works and the National Irrigation Board. This agreement should also extend to
the control by Ni® of the construction of government offices and other buildings.

In the case of public health service buildings, a similar arrangement for NIB control should be
made with the Ministry of Health.

5.2 Contracts

The arrangement of contracts for construction work is detailed in the Implementation Annexe.
Two contracts are proposed for all the staff housing in the villages and the rural centre.

The first contract will be an advanced contract for NIB and government houses. This will meet
the demands of staff migrating to the project area early in the implementation period before the
arrival of the first tenants, and provide housing for the project consultants’ site staff, which will
ultimately be occupied by NIB or government staff on completion of the construction works. It
will also provide about 30 advance tenant houses as temporary accommodation for the first
tenants of the first three villages until they have built their houses. The contract would include
the NIB rural centre office, workshops and staff clubs, together with the rural centre sewage
works and sewer connections to the contract rural centre houses.

The second contract would cover the remaining houses and buildings, including advance tenant

housing to the remaining 20 villages, the treated water supply system and the electrical power
generation and distribution system for the rural centre.
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APPENDIX A

I HOUSES DRAWINGS
(a) PRINGIPAL STAFF HOUSE

(1) 18/51361/20
(1) MBX/43

(b) SENTOUA STAFF HOUSE

(1) MBX/78

(ii) MBX/80

(1i1)  mBx/20

(iv) MAX/8, MAX/S
(v) TAPL/46

(vi) 18/6058/1
(vii) 18/6057/1
(viii) 18/6089/1
(ix) 18/50462/4

(¢) JUNIOR STAFF HOUSE
(1) MAX/5

(i1) MBX/4l
(1ii) MBX/ 86

(iv) MBX/89
(v) MBX /95
(vi) TAPL/6

(vii) TAPI/48

(¢) SUBORDINATE STAFF HOUSE
(1) MEX/ 40
(11) MAX/3

(e) GUEST HOUSES

(1) NBX/ 39
(1) 18/31252/56

LIST OF DRAWINGS AND DOCUMENTS PROVIDED BY NIB FOR REVIEU

- D.C.s House

- Manager's Bungalow

- 3 Bedroom House for Ass. Mill Manager
- 3 Bedroom Senior Staff House

- 2 Bedroom Staff House

- 3 Bedroom Mill Manager's House

- 2 Bedroom Senior Staff House

- M.0.WN. Type 'E' 2 Bedroom

- M.0.W, Type 'D' Lowland = 4 Bedroom
- M.0.W. Type 'F' Lowland
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Junior Staff House

- 3 Bedroom Junior Staff House = 2 Units
- 3 Bedroom Junior Staff House

- 3 Bedroom Junior Staff House

- 3 Bedroom Junior Staff House

- Type House at Galde

= Junior Staff House for Research
Training Centre

- Subordinate Staff House = 4 Units
- Subordinate Staff House

- 2 Cedrocms
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II

III

(f)

SETTLER (TENANT) HOUSE

(1) K11/83 - 2 Bedroom Tenant House in
West Kano

(11) MAX/2 - 2 Roomed Unit = Not clear
(ii1) MBx/1a - Modified Temant House
(iv) Mex/71 - 2 Bedrocms
(v) MBX/77 and

MBX/77 A - 2 Bedroom Tenant House
(vi) N.I.B Propagsal = 2 Becroom .

OTHER N.I.B. ORAWINGS

(1) MBX/S53 - Standpipe detail

(i1) MBX/S6 - Barage

(441) MBX/65 - Shower Cubicles

(iv) MBx/89 - w.C. for Junior Staff

(v) TAPI/43A = Tenant Village Water Supply

(vi) TAPI/43A . = Tenant Village Water Supply

(vii) TAPI/47 . - Research Training Centre Toilet
Block

(viii) Kil/&0 - Typical Cross Section of
Scheme Aocads

(ix) K11/108 . - Servants Quarters Senior Staff

- House Shower room detail
(x) K11/104 - Site Plan - West Kano
(xi) Kll/8a - Pit latrine = 2 units
(xdi) K11/11 - General layout of H/G and

gtaff Housing

INSTITUTIONAL SUILOINGS DRAITINGS

(1) MBX/S0 - 8.M.C. Office and Store
(ii) MEX/S0A - 8.,M.C, Office detail
(111) TAPI/21 - Cotton weighing Centre
(iv) TAPI/4S - Research Training Centre
(v) TAPI/23 - Cotton Store

(vi) MEX/44 A - Site Plan

(vii)  MBX/37 A - Contour

(viii) TAPL/éS - Site Plan
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APPENDIX B THE ARCHITECTURAL REVIEW

1.0 ARCHT TECTURAL REVIEW CARITERIA
1.1 PREAILING CLIMATIC CONDITIONS AND REQUIREMENTS

One «f the most important factors dictating design in Bura is its
climate = Senl Desert Zone. The following are the climatic characteristics

of this Zane.

- High temperatures in day and night, with mean max: 33,5-35°C
mean min: 22.0-24°C

- fainfall
arnual mean 150-500 mm

- Winds
generally light but persistent. AT times strong dust laden

winds are experienced.

- Humidity
annual mean relative humidity at 1500 hrs. is between 3% to as%h

- \Vegetation
desert type scrub to dry bushed grasslands and leafless

woodland.

Against this background of climatic factors, the cesigns of houses
and other buildings presented Dy N.I.S. will be reviewed to determine their
efficient functioning for maximum body comfort and weathering cualities of
the materials specified.

In particular, attention will be focussed on the following aspects:
(1) Suitability of designs for adoption in Eura

The iceal house plan for Sura is one that allows maximum

air movement througnh the rooms for cross ventilation.

The positioning of windows, p.vs and their sizes will
determine effsctiveness of air movement within the house, Tne

1Design for Climate' guidelines recommenc arovision of outccor
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(11)

(1ii)

living areas for both day and night uses, ard allowance for
roof overhangs for both shading of walls and minimisation ¢
solar heat gains. Such indoor living areas can be achisve
an inward facing plan to form a courtyard which will crest:
a micro-climate within the house plot.

Suitability of materials:

The most suitable materials for the climate of Burs &
those that will minimise heat gains in the cay and maximist
heat losses at night.

The thermal characteristics of materials used in
construction will determine the degree of heat gain during
the day and heat loss during the night.

walling and roofing materials specified for the buils
will be tested against their thermal qualities of minimisy
heat gains during the day and maximising heat loss at nigh

Orientation:

The ideal arientation of buildings is the one with @
openings facing north and south to avoid direct solar insc
from the east and west sun. The early morning sun is tols
as it is high enough by the +ime it gets hot. This permit
south-east orientation. The west afternocon sun must be a¢
wherever possible. Minor rocms such as toilets and storss

may face west without undue indcar discomfort as they are
seldom used.

The positioning of windows and doors of the houses &
be tested against this reguirement as well as that of nes=
achigve cCross ventilation in a rocm.



1.2 FUNCT

The

extent dictal

designs furth«
|1 the fulfilment of good design.

requirements

(1)

(11)

TONAL DESIGN

-limatic characteristics cutlined above will to some fair

the preferred design approach. Tnere is need to examine the
~ to ascertain other functions complementary to climatic

Separation of Functions:

Any good design should successfully isolate differing
functicns and at the same time facilitate their successful
integration and interaction. Unless this is achieved, good
sirculation, privacy and economigs are sacrificed.

Day and night rooms should be separated by grouping
bedrocms together and 1iving room, kitchen and dining
together. These two areas share common facilities such as
toilets which beccme the areas of interaction. Proper
isolation of functions with well thought out circulation or
ttraffic lines', ensures privacy to occupants walking from
bedrooms to the bathroom. Tt further maximises utilization of
space by avoiding traffic across the 1living room.

Tt is also desirable to create separate external spaces.
The front verandah is used for entertairment of guests and the
rear as a backyard for kitchen and related activities.

Services:

Services to a house aor building constitute a great
proportion of the costs. Itsinadequacy would lower the comfort
of the occupants of the house. Quer provision would result in

under—utilisation and hence uneconcmic.

The designs with 1{n-nouse' sanitary facilities will be
reviswed to estanlish their achisvement in sconomic grouging of
facilities %o minimise costs and tne adeguacy or ctherwise of
the amenities.




(1ii) PRoom Sizes:

Minimum bedroom sizes should be determined by the
expected room occupancy, and the air changes per hour requirs
Minimum areas of living rooms is a functicn of the gconomic
level of the family and their social charuc-teristics and
cultural habits.

While it is possible, time allowing and given the room occugancy,
to determine minimum room sizes based on air changes required, it is near
impaaazbla to base the size on such variables as ability to afford furnrum
and social habits of each family.

There is need to have a greater minimum room size for this climew
than would be acceptable in other cooler climates. However, in the absence
of more research, it is recommended that a minimum bedroom size should
accommodate two single beds., An allowaence should be made for circulation
and for the hot climete. The Consultants have assumed 100% more area for
these two aspects. The minimum bedroom area therefore used in the review i

to theoretically hold four beds whereas in actual physical placement of be=
it may only hold two beds.



1.3 MATERTALS AND CONSTRUCTION

Bura reing very far from the main urban areas and not having much to
offer in way of building materials, the materials proposed for use in the
N.I.8. specifications will be reviewed to determine the following characteris-
tics and consecuently, their suitability.

- Availability:

frs the materials proposed or specified easily available on
sita and what other substitutss are there? -

- Durability:

Considering the climate of Bura, the nor—casy-availability of
naterials for replacement and repair, the materials used initially
must have the best durability within financial constraints.

- Costs:

Alternative suitable and available building materials will
be considered and with the assistance of the Q.S. recommend the

most economical.
- Structural Soundness:

Construction of houses, particularly of settler houses must be of
a nature that will recuire minimum of skilled labour. Ouring the
review, the suggestad mode of canstruction will be discussed
relative to the experience packground of the settlers.

The easier it is to construct the house the pettar it will be
for both the settlers and indeed the whole scheme.

Inspection of buildings at Hola revealed excessive cracking of
walls and floors. This is attributed to the sandy=clayed soils.
In the absence of detailed soil tests to determine specific
charactsristics of the soils and their benabiour witn regarc to

ouildings, the Consultants nave decided to follow construction




observed in progress at Bura for foundations. All

designs are therefore assumed to be on soils with

characteristics of black cotton soil. Excavation
is taken to one meter deep over the whole site.

After reviewing each design, the Consultants have recow
its suitability or non-suitability for the scheme. The f£inal
selection of the designs for adoption would be carried out at:
next stage of the programme. It is recommendecd that the crits
used for the final selection should include:

- most suitable after review
- accommodation offered -
- costs

In the course of the review and formulation of the crit
reference was made to the recommendations of the Housing Rese
and Development Unit of the University of Nairobi, 'Design fo
Climate' and to the NIB 'Technical Field Survey on Hola' by
Otto Keszner. The Consultants supplemented the design guidel!
given in these two publications with their own design criteri:
particularly the functional aspects of design and experience?®
living habits of the people.

To ensure conformity of the review material with the of
standards, the Republic of Kenya 'Building Code' was used to
determine such aspects as minimum plot size, minimum room siz
building lines and set backs. In particular, Grade II by-law

'Scheduled Special Areas and Special Buildings', sections of ¢
code were consulted.



1.4 THE S5 TTLEA HOUSE: SPECIAL CASE

Beca. = of the large number of settler houses, and the need to
keep their cos' @ per unit as low as possible, the Consultants have done
the review of -sttler houses in greater detail than was done for other
buildings.

Since the basic assumption is that the core house will act as a
nucleus around which extensions will form the completed house a design
should be conczived as a complete unit with the possibility of building it
up in phases. It should after extensions retain P.Vs, windows and entrance

points at convenient locations for each habitable room.

The Technical Field Survey indicates a great desire by temants to
extend their housss to cater for the large number of occupants in their
extended familiss particularly in cases where there are more than one wife
and grown up daughters nursing their own children. A settler house should
have ample possitility for extension without blocking existing windows and
P.Vs. The design of the cors house should dictate the size, nature and
direction of extensions. This can be achieved by ensuring that the end of
building to be added onto has enough of plot space and that the extensions
would not block windows or other openings.

Seven designs of settler hauses.ware supplied to the Consultants by
N.I.B. One of the seven was at a very garly design stage and therefore in
the form of a rough sketch. This settler house type was not reviewed as
its design concept, materials and construction had not been developed to the
full.

Out of the remeining six N.I.8. settler house prototypes, two were
in mud and wattle construction and the other four in concrete blocks.
The review of the settler houses was then done as follows:

- All N.I.B. prototypes in concrete block walling were reviewed
architecturally and cost sstimates done for the original and
modified versions.




- All N.I.B. prototypes in mud and wattle walling were reviewed
architecturally and cost estimates done for each before and
after modifications and in three alternative materials: Mud
and wattle, mud and wattle plastered, and sun dried mud blocks.
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2.0 DETAILED REVIEW
2.1 House designs

The house plans handed to the Consultants for review and recommenda=
tions where appropriate have been designed for climatic zones other than the
semi-desert zone and no congideration was given to the very sensitive climatic
conditions prevailing in Bura. Very few of the plans would pbe used in Bura
without modifications. Where a design calls for modifications, this has been
incorporated as best as cossible going by the design criteria earlier
established. |

The disposition of the various major spaces which affects the
utilisation of the available space has also been carefully considered and
modifications recommended while trying to keep the cost as low as possible by
keeping to the given plinth area.

Four categories of staff houses wers identified, and the N.I.B

.

designs placed in these categories accordingly:

(1) Principal houses for project manager and general managers
(11) Senior Staff houses.
(1ii) Junior Staff houses.

(iv) Subordinate Staff houses.

In the review pProcess, it was observed that some aspects of the

design are common in all cases, Such aspects as, materials, construction,

structural soundness, arientation and ventilation.

To avoid repetition therefore, these aspects will be discussed
once only and this will be representative of all cases reviswed.

2.2 PRINCIPAL STAFF HOUSES
22k 0.Cs. House = (R=0.Cs. House) - (18/51361/20) (Figure 5.1
(i) Climatic Aspects

* Through air movement is adegueate but not so in all becrocms.

The fireplace would not be necessary in Bursa.
18
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The paved external spaces are not adequately roofed up
and would not be used regularly because of the strong sun
during the day{

The shape of the roof exposes large portions of the walls
and windows thus raising the indoor temperactures appreciably.
Big roof overhangs would help in cutting out the direct aftmﬁ:

SuUnNe

Introduction of a courtyard would facilitate sufficient
air movement in all rooms at the same time srovide a protecte ©

outdoor activity area,usable at night for sleeping.

The specified materials for construction are concrete bl

or stone and tiled rocof on timber carcassing.

Concrete block walling has better thermal qualities as
it does not retain as much heat as stone walling does, and is §
therefore recommended. The walling should be plastered and
possibly painted white externally to increase reflectivity.

For economy, the roof can be in asbestos or g.C.i. sheets

and in order to lower indoor temperatures, softboard ceiling &

recommendad.

Adjustable louvred windows are recommended as they can o
used to direct air into rcoms.

The aspect of orientation cannot be discussed now as the
siting of the house on the plot has not been identifisd.
However, the ideal orientation is one where the main windows
face north and south to avoid cirect insalation particularly
form the afternocon west sun .

The morning east sun is usually high enough before it
gets very hot and therefore a north—esast or southe-sast

arientation is toletabls.

This ideal orisntation is o fficult to compromise witn 7
-t

v

need for cross ventilating all rooms which calls for

17




(i1)

(111)

windows on opposite walls.

Where a conflict exists hetween this desired orientation and
the requirement for cross ventilation, it is recommended that
the former should be upheld. 1f however, the rocms affected
do rot have to have much natural lighting, & systﬁn of opague
louvres should be designed in a way that no direct sun would
be admitted.

Furctional Aspects:

The day and night areas are supceasfully separﬁtad.
The lOCatiﬂnIOF the entrance is concealed behind the fireplace
and is not abvious to visitors. Tne entrance leads direct
imto the Family Room thereby denying the room privacy and
maximum utilisation of space.

Room sizes are considered adequate.

The services are economical in the way they are grouped
but their location, at the entrance is not ideal.

It is recommended that one W.C. bs omitted from the house.
Vaterials and Construction

as discussed under (i) above concrete block walling and
either asbestos of g.c.i. roofing with softboard ceiling is

recommended from economic and thermal considerations.

Concrete blocks can be made on site with aggregate obtained
from Wayu. Cement and asbestos or g.C.i. would have to be
imported but this would not be a constraint, Besides no other
alternative exists.

The Consultants have introduced two lower roof's which act
as link petween the two wings and provide covered verandans t0
+the front and back of the house.

Suitability

This design is recommended as suitable after the
mogifications suggested.
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2.

2

Manager's Eungalow = (R-Manager's gungalow) = MBX/43 (Figure B.2)

(1)

(11)

Climatic Aspects

Air circulation ig good in all rooms except in one bedroom
whi-h can be Cross ventilated through the passage and onto the

courtyard by means of ventilating fixed louvres or bricks.
Furctional Aspects

The kitchen shouid be next to the dining area

The traffic through the living room and the dining are=
maks utilisation of the space uneconomic and could be re=

arranged as shown on the revised layout.

The big hall at the rear entrance can be reduced resulting

in increased dining area.

The door to the master bedroom can be moved further down
the corridor resulting in increased cupboard space. The
cupboard space Faf the other two bedrooms can similarly be

increased by re-location of doors.

Omission of one W.C., 2 wash hand basins result in

savings and increased lounge area.

Suitapilit

This design would be suitable if modivied as suggested.
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2.3 SE:JOR STAFF HOUSING.
2.3.1 Drawing no. AX'8 and 9 = (R = MAX/8 and g) (Figure B3)
(1) imatic Aspects
All Habitablé rooms are well cross ventilated and the
. ~losed verandah to the front and patio to the back form
_seful outdoor activity areas.

(ii) Functional Aspects:

The circulation of the kitchen and dining area is poor and
~auld be improved as suggested in the revised layout.

The location of the kitchen store and w.c. make the kitchen
remote from the dining and the route cumbersome.

The second w.c. can be incorporated into the second
bathroom and savings realised.

Washroom opening directly into the kitchen is not
recommended and could be cmitted altogether.

Room sizes are adequata.

Suitability

With the amendments propcsed in the revision, the design is
suitable for Bura.
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2.3.2 Orawing no. MEx/20 - (R - MBX/20) (Figure B.4)

(1)

(11)

Climatic Aspects:

cross ventilation is achieved in all rooms.
G.C.T roof should have a softboard ceiling to lower indoor
tanperatures.

The overtang should be increased to at least 00 mm.

Functional Aspects:

No distinction is aepparent between front and back of the

house as both front and rear entrances are on same side.

Main etnrance should be on opposite side.

Bathroom should be accessible from the kitchen without
going through the lounge or by going out first.

The shape of the lounge in relation to the dining is
awkwerd and the part of the lounge at entrance door cannot
be utilised well.

, A kitchen store could be provided.

The kitchen/dining sliding door could be replaced with a

hatch to effect savings.

The 3" block wall between lounge and bedrocom no. 2 would
be unstable and should be changed to &".

teel roof construction could be replaced with timber to

achieve savings.

Tncreased roof pitch should improve aesthetics of the

house., PAoom sizes are considered adeguate.

=01 {74 =
Sulitabllllvi

As revised, this layout would be suitable,
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2.3,

3

Orawing no. MBX/78 = (R=MBX/78) (Figure B.S5)
(1) Climatic Aspects:
Ventilation of the bedroom next to the living room is poor.

The verandah to the front is welcome but should be
~~mnlemented with one to the back.

(i1) Functional Design:

The design is well thought out with successful grouping of

functions achieved.

The kitchen door should be re-positioned to the back of
the house to offer privacy to kitchen-related activities and
1f funds permitted, a kitchen yard intrqducud.

The main entrance door should be moved to the right to
achieve better space utilisaticn in the living room.

The services are satisfactorily grouped together to achieve
economies in drainage. Omission of the shower in the bathroom
would result in further savings.

Room sizes are cansiderad'adequata.

Suitability

The design revised as proposed is recommended for adoption.
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2.3.4 Orawiry no. MBX/80 = (R-MBx/80) (Figure B.6)

This

previously.

(1)

(11)

.2ign is almost similar to drawing no. MBX/78 discussed

Climatic Aspéctsz

All rooms except one bedroom have adequate cross ventilatio.,
‘nservation made for drawing no. MBX/79 with regard to
climate considerations epply in this case.

Functional Aspects:

Comments made on drawing no MBX/79 apply. The carport
need not be walled in unless a lock-up garage is intended
in which case garage decors should be provided. Window
hetween carport and lounge should be omitted as this may
lead to petrol fumes or fire getting into the house.

The kitchen store could be more functionally located
away from the dining well as suggested in the revised layout.

Suitability:

With modifications, this design is recommended.

.
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2.3.5 Orawing ro. TAPI/46 = (R-TAPI/46) (Figure B.7)

(1)

(11)

Climatic Aspects:

Cross ventilation is achieved in all habitable rooms.
Thy Aft, overhang specified is adequate for protection of

wolls from weathering and sun.

Functional Aspects:

There is lack of distinction between day and night areas.

fadroom no. 1 should have access to the bathroom and the
w.~. without going through the living room,

The bathroom and w.c. should not open onto the lounge.
Bedroom no. 2 should have a cupboard.

The servery should be converted into a kitchen and the

servant guarters detached.
Shower could be omitted to reduce costs,

Acom sizes are considered adeguate.

Suitability:

Without very major modifications as recommended in the
revised layout, this design is unsuitable.
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2.3.6 Orawing

(1) cid
ops
an

(14) Fur

hali

rype D = LOWLAND - (R = O-LOWLAND) - (18/6057/1) (Figure B.S8)
tic Aspects:

Sedroom no. 3 cannot be cross ventilated. All other
-able rooms can be ventilated properly through windows on

jsite walls.

There should be a back yard partially roofed for outdoor

tivities related to the kitchen.

ctional Aspects:

Locaticn of doors and the resultant circulation hes redu=

ced the usable space.

Re—organisation of door location and cupboards would

result in the house having only three bedrooms.

Suitability:

As the recommended revisions result in reduction of

accommedation, this design is not recommended.
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2.3.7 Orawing Type E = LOMAND = (R = E LOWLAND) = (18/_605811) (Figure B.9)
(1) Climatic Aspects:
All habitable rcoms are well cross ventilated.

A covered front verandah and a kitchen yard would be
irable for outdoor activities.

(11) Functional Aspects:

The location of the second w.c. is both uneconomical and
sskward as it is next to the kitchen.

The relationship of the kitchen to the dining area is
inefficient as the two ars separated by a traffic route to
the w.c. and outside.

External kitchen door should be to the back of the house.

'Bedroom number 2 is tco small.

 Suitability

v

Although the design satisfies the climatic aspects, it
does not satisfy other design factors even after revision,

This design is therefors not recommended for adoption.
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2.3.8  Drawing [YPE F LOWLAND - (A-F LOWAND) - (18/6059/1) (Figure B.10)
(1) Clinatic Aspects

All habitable rooms have adequats cross ventilation.
Viors external covered area would be desired.

(i1)

m

urctional Aspects:

Circulation is satisfactory and isolation of functions

has been achieved.

Bedroom cupboard space could be increased resulting in
more functional storage facility and in increased area of the

small bedroom.

Location of kitchen store in relation to the entrance is
unsafisfactory and could be improved by screening the store.

The w.c. should be in one room with shower with a
partition to facilitate sharing of the wash hand basin.

The area of bedroom number 2 is lesser than the minimum
of 6.97 m2 required under the by-laws and definitely lesser

than our desired minimum outlined earlier.

Suitability:

Increase of arsa of bedroom number 2 would make this
design suitable.
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2.

3.

9

Orawing Type C = Lake = (r-18/s0462/4) (Figure B.1ll)

(1)

(i1)

]

| natical Aspects:

Air movement is good in all rooms. Proposed overhang of
18" is small and could be increased to 60 cm for better

-

o

rading of walls.

The proposed roofing tiles have good thermal qualities
. could be proved to be too expensive for this category of
house. Asbestos cement sheets with a ceiling is cheaper
and achieves the same insulation purposes. A hipped roof
would increase the shading on the end walls, ‘

(A

Functional Aspects:

The T-shape of the building creates semi-anclosed external
spaces which are too big and difficult to use. These spaces
could be more enclosed and more easily accessible making them
useful by day and could also be used for sleeping at night.

The diagomal circulation caused Dy the location of doors
in the kitchen could be avoided to increase the efficiency of

the kitchen.

The wardrobe in bedroom 2 could be increased by adjusting
the bathroom slightly.

Suitability:

This design performs perfactly climatically and is
recommended for this category with the proposed ammencments.
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2.4 JUNIOR STAFF HCUSES:

2.4.1 Orawing ro. MBX/4l = (R = wex/4l) (Figure B.12)

(1)

(11)

Clinatic Aspects:

Through air movement in bedrooms shauld be induced by
proiding two windows wherever possible, Living room has good
air movement but lacks outdoor covered arees.

Overhand should be increased to a minimum of_EﬂO mm to

protect wall from insolation.

A hipped roof instead of a gable one would reduce solar

heat gains on end walls.

Specified g.c.i, roof without ceiling can become too
hot. If no ceiling is intended, an asbestos roof covering
could be used as it hes better thermal qualities.

P.Vs should be provided above and under windows and on
the ridge if no ceiling is to be fixed. :

Functional Aspects:

The living room is rendered inefficient by the large
Aumber of doors opening into it.

The bedrooms and bathroom have no privacy as they open
directly into living room.

Day and night activities should be separated by introduc=
4ng a corridor.

Suitability:

Tnis type though not answering all climatic recuirements
is recommended only because it is semi - detacned resulting

in saving of one wall.
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2.4.2 Orawing ro.MBX/66 - (R = MBXx/68) (Figure B.13)
(1) Climatic Aspects:

Sedrooms are poorly ventilated as they have only one
wiiiow. Consider p.v.s above and below windows. G.c.i
reof without ceiling as proposed is not suitable for this

climate.

Consider the use of asbestos sheets and designing
ridge to have ridge vent.

Overhang specified is nat adeguate to provide sufficient
cover for the walls and should be increased to a minimum
of 600 mm.

A hipped roof would provide better protection of walls
from sun than the proposed gable roof,

(11) Functional Aspects:

Bedrooms 1 and 2 have no privacy as they open directly
into the living room. A bedroom corridor should be introduced.

The kitchen should have separate access to the rear
other than through the living room.

The kitchen and not the bathroom should be adjacent
to the living room.

Bedrooms could have cupboards depending on the cost.
Suitability:
As this unit is completely detached it would recuire

larger plot and no savings would be realised on end walls,
It is therefore not recommended.
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2'..’403

Orawing ro. MBx/e9 - (R-MBx/e9) (Figure B.14)
(1) Climatic Aspects:

Pre or air movement through rooms is not possible since

wiriows are provided only on one side of each habitable room.
P.v. between two bedrooms is nat.allawed by building by-
1sv=. The overhang should be minimum 500mm and covered
extzrnal space for outdoor living provided,
Proposed g.c.i. roof is unsuitable without ceiling.
Consider using asbestos cement sheets and providing a p.v.
on ridge to increase air circulation.
A hipped roof would have better protective gqualities.
More p.vs should be provided above windows and doors.

(1) Fucntional Aspects:

The living rocm has too many doors opening into it thus
reducing the effective usable area,

The size of the living room could be increased by adcing
to it, the recessed area, and projecting a verandah infront of

it.

Bedrooms should have more privacy.

Laminated timber beam over verandah is not necessary.
Suitability:

Climatically this design is unsuitable for Sura. B8eing
completely detached no savings are realised on end walls.,
Tne design is therefors not recommended.
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2.4.4 DOrawing no. vBx/ 95- (A= M8x/95) (Figure B.1S)
(1) Climatical Aspects:

There is insufficient air movement in all rooms as
windows zppear only on one wall., Proposed overhang of 2!

is sufficient for wall shading.

A hipped roof would provide better cover for walls
than the gable roof proposed. A ceiling would improve
the thermal comfort greatly. :

(i1) Functioral Aspects:

The layout of the rocms and circulation is very
convenient as little area is wasted in circulation.

More external covered space would be appreciated

for use during the day.

The kitchen should have an access ©0 the rear but owing
to its small size the introduction of another door would
greatly reduce the usable area of the kitchen.

Suitability:

From a climatic peint of view this design is considered
suitable.
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2.4.5  Dprawing ro. TAPI/6 - (R - TAPL/6) (Figure B.16)

(1) Cliratic Aspects:

Provision of windows on more than one-wall in each room

o res ample air movement. The specified overhang on
hiooed roof of 3ft. provides sufficient shading on the walls
arl provides cool outdoor covered working apacas'arnund the

bullding.

A ceiling should be provided if g.c.i, sheets are to be
ue=2d on roof. Consider using asbestos cement sheet roofing

‘which has better insulation gualities.

(i1) Functional Aspects:.

Assuming that all rooms are required to be separately
accessible and that a store in the living rcom is also
required, a more straight forward arrangement is possible which
would make construction easier and circulation in the living
room more convenient. It should be noted that separate
external access to rooms are not allowed by the laws. The
orientation of the servants quarter/kitchen block could be
altered to provide a more enclosed outdoor living area

between kitchen and the main house.

The passage between kitchen and main house does not
seem to be serving any purposs as {t stops on a blank wall.

Suitability:

Separation of kitchen from the main house make this
design expensive and inconvenient to cccupants., The rocms

doors co not allow the desired occupation Dy one housenold,

This design is not therefore reccmmended.,
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2.4.6 [prawing no. TAPI/48 = (R = TAPL/48) (Figure B.17)
(1) Clinatic Aspects:

Cross air movement is good in all rocms, through windows

ar D.v.S below the windows.

Overhang specified should be increased to at least

E)r ! MM«

Mlore covered space between main house and the kitchen would
be appropriate as it would provide useful outdoor living area

and possibly sleeping areas too.

End walls are exposed to the sun and this could be
corrected by using hipped raof instead of the proposed gable

ended roof.
(11) Functional Aspects:

The effective area of the living rcom is minimised by
the location of doors in the already small room.

Cansideration could be giveh for the privision of ward-

Iﬁbeﬁ.

The kitchen block with toilets and showers could be
connected to the main building.

The toilet and shower compartments could be

designed to have more privacy.

Laminated timper roof truses could be avoided.

Suitability:

Separation of <itchen and toilsts from the nouse make
£nis design sxpensive and inconvenisnt for cccupants. It is

+nerefore not recommended.
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¥, 2.4.7 Drawing no. MAX/S = Junior Staff House

This drawing did not carry enough information for a thorough
architectural review and comments.,
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2.5 SUBORDINATE STAFF HOUSES:

2.5.1 Drawing rna. MBX/"-G - (R - MBX/G.D) (Fiqure B. 13)

(1)

(1)

Climatic Aspects:

Ventilation is inadequate cue to double banking of rooms
this can be improved only in the end units as they have two
extornal walls which can have windows. If this block of
four is to be adopted for this category the roof ridge should
be used as a permanent vent and the ceiling omitted.

Further cooling of the building could be achieved by
increasing the eaves length to 600 mm. and using a hipped
roof instead of the specified gable roof.

Further improvement of air movement could be achisved Dy
connecting each two units by the kitchen walls thus giving
every room possibility for two windows (see drawing number
R-MBX/40).

Functional Aspects:

Location of kitchen is unsuitable astit can only be
accessible through bedroom. '

External recesses should be covered and mace accessible

from the house to provide cool cutdoor living areas.

Ceiling height should be increased or pitch lowered to

increase the minimum saves level of 6' = 4",
Suitability:

This block is reccmmended on account of its economy.
Erom a climatic point of view it is unsuitable unless it is
modified as per our revised version.




2.5.2 Drawing no. MAX/3 R ‘

The drawing presented to the Consultants was rict clear enough
for review and comments.




2.6 GUEST HOUSES

2.6.1 P,C's Buast House = (R = P.C's., Guest House )= (18/51252{5) (Figure B.19) i{
(1) Clinatic Aspects:

The two bedrooms are hct adequately ventilated having
wirlows only on one waell but the living room has ample air

movament.

The concrete flat roof specified for this unit has very
gocd thermal gualities but would be an unnecessarily
expensive. A GeCele roof with a ceiling below is convenient
and is much cheaper than the oroposed flat roof. The middle
bedroom cannot be improved climatically unless it is ventilated
through the corridor and ridge.

(11) Functional Aspects:

The spaces are well organised for a two bedroom house and

there is sufficient privacy for the bedrooms.

Even though this is & guest house it should have a small

kitéhen for occasional cooking.

If the roof was made accessible it could be used for

sleeping at night.

The bedrooms are too small to accommocate two beds

comfortably.

Suitability:

17 the modifications above are incorporated, this design
would be suitable for the Sura climate but as a guest house it
has too small bedrooms and without a kitchen it is not

sufficiently convenient.
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Figure B.2
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2,6.2 Orawing ro. MBX/39 = (R- MBx/39) (Figure B.20)
(1) Climatic Asoects

Bedrooms have sufficient air movement but the living rocm
ie ot well ventilated as it has windows on one wall only.

Oueinarg specified with hipped roof is adequate but a covered
verandah should be added. The passage could be ventilated

thr ough a roof vent if there is no ceiling. There should be
p.v.s above window and door -openings. > l}

(11) Furctional Aspects:
Privécy for bedrooms is minimised by openings them 1
straight into the living room. The four doors opening into '

'the living room reduce the usable area of the living room.

The passage leading to shower and toilet is wasteful of
space while not providing access to the bedrooms.

The bedroom sizes are adequate.

Suitability:

This design could be suitable for Bura if the modifications
above were incorporated. As a guest house +his design is more
convenisnt than the P.Cs guest house as it has a kitcnen and

more bedroom ared.
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2.7 TENANT HOUSE

2.7.1 The Plot

By=law n.. 7 of.the Grade II Building By=laws stipulates a
minimum plot size @ 2680 rn2, and a maximum plot coverage of 25%. This
naximum has now beo increased to S%. The same by-law requires a set
cack of building f:-m the plot boundary of 1.525 m for buildings of non-
inflameble matericls. Buildings of inflammable materials shell be set back a

ainimum of 3.05 m. Under this by=law, the latrines may be built on the plot
boundary provided ‘hey are combined with other latrines on adjoining plot.

By-law 1. 8 of the Grade Il Building By-laws reguires the latrine
be sited a minimum of 9.15 m from habitable rooms. In exceptional

circunstances this distance could be reduced.

The requirement to set back buildings of inflamable materials Dy
3,06 m from the plot boundary is to minimise fire hazard whereas the
minimum distance of 9.15 from the latrine to any habitable room is to reduce
health hazard-and odour.

Although mud and wattle can burn, it is not as inflammable as
untreated wood. The rocfing of g.c.i. is not as inflammable as thatch. In
establishing the plot size therefors the lesser set pack “distance of 1.525 m
from the plot boundary was adopted. The distance of the pit latrine from
habitable rooms was taken as S m.

Other aspects considered in determination of tne minimum plot

size were:

- The core house of 40-45 m2

- Need to extend the core house By 10C%
- QOutdoor covered areas; verandahs, porches.

~ Cotton storage shed of 9 m2

- Catton drying open area of about SO m2

-~ Area for normal demestic outdoor activities, drying of clothes

etc.

Two other guiding factors in determing the cptimum plot size for
the settler house were the climatic need to xkeep builcdings closely togetner,

40
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implying small plots and the limiting of areas taken up for building in orcer
to utilize as much of the land as possible for cultivating.

Three of the settler core houses were used to cstablish the minims
plot size as illustrated in plates

and . A plot size of 392 m2
and dimensions of 14 m wide and 28 m. long was establishen to be adequate to

accommodate the functions stated and still remain within the requirements of
Grade II By=laws.

For the core house on plate the distance of latrine
from the habitable rooms would have to be reduced from 9 m to 7 m . This

provision is allowed in exceptional circumstances.

4l



2.7.2 The House

In the r iew of the settler hnouses the Consultants have considered
the special charac'cristics the design of the house must have for successful

performance, Som: of these characteristics are as follows:=

- The vazsign

- The Climate

- The Construction and Level of Technology
- The !louse Growth and Living Habits

- The Materials and Availability

- The potential for upgrading

Design

The designs reviewed and recammandéd are not traditional in the sense
of origin., However, they are widely used in the rural areas all over the
country and have been used in other settlement schemes and therefore the
Consultants have accepted the concept of a three rocmed care house as
traditionel. This acceptance 1s rational as more “raditional' would result
in the design of many types of houses one for each tribe in Kenya as the
scheme will attract settlers from all over the country. :

Even with this ancmally, it is true that the method of construction
and materials used, particularly for walling is almost universal and therefore
traditional. The living and entertaining habits of Africans is almost similar
in all tribes and this has helped the Consultants formulate a criterion on
these aspects of the settler house.

Climate:
The climatic considerations for the settler house are gimilar to

those stated earlier for other nouses: The need to nave cross-ventilation in

rooms, outdoor coversd areas and so on. However, as tne houses will oce

erected by the settlers +hemselves, there is likelihocd of omitting p.ve

and windows.

The Consultants reccmmend that coors and windows wnich would te
sold to ths setcla;s as pre-fabricated components of the Nouses be designed
with louvred vents to ensure ventilation in rocms that may not be ventilated
or inaceguately ventilated owing to. bad workmanship or negligence.

az
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2.7.4 Construction and Te:hnalagx

i

2.7.3House Growth and Living Habits

The settler house must be extendable primarily for two reasons.
The core house is inadequate for the. average settler family and .two, the
traditional way of living with ageing parents, brothers and cousins
commonly referred to as 'extended family'. Customarily, grown up children
iive semi-independently and the parently must have the option of how
best to house their children once grown up, within the plot, Of course there
is the second or third wife to house on the plot, and here again, they must
be independent and yet within the plot.

The ideal settler core house then must be the one with the greatest
potential for extensions without sacrificing the other desired aspects of J
ventilation, circulation and privacy.

Traditionally, men are entertained separately from women who are
would be entertsined in the kitchen., Combination of the two sexes during
entertaimment is becoming more popular and it may be unrealistic to require
the settler house to provide separate entertairment areas for the men and
women. The duties of the housewife, in the kitchen result in the housewife
entertaining visiting women in the kitchen, thereby leaving the husband to
entertain men in the house.

Thers are two factors however, that the Consultants consider unce™
_ play the need for large entertainment of visitors in settler houses in Burs
Firstly the climate being very hot, house owners and guests would tend to
sit outdoors and hence the need for verandahs and courtyards. Secondly,
the settlers would be out in the fields For.the better part of the day and
when they return home, it is time for the housewives to go about house=
keeping duties and the men would prubablf go out to work in the family
shambas or such other duties. The level of entertaimment and visiting is

therefore bound to be very low.

To achieve maximum econcmies in the construction of settler houses

it is required that the settlers form work gangs to ersct their own houses.
These will be only the 'core' and shall cocmprise three rooms, a2 kitchen or
roofed up cooking area, and a verancan. The individual settler will, over

time, extend his own nouse to suit the need of his family. The need €a
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extend the houses |5 demonstrated by the extensions completed and underway in

Hola settlement.

These t. aspects of the house, the need to extend and minimal
skilled labour (¢ ! f-built) require that the design shall be easy to set out,
and have minimum complicated construction details. The design of the core
house and the si' (g must allow and dictate the direction of the extensions.
Locations of wincd ws and doors must be carefully considered to avoid the
likelihood of ble ing these openings which would result in lack of cruoss
ventilation or ur =sired circulation through other rooms.

Traditionally, the housesare constructed by the house owner
with the help of neighbours and after the skeleton structure is completed,
the wife, again =osisted by neighbours or her children, do the mud plastering
and thatching. The construction of the reviewed houses is similar to the
traditional method except for the roof (g.c.i) and the climatic need for
ample ventilation. Construction for the other elements of the house must be

what the settler is used to. IT is suggested that strong cords, if available,
should replace nails to fix the framework.

2.7.5 Materials: Cost, Availability and Qurability

The choice of the most suitable materials for construction of
the settler house depends on cost, availability, durebility, technical
skill and previous expérience of the settlers. The cost is paramount to
the others and it eliminates a wide range of materials from consideration.

For flooring, the cheapest alternative is compacted earth. This
fimish is readily available on-site at almost no cost, However, its use
has disadvantages as it constantly wears out when the floor is swept out
particularly if the housewife splits fire wood on the floor or places heavy
cbjects with sharp edges onto it. If good clay'wera available on site, the
floor could be finished with a thin layer of clay which would make the flocr
semi-hard, Compacted earth flooring would be difficult to rid of fleas and
such other human parasites. Oust when sweeping out the house becomes a
nuisance to the occupants. The problems of parasites and cust can be
overcome by sprinkling water on the floor everyday, particularly if the
floor is finisned with a top layer of good clay as suggestec.




In the @uantity Surveying Review, the Consultants have proved that
mud and wattle walling is the cheapest compared to concretz blocks or even
sun=dried mud blocks,

At a little extra cost, mud and wattle can be cement plastered for
increased life. Cement plastering would also protect the walling from
termite attacks and rid them of human pests. It would also increase fire

o ——

resistance and minimise weathering in addition to offering a better finish.

The uprights are attacked by termites and are bound to rot below
ground. This can be overcome by dipping the poles in molten bitumen or H
casting the poles in concrete below ground.

Mud and wattle walling is therefore an obviocus choice as it is
cheaper, easisr to ersct by the settlers as they are used to the canstruction ﬁ
and most of its shortfalls can be overcome as discussed above. The only
constraint on this walling is one of availability in large quantities.

The mangrove poles are obtained in Lamu which is a long way from
Bura. The present costs are reasonable but there are fears of insufficient
supply to meet the expected demand. There is also the possibility of the
cost going up with peak demanc.Careful planmning and co-ordination with the
Department of Forestry during implementation may ensure constant adequate'
supply of the poles while some form of controlled price may keep prices
affordable by the settlers.

The designs reviewed and recommended, have g.c.i roocfing on man=
grove poles. This roofing material is more expensive to buy and put up
compared to the traditional thatch. However, the uss of thatch has three
disadvantages. Firstly, it is a big fire hazard, secondly it requires
periodic replacement as it rots and is attacked by worms and thirdly it is
not available in large quantities.Thé source of suitables thatch material

would be along the banks of canals and its use would result in erosion.

2.7.6 Usgrading

Mud and wattle houses with compacted sarth floors and g.c.i roofs
can be upgraded later by the settler nimself as nis income level rises.
4

The floor can be finished with about 75 mm. cancrete, wells
cement plastered if not initially plastered and a ceiling of reed matting
a5




or softboard fixe to lower indoor temperatures.
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2.7:7 REVIEW

 7.7.1- Orawing no. K11/83= (R - K11/83) (Figure B.24)

(1)

(i1)

Clinatical Aspects

Cross air movement is extremely limited due to double bank=
i1 of rcoms made even worse by the small size of windows.

The overhang specified of 610 mm is considered adequate
f.. protection of walls both from solar insolation and weather=
iry. It could be increased for further protection and shading
of external working area but this may reduce headroom at

thn eaves.

G.c.i. roof specified is not suitable withaut a ceiling.
Thatch is preferable for thermal insulation but may be
unavailable and if it was to be obtained from canals this
would expose canals to erosion.It is also & fire hazard.

No p.v.s are provided . If no ceiling is envisaged the
ridge could be designed with a continuous P.Ve Consider mud
block p.v.s for walls, and a possibility of built=in p.v.s

at top and bottom of doors and windows.

Thermal qualities of mud are good but proper finishing
should be given to avoid excessive weathering.

Functional aspects,

Little improvement can be done on this design as it

' provides the minimum requirements for a house of its size and

type of material and construction.
Though it would be desirable to increase the privacy of
the bedrooms, the provisicn of a corridor would gscalate the

cost of the unit.

It is possible however to cpen the kitcnen into the
living room for added security and sase of ccmmunication.
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The potential for expansion for this design is minimum as any

attempt to do so would close off the existing windows and wouls

necessitate external accesses to individual rooms,
(111) Materials and Construction

The proposed material = mud and wattle unrendersd is
susceptible to weathering umless the overhang is laong enough &
completely eliminate this risk. Where clay is available tnhe
walls should be rendered with it.

No foundations are specified and the poles are exposed @0
rotting and termite attack. The poles should be founded in

concrete or be dipped in molten bitumen or similar to

discoursge termites and rotting. This may be expensive but
it is more logical to incur this initial extra cost than to

have to replace poles or even the roof.

If poles are used, the wall plate specified will not be
necessary.

The size of the upright poles may be reduced from 6"-5"
‘to 4"-3" which would reduce wall thickness and is more
econcmical,

Pole spacing could be standardised at 1 metre instead of
the random spacing specifisd. This would facilitate larger

windows cpenings and may result in cost savings.

Poles could also be ussd for roof comstruction instead

of the specified sswn timcer.

Sewn timber is specifisd for walls but polss could be

used wnich may be chesper cepending cn availability,

itoes shown on drawing snould go through to the

extarior of walls for incrsesed stability,




Suitability

Orawing No. R=K11/83 shows a possible modification to
the proposed design, which would achieve most of the
fundamental reguirements stated above. Cooking would be down
outside in a semi enclosed space which also acts as a porch
for the living room. An extension of another unit would
create a courtyard and having a separate access may be used Dy
the second wife. |

Tt has a larger living room and a minimum of space is taken

by circulation.

With the abave modifications this design would be very
suitable for the Hola climate and has a very great potential
for the category of pecple it is intended for.
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present tenan

(1)

(jzi)

(144

. NIB Hola Tenant House (Figure‘B.ZSJ |

nl is a revised version of the

£ 2 house in the Hola Trrigation Scheme Village.

atical Aspects:

the three habitable rooms would be
providing windows in at least two external
The overhang indicated seems adequate

Vventilation of

atly improved By
1s in each room.

7. solar protection.
Functional Aspectsi

The central habitable room which will ect as the living
room has too many doors and may be difficult to use.
Tts size in comparison to other habitable rcoms is very

small.

The separation of the front verandah and the rear
itchen yard is good but more covered space in the rear
would improve the house trsnandaﬁsly. The cooking area

pro@ided is desirabla'but it has some disadvantages:

- It reduces the size of the bedroom
- It introduces extra construction joints and is difficult
+o set out by settlers

- Not usable during strong winds
- Exposes walls to burning riske
If a cwerf wall is proviced, wind and stom disturbances

would be minimised.

) Materials anc Construction:

this design are assumed to be mud and

~he materials for =
s on this &s given for drawing K11/83.

wattle, ~Refer to note

et RS SR



Suitability:

Extensions could be by building a separate unit which mey
or may not be connected to the first building.

Climatically it is suitable if it is modified as above.
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.7.7.3

Orawing: nos. MBX/77 = (F= wex/77) (Figure B.26)
and MBx/77A = (R= MBX/77A)

(1)

iatical Aspects:

(@

The provision of windows on one side of the bedrooms
a p.v. ON the other side ensures a continucus air
movement through thesse rooms but the small sizes of the J
windows does not provide the amount of air necessary for |

thermal comfort.

o

The living room cannct be sufficiently ventilated
through the kitchen and bath.

The overhang of 2' = 7" specified is sufficient for wall
protection from sun and also could provide ample shaced
areas around the building for daily outdoor activities.

The roof should oe hipped as this ensures that all
walls are protectad from thermal insolation.

Proposed block wall has good thermel gualities but is
too expensive for this category of house.

Functional Aspects:

The location of the bathroom and kitchen in relation to

the living room is totally unacceptables

The size of the 1iving poom is reduced to a minimum

by the circulation +hrough the doors that open into it.

The &' - &" high well separating kitchen from shower

should be increased t0 the wall plate level.

Lome




Suitability:

This design is unsuitable for this category of house as
it would be too expensive and does not provide sufficient
living area nor does it provide a conveniznt growth pattern.
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2.7.7.4

Orawind na. mex/14 (Figure B.27)

(1)

(11)

¢l imatical Aspects:

The rocoms are very inadequately ventilated having very

11 windows on one side only.

The proposed hipped roof with about 60 cm. gverhand
i1+ considered adequate for solar protection of walls.

Functional Aspects:

The circulation Fof this three.roomed unit is most
cconemical. Though more privacy for bedrooms would be desi=
rable attempts to introduce a corridor would introduce extra
costs which could be avoided.

It is possible to extend this building in two distinct
directions without blocking window and PeVeS.

The shape of this unit provides a very convenient
partly enclosed external space suitable for day activities
which could even be improved by the extensions.

A kitchen should be provided by constructing a dwarf
wall and extending the roof to cover this area. The roof
should be gable €0 facilitate extensions in either cirection
depending on layout on site. Such extensions would
ultimately create a courtyard which would be very useful for
day and night activities.

Suitability:

“his design is easy %o set out and is a straight forward
one with a lot of sotential for this category. We consider it
a suitabls type with tne propesed modificaticons. 5
constructed of mud and wattle (drawing does not snow material)
it could present an economical solution.
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2.7.7.5 Drewing ro. Mex/71 = (R = wex/71) (Figure B.28)

(1) Clinatical Aspects:

(11)

There is no proper Cross ventilation since windows are
prowvided only on one wall in each habitable room. The windows

stiould have pP.VS. below and above them.

The overhang specifisd of 18"is too emall and should ce
inoreased to a minimum of €0 cm.

The g.c.i. sheet roof proposed is unsuitable without
ceiling. Asbestos cement sheet roof could be considered if

it remains within the acceptable cost bracket.

The proposed gable roof is not suitable as it exposes
the end walls to the sun. Consider using & hipped roof.

Functional Aspects:

The effectivelusabla area in the living room is reduced

by the presence of too many doors in the room.

Bedrocom 1 has not got sufficient privecy as it opens

" directly into the living room.

A food store should be provided for the kitchen but
this increases costs. This design cannot D€ expanded without
blocking the windows and p«VS.

itability:

The materials proposed for this design are beyond what
is anticipated for this category i.e. mud and wattls.
As this design can rot be conveniently extenced it is consi-
dered unsuitable and is not recommended for this category.




v

o
DR
- m seplic lank
()]
N
o |
o
el ~
5 m\uf
inHin Hzn wce in _ sh fsh wr_u—. <h lish
PLAN MBX/69 PLAN MBX /65
scale 1.200 scale 1.700
\_/ to septic lank -

_
\\\\“_ﬂ7.

C c ¢ [ we\ [{lweN ||| w s i3 y\w \m:\ ?/Em?,ﬁr §
LADIES  GENTS | LADIES GENTS E
i & 7-060. . - 4 l_ 6000 et *-
PLAN R. MBX/69. PLAN R. MBX/65
.. ¢ scale 1.100

scale 1.100




2.8 . N,I.B, BUILCINGS

2.8.1 Orawing i5x/69 - (R-MBX/69) (Figure B.29)
vix/65 = (R-MBX/E8)

" The toi! © and shower cubicles with doors straight in the open
have no provisior for privacy sither between malse and female or from the
surrounding activ i ties. A screen wall should be provided introducing a

passage accessibla from the one side by male and the other by femaleusers.

If the (rains leading from the cubicles are directed to one man=
hole there would be a saving of two manholes and one vent pipe.
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2.8.2 Orawing

Cross al!

have also the ne

The dra:
gither for the v
blocks, it is ne
6" wall is long:

If the r
get uncomfortably

yEax/50 = BeM.Ca OFFICES AND STORES

novement is adeguate in the offices and the stores

ssary ventilation.

ing does not indicate what materials are used

s or for the roof. If the walls are of concrete
,ssary to introduce columns so that no section of a

than 12 ft.

Jofing material is G.C.I. the rooms marked offices could
hot and a ceiling should be introduced in them.
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. .2.8.3 Orewing TAPL/25 — COTTON STORE

This drawing was assumed to have been done according to the

necessary specifications for a cotton store in size, materials and

construction and hence no modification was attsmpted.
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.2.8.4 Drawing ro. TAPI/4S = (R-TAPI/45) (Figure B.30)

(1) Climatical Aspects:

oms are well ventilated but the lecturer's

The classro
in the wall separating

i ces would need to have & PV

tiem from the receptionists of fice.

provide better cooling for the

A hipped roof would
ed to a

.1ls particularly if the overhangs are increas

inimum of 60 cm.

(11) Functional Aspects:

t the classrocms and the lecturers' offices
the typists office could be organi=
an ample waiting

Assuming tha

are of the recuired size,
n a more convenient way to provide
ypist.

sed 1
space and a larger space for the t

Suitability

Trhe proposed classrocm olock with m
would be very suitable for Bura climate.

odifications above
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Mechanical Workshops

Service Building
- Workshop/office Building

2.8.5 prawing no. (99) 3800

(99) 3830
(99) 386l
(ss) 3862
- (99) 3879

Store Building

Mechanical Worksnop

From the information contained. in this set of drawings it was not

possible to give any architactural review but the consultants assumed that

the designs and materials proposed, are the suitable ones for these

‘mechanical workshops.
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APPENDIX C  THE QUANTITY SURVEYING REVIEW
1:0 QUANTIT SURVEYING REVIEW CRITERIA
1.1 ESTIVA'

The ma rial presented By the N.I.B. for review by the Qunatity
Surveyor compr the settler and staff houses, other N.I.B. buildings,
infrastructure (illdings and copies of blank pills of cuantities for some
of the buildinc :

While ©ome of the drawings are in sketch form others were complete
working drawings and details. :

The extent of the quantity surveying review and cost breakcown
will therefore depend on the level of information provided, thet is whether
sketches or working drawings, and whether bills of quantities were :
provided or not. Where nd pills of quantities were provided, attempts will
be made to breaxdown approximate quantities and pricing of these will be done.

All houses and N.I.B. buildings will be costed twice: Once pefore
they are architecturally reviewed, and after incorperating any architectural

amendments.

Estimated costs of each building under review will be broken down
into the following building elements:

_ Foundation (substructure) work
- External walling

- Internal walling \
- Roof construction

- PRoof covering

- Windows

- Doors

= Plumbing

- Electrical Installations

- Ceiling Finisnes

- Wall Finisnes

- Floor Finisnhes

- Fittings

- LaDOUI'.




In addition to the above estimated elemental cuating of the build=

ing, allowances will be made for external works within cach plot
boundary, drainage, preliminaries and transportation.

, This breakdown of the costs into element woull Facilitate
identification and elimination of an element if need be. ‘

= o 1




1.2 SETTLER HOUSES: SPECIAL CASE

Among the drawings supplied to the Consultants by N.I.B. were
seven protype proj sals for the Settler House, one of which was not
reviewed for lack  completeness as stated earlier.

Each of e six settler house prototypes proposed by the N.I.B.
«ll be broken do into the elements given above and each costed twice i.s.
as pr‘uposed and &’ cer the architectural amendments. Estimated costs of each
of the three prot::ypes originally in mud and wattle, in three different
materials mud anc wattls, mud and wattle plastered and sun dried mud blocks,

will be compared.

The pruototype proposed by the Consultants will be costed once
for each material as no architectural revisw will have been carried out.
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1.3 QTHER N.I.S. BUILDINGS INCLUDING STAFF HOUSES
Two sets of costing will be done for this cal:gory.

= houses and buildings as presented by N.I.U.
- houses and buildings as reviewed and modified after
architectural review.

1.4 INFRASTRUCTURE BUILDINGS

Since no architectural review is required for this cafegnry of
buildings their costing will be based on the given drawlngs and bills of
quantities (if available). ;

1.5 GENERAL

All costing will be based on current prices and these can be
adjusted according to the implementation schedule.

Attempts will be made to identify the foreign component of

a classic example of the huildinga'which can then be applied over the whole
scheme.

On completion of the costing as outlined above, a comparative
analysis pstween giveﬁ or estimated costs of the given designs with the
revised estimates will be given.

Where no drawings of certain buildings have been supplied by NeI.E
spatial requirements and preferred materials and construction will be
formulated based on acceptable standards, to arrive at estimated costs.
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THE ESTIMATES

BRIEF NOTES ON ESTIMATES FOR SUILDINGS

=d estimates have been prepared for all buildingswhose

te design infon@ation or Bills of Quantities wers available.
tes for other buildings at outline sketch design stage have
een assessed and updated. All estimates for buildings have
pdated to first quarter of 1977 and are based on prevailing
i tender prices. Transportation element from Nairobi to Bure

een assessed at approximately 40 %‘aver and above given

tes.

Fine =ial provision has also been made for external works within
plot boundary and drainage up to sewer line or septic tank. Works
beyord plot boundaries have been taken care of in infrastructure

services sections.

Proportionate cost of infrastructure services e.g. water supply
sewers, power supply, roads etc., will be additional to estimated
cost of each building.
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2.2 PRINCIPAL HOUSE

Sk 2 DETAILED ESTIMATE
REVISED TYPE D,C.'s HOUSE (1975)
* DRAWING NO. 18/51361/20 & R-18/.51361/20
HOUSE PLINTH AREA - 147 n° 150 m2
VERANDAH COVERED AREA = 5 me 15 m@
TOTAL FLOOR AREA = 152 m® 165 m2
{ ORIGINAL DESIGN | MODIFIED DESISH
ITEM ELEMENT :
- SHS cTs | . sHS cs
¥: SUBSTRUCTURE WORK 22,892 | 50 23,849 |80
2 EXTERNAL WALLS 17,698 | 25 18,110 |00
' - FIRE PLACE AND CHIENEY STACK 3,241 | 00 NIL
3 INTERNAL WALLS 9,130 | 75 8,030 |0
a, ROOF CONSTRUCTION 6,509 | 75 6,509 |75
5. ROOF COVERING _ : 11,262 | 00 11,033 | =
6. WINOOWS | 15,820 00 . 16,080 |00
o DOORS 13,600 | 00 13,680 |00
8. PLUMBING 16,300 | 00 14,120 | @
9, ELECTRICAL INSTALLATION 13,500 | 0o 13,500 {00
10. FITTINGS CUPBOARDS, SHELVINGs
ete. 16,460 | 00 16,060 | 00
¥ CEILING FINISHINGS 8,480 | 00 9,205 |00 |
12, INTERNAL WALL FINISHINGS 19,921 | 80 18,760 {00 |
s L3 EXTERNAL WALL FINISHINGS 7,795 | 20 8,430 |00 |
14. FLOOR FINISHINGS 13,243 45 14,375 | & §
| 195,955 | 10 191,743 | =0 |
18, EXTERNAL WORKS (WITHIN PLOT '
BOUNDARY ) . 9,798 | 00 9,567 | @ |
16. DRAINAGE 9,798 | 00 9,587 | |
215,551 | 10 210,917 | = |
1% PRELIMINARIES 10,778 | 00 10,546 | o0
18, CONTINGENCY 21,555 | o 21,092 | oo
19, COST DIFFERENCE =-SHS §,328/80 247,884 10 242,555 | 0 |
20, COST PER m2 1,630/82 1,470/03




DETAILED ESTIMATE

23.2
MANAGER'S HOUSE
; DRAWING NO. M8X/43
& R/MBX/43
HOUSE PL''TH AREA - 212 m? 194 @@
COVERED ' AANDAH AREA - 19 me a0 m@
Y i
TOTAL FL(R AREA 231 m? 234 m?
i o — A —
ORIGINAL DESIGN | MODIFIED OESIGN
ITEM ELEMENT .
SHS CTS SHS
=3 SUES TRUCTURE WORK 29,076 | 95 28,455
2 EXTEANAL WALLS 10,397 | S0 9,234
~ FTHE PLACE AND CHIMNEY STACK NIL NIL
& INTERNAL WALLS 6,943 | 00 6,317
a. ROOF CONSTRUCTION 7,350 | 00 g,018
5. ROOF COVERING 17,324 | S0 15,320
6. WINDOWS AND STEEL COOR - 17,240 { 00 12,962
g 3 DOCRS - EXTERNAL AND INTERNAL 6,300 | 00 7,844
8. PLUMBING 14,490 | 00 11,876
s. ELECTRICAL INSTALLATION 8,800 | 00 8,300
10. FITTINGS - CUBOARDS SHELVES etc. 6,700 | 00 9,867 | S0
i ok CETILING FINISHINGS 10,329 | 10 9,076 | 78
12 INTERNAL WALL FINISHINGS 14,023 | 20 13,080 | 00
13, EXTERNAL WALL FINISHINGS 4,629 | 0 4,085 | 10
14, FLOOR FINISHINGS 13,752 | 00 13,073| 00
167,395 | 85 157,518 | 18
15, EXTERNAL WORKS (WITHIN PLOT _
BOUNDARY ) 8,369 | €0 2,875| 80
16. | DRAINAGE 8,369 | 0O 2,878 | &0
184,134 | 45 173,267 | 7%
17, PRELIMINARIES 9,206 70 8,883 40
18, CONTINGENCY SUM 18,413} 0C 17,326 | &0
15, cOST OIFFERENCE - SHS 12,296/17| 211,784] 15 159,487 S8
2. cosT PER me (TOTAL AREA .
INCLUDING VERANDAH AND
PAGOLA AREA) : 915/88 852/328
20,  COST FER n2 (EXCLUDING OPEN VERANDAH) 968/34 1,078/13
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2.3 SENIOR STAFF HOUSE

P

DETAILED ESTIMATE

2.3, MILL MANAGER'S HOUSE
DRWG. NO. MAX/8 & R-MAX/8
HOUSE PLINTH AREA = 164 m2 144 m2
COVERED VERANDAH AREA . 2Bt 10 m@
TOTAL FLOOR AREA = 150 m2 164 me
"| ORIGINAL DESIGN: | MODIFIED DESIGH
ITEM ELEMENT -
SHS CTS SHS cTs
" SUBSTRUCTRUE WORK 30,873] 45 24,349 | &0
e EXTERNAL WALLS 10,467| 00 8,896 |0
. 8. | - FIRE PLACE AND CHIMNEY STACK 2,225( 00 NIL
3. INTERNAL WALLS 6,172| 00 6,072 |0C
4, ROOF CONSTRUCTION 7,758{ 00 6,518 |00
5. ROOF COVERING 13,890| 65 11,640 |00
6. WINDOWS 14,039 25 12,317 | 50
o7 DOORS-EXTERNAL & INTERNAL 7,517{ 00 6,420 | 00
8. PLUMBING 11,950 0O 11,950 | 00
9. ELECTRICAL INSTALLATION 7,700{ 00 7,700 | 00
10. FITTINGS-CUPBOARDS,SHELVES etc. 4,579 00 8,760 | 00
11, CEILING FINISHINGS 11,280{ 30 9,034 | 00
12, INTERNAL WALL FINISHINGS 15,494 30 13,870 | 75
13, EXTERNAL WALL FINISHINGS a,868 10 3,894 | 00
14, FLOOR FINISHINGS 12,314 S0 9,975 | 40
) 161,170 55 141,398 | 15
15. EXTERNAL WORKS WITHIN PLOT _
BOUNDARY g,05d 00 7,070 | 0O
. 18 DRAINAGE AND SEWER CONNECTICN 8,054 00 7,070 | 60
177,284 55 155,538 | 15
17 PRELIMINARIES 8,864 00 2,777} 00
18. CONTINGENCIES 17,70d 00 15,500 | 0
19. COST DIFFERENCE - SHS 25,037/4Q 203,854 S5 17,815 15
20. COST PER m2 1,072/51 1,161/14




e DETAILED ESTIMATE

2.3.2 " MILL MANAGER'S HOUSE
- DRAWING No. MAX/S & R/MAX/S
HOUSE 7 TNTH AREA - 137 m? 135 m@
COVERED VERANDAH AREA = 19 _m? _4a3ml
TOTAL ¢ O0R AREA = 156 m° 178 m2
At Al MREIREER
ORTGINAL DESIGN | MCOIFIED DESIGN
ITEM ELEMENT :
SHS CTS SHS CTS
. SUAS TRUCTURE WORK 25,602 | 40 28,885 | S0
2. EXTERNAL WALLS 8,879 | 0O 10,017 | &0
3. — FTRE PLACE AND CHIMNEY STACK 2,200 | 0O NIL
3. INTERNAL WALLS 5,318 | 30 6,000 | 30
4. ROOF CONSTRUCTION 6,585 | 90 6,420 | 50
S. ROOF COVERING 11,617 | 30 13,107} 10
6. WINDOWS 14,339 | 35 14,335| 35
¢ DOORS—EXTERNAL & INTERNAL 7,012 | 0O 7,012 00
8. PLUMBING 11,750 | 60 11,780} €0
s. ELECTRICAL INSTALLATION 7,500 | 00 7,800{ 00
10. FITTINGS-CUPSOARDS, SHELVES etc. 4,575 | 00 8,875| 00
31, CETLING FINISHINGS 9,382 | 00 10,8851 10
12. INTERNAL WALL FINISHINGS 12,887 | 70 13,008| 0O
13, EXTERNAL WALL FINISHINGS a,868 | 10 4,862| 10
14, FLOOR FINISHINGS 10,248 | 00 11,562 20
142,765 | 65 154,928 38
15. EXTEANAL WORKS WITHIN PLOT :
BOUNDARY 7,138 | 00 9,747] CC
16. DRAINAGE AND SEWER CONNECTION 7,138 | 00 7,747| oC
: 157,041 | 65 170,422| 35
17 PRELIMINARIES 7,852 | 00 g,528 00
18, | CONTINGENCIES 15,704 | 00 17,083 0O
19. CoST OIFFERENCE + SHS 15,399.70 | 180,597 | 65 1.=5,393i as
20,  coST PER WS 1157 /56

1,101/ 11




e . DETAILED ESTIMATE

2.3.3 2- BEDROGMED STAFF HOUSE
DRAWING NO. MBX/20 & R/MBX/20
HOUSE PLINTH AREA 121 m? 121 m?
VERANDAH COVERED AREA 12 m2 12 n?
TOTAL FLOOR AREA 133 m? 133 m?
' s ORIGINAL DESIGN | MCDIFIED DESIGH
ITEM ELEMENT
SHS cTS §HS - |CT f
) SUBSTRUCTURE WORK 14,338 15 14,578 | 15
2; EXTEANAL WALLS 6,880 | 0O 6,768 | 00
3. INTERNAL WALLS 1,777 so 1,999 | 50
a. ROCF CONSTRUCTION | 5,250 | 0o 5,250 { 0
S, ROOF COVERING (26G) 9,183| 0S 9,153 { 05
6. WINDOWS 6,756 | &0 7,755 | 60
7. | DCORS-EXTERNAL AND INTERNAL 3,421 | &0 5,831 | 80
8. | PLUMBING : 6,475 | 0O 6,475 | 00
9. ELECTRICAL INSTALLATION 4,150| 00 ° 4,150 | 00
10. FITTINGS CUPSOARDS, SHELVING etc.| 5,960| 00 6,207 | 0
11, CEILING FINISHINGS NIL NIL
12, INTERNAL WALL FINISHINGS - 6,628 | S0 7,195 | 00
13, EXTERANAL WALL FINISHINGS 2,446 | 0O 2,521 | &0
14, FLOOR FINISHINGS 1,877 | 75 1,877 %J
75,114 | 35 79,763 | 15
15, EXTERNAL WORKS (WITHIN PLOT
BOUNDARY ) 3,756 | 00 3,988 |00
16. DRAINAGE 3,756 | 00 3,756 |0
17 82,826 | 35 87,507 |15
17, PRELIMINARIES 4,131 | 00 4,375 {00
18. CONTINGENCY SUM 8,262 | QO 8,750 |00
19.  COST DIFFERENCE +5HS §,612/80 ) e 100,832 |15
20, COST PER m2 714/43 P 13




DETAILED ESTIMATE

"t 2.3.4 ASSISTANT MILL'S MANAGER HOUSE
DRAWING NO. MBX/78 '
& R=MBX/78
Sy AL 2 2
GROSS FLOOR iEA = 102 m 102 m
GROSS COVER: | AREf - 10 me 10 m2
' 2
GROSS TOTAL 1.00R AREA = 112 m 112 m2

#ﬂ_

: ORIGINAL DESIGN | MODIFIED DESIGN
ITEM ELEIENT .
i SHS CTS SHS CTS
1 SUBSTAUCTURE WORK 18,217 | 35 18,327 | 30
o | ExTERANAL WALLS , 5,337 | 00 5,077 | 00
: - FIRE PLACE, NIL NIL -
3. INTERNAL WALLS 5,228 | 00 5,228 | OO
a, ROOF CONSTRUCTION 5,278 | 25 6,024 | 25
83 ROOF COVERING - ("_6) 8,144 | 40 8,910 | QO
- 6. WINDOWS 9,278 | 00 8,948 | 0O
7. 000=S — EXTERNAL AND INTERNAL 4,703 | €60 5,103 { €0
g. | PLUMBING ' 10,27C | CO 10,870 { 0O
g. ELECTAICAL INSTALLATION 6,213 | 0O 6,213 | 00
10. FITTINGS, CUPEOARDS, SHELVING . 8,245 | 00 9,832 | 00
_ete.
13, CETLING FINISHINGS 7,945 | 75 7,945 | 75
12. INTERNAL WALL FINISHINGS 8,688 | SO 8,604 | s0
13. | EXTERNAL WALL FINISHINGS - 1,457 |85 1,422 | 38
14. FLOCR FINISHINGS 2,677 |00 2,677 | oo |
102,324 |10 105,183 | 15 |
18. eXTERNAL WORKS (WITHIN PLOT
BOUNDARY ) 5,116 | 20 5,259 { 15
16, |DRAINAGE 5,116 | 20 5289 | 15 | ‘
112,556 | S0 115,701 | as
17. |PRELIMINARIES 5,627 |80 s7es | os
18. CONTINGENCY SUM 11,255 |65 11590 b7
g,  COBT GESEERENCE + g+8.3,616/70 | 129,439 Igs \ 17 O8g \
,o,  CoST PERME T 1,155/71 ‘
&7




DETAILED ESTIMATE

2.3.5 - 3-BEDROOMED SENIOR STAFF_HOUSE
DRAWING NO. MBX/80
6 me <
HOUSE PLINTH AREA < 105 m 106 m©
, 2
VERANDAH COVERED AREA o | o 2 m
) =l b . e 2
TOTAL FLOOR AREA =" 133 m 133 m
ORTGINAL DESIGN | MODIFIED
ITEM ELEMENT
SHS cTS SHS c
y 15 SUSSTRUCTURE WORK 18,325 | 50 18,326 | 0
-1 EXTERNAL WALLS 6,101 | 0O 6,101 | 00
3 INTERNAL WALLS 5,220 | 00 5,640 | (0
4, ROOF CONSTRUCTION 5,359 | 30 5,359 | X
5, ROOF COVERING 10,051 | 70 10,051 0
6. WINDQWS 10,960.1.50 11,080 | @
G DOORS 6,000 | 00 6,000 | @
8. PLUNSING 2,280 | 0O 7,280 | ®
9. ELECTRICAL INSTALLATIONS 5,800 | 00 6,000 | 00
10. FITTINGS CUPSBOARDS etc. 7,716 | 0O 7,616 | 00
335 CEILING FINISHINGS 8,100 | 00 8,220 | 10
12. INTERNAL WALL FINISHINGS 8,120 | 10 8,340 | 00
13. EXTERNAL WALL FINISHINGS 3,070 | 40 3,070 | @
14, FLOOR FINISHINGS 6,260 | 00 6,280 aq
108,375 | 50 109,345 | @
18; EXTERNAL WALL (WITHIN PLOT
SOUNDARY ) 5,419 | 00 5,467 | 00
16. DRAINAGE (SEWER CONNECTION)etc. 5,419 | 0O 5,467 ﬂ
: 119,213 | 50 120,275 | @
17. PRELIMINARIES ' 5,961 | 00 6,013 | 0C
18. CONTINGENCIES 11,521 | 00 12,028 | 02
19. COST DIFFERENCE =+8H5.1,224/50 137,095 | 50 138,320 | 0
20. COST PER m@ 1,020/79 1,040/CC




DETAILED ESTIMATE

2.3, 6 TWO EEDROCMED SENIOR STAFF HOUSE
DRAWING NO. TAPI/46 & R-TAPI/4E
HOUSE PLT/ TH AREA A 175 n? | '._;!
(INCLUOIN 5/ & KITCHEN) i
VERANDHA  (VERED AREA - En° 16 n° i
- ———— ———— ! L
TOTAL AR 20m® 191 m? {it ﬁ
e e il
;i
ORIGINGAL DESIGN | MODIFIED DESIGN !
ITEM ELEMENT ;
SHS cTS SHS cTS
1. SUBSTRUCTURE WORK 32,465| 20 25,956 |00
-3 EXTERNAL VWALLS 15,454 | 90 14,160 |00
8 INTERNAL WALLS 6,595 | 00 2,843 | €0
a. ROOF CONSTRUCTION 6,828 | 70 a,a20 |40
5. ROCE COVERING 13,273 | 75 12,247 |00
6. WINDOWS 10,571 | 00 8,480 |00
P DOORS 2,200 | 00 6,800 |00
8. PLUMBING 7,188 | 50 7,188 |0
s. ELECTATCAL INSTALLATION 6,500 | 00 6,500 |0C
10. FTTTINGS CUPBOARDS, SHELVING 5,390 | 00 6,856 |{CO
11. CETLING FINISHINGS 10,709 | 00 9,889
12. INTERNAL WALL FINISHINGS 10,773 | 00 9,861
13. EXTERNAL WALL FINISHINGS 5,926 | SO 5,411
14. FLOOR FINISHINGS 3,326 | S0 3,088
142,202 | 05 134,760
1S. EXTERNAL WORKS (WITHIN
PLOT BOUNDARY) 72,110 | QO 6,738
15. ORAINAGE 2,110 | 00 6,736
156,422 | 05 148,236
17, PRELIMINARIES 2,820 | 0O 2,812
18. CONTINGENCIES 15,600 | ©O 14,2800
18. cOST DIFFERENCE =8HS 9,393/20 175,842 | 08 170,448
20,  COST PER ses 80 es2




DETAILED ESTIMATE

TYPE

'D'LOWLAND

DRAWING NO. 18/6057/1 & R/18/6057/1

HOUSE PLINTH AREA e es n® s me
VERANDAH COVERED AREA = 9 9 _=»
TOTAL FLOOR AREA « 104 " a "
. ITEM ELEMENT ORIGINAL DESIGH MODIFIED DESIGN
| SHS CTS &S cTs
1. | SUBSTRUCTURE WORK , 13,570 | 0 13,510 | @
2. EXTERNAL WALLS - FIRE PLACE
- AND CHIMNEY STACK 2,984 | 00 7,984 | 00
8; INTERNAL WALLS 4,081 | 00 3,958 | 5
a4, | moor consTRUCTION 9,620 | 85 9,871 | 65
5. ROOF COVERING 10,088 | 00 10,088 | 00
6. WINDOWS 11,594 | @0 11,594 | 2
7. DOORS 4,293 | 0 4,722 | €
8. PLUMBING 6,936 | 00 6,93 | 0
‘9, | ELECTRICAL INSTALLATION - 5,600 | 00 5,600 | 00
10, FITTINGS CUPBOARDS, SHELVING
ETC., ' 2,167 | 35 2,167 | =
11, CEILING FINISHINGS 6,576 | 0 6,576 | =0
12, INTERNAL WALL FINISHINGS 10,913 | S0 10,586 | 10
13. EXTERNAL WALL FINISHINGS 3,003 | 50 3,003 | 0
14 FLOOR FINISHINGS 2,043 | 75 2,043 | 75
103,482 | 95 103,703 | 25
18, EXTERNAL WORKS(WITHIN PLOT
BOUNDARY ) 5,174 | 00 5,185 | @
16. DSAINAGE (SEWER CONNECTION) 5,174 | 00 5,185 | 00
113,830 | 95 114,073 | 25
17, PRELIMINARIES 5,692 | 00 5,704 | 00
18. CONTINGENCIES 5,692 | 00 5,704 | 00
18, COST DIFFERENCES +6H.266.30 | 125,214 | 95 125,481 | 25
20 COST PER U 1,203 - 99 1,206 + 55
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DETAILED ESTIMATE
2.3.8 _ TYPE E LOWLAND

ORAWING NO. 18/6058/1 & R/18/€088/1

- -

2 : 2

HOUSE PLINTH / A 71 m 71 m
VERANDAH COVE'« D AREA - ' ..
TOTAL AREA e 80 m°
ITEM ELEVENT ORIGINAL DESTGN  MODIFIED DESIGN
| sis. | CTS sis  |CTS
1. | suss FUCTURE WORK 10,535 | 65 10,535 | €5
C 2. | EXTERNAL WALLS - FIFE
PLACE AND CHIMNEY STACK 6,060{ 00 6,060 | 00
3. | INTERNAL WALLS ' 3,431| 00 3,087 | s0
a. | ROOF CONSTRUCTION 6,253| 40 6,409 | 75
5. | ROOF COVERING . g,882| 00 6,852 | 00
6. | wmvoous 7,684| €0 7,884 | &
2. | ooors | 3,603| 10 3,603 | 10
8. | PLuMBING 5,637 5,037 | 35
9. | ELECTRICAL INSTALLATION 5,500 | 00 5,500 | 00
10. | FITTINGS CUPBOARDS, SHELVING
ETC. a,397| 0s 4,397 | 08
11. | CEILING FINISHINGS 4,780 | 00 4,780 | 0O
12. | INTERNAL WALL FINISHINGS 8,973| 0 8,076 | 15
13. | EXTEANAL WALL FINISHINGS 3,000 20 3,000 | 20
14. | FLOOR FINISHINGS s17| 25 s17 | 28
| 77,425| 0 78,741 | 20
15, EXTERNAL WORKS (WITHIN '
PLOT BOUNDARY) 3,871| 0O 3,787 Q0
16. DRAINAGE (SEWER CONNECTION) 3,871} 00 3,787 00
gs,167| 2 83,315 | 20
17. | PRELIMINARIES a,258| 00 4,166 | 0o
18. | CONTINGENCIES 4,258 | 00 4,166 | co
19,  COST DIFFERENCE - Shs.z,oae.-lle g3,683| 0 51,647 | 20
20,  COST PER M° 1,319.48 1,145 * 59
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OETAILED ESTIMATE

2.3.9 TYPE F LONLAND
DRAWING NO., 18/60S9/1 & R~/18/6039/1 o
HOUSE PLINTH AREA = 49 m? 49 m°
VERANDAH COVERED AREA T 26" ©
51 m° 59 n°
I
e ELEVENT _ ORIGINAL DESIGN | MODIFTED DESIGH
SHS cTS S CTS
1, SUBSTRUCTURE WORK 6,297 | 35 6,297 | =
. 2 'EXTERNAL WALLS - FIRE '
PLACE AND CHIMNEY STACK 4,822 | 00 4,822 | 0
3. | INTERNAL WALLS 1,054 | 00 1,093 | 55
4, ROOF CONSTRUCTION 5,692 | 00 5,692 |
5. ROOF COVERING 4,138 | 00 4,138 |
6. WINDOWS 5,752 | 50 5,752 | %
% DOORS 2,839 | 20 2,839 | &
8. PLUMBING 4,845 | 00 4,845 |
9. ELECTRICAL INSTALLATION 2,925 | 00 2,925 | o0
10, FITTINGS CUPBOARDS SHELVING ETC. 2,248 | 15 2,28 | 15
1%, CEILING FINISHINGS 2,840 | 50 2,840 | X0
12, INTERNAL WALL FUNISHINGS 3,015 | 50 3,128 | &
13, EXTERNAL WALL FINISHINGS 2,204 | 00 2,204 | 00
14, FLOOR FINISHINGS 824 | 25 824 | %=
49,497 | as 49,650 | 10
15, EXTERNAL WORKS (WITHIN PLOT
BOUNDARY 2,475 | 00 2,483 |
16, DRAINAGE (SEWER CONNECTION) 2,475 | 00 2,483 | 00
54,447 | 45 54,6156 | 10
17. PRELIMINARIES 2,722 | 00 2,731 | 00
18, CONTINGENCIES 2,722 | 00 2,731 | OO
—
19, COST DIFFERENCE = + SHS, 186/65 59,891 | 45 €,078 | 10
™
COST PER m° 1,174 « 34 1,018 - 2
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DETAILED ESTIMATE

73

2.%3.10 TYPE 'C' LOWLAND
DRAWING No. 18/50462/4 & R/1850462/4
HOUSE PLINTH AREA . - 281 6" 133 m
VERANDAH COVERED AREA - = 17 FHF L
TOTAL AREA 148 m? 133 m
ORIGINAL DESIGN |MODIFIED DESIGN
ITEM ELEMENT o~
.3 . SHS cts | sws cTS
1. SUBSTRUCTURE WORK 15,203 | 85 18,130 | €0
2., EXTERNAL WALLS - FIRE PLACE
AND CHIMNEY STACK 9,090 | 20 10,362 | 85
3. INTERNAL WALLS 4,521 | 00 4,521 | 0o
a. ROOF CONSTRUGTION 9,378 | 70 10,879 | 30
5. ROOF COVERING 11,084 | 00 12,857 | 45
6. WINDOWS 11,762 | 00 13,408 | 70
7 DOORS 3,293 | a0 3,293 | a0
8. PLUMBING 6,253 | 50 6,253 | S0
9. ELECTRICAL INSTALLATION 6,380 | 00 7,018 | 00
-10. FITTINGS CUPSCARDS, SHELVING etc.| 5,721} 35 6,007 | 40
. CEILING FINISHINGS 7,243 | S0 8,221 | 35
15, INTERNAL WALL FINISHINGS 8,496 | S0 8,496 | 50
15 EXTERNAL WALL FINISHINGS 3,289 | S0 3,750 | 0S
14, FLOOR FINISHINGS 2,265 | 50 2,572 | 40
103,983 | 90 115,772 | 40
15. EXTERNAL WORKS (WITHIN
PLOT BOUNDARY) 5,199 | 00 5,785 | 00
16. DRATNAGE (SEWER CONNECTION) 5,199 | 00 5,789 | 00
114,361 127,350 | 40
17, PRELIMINARIES 5,719| €0 6,368 | CO
18. CONTINGENCIES 5,719| 00 26,368 | 00
19. COST DIFFERENCE =+ 14,2586/50 125,819| S0 140,086 | 40
20, COST PER m° 850/13 1,053/83




2.4 JUNIOR STAFF HOUSING :
8- = DETAILED ESTIMATE
2.4.1 3 - BEDROOMED JUNIOR STAFF HOUSE
TWO SEMI-DETACHED UNITS
DRAWING NO, MBx/4l
HOUSE PLINTH AREA = 136 m? 1% me
VERANDAH COVERED AREA = - -
TOTAL FLOOR AREA = 136 m° 136 m2
ORIGINAL CESIGN { MODIFIED DESI
A TEW EREMENT SHS CTS SHS. CTs
3. SUBSTRUCTURE WORK 18,388 | 50 18,368 | 0
2, EXTERNAL WALLS 5,959 | 0O 5,863 | @
-~ FIRE PLACE AND CHIMAEY STACK 662 | 90 1,072| 2
- INTERNAL WALLS 4,852 | 00 5,604 | 00
4. ROOF CONSTRUCTION 3,162 | 00 4,362 | 00
5. ROOF COVERING 7,625 | 70 8,360 | 00
E. WINDOWS 2,534 | 0C 3,074 @
¢ 7 DOORS 5,160 | OO 5,160 { 00
8. PLUMBING 500§ QO S00 | 00
ELECTRICAL INSTALLATION
10, FITTINGS (PRECAST CONCRETE WORK
TOPS) o 475 | 00
11. CEILING FINISHINGS - NIL NIL
12. INTERNAL WALL FINISHINGS 9,315 | 00 9,843 U
13. EXTERNAL WALL FINISHINGS 3,485 70 3,330 CC
14. FLOOR FINISHINGS 2,467 | S0 2,467 | X
E—
64,092 30 8,479 &
15, | EXTERNAL WORKS (WITHIN PLOT
BOUNDARY ) 3,205| 00 3,424| G
18. DRAINAGE 3,208| QO 3,424 OC
70,502} 20 75,327| Z
17, PRELIMINARIES 3,525 00 3,768|
18. CONTINGENCY 7,0501 Qo 7,5331 @
19, CCST DIFFERENCE + SHS. 5,548/50 21,077 3G 86,625| Z |
20,  COST PER m° 356/16 €38/
74




24.2

DETAILED ESTIMATE

3-BEDROCMED JUNIOR STAFF HOUSE
DRAWING NO, MBX/66 &R/NMBX/E6
HOUSE PLINTH AREA - 56 m2 me
VERANDAH COVERED AREA = -
FLOOR FLOOR AREA . 858 me 56 m°
loRTGINAL CESIGN | MODIFIED DESIGN
ITEM ELEMENT
SHS CTS SHS CTS
1. SUBSTRUCTURE WORK 7,374 | 00 3,53 | 00
2. EXTERNAL WALLS 3,845 | 00 3,082 | 00
- FIRE PLACE AND CHIMNEY STACK :
AND CONCRETE SHELF 910 | 25 910 | 25
- Al INTERNAL WALLS 2,508 | 00 3,338 | a0
a, ROOF CONSTRUCTION 1,215 |00 . 2,173 | S0
5. ROOF - COVERING 3,177 | S0 3,460 | 00
6. WINDOWS _ 1,626 | S0 2,220 | %0
7. PLUMBING = TO SHOWER AND KITCHEN 500 | 00 2,800 | 00
8. DOORS 2,509 | S0 2,936 | 20
9. ELECTRICAL INSTALLATION 2,500 | 00 2,750 | €O
10. " FITTINGS CUPBOARDS, SHELVING etg NIL NIL
11. CEILING FINISHINGS NIL 3,017 | &0
12. INTERNAL WALL FINISHINGS 2,995 | 70 3,035 ( 00
33 EXTERNAL WALL FINISHINGS 1,209 | 20 1,022| 10
14, FLOOR FINISHINGS 784 | S0 784 | S0
31,585 | 65 39,064 | 35
18. EXTERNAL WORKS (WITHIN PLOT
BOUNCARY ) 1,578 | 0O 1,950| 0O
16. DRAINAGE 1,578 | 0O 1,950 00
34,711 | 65 42,964 | 35
17. PRELIMINARIES 1,736 CO 2,1a8| @O
18. CONTINGENCIES 3,470} 0C a,296| 00
19, COST OIFFERENCE + SHS.10,180/45 | 39,817| €5 49,408 | 35
20. COST PER m2 712/82 862/ 29
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DETAILED ESTIMATE

76

v de3 3-BEDROCMED JUNIOR STAFF HOUSE
' TWO SEMI-DETACHED UNITS
DRAWING NO, MBX/8S & R-MBX/89
HOUSE PLINTH AREA - B2 —~ = 60 m?
VERANDAH COVERED AREA = . - - -
TOTAL FLOOR AREA R 60 m° & n°
ORIGINAL DESIGN | MODIFIED DESIS
ITEM ELEMENT : — -3
SHS CTS SHS CTS
- SUBSTRUCTURE WORK 9,705| 30 9,705|
2 EXTERNAL WALLS 4,987 | 00 4,927 ©
- FIRE PLACE AND CHIMNEY STACK a43| 00 NIL
; INTERNAL WALLS 2,807 20 3,015| @0
i ROOF CONSTRUCTION 1,215( 00 1,215| @
8. ROOF COVERING 3,477 &0 3,477| &
6. WINDOWS (WOOD SHUTTERS) 938| 10 1,362 ®
7 000RS 2,940t 0O 2,550 &«
8. PLUMBING S00| 00 so0| ®@
9. ELECTRICAL INSTALLATION 2,500| 001 2,500
10. FITTINGS(PRECAST CONCRETE WORK
TOPS) NIL sa0| O
11, CEILING FINISHINGS NIL NIL
12, INTERNAL WALL FINISHINGS 6,085| Q0 6,085| «
13, EXTERNAL WALL FINISHINGS 1,444 | 00 1,404 W
14, FLOOR FINISHINGS 73| 00 973 ;
38,015| 20 37,241 I
1s. EXTERNAL WORKS (WITHIN PLOT =
BCUNDARY ) 1,505, CO 1,865 &
18. DRAINACGE 1,505{ 00 1,665 &
41,825 20 al,02¢| X
17 PRELIMINARIES 2,050 0O 2,151 O
18, CONTINGENCY 2,050} €O 4,102 ;_A
19, COST DIFFERENCE= = SHS. 817/70 as,09s | OQ 47,277 | =)
20, COST PSR m° 801/23 787/5%




2.

DETAILED ESTIMATE

4.4 3-BEDROCMED JUNIOR STAFF HOUSE
DRAWING NO. MBX/95 & R/MBX/S95
HOUSE PLINTH AREA . s 55 m°
VERANDAH COVERED AREA = - -
TOTAL FLOOR AREA - B 55 me
: ORTGINAL DESIGN | MODIFIED DESIGN
ITEM ELEMENT
SHS CTS SHS CTS
: 18 SUBSTRUCTURE WORK 8,910 |00 8,910 | 0O
2 EXTERNAL WALLS 3,991 |00 3,991 | 00
- FIRE PLACE AND CHIMNEY STACK 479 | 00 479 | 0O
3. INTERNAL WALLS 3,264 |00 3,264 | OO
4. ROOF CONSTRUCTION 1,078 |40 1,078 | 40
5. ROOF COVERING 3,187 |80 3,187 | &0
6. WINDOWS 2,874 |90 4,494 | 90
% DOORS 2,758 |00 2,758 | 0O
8. PLLUMBING 1,179 |00 1,179 | 0O.
s. ELECTRICAL INSTALLATION 2,500 |00 2,500 | 0O
10. FITTINGS CUPBOARDS, SHELVING
(CONCRETE WORK TOP TO KITCHEN) NIL 110 | 0O
31, CEILING FINISHINGS NIL NIL
12, INTERNAL WALL FINISHINGS 6,037 |20 6,037 | 20
13. EXTERNAL WALL FINISHINGS .1,235 |40 1,235 | 40
14, FLOOR FINISHINGS gol |00 891 { QO
38,385 | 70 40,115 | 7C
15. EXTERNAL WORKS(WITHIN PLOT
BCUNDARY ) 1,919 | 30 2,006 | 0O
16. DRAINAGE (SEWER CONNECTION) 1,919 |20 2,006 | 0O
42,224 |0 44,127 | 70
17, PRELIMINARIES 2,110 |cO 2,210 | OO
18. CONTINGENCY 4,222 |00 4,813 | ©O
19. COST OIFFERENCE =+5HS2,154/40 48,556 | 30 50,750 | 70
20, COST PER m° sa2/sa $22/74




ﬁ
£ DETAILED ESTIMATE
3-ROCMED HOUSE
DRAWING NO, TAPI/6
& A/TAPI/S
HOUSE FLINTH AREA N 84 m2 84 m°
VERANDAH COVERED AREA - 13 m° 13 me
TOTAL FLOOR AREA - 97 m° - 57 m@
ORIGINAL DESICN | MODIFIED DESIGN
ITEM ELEMENT :
SHS cTS SHS CTS
i | SUBSTRUCTURE WORK 15,615 | 00 15,615 | o0
2. EXTERNAL WALLS 6,756 | 00 6,756 | 00
5 INTERNAL WALLS - 2,482] a0 2,082 |0 |
FIRE PLACE AND CHIMNEY STACK ©NIL NTL
a, ROOF CONSTRUCTION " 4,484 00 4,484 | 00
5. ROOF COVERING 7,123 0S 7,123 | 08
6, WINDOWS 3,654 | 70 3,654 |7
7 DOORS . 1,955 | 00 1,955 | 00
8.  PLUMBING 2,140 | 0o 2,140 |00
9. ELECTRICAL INSTALLATION 2,500 | 00 2,500 | o0
10. FITTING CUPBOARDS, SHELVING etc. NIL - NIL
i, CEILING FINISHINGS - NIL ANIL
12, INTERNAL WALL FINISHINGS 6,350 | 40 6,350
13. EXTERNAL WALL FINISHINGS 3,477 | o 3,477
14, FLOOR FINISHINGS 2,449 | 70 2,443
58,587 | 45 58,567
15, EXTERNAL WOFKS (WITHIN
PLOT BOUNDARY) 2,950 | co 3,450
16. DRAINAGE 2,950 | 0o 2,950
i PRELIMINARIES 64,887 | 45 65,387
17, PRELIMINAIRES 3,244 | 00 3,274
18. CONTINGENCIES 6,489 { 00 6,489
19, COST DIFFERENCE  SHS 74,620 | 45 75,150
20, COST PER m2 769 28 78 %
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2,4y3:2 DETATLED ESTIMATE

SERVANT QUARTER AND KITCHEN UNIT .

; DRAWING NO. TAPI/6 & R/TAPL/E '
HOUSE | [NTH AREA - B, 22 m?
VERAND/ |« COVERED AREA = - -
SEE AL code s
TOTAL /EA . - 2m? 2wl
e L
ORIGINAL CESIGN | MCOIFIED DESIGN
- ITEM ELEMENTS
SHS cTS SHS CTS
1. - BSTRUCTURE WORK 3,555 {00 3,865 | 00
2. ¢ XTERNAL WALLS 2,094 |00 2,242 | 00
FIRE PLACE AND CHIMNEY STACK . 79€ |50 7296 | SO ||
a3 TNTERNAL WALLS = -~ 440 | 50 aa0 | S0
a. FOOF CONSTRUCTION 919 | 50 g19 | S0
8. ROCF COVERING _ 1,801 {80 1,801 | 80
6. WINDOWS ' 1,506 | 00 1,156 | 00
7. | DOORS : 788 | 00 788 | €O
8. PLUMBING | NIL NIL
9. ELECTRICAL INSTALLATION | 750 | 00 780 | 00
10. FTTTINGS CUPEOARDS, SHELVING etcf . NIL NIL
31, CEILING FINISHINGS : NIL NIL
12. INTERNAL WALL FINISHINGS 1,706 | 40 1,706 | 40
33 EXTERNAL WALL FINISHINGS 1,204 | 20 1,312 | ©O
14, FLOOR FINISHINGS | 402 | 90 ag2 | <O
15,964 | 80 15,960 | &0
1S. EXTERNAL WORKS (WITHIN PLOT
BCUNDARY) ( 798 | 00 798 00
16. DRAINAGE NIL ONIL
16,762 | 00 15,778 | €0
. PRELIMINARIES 838 | 00 g8as | ©O
18, CONTINGENCIES 1,676 | 00 1,678 | 00
19. COST OIFFERENCE . + SHS. 17/€0 18,276 &0 19,264 | €0
20. CoST PER m° 876 18 87 . 03
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DETAILED ESTIMATE
3 ROOMED JUNIOR STAFE HOUSE WITH DETACHED

KITCHEN AND SHCWER ELOCK
DRAWING No. TAPI/48 & R/TAPI/43

HOUSE PLINTH AREA = 60 m® 58 m?
KITCHEN PLINTH AREA = 14 m® 19 m?
VERANDAH COVERED AREA

TOTAL FLOOR AREA = 74 m° 77 m@

ORIGINAL DESIGN | MODIFIED DESIGI
ITEM ELEMENT i
SHS CTS SHS CTS
N SUBSTRUCTURE WORK 12,239|08 12,735 | 20
2. EXTERNAL WALLS 4,881/00 4,520 | 00
- FIRE PLACE AND FLUE PIPE 868 {00 s28 | 0
3 INTERNAL WALLS 1,226{00 1,206 00
4. ROOF CONSTRUCTION 3,532{80 4,163/ 00 |
S. ROOF COVERING 5,707|70 6,563 | 85 i
6. WINDOWS 3,570|00 a,620{00 |
2. DOORS . 3,500{00 3,150 { 00 j
8. PLUMBING 1,452{00 1,876{00 |
9. ELECTRICAL INSTALLATION 3,750/ 00 4,050 | 00
10. FITTINGS CUPSOARDS, SHELVING etc 400{00 NIL
11, CEILING FINISHINGS 3,946 00 4,106} 00
12. INTERNAL WALL FINISHINGS - 3,453|80 3,340 | 00
13. EXTERNAL WALL FINISHINGS 1,858/ 50 1,801/ 00
14, FLOOR FINISHINGS 1,175 &0 1,227 00
51,364|85 53,896 05
18, EXTERNAL WORKS (WITHIN PLOT :
BCUNDARY) 2,568|00 2,695 00
16. DRAINAGE (SEWER CONMNECTION) 2,568]00 2,895 coﬂ_i‘
56,5001 85 53,2086 05 |
17, PRELIMINARIES 2,825(00 2,964 | 00
18. CONTINGENCIES §,650| 00 5,929 00____‘
1. COST OIFFERENCE + SHS.3,203/20 64,575( 25 3,179 E:l..-
20. COST PER m2 = 878/0S ags/as

ec



2.5 - .'SUBORDINAIE STAFF DETAILED ESTIMATE

HOUSING
SUBORDINATE STAFF HOUSE = 4 UNITS
i DRAWING NO. MBX/40
& _R/MBX/40
HOUSE £ TNTH AREA o/ AR 106 m2
COVERE[' ERANDAH AREA 10 m?
R
106 22 116 m2
. | ORIGINAL DESIGN| MODIFIED DESIGN
ITEM ELEMENT : :
sHs  -|CTS SHS CTS
- 1, < '8STRUCTURE WORK 14,542 |50 17,626| 00
2 EXTERNAL WALLS 3,059 {00 3,133| S0
CHIMNEY STACK AND FIRE ;
PLACE NIL NIL
19, TNTERNAL WALLS 3,932 |00 3,932| 00
a4, ROOF CONSTRUCTION 2,168 |S0 2,294f 30
5. ROOF COVERING 6,617 |25 7,680| 40
6. WINDOWS - 4,020 |00 a,020| 00
2. DOORS EXTEPNAL AND INTERNAL 1,520 |00 1,520] ©O
8. PLUMBING - NIL NIL
9. ELECTRICAL INSTALLATION NIL NIL
10. FITTINGS, CUPBOARDS SHELVING etc NIL NIL
11, CEILING FINISHINGS NIL NIL
12. INTEBNAL WALL FINISHINGS 4,307 |95 a,307| 95
- 13. EXTERNAL WALL FINISHINGS gs54 |10 1,270| 20
14, FLOOR FINISHINGS 1,857 |00 1,857| 00
42,978 |30 a7,841| 68
15, EXTERNAL WORKS(WITHIN PLOT i :
BOUNDARY) . 2,148 |92 2,382| 00
16. DRAINAGE (WITHING PLOT BOUNDARY ) NIL NIL
as,127 |22 50,023 &5
17. PRELIMINARIES 2,286 |00 2,500| co
18, CONTINGENCY SUM 4,513 | oo §,000| 00
19, COST DIFFERENCE =SHS 5,627/43 51,896 | 22 57,523 &s
20. COST PER m° 485 59 a5 39

8l



2.6 . GUEST HOUSE

DETAILED ESTIMATE

2.6.1 2- BEDROCMED PROVINCIAL CCMVISSIONER'S GUEST HOUSE
' ; DRAWING NO, 18/51232/5
HOUSE PLINTH AREA - 54m> 86m°
VERANDAH COVERED AREA e -
BROSS TOTAL FLOOR AREA = 54m® 56 m2
ORIGINAL DESIGN MCOIFIED CESIGH
ITEM ELEMENT =
SHS. CTs SHS, (T8
e SUBSTRUCTURE WORK 8;525 50 9,155 | &
2. EXTERNAL WALLS 3,180 00 3,324 | 0
Be INTERNAL WALLS 1,827 00 1,497 | @
a, ROOF CONSTRUCTION 15,127 0o 4,893 | ¥
5. ROOF COVERING . 2,934 00 8,017 | 0
6. WINDOWS 3,300 00 3,700 |
7 DOORS - 2okl 00 243 | 00
8, PLLMEING 6,325 00 5,825 | U
S. ELECTRICAL INSTALLATION 4,300 00 4,300 | O
10, FITTINGS CUPSOARDS, SHELVING etc. 2,900 00 3,850 | @
11, CEILING FINISHINGS 1,558 30 2,658 | X
12, INTERNAL WALL FINISHINGS 4,008 00 3,573 | %
13, EXTERNAL WALL FINISHINGS 2,100 €0 2,028 | &
14, FLOOR FINISHINGS 2,475 00 2,566 | W
61,404 40 58,735 | €
15, EXTERNAL WORKS (WITHIN PLOT
BOUNDARY) 3,070 co 2,936 | &
16. DRAINAGE 3,070 0o 2,936 | &
67,544 il 54,808 | &
17, PRELIMINARIES 3,377 20 3,230 | ¥
18. CONTINGENCIES 6,754 as 6,481 | @
15, COST OIFFERENCE - SHS. 3,375/15 77,676 0s 74,300 | %
20,  COST PEA m° 1,438/45 1,326/80




DETAILED ESTIMATE
TWO BEDROCMED GUEST HOUSE
DRAWING NO. MBX/39 & R/MBX/39

2.6.2

HOUSE Fi (NTH AREA = &0 m2 BJ m2
VERANDA!  COVERED AREA = - 0, A
TOTAL F' (10R AREA &0 m® &0 m?
ORIGINAL DESIGN | MODIFIED DESIGN
ITEM ELEMENT
: SHS cTs | sHs CTS
o 1 /BSTRUCTURE WORK . 9,917 | 20 9,917 | 20
2, “YTERNAL WALLS 4,086 | 30 3,986 | 00
a. HOOF CONSTRUCTION 5,437 | S0 3,840 | 0O
5, ROOF COVERING (26G) 8,5s0 | SO 7,158 | 75
6- ":;dri NDO‘I“S 3|128 m 2,890 m
2 DOORS-EXTERNAL AND INTERNAL 4,247 00 3,247 | 00
8. PLUMBING 8,780 | 0O 8,780 | 00
S. ELECTRICAL INSTALLATION 5,470 00 5,470 | 0O
10. FTTTINGS CUPECARDS, SHELVING etc. 1,800 0o 2,520 | 00
11. CETLING FINISHINGS 2,741 25 2,731 | 00
12 TINTERNAL WALL FINISHINGS 4,995 00 4,485 | Q0
5 EXTERNAL WALL FINISHINGS 2,436 00 2,342 | 0O
14, FLOOR FINISHINGS 3,314 00 3,321 | 00
68,130 75 63,916| S5
15. EXTERNAL WORKS (WITHIN PLOT
BOUNDARY) 3,406 53 3,1s2| 00~
16. DRAINAGE 3,406 83 3,192| 00
74,943 gl 70,300 | 58
17. PRELIMINARIES 3,747 00 3,515| 0OC
18. CONTINGENCIES 7,454 40 7,030 ©C
19. COST DIFFERENCE - SHS 5,340/00 86,185 21 80,845| S5°
20. COST PER m° 1,436/42 1,347/42
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TENANT HOUSES

571

I .

WEST KANO TENANT TYPE HOUSE - K11/83

HOUSE PLINTH AREA = 40 m°

COVERED VERANDAH = 3 m°
TOTAL = 43 n°
R - K11/83

=42m2

TOTAL AREA

BRIEF SPECIFICATION AND ESTIMATED COST

|

Alternative = 1

Alternative - 2

Alternative - 3

Walls Mangrove
poles, fittoes
and mud :

Aoof Construction

Walls Mangrove
poles, fittoes
and mud

Roof Censtruction

Walls Mangrer
Mud bricks

Roof Constn

Mangrove refters
and purlins

Roof Caverin

Sawn podo rafters

Roof Covering

A0G. - G.c.i, DG, — G.C.i.
Sheets Sheets
Doors / Windows Doors/Windows _

Wood shutters

Wood shutters

Sawn - podo
‘rafters

' Roof Covering
wG. o BQC.iG
Sheets

Doors/Windors

Wood shutters

ITEM ITEM DESCRIPTION Shs, Cts., Shs. Cts Shs, Cts
2 Walls Construction 366.20 366,20 1,476,00
2. Roof Construction 245,50 1,202.80 1,202,680
3. Roof Covering 1, 792,25 1,752.29 1,752:25
a, Doors 747.00 747.00 771,00
< Window Shutters 302.80 302.80 314.80 ._
€. Nails and screws 184,11 184,11 163,71 ;
7 3 3,598.85 4,555,06 5,680,% |
% Allowance for 1
waste 180.40 227.7% 284,00 j
= 3,779.26 4,782.81 5,964,36 1
8. Mudding soil 75.00 75.00 -
8- F Sand loads 40.00 20 .00 - =
3,894,256 4,897,.81 5,564,36 }
10. Water charges 50,00 50.00 50,00 i
11, Labour charges 481,15 400,00 1,628.00 *_,l
4,425.41 5,347,.81 7,642,336 ?
_— e e
MODIFICATIONS |
) i Extra cost for
cement rendering '
walls tcth sices + 1,080.00 + 1,08e0,00
N.,B, Alternative - 3 No allowance in cost nas teen made for any ;
foundaticns tg

sun dried mud brick walls,
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& e o WEST KANQ = N,I.B. = MODIFIED — K11/83
A5 PLINTH AREA - 35 m-
QEFED VERANDAH - 4 mo BRIEF SPECIFICATION AND ESTIMATED COST
2 _ :
iy 39 m | alternative — 1 | ALtwenative = 2 Alternative — 3
3 Walls Mangrove Walls Margrove Walls Sun—dried
. poles at lm.ctrs | poles at lm.ctrs mud bricks
max. fittoes and max., fittoes and
mud, mud,

X Roof Construction | Roof Construction Roof Construction
Mangrove rafters Sawn podo rafters Sawn podo rafters
and purlins g 5 _ and purlins
Roof Covering Roof Covering ‘Roof Covering
&Gt - GoCci. 338. - G-coic 336.— GoC-in

- sheets sheets sheets
Doors & Windows Doors & Windows Doors & Windows
Wood shutters Wood shutters Wood shutters
ITEM ITEM DESCRITION Shs, Cts Shs. Cts. Shs. Cts.
l- Walls CDF']?‘;trUCtiUn 326.15 &6015 1,409.00
Roof Ceonstruction 246,50 1,163.80 1,163,680

. | Rgof Covering 1,782.25 1,752.25 1,752,2S

4, | Doors 747,00 747.00 771.00

5., | Window Shutters 202.80 302.80 314.80

6., | Nails, screws,etc. 180,00 180,00 156,00

3,554.70 4,472.00 5,566.85
¥ Allowance for
waste 177.74 223.60 278.34
3,732.44 a,695.60 5,845,19
8. | Mudding soil 68.75 68.75 - -
3,841.19 4,804.35 5,845.19
10. | Wwater charges 50,00 50.00 50,00
11, | Labour charges 363.00 363,00 1,370.00
4,254,19 5,217.35 8,265,119
MODIFICATIONS
1, Extra cost for
cement rendering
to both sides of
walls + 880,50 + 850.00

N.B. = Alternative = 3

foundations %o sun dried mud brick walls,

8s

No allowance in cost has becn made for any




RadsS

HOUSE PLINTH AREA = 39 mg

N.I.B,

PROPOSED BURA TENANT HOUSE -HCLA

COVERED VERANDAH = 7 m

TOTAL AREA

2

BRIEF SPECIFICATION A0 EsTmimes ter 1

=47 m

Alternative - 1

Alternative -~ 2

-

Alternative <

Wzlls Mangrove
poles, fittoes

Roof Construction

Mangrove rafters
and purlins

- Roof Covering

Walls Mangrove
poles, fittoes
and mud

Roof Canstription

Walls Sun
Mud bricks

' Sawn podo raf-

ters.

Roof Ccveri;ﬂ

Sawn poda rz
and purlins |

Roof Covering

33[3. y G'Clil mGo - G.C. j.. wG. - GlCtil
sheets Sheets Sheets
Doors & Windows Doaors & Vindows Doors & Wi.#
Wood shutters Wood shutters Wood shutﬂnsj
1
Ttem ITEM DESCARIPTION Shs, Cts, Shs, Cts Shs. Cts. |
. %8 Walls Caonstruction 319.65 319,65 1,586.%0
2 Roof Construction 288.00 1,448,95. 1,448,595
3. Roof Covering 2,188,35 2,178.35 2,188,385
4, Doors 753.50 753.80 777.50
5, Window Shutters 277,10 227.10 236.10
6. Nails,Screws, etc. 1590.00 190.00 166,71 3§
- —
- 4,016.80 $,117.55 6,404,11
7. Allowance for
waste 5% 200,80 255,85 320.21 J
4,217.40 5,373.40 6,724.2
8, Mudding soil 24.00 24,00 &
9. Sand loads 40.00 40.00 - __J
4,331,40 5,487.40 5,724,35
10. Water charges 50,00 50,00 50.00
11, Labour charges 437.00 437,00 1,472.40 >
4,818.40 5,974.40 8,247.75
MODIFICATIONS
35 Rendering to mud
walls both sides + 870.00 + 870.00
oy Additicnal cost for
dwarf wall to
cooking verandan
without recess + 80,37 80,37
N.8, -« Alternati ~ 3 = No allcwance has teen made feor any

+=1
to sun dri

mud brick walls,

foundations I



2.7.4. DETAILED ESTIMATE

o~ BEDROCMED TENANTS'S HOUSE
DRAWING NO. MBX/77 & R/MEX/77

HOUS . PLINTH AREA - 28 m? 32 m@
COVi =D VERANDAH =
TOT. = FLOOR AREA = 28 m°. a2 m°
ITEM ELEMENT ORTGINAL DESIGN | MODIFIED OESIGN
SHS CTs | SHS CTS
: ¥4 5UBSTRUCTURE WORK 3,899 | 70 4,606 | 00
- 20 XTEWAL ‘IVA.LJ—S 3'313 Eﬂ 3,%6 m
CHIMNEY STACK AND FIRE PLACE 750 | 00 443 | 00
3, INTERNAL WALLS 754 | 50 1,221 | 00
a, AOOF CONSTRUCTION 745 | 0O 771| 20
8, AOOF COVERING 2,012 |40 2,069 | 55
6. WINOOWS (IN WOOD SHUTTERS) as0 | 00 770 | 00
2 DOORS — EXTERNAL AND INTERNAL 1,476 | 0O 2,186 | 0O
8. PLUMBING (SHOWER ONLY) NIL S00 | 00
9. ELECTRICAL INSTALLATION NIL NIL
10. FITTINGS, CUPSOARDS, SHELVING,etd NIL g7 | 50
) CEILING FINISHINGS NIL NIL
12. INTERNAL WALL FINISHINGS 1,573 | 25 1,986 | 00
13. EXTERANAL WALL FINISHINGS 943 | SS 840 | 00
14. FLOOR FINISHINGS : 765 |00 g74 | 20
16,683 | 30 19,720 | €5
15. EXTERNAL WORKS (WITHIN PLOT
BOUNDARY ) 834 |17 g86 | 00
16. DRAINAGE (WITHIN PLOT BOUNDARY) NIL 400 | 00
17,517 | 47 21,106 | 85
Y7, PRELIMINARIES 875 | 80 1,085 | 0O
18. CONTINGENCIES 1,751 | 75 2,111 | 00
19, COST DIFFERNCES =+8HS 4,302/29 20,145 | 02 24,272 | 55
20, COST PER m@ 718/47 788/52
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2.9,

5. DETAILED ESTIMATE
2-BEDROCMED TENANT'S HOUSE
DRAWING No. MBX/77A
HOUSE PLINTH AREA Sl aa T oS 32 m°
VERANDAH COVERED AREA - - -
TOTAL FLOOR AREA o UEs gl 32 m?
: ORIGINAL DESIGN| MOOIFIED DESIG
ITEM ELEMENT
SHS CT5 SHS CTs
4 SUBSTRUCTURE WORK 4,456 | 00 4,606 | 00
"2, | EXTERNAL WALLS 3,466 | 10 3,386 | 00
-~ FIRE PLACE AND CHIMEY STACK 443 | 00 443 | 00
n; INTERNAL WALLS $65 | 00 1,221 | 00
4, ROCF CONSTRUCTION 771 771 | 2
5. ROCF COVERING 2,069 | 55 2,069 | S5
6. WINDOWS (%OCD SHUTTERS) 600 | 0o 770 | 00
7o - DOORS ~ EXTERNAL AND INTEARNAL 1,476 | 00 2,156 | 00
8. PLUMBING NIL 500 | 00
g. ELECTRICAL INSTALLATION NIL NIL |
10. FITTINGS CUPBOARDS,SHELVING etc. NIL g7-! 50
52 CEILING FINISHINGS NIL NIL
12, INTERNAL WALL FINISHINGS 1,677 (20 1,986 | 00
13, EXTERNAL WALL FINISHINGS 865 | 70 840 | 00
14, FLOOS FINISHINGS 874 | a0 g74 | 0
17,764 |15 19,720 | S5
1s. EXTERNAL WORKS(WITHIN PLOT
BOUNDARY ) 888 | 0o ge6 | 00
16. DRAINAGE NIL 400 | 00
18,652 |15 21,106 | S5
17, PRELIMINARIES 933 |00 1,085 | €O
18. CONTINGENCIES 1,865 |00 2,111 | 00
19 COST DIFFERENCE = +8+S2,822/40 21,450 |15 24,272 | 58
20, COST PER m° 670/32 758/52

g8




2.7.6 3 — ROOMED 'L' SHAPED SETTLER HOUSE DRWG .NO. MBX/14
HOUSE PLINTH ~FEA = SO m <
COVERED VERAL A4 = - m ° SRIEF SPECIFICATION AND ESTIMATED COST
TOTAL AREA "o m? | Atternative -1 | Alternetive - 2. | Alternative - {
Walls Mangrove Walls Mangrove Walls Mangrov
poles at 1lm, ctrs poles at 1lm, ctrs mud bricks
max. fittoes and max, fittoces and i
mud mud. 1
Aoof Construction | BRoof Construction { Roof Constructll
Mangrove rafters Sawn podo rafters | Sawn podo | 1]
and purlins rafters and {1}
purlins i |
Roof Covering ' Roof Covering Roof Covering i
33"3. - GICOi. mGl . 4 Gocoio T - G.cilil
Sheets Sheets Sheets ||
Doors &Windows Doors & Windows Doors EWindows
Wood shutters Wood shutters Wood -shutters |
ITEM ITEM DESCRIPTION Shs, Cts Shs,. Cts ghs., Cts
p Walls Construction 396.10 396.10 1,711,90
2' RGUF Construcﬁ.cn 284.35 1,285-20 1,295.m
3. Roof Covering 2,050.10 2,050.10 2,050.10
4, Doors 247.00 747,00 771,00
5. Window shutters 454,20 454,20 472.20
6. Naeils, screws, etc. 230.00 230.00 210.00
4,161.75 5.162.80 6,510.40
i Allowance for
waste 208.10 258,10 325,50
4,368,85 ' 5,420.70 6,835.50
8. Mudding soil 83.50 83.50 -
9, Sand loads 40,00 40.00 -
4,493,35 5,544,20 6,835,50
10, Water charges 50.00 50.00 80,00
i B 1 Labour charges 465,40 465,40
5,008.7S 6,088.60 6,835.%0
MODIFICATIONS
1. Extra ccst for
cmzant rendering
to both. sides of walls +1,033.CO + 1,033,00
2. Additional cost for
additicnal cocoking
room of 6 600.50 729.60 820.20

N.B, = Alsernative - 3 No allowance in cost has been made for

foundations to sun dried mud brick walls,
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o DETAILED ESTIMATE
2~ BEDROGMED TENANT HOUSE
DRAWING NO, MBX/71 & R/MBX/71
HOUSE PLINTH AREA - 43 m® 43 n°
- VERANDAH COVERED AREA - - &
TOTAL FLOOR AREA 23 n2 23 a2
ORIGINAL OESIGN | MOOIFIED DESIGN
ITEM ELEMENT : f
SHS CTS SHS. oS
A SUBSTRUCTURE WORK 5,982 | 95 6,282 | ®
5 EXTERNAL WALLS | 3,640 | €0 3,568 |
- FIRE PLACE AND CHIMNEY STACK | 779 | 20 75 | 2
a, INTERNAL WALLS 2,226 | o0 3,081 | o0
a, ROOF CONSTRUCTION 758 | s0 1,348 { 00 1
5. ROCF COVERING 2,302 | 65 2,632 | ®
6. WINDOWS 894 | oo 1,317 | ®
% DOCRS 1,880 |00 2,260 | 0
8. PLUMBING (SHOWER, KITCHEN etc.) '500 | 0o 2,800 | 0
9, ELECTRICAL INSTALLATION 2,250 |00 2,500 | ©@
10. FITTINGS CUPSOARDS, SHELVING etc NTL NIL
11, CEILING FINISHINGS NIL 2,350 | &
12, INTERNAL WALL FINISHINGS 2,535 | a0 2,980 | ®
13. EXTERNAL WALL FINISHINGS 1,112 |so 1,002 | @
14, FLOOR FINISHINGS 1,005 |95 1,006 | %
: —
25,867 |95 33,875 | %
15. EXTERNAL WORKS(WITHIN PLOT
BOUNDARY ) 1,293 |40 1,693 | &
16 DRAINAGE 1,293 |ag 1,893 | &
28,454 |75 37,263 | 8
T PRELIMINARIES 1,423 |00 1,853 | &
18. CONTINGENCY 2,845 |00 3,726 | @
19. COST OIFFERENCE + SHS. 20,129/80 | 32,722 |75 42,352 | =
20, COST PER m@ 260/39 oo6/57

L




2.7.8. DETAILED ESTIMATE
ONE BLOCK OF 3 NO. SHOWERS FOR TENANTS
DRAWING NO, TAPI/43 & A - TAPI/A3
DRAWING NO. MBX/53
FOR 2 NO, STAND PIPES
HOUSE PLII H AREA o G 6 n
VERANDAH | \ERED AREA = =

2 2
TOTAL FLOUL#! AREA = 6 m 6 m
- ITEM ELEMENT . ORIGINAL DESIGN| MOOIFIED DESIGN

&S, BENE &S, c1s.

1. |=/BSTRUCTURE WORK - i 1998 10 |1, 0@ ] 10

2. |EXTERNAL WALLS R, 743 .. 741 | 0

SCREEN WALL NIL L 855 | 40

3. TNTERNAL WALLS 264 50 264 S0

AOOF CONSTRUCTION 3. | @ s3a|

5. |ROOF COVERING ase | €0 e | 80
6. | WINDOWS _ NIL NIL
7. | DOORS ' 1,020 1,020

8 8
8 8

8. |PLUMBING
9. |ELECTRICAL INSTALLATION NIL
10. |FITTINGS, SUPBOARDS, SHELVING ETC NIL

428 428
NIL
NIL
11, |CEILING FINISHINGS : - NI} NIL
496
104
76

12. | INTERNAL WALL FINISHINGS 80 as6 | 80
13, |EXTERNAL WALL FINISHINGS 00 104 | 0O
14, |FLOOR FINISHINGS 50 76 50

4,752 | 00 5,307 | 40
15. |EXTERNAL WORKS (WITHIN PLOT
BOUNDARY ) 250 00 265 | 0O
16. |DRAINAGE (WASH WATER CPEN .
DRAIN IN CONCRETE) 454 75 asa 75
5,456 75 6,027 15
17. |PRELIMINIARIES 273 Q0 01 00

. 18, | CONTINGENCIES 548 00 &03 co
19, 6,275 75 8,931 15
20  COST PER n° 1,045 * 96 1,155 © 13
21, TENANTS WASHING PLACE AS PER DRAWING NO. TAPI/43 = SHS, 331 + S0
2>, TENANTS VILLAGE STAND PIPES AS PER

DRAWING NO, TAPI/43 = &S, S44 + &
23, TENANTS VILLAGE WATER STAND PIPES AS PER
DRAWING NO, MEX /53 - NO. STAND PIPES = SHS, 613 ¢« 0

[l




2.8 Miscellanéous Buildings
DETAILED ESTIMATE

2.8.1 GARAGE FOR MANAGER'S HOUSE
DRAWING NO. MEX/56
BARAGE PLINTH AREA = 35 m2
VERANDAH COVERED AREA = NIL
TOTAL FLOOR AREA 35 me |
N
- —
| ORIGINAL DESIGN
ITEM ELEMENT "
SHS CTS
35 SUBSTRUCTURE WORK 4,287 | 05
g EXTERNAL WALLS ‘2,016 | 00
3 INTEANAL WALLS NIL
4, ROOF CONSTRUCTION 924
5. ROOF COVERING 1,109
6. WINDOWS 1,425
2, DOORS 2,600
8, PLUMBING ) NIL
9. ELECTRICAL INSTALLATION ge0
10. FITTINGS CUPBOARDS, SHELVING etc. NIL
., CEILING FINISHINGS NIL
A2, INTERNAL WALL FINISHINGS 1,170
13. EXTERNAL WALL FINISHINGS NIL
14, FLOOR FINISHINGS S&s
15,078
15, EXTERNAL WORKS (WITHIN PLOT SOUNDARY) 520
16. DRAINAGE NIL
15,598
19, PRELIMINARIES 700
18, CONTINGENCIES 1,400
19, NIL 17,658
2 505/58
a5 COST PER m




2. 8.

DETAILED ESTIMATE

SHOWER CUBICLES FCA SUBORDINATE STAFF

DRAWING NO. MBX/65 & R/MBX/6S -

SHO! 7 BLOCK PLINTH AREA - 9 m° S m°
VER/ OAH COVERED AREA = - -
TOT/. FLOOR AREA - 9 m? 9 m2
ORC3T:AL DESIGN |MOOIFIED OESIGN
ITEM ELEMENT
SHS. CTS SHS. CTS
: 48 =1 /BSTRUCTURE WORK 1,063 | 10 1,063 | 10
2, £ *TERNAL WALLS OF 26 GAUGE
3.C.I. SHEETS 2,761 | 0Q 2,761 | 0C
3. INTERNAL WALLS - ditto
3.(a){ SCREEN WALL - 1,673 71
a, AOCF CONSTRUCTION 266 | S0 266 | SO
5. HOOF COVERING 48?7 | SO 487 S0
6. WINDOWS NIL NIL
o DOORS gss | €0 gse | €0
8. PLUMBING 619 | 00 619 | 00
9. ELECTRICAL INSTALLATION NIL NIL
10. |FITTINGS CUPEBOARDS, SHELVING etc. NIL NIL
11, CEILING FINISHINGS NIL NIL
12. INTERNAL WALL FINISHINGS NIL NIL
13. EXTERNAL WALL FINISHINGS NIL NIL
14, FLOOR FINISHINGS 123 | 10 123 10
6,178 | 80 7,852 51
18, EXTERNAL WORKS (WITHIN PLOT
BOUNDASY ) 309 00 352 00
16. |ORAINAGE (OPEN CONCRETE CHANNEL) 309 | 0O 32 | 00
8,796 | 80 8,836 51
17, PRELIMINARIES aa0| 00 432 00
18. CONTINGENCIES se0 | 0o 864 oo
19. COST DIFFERENCE + SHS. 2,115/71 7,816 | &0 S,83 51
20.  COST PEA m° 868/53 1,103/61
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+8.3

DETAILED ESTIMATE

PROPOSED W.C,'s FOR JUNIOR STAFF HOUSING

6 No, W.C. CUBICLES IN ONE ELCCK

DRWG, NO. MBX/69 & R/MBX/E9

TOILET BLOCK PLINTH AREA 11 m® 11 n2 q
COVERED VERANDAH AREA i 5
TOTAL FLOOR AREA 11 m2 11 m? |
: |
ORIGINAL DESTHN | MODIFIED DESIGN
ITEM ELEMENT :
: SHS CTS sHS | CTs
% SUBSTRUCTURE WORK 2,008 | &0 2,008 |80
. EXTERNAL WALLS 1,30 | oo 1,360 (oo |
~ SCREEN WALL NIL 1,110 | a0
3. INTERNAL WALLS 588 | 00 ses | 00
4, ROOF CONSTRUCTION 152 | 0o 152 | 00
8. RCOF COVERING (20 G.C.1) 619 | 65 619 | 6
6. WINDOWS (see doors) NIL NIL
9 DOORS 1,882 | 20 1,882 | 2
8. PLUMBING 4,402 | 00 4,402" | 00
9. ELECTRICAL INSTALLATION' NIL NIL
10, FITTINGS-CUPEBOARDS, SHELVES : i
etc. ‘ NIL NIL
33, CEILING FINISHINGS NIL NIL
12, INTERNAL WALL FINISHINGS 792 | 0O 792 | 00
13, EXTERNAL WALL FINISHINGS NIL NIL
14, FLOOR FINISHINGS 1688 | oo 168 | 0
1s. ORAIN PIPE CONNECTIONS FROM
W.C.'s TO FIRST MANHOLES
(3 Ne. M.H. INCLUDED) 2,418 00 2,419 | 00 %
014,391 | 75 15,802 | S8
16, EXTERNAL WOPKS WITHIN
PLOT BCUNDARY 719 | 00
17 DRAINAGE (SEWER CONNECTION) 755 | 00
15,885 | 75
18, PRELIMINARIES 73 sls
13, CONTINGENCIES 1,8%e6 | CC
20, COST DIFFERNCE+SHS.L,408/50 18,2424 | 75
21 CCST PER m2 o i




$:6.4 DETAILED ESTIMATE
~ TOILET BLOCK
DRAWING NO. TAPI/47
HOUSE PLIN i AREA = ! 15 m2
VERANDAH (' ERED AREA 2 wl
TOTA AREA A Al 15 n2
" ITEM ELEVENT | ORIGINAL DESIGN | MODIFIED DESIGN
SHS CTS S-S
3 SUBSTRUCTURE WORK 1,200 | 00
i 2 EXTERNAL WALLS - FIRE PLACE
| AND CHIMNEY STACK 1,181 | 08
3. INTERNAL WALLS 24 | 80
a, ROOF CONSTRUCTION 203 | €0
5. AOOF COVING 1,197 | O
6. WINDOWS 540 | 0O
2, DOORS 640 | 00
8. | PLUMBING ; 3,815 | S0
9, ELECTRICAL INSTALLATION 1,200 | 00
10. | FITTING CUPBOARDS
SHELVING ETC. - -
& CEILING FINISHINGS i - -
12, INTERNAL WALL FINISHINGS 967 | 95
> EXTERNAL WALL FINISHINGS g25 | 75
14, FLOOR FINISHINGS 177 | %0
12,254 | 25
1S, EXTERNAL WORKS (WITHIN PLOT
BOUNDARY ) 613 | 00
16. DRAINAGE (SEWER CONNECTION) 613 | 00
( 13,480 | 2=
s w PRELIMINARIES 674 | 00
18, CONTINGENCIES 1,348 | o0
19, NIL 15,502 | 25
COST PER i 2 1,033 - 48
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ro

.8.5 DETAILED ESTIMATE
BMC OFFICE
DRAWING NO. MBX. 50

HOUSE PLINTH AREA - 40l me

VERANDAH COVERED AREA =

TOTAL AREA 01 o ;
|
|

ITEM : ELEMENT ORIGINAL DESIGN

: &S, CTS

1. SUBSTRUCTURE WORK 33,046 85
24 EXTERNAL WALLS 24,574 | €0
3. INTERNAL WALLS 8,094 Qo
4, ROOF CONSTRUCTION 11,041 50
6. ROOF COVERING 44,371 &0
6. WINDOWS : 2,100 0o
y 3 DOORS 6,037 &0
8. PLUMSING " =
9. ELECTRICAL INSTALLATT™N 12,000 00
10, FITTINGS CUPBOARDS ‘SHELVING = -

ETC,

11, CEILING FINISHINGS . 3,413 20

12; INTERNAL WALL FINISHINGS 26,269 00

13, EXTERNAL WALL FINISHINGS 2,830 50

14, FLOOR FINISHINGS 6,123 0o

179,501 8s

18, EXTERNAL WORKS (WITHIN

PLOT BOUNDARY) . 8,995 10
186. DRAINAGE (SEWER CONNECTION) NIL NIL
188,896 £

17, PRELIMINARIES ' 9,445 00

18, CONTIGNCIES 18,850 oo

19, NIL 217,231 S5

20, COST PER m° sa1 | 73

g6




2.8.6 DETAILED ESTIMATE
RESEARCH TRAINING CENTRE
DRAWING NO., TAPI/4S & R-TAPI/ 45

BUILOING ' .INTH AREA . S 124 m? .129 m?
VERANDAH ' (VERED s s > wape
. AR RO
TOTAL FLC 7 AREA | - w e 124 me 129 m°
ITEM ELEMENT ORIGINAL DESIGN | MODIFIED DESIGN
sis. | CT8 &S, cTS.
1, GUBSTRUCTURE WORK 18,250 S5 18,912 0s
- 2. | =xTEANAL WALLS 6,30 | 2 6,452 00
3. | INTERNAL WALLS 1,582 | 00 1,582 00
4. | moor consTRUCTION 6,084 | €0 6,320 15
5. | ROOF COVERING 9,350 | 0 9,736 0
6. | winoows 9,31 | 00 9,391 00
2. | pooRs : 2,619 | 00 2,619 00
8. | PLUMBING 1,800 | 0o 1,800 00
9. | ELECTRICAL INSTALLATION 5,000 00 5,000 00
0. | FITTINGS CUPBOARDS, SHELVING
ETC, ssa | 0o 200 00
11. | CETLING FINISHINGS = 2,147 | 00 7,435 00
12, | INTERNAL WALL FINISHINGS 6,188 0 6,380 00
13. | EXTERNAL WALL FINISHINGS 3,372 | ® 3,564 00
14. | FLOOR FINISHINGS 2,225 | 00 2,314 00
29,948 | 75 82,215 0
15. | EXTERNAL WORKS (WITHIN PLOT
BOUNDARY) 3,997 00 4,111 0o
16. | DRAINAGE 3,997 | 0o 4,111 00
87,942 | 75 50,437 | =0
'17. | PRELIMINARIES a,37 | 00 4,522 00
18, | CONTINGENCIES 8,e00 | 00 9,040 00
19,  COST DIFFERENCE + SHS. 2,859.78| 101,13 | 75 103,599 50
20, COSTPER m 815 : 64 806 -« 20



#.8.7 DETAILED ESTIMATE
COTTON STORE
DRAWING NO, TAPI/23
HOUSE PLINTH AREA 3 141 m2
VERANDAH COVERED AREA = _ - |
TOFAL AREA 141 m2 !
i
a
ITEM ELEMENT ORIGINAL DESIGN | MODIFIED DES
SHS, CTS. sHS, . CTS,
i SUBSTRUCTURE WORK 13,257 | 95
2. EXTERNAL WALLS - @ 11,471 | 65
3, INTERNAL WALLS " "
4, ROOF CONSTRUCTION 20,158 | 00
5. ROOF COVERING 15,158 | 0O
6. WINDOWS - -
% DOCRS 7,992 | 00
8. PLUMBING = o
9. ELECTRICAL INSTALLATION - -
10. FITTINGS CUPBOARDS SHELVING ETC - -
;5 9 CEILING FINISHINGS - -
12, INTERNAL WALL FINISHINGS —_ -
1% EXTERNAL WALL FINISHINGS - -
14, FLOOR FINISHINGS 2,912 | 00
70,849 | &9
15, EXTERNAL WORKS (WITHIN PLOT
E0UNDARY) 3,542 | 4s
16. DRAINAGE - =
74,392.1 0S5
17. PRELIMINARIES 3,720 | ©O
18 CONTINGENCIES 7,440 | 0O
19, NIL 88,882 GS
20, COSTPER m €6 + 75

g8




2.8.8 DETAILED ESTIMATE
POLICE STATION TYPE B ORY/No.(39)3001 -
AS PER BILLS OF QUANTITIES

BUILDING PLINTH AREA = 31s  m@
VERANDAH COVERED AREA = -
. #
TOTAL FLOOR AREA = - 315 me
ITEN ELEMENT e veiatal
SHS
SUBSTRUCTURE WOPK 63,200
EXTERNAL WALLS
3. INTERNAL WALLS 495500
a, ROCF CONSTRUCTION 28,434
5. ROOF COVERING 23,051
) WINDOWS _ 10,325
7. DOORS ' 13,098
8. PLUMBING 20,886
g. ELECTRICAL INSTALLATION 16,500
10. FITTINGS CUPECOARDS etc. 10,320
11. CEILING FINISHES )
12. INTERNAL WALL FINISHINGS
13; EXTERNAL WALL FINISHINGS 86,761
14, FLOOR
QOR FINISHINGS 291,016
1S, EXTERNAL WORKS (WITHIN PLOTBEBOUNDARY 14,128
16. DRAINAGE (SEWER CONNECTION etc.) 13,726
318,870
17, PRELIMINARIES 15,500
18. CONTINGENCIES 25,000
19, NIL 360,370 €0
20. COST PER m> 1,144/02




e

9. 89 DETAILED ESTIMATE
HEALTH SUB-CENTRE
DRAWING NO.
BUILDING PLINTH AREA - 116
VERANDAH COVERED AREA = 167 m°
TOTAL AREA = 283
ITEM ELEMENT ORTGINAL DESIGN 3
Sh-“i CG
e SUESTRUCTURE WORK 43,761 &
2. EXTERNAL WALLS 11,744 00
& INTERNAL WALLS 6,555 0o
a, ROOF CONSTRUCTION 17,55 0
5. ROOF COVERING 21,300 00
6. WINDOWS 9,036 00
7. DOOR 10,655 50
8. PLUMBING 16,500 00
9. ELECTRICAL INSTALLATION 13,633 70
10. FITTINGS CUPSOARDS SHELVING etc. 7,200 0o
1 CEILING FINISHINGS 10,264 00
12. INTERNAL WALL FINISHINGS 8,550 00
| 13, EXTEANAL WALL FINISHINGS 5,550 00
£ 14, FLOCR FINISHINGS 5,941 00
| 188,249 80
2.8 EXTERNAL WORKS (WITHIN PLOT BOUNDARY) 9,200 ao
15. DRAINAGE 9,200 00
17. PRELIMINARIES 206,849 80 -
17, PRELIMINARIES 10,200 00
18, CONTINGENCIES 20,000 0o
19, COST PER m° = SHS. 836/93 236,849 80 |
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2.8.10 DETAILED ESTIMATE
HEALTH CENTRE

DRAWING NO.
BUILDING PLINTH AREA = 168 m?
VERANDAH COVERED AREA = 198 m?
TOTAL AREA ' 5505
ITEM ! ELEMENT ORIGINAL DESIGN
' SHS. | CTS
1. SUBSTRUCTURE WORK 60, 641 00
2, EXTERNAL WALLS 13,628 80
3, INTERNAL WALLS 15,040 | 00
L. ROOF CONSTRUCTION 21,660 | 00
5, ROOF COVERING - 28,300 00
6. WINDOWS 13,550 | 00
7, DOORS 18,725 00
g, PLUMBING . 22,925 00
9. ELECTRICAL INSTALLATION| 20,000 00
10. FITTINGS CUPBOARDS,
CEILING FINISHINGS 16,396 00
3%, INTERNAL WALL, 5
FINISHINGS 15,600 00
13, EXTERNAL WALL :
FINISHINGS 8,750 00
1l FLOOR FINISHINGS 6,864 | 0O
283,779 80
15, EXTERNAL WORKS
(WITHIN PLOT BOUNDARY 14,000 00
16. DRAINAGE y 14,000 00
311,719 80
B 2% PRELIMINARIES 15,000 00
18. CONTINGENCIES 29,000 00
19. COST PER m* SHS. 972/08 | 355,779 | &0
101




2.8.11

DETAILED ESTIMATE
IN-PATIENT DEPARTMENT

DRAWING NO.
BUILDING PLINTH AREA = 319 m@
VERANDAH COVERED AREA = -
TOTAL AREA e 319 m°
: : OFLGINAL CESIGN ;
ITEM ELEMENT . |
SHS CTS !
{
1, STRUCTURE WOFK 52,178 65
2 EXTERNAL WALLS 22,187 50
3, INTERNAL WALLS 24,558 80
a, ROOF CONSTRUCTION 9,435 00
8 ROCF COVERING 26,124 00
8. WINOCOWS 24,096 00
e DOCRS 14,378 00
8. PLUMBING 27,4640 00
9. ELECTICAL INSTALLATION 23,500 00
10, FITTINGS, CUPSCARDS, SHELVING ect. 14,750 00
1% CEILING FINISHINGS 20,854 S0
12, INTERNAL WALL FINISHINGS 37,584 0o
13, EXTERNAL WALL FINISHINGS 10,710 0o
14, FLOOR FINISHINGS 8,788 00
316,584 a5
18, EXTERNAL WORKS (WITHIN PLOT
BOUNDARY ) 16,000 oa
18, DRAINAGE 16,000 00
348,584 45
S 47 PRELIMINARIES 17,500 0o
18, CONTINGENCIES 31,000 Qo
19, COST PER m2 = SHS, 1,244/78 357,0ea as
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¥3,8,12 DETAILED ESTIMATE
- DISPENSARY
DRAWING NO .

BUTLDING PL /‘NTH AREA . g4 m°

VERANDAH C( ZAING AREA . 2 o

| 16
ITEM ELEMENT . ORIGINAL DESIGN
S cTS
1. | SUBSTRUCTURE WORK 26,158 | 85
> EXTERNAL WALLS 7,799 | S0
oy ENTERNAL WALLS 3,620 | &0
a, ROOF CONSTRUCTION - : 8,472 | 00
5. AOOF COVERING 13,453 | 00
6. “TNDOWS : 5,522 | 00
2. | pooms - i 2,404 | 20
8. | PLUMBING | 6,200 | 0O
9. | ELECTRICAL INSTALLATION 3,500 | oo
10, FITTINGS CUPBCARDS, SHELVING ETC. 7,950 | 0O
11. | CEILING FINISHINGS : 3,276 | 00
;118 INTERNAL WALL FINISHINGS 4,800 | 0O
13, EXTERNAL WALL FINISHINGS 3,60 | 00
14, FLOOR FINISHINGS 3,786 | 00
100,582 | 15
18. EXTERNAL WORKS (WITHIN PLOT BOUNDARY) 4,500 | 0O
16. DRAINAGE 5,000 | 00
110,082 | 15
17. PRELIMINARIES 5,500 | 00
18. CONTINGENCIES : 11,000 | ©O
19 COST PER M = SHS. 1,091.23 126,582 | 15
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2.

8.13

INFRASTRUCTURE BUILDING/SERVICE FLOOR AREA| COST PER| &S,
: IN = me ;
-
1. | COTTON WEIGHING CENTRE IN LIGHT 7
STEEL FRAME STRUCTURE &0, 563,00 | 33,7804
2. | SLAUGHTER HOUSE AND ONE OFFICE BLOCK 238 1,890,00 | aas,s208
3. | TOWN HALL ' 34 2,205,329 | 770.0004
4, | POST OFFICE AND TELEPHONE EXCHANGE : :
FOR URBAN CENTRE 299 2,600,00 | 777.
5. | POST OFFICE AND TELEPHONE EXCHANGE |
FOR RURAL CENTRE 231 2,600.00 | 600,
"6, | POST OFFICE CENTRE AT MARKET CENTRES a3 1,395.00 | 5,98
7. | CPEN AIR MARKET — CONSISTING OF |
33 NO, VARIOUS STALLS
MARKET OFFICER'S OFFICE:
AND TOILET BLOCKS 507. 1,380.67 | 700.
8. | 8 BAY MECHANICAL WORKSHCP 697 1,829,27 (1275,
9. | TENANTS WASHING PLACE
DRAWING NO, TAPI/43 | - -
10. | TENANTS VILLAGE WATER
;E STAND PIPES DRG. NO. TAPI/43
" 11, | TENANTS VILLAGE WATER STAND
PIPES DRG, NO, MBX/S3
12, | OOUBLE SETTLERS
PIT LATRINE/MATERIALS AND LABOUR ONLY
DRAWING NO, K11/84
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2.8.14 DETAILED ESTIMATE
DIVISIONAL ADMINISTRATION SLOCK
b DRAWING NO, 19/518595/48

BUI! ('ING PLINTH AREA = 209
VEF' 1DAH COVERED AREA = .
TOTA:. AREA b 209
ORIGINAL DESIGN
ITEM ELEMENT
SHS cTS
B 1UBSTRUCTURE WORK 1 31,679| 50
2. EXTERNAL WALLS : 12,151|50
3. INTERNAL WALLS 14,570|50
a, ROOF CONSTRUCTION : 12,678|00
5. AOOF COVERING : 15,620|00
6. WINDOWS | 8,165|00
. DOORS ' 14,513|00
8. PLUMBING ' 10,901| 50
9. ELECTRICAL INSTALLATION : 16,500{00
10. FITTINGS CUPBOARDS, SHELVING etc. 12,500/ 00
1Y, CEILING FINISHINGS i 10,536|00
12, INTERNAL WALL FINISHINGS 15,930|00
18, EXTERNAL WALL FINISHINGS 4,864|00
14. FLOOR FINISHINGS - : 7,411|00
188,020|00
15. EXTERANAL WORKS (WITHIN PLOT SOUNDARY) 6,000|00
16. DRAINAGE 5,000|00
17, PRELIMINARIES ' 199,020|00
 he g8 PRELIMINARIES : 10,000|00
18. CONTINGENCIES | 20,000{C0
19. COST PER m° = SHS 1,095/79 229,020|00

A0S
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SUMMARY

Two different tvpes of water supply and treatment systems have been considered. In terms of
total costs and the greater certainty of a reliable supply of treated water a central treatment
works serving 2| the project villages and the rural centre is strongly recommended. The proposed
system is estimated to cost K Sh 27.1 million.

Sanitation for the villages will be provided by augered pit latrines. In the denser populated rural
centre a water-horne sewage system will be required. A simple three pond in series oxidation
treatment worl:s is proposed at a capital cost of K Sh 11.1 million. This method has been well
proven in Ken' 2.

For Phase | Stage | of the Bura Project the cost of a transmission line to carry electric power
from the naticnal grid to the project area would be excessive. It is therefore recommended that
initially elect: - power be generated at the rural centre to serve its industrial and residential
development. "/o electricity would be provided for any of the project villages. Diesel powered
generation is ;roposed and the initial assessment for power is 1 500 kVA. The capital costs are
estimated to bz K Sh 7.0 million and operating costs K Sh 1.15 million per annum. The average
cost of power generation is estimated to be one K Sh per unit. The price per unit to be charged
respectively to domestic and industrial consumers is a matter for government decision.




INTRODUCTION

This Annexe describes the utility services proposed for the settiement centres in Stage |, Phase |
of the Bura Irrigation Settlement Project. The physical planning cornsiderations involved in
locating the village settlements and the rural centre are described in the Village Planning and
Design Annexe, together with the description of the roads network within the project area.

The services covered by this Annexe include the treated water supply and the sanitation
proposals for the settlement villages and the rural centre, and the develcpment of electricity
generation for industrial, administrative and domestic use at the rural cenire. Proposals for the
cotton ginning installation are described in the Processing Annexe.



CHAPTER 1 'WATER SUPPLY SYSTEM

11 Introduction

The supply of ireated water to the 23 villages and the Rural Centre could be provided in several
ways, by individual treatment works, by a central system or by a combination of the two. Each
method has its advantages and disadvantages. Before discussing these it is worthwhile to establish
the relative costs of the main methods of supply, because costs may be an important factor in the
choice of syster.

Two alternative outline design systems have therefore been considered for costing purposes. The
first is based unon a separate supply to each of the 23 settlement villages which would have its
own treatment works served by an intake from a tertiary canal and a low level water tower for
the storage of © =ated water for distribution to the village by gravity: the Rural Centre would also
have its indivicual supply system using raw water from the main canal, which, after treatment,
would be stored in a water tower designed to feed the rural centre distribution system by gravity.
The second system is designed to have a central water treatment plant for the whole of the
project area located near the Rural Centre. The raw water supply would be obtained from the
main canal and after treatment would be pumped to a central water tower for storage. The
treated water would be distributed through the project area by a system of distribution mains.
The main water tower would serve ancillary village storage towers for distribution by gravity.

The detailed criteria for the two outline designs are given in the following section.

1.2 Design Criteria for Individual Village and Separate Rural Centre Treatments

(a) All water supply to be fully treated

(b) Alum dosing of raw water at about 50 milligrammes per litre (mg/litre) to accelerate
deposit of sediment.

(c) Upward flow sedimentation units with a flow rate of between 1.0 and 1.5 metres per
hour (m/hr).

(d) Downward flow rapid gravity filters with a rate of filtration of about 4 cubic metres

per square metre per hour (m?3/m?/hr). Filters to be backwashed from pressure mains
provided from the water tower.

(e) Chlorination of treated water before entry into clear water storage reservoir at the rate
of 2 to 4 mg/litre to give a residual chlorine of at least 0.4 mg/litre at furthest point of
each system. Calcium chloride or calcium hypochlorite to be used as chlorinating
agent.

() The chlorination of treated water will prevent bilharzia but as an additional precaution
treated water will be stored for at least 48 hours. This storage will also ensure
continuity of supply when raw water channels are closed for cleaning (a re-assessment
to be made of size of storage at final design) and will be designed to minimise short

circuiting.
(g) Where necessary, dosing of treated water with soda ash to correct pH value.
(h) All distributive piping would be uPVC.
(i) Each village precinct of 12 household plots will be provided with one communal water

point with 2 No.12 mm deadman bibcocks and 2 showers, 1 for women and 1 for men.




(i)

(k)
(1)

(m)

(n)

(o)

(p)

(q)

(r)
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Distribution piping will be sized to enable each village household plot to take a future
individual connection.

Water-borne sewage will not be provided for villages.

Consumption of water in the villages based upon 100 litres per head per day (I/h/d)
and 2 500 persons per village.

Each village will require a screened intake from a tertiary channel, a low lift diesel
pump to provide raw water to a small treatment works, a high lift diesel pump to carry
clean water from a treated water reservoir, containing at least 43 hours storage, to a
water tower holding 4 hours storage and servicing the village by gravity.

Screens would be stationary, in duplicate, and will be cleaned by hand daily or more
frequently as required. Hose connection to village water supply tower for cleaning
screens,

No duplicate pumps and engines will be sited at villages, all stand-by equipment will be
retained at the rural centre. Similarly stand-by chemical equipment and emergency
stores of chemicals would be retained centrally.

Water-borne sewage at the rural centre together with individual household clean water
connections; consumption based upon 150 I/h/d at a rural centre population of 8 000.

An additional amount of 20 per cent has been allowed for wastage, leakage and
operation of treatment works for the individual villages, and 25 per cent has been
provided for the separate rural centre works to cover these items.

The separate treatment works at the rural centre would be served by electric power and
operated on a 24 hour basis, utilising raw water from the main canal.

Design Criteria for Central Treatment Works

The design criteria (a) to (m) and (p) to (r) of the previous section also apply to the central
system. In addition the following criteria be applicable:-

(s)

(t)

(u)

1.4

The central treatment system will be located near the main canal and the rural centre,
utilising the natural slope of the ground to minimise pumping costs.

A central water tower approximately 10 metres to the base of the tank will contain
four hours supply to balance supply and demand at peak period.

The central system will serve by gravity a number of lower level balancing water towers
each serving a group of villages.

Comparative Costs of Individual and Central Systems

Comparative capital and operating costs of the two systems are summarized in Table 1.1 below.
Details are set out in Appendix I.



Tsble 1.1 - Comparative Capital and Operating Costs of Alternative Water
Supply Systems (K Sh millions)

Individual System Cost Central System Cost \

Capital Costs: Capital Costs:
Cost per village including Cost including all
10% continaaencies K Sh distribution piping and
1.144 millio
Cost of 23 ~iilages 26.312

Cost of Ru:al Centre,
including 1% contingencies 4.173

10% contingencies

ad

TOTAL 30.485 TOTAL 29.711
Operating Cos's per annum: Operating Costs per annum: .

Per village 0.014

Cost of 23 villages 0.330

Cost of Rural Centre 0.110
Cost of Individ::al Systems 0.440 Cost of Central System 0.354

Thus the capital costs of the central system are slightly less than those of the individual system,
but the operating costs of the former are much cheaper. The total costs of the central system
over the anticipated project life of 50 years would be K Sh 47.4 million compared with K Sh
52.5 million for the individual system.

1.5 Discussion of Alternative Systems

The importance of a reliable clean water supply to the project has been stressed in the Public
Health Annexe. Clean water is considered to be the prime factor in the health of the project
population, not only because of the prevention of bilharzia but also the elimination of intestinal
diseases, particularly in young children, both propagated by untreated drinking water.

Individual village treatment works are by their nature scattered around the project requiring
experienced operators at each village. In developing countries it is difficult to obtain the requisite
number of operators and mechanics and to maintain the distribution arrangements for fuel and
chemicals. Moreover, experience of individual village treatment works on other irrigation schemes
in Kenya has demonstrated that they are seldom properly maintained and operated and the
village water supply is commonly not only untreated but also available only for a very short
period each day. Part of the problem of intermittent supply is due to the limited availability of
water in the tertiary channels.

By centralising the water supply system the number of skilled staff is minimised and control and
maintenance are more feasible. The argument often made against centralisation is that in the
event of breakdown the whole system is affected, but with a small number of skilled operators
under good control this is much less likely to happen and if it does repairs would be effected
quickly because everybody would be affected. Using the main canal as a raw water source would
also ensure continuity of supply. Cross regulation can be used to pond supplies in addition to the
48 hour reserve when the main canal is being maintained.




1.6 System Recommended

The lower overall costs and the greater certainty of a reliable clean water supply with its great
benefit of improved public health postulate that a central treatment sysiem should be adopted,
and we strongly recommend a central treatment system.

The location of the works should be close to the main canal and near to the rural centre. Because
the project area falls to the east at a rate of about one metre per kilometre, a gravity supply
system can serve the whole area from a central water tower about 10 metres high at the
treatment works. Lower level water towers located at intervals along the distribution system
would act as ‘stand pipes’, filling at periods of low demand to provide additional supply and head
at periods of peak demand.

The central treatment plant will be supplied from an intake off the main canal, ensuring
continuity of supply. Cross regulators will be constructed to control flow in the main canal and
tthese will be used to pond adequate raw water supplies when the main canal is closed for
maintenance for a few days each year.

Screening and screen cleaning will be mechanised and the treatment works and central tower will
be served by electrically powered pumps; stand-by generation will be provided for continuous
operation. The distribution system would be constructed in uPVC pipe which has superior
hydraulic characteristics to either concrete or metal piping, and is easier to transport and lay. The
water mains would be entrenched in the verges of the project area roads for ease of laying and
access for maintenance.

The central treatment works should be operated and maintained by the Ministry of Water
Development.



CHAPTER 2 SANITATION

2.1 General

Pit latrines are the most satisfactory form of sanitation in the villages where household plot sizes
will be of the order of 400 square metres. However, pit latrines on previous irrigation schemes in
Kenya have been hand dug and have tended to be too shallow and too large in plan. In
consequence they have been hygienically unsatisfactory and the sealing concrete slabs have
tended to collapse because the sides of the pits have not been stable.

From hygienic considerations a pit latrine should be deep, and to avoid collapse of the sides of
the pit the excavation should be of only limited diameter. Augered pit latrines are therefore
strongly recommended; they should be at least 7 metres deep and not more than 30 centimetres
in diameter. These could be bored by hand but a power operated chassis mounted auger is greatly
to be preferred because of the large number and widespread distribution of the latrines.
Attention to detail is essential for the proper construction of the pit latrines, an essential
requisite for a healthy village.

The density of development within the rural centre is too great for pit latrines, for septic tanks or
other individual sewage treatment methods. There will be industrial effluents from the ginnery,
abattoir and other possible industrial developments. In such a situation the provision of full sewer
reticulation with treatment facilities for domestic and industrial sewage has been examined.

2.2 Rural Centre Sewerage

The rural centre will be located on a gently sloping site with ground falls of the order of 1 :'400. It
is not possible to provide a full gravity system because of the flat slopes, and some pumping will
be required. One pump station is proposed to pump directly to a treatment works.

It is proposed that the pumping station be located adjacent to the commercial sector of the rural
centre. This will accommodate sewage flows from all development proposed under Phase | Stage |
of the project. Future residential development along the northern boundary of the rural centre
will require the construction of an additional pumping station. Due to topographical constraints
it is not possible to locate a single pumping station which will accommodate both initial and
future proposed development.

Preliminary estimates for the pumping requirements have been based on a peak flow of 60 litres
per second (/sec) arriving at the pumping station and the installation of one duty and one 100
per cent stand-by submersible sewage pump at the pump station.

2.3 Sewage Treatment

Domestic sewage will be generated by residential, commercial and institutional development
within the rural centre. For the appraisal of treatment requirements a contributing population of
8 000 persons has been taken as applicable to Phase | Stage | of the development. Provision
should be made at the treatment plant for extensions to treatment capacity to accommodate
population increases within any subsequent development.

An overall sewage output of 80 per cent of the 150 litres per day per caput water demand is
assumed, and sewage strengths are calculated on the basis of 55 grammes of BoD¢ and 80
grammes of suspended solids per head per day.

Thus sewage characteristics are as follows:-

Average sewage flow - 960 m?/day




Average total BoDs - 440 kg
Average total suspended solids - 640 kg

The major industrial complexes in the rural centre will be a ginnery and an abattoir. The ginnery
will not generate any industrial water-borne discharge of appreciable «uantity. Minor light
industry and workshops have been assumed to contribute a total sewage flow of 50 m?3/day with
a strength equivalent to domestic sewage.

Wastes from the abattoir will have a high content of organic matter and large solids. To prevent
blockages within the public sewer system the effluent will be screened pricr to discharge and to
reduce peak loads at the pumping station a flow balancing system will be installed. After this
pretreatment the waste will have a BoD; load of the order of 1 500 milligrarnmes per litre (mg/l).
The average waste flow from the abattoir is assumed to be 100 cubic metres per day.

The total flows and pollutant loads on which the preliminary estimates for Phase | sewage
treatment have been based are as follows:-

Average dry weather BoD
flow (m3/day) (kg)
Domestic 960 440
Industry:  General 50 23
Abattoir 100 150
TOTAL 1110 613

Thus the average sewage strength arriving for treatment is 552 mg/!.

24 Sewage Treatment Plant

The prime requirements of a sewage treatment plant at the Bura location are as follows:-

(a) low construction and maintenance costs;

(b) simple to operate and having a minimum risk of treatment failure;

(e) minimum of construction materials and treatment equipment transported to
the site from elsewhere in Kenya and overseas;

(d) adaptability for future extension.

The perennially high air temperatures and high level of solar radiation in the Bura area provide
ideal plant operating conditions for open waste stabilisation ponds.

These ponds are simple earthwork structures and satisfy all the prime requirements more readily
than any alternative form of treatment. The ponds are open to the sun and air and treatment is
achieved primarily by the release of oxygen to the waste waters from algae photosynthesis. The
plant is extremely robust in its ability to withstand shock pollutant loads without risk of
treatment failure and because the system operates with little loss of head through the plant it is
well suited for the flat ground prevalent in the area. This form of treatment is therefore
recommended.

The treatment plant should be sited to the east of the rural centre adjacent to the branch drain
forming the northern boundary of the Phase | Stage | development. This siting will facilitate the
initial filling of the ponds and will enable a gravity outfall for treated effluent to be constructed
to the branch drain. Additionally, in the unlikely event of treatment failure, the prevailing wind
direction will ensure no odour nuisance to the residential area.

The required standards of treated effluent discharged to the branch drains are taken to be as
follows:-



5 day biochemical oxygen demand - 20 mg/!
Suspended solids - 30 mg/I
Coliform bacteria not to exceed - 5 000 organisms/100 ml

A three-ponds i1-series system is proposed to achieve these standards. The first and second ponds
will produce the required BoDs and suspended solid reductions, and the final pond will provide
the additional retention time required to achieve the coliform criterion, The total retention time
will be 37 days and the approximate area required for the treatment plant will be 14 hectares.
This latter fiqure includes for expansion of the plant to accommodate future increases in the
sewage flows rom an additional population of 2 000 persons.

25 Cosis Estimates

The estimate:' costs of sewerage at the rural centre include for main public sewers only. Minor
private sewer: within residential plots or commercial administrative and institutional areas have
been includec in the building estimates elsewhere.

The estimatec! costs of the sewerage and sewerage works are shown in Table 2.1. The capital costs
amount to 11.1 million Kenya shillings and the recurrent costs 180 thousand Kenya shillings per
annum.
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CHAPTER3 ELECTRICITY GENERATION

3.1 General

The costs of providing a transmission line to carry power from the national grid to the project
area are too high to be borne by the initial Phase | Stage | development of the Bura Project. It is
therefore proposed that electric power will be initially generated at site to serve all industrial and
residential development of the rural centre, and no provision has been made for supplies to any
of the villages in the project area. The generation of power on site will be reviewed when further
development of the Lower Tana River Basin, notably the east bank, is to be undertaken.

The generation and distribution systems proposed have been based on studies made for electrif:itv
generation in a number of rural townships in Kenya and on discussions with the East African
Power and Light Company.

The domestic power requirements have been assessed on the assumption that electrical power will
only be provided for lighting and for unit air conditioners in one bedroom in each senior and
principal grade house.

37 Generation

A number of combinations of machine capacities are possible, dependent on the final definition
design and loading data, but this study has been based on 2 No. 500 kVA sets plus 2 No. 250
kVA set giving an installed capacity of approximately 1 500 kVA. The generation would be at
415 volts with the generating station located adjacent to the cotton ginnery. This arrangement
provides the maximum flexibility and maximum utilisation of plant and personnel because the
ginnery season would be limited to a spread of about 24 weeks. No allowance has been made for
additional generating capacity for Hola, because such capacity and its costs would not be
chargeable to the Bura Project.

3.3 Distribution

Distribution to the township would be at 11 kV using step-up transformers located at the
generating station. Distribution at 415 volts would not be practicable as the distances involved
are up to 2 kilometres. A number of pole mounted substations would be located at the load
centres in this residential and commercial areas for final distribution at a voltage of 415/240V.
The distribution system would be combined HV/MV overhead lines sharing common poles on
major routes with 4 wire 415 volt systems on minor roads. A fifth wire street lighting control
would be provided for pole mounted street/security lighting in all strategic areas. Where possible
in residential areas house services would be via underground cable from the nearest available pole.

3.4 Generating Compound

This would comprise a main generating hall with workshops, toilets, offices, etc., together with a
switchroom and transformer compound.

Housing would be provided within the compound for operating staff. This would comprise one
senior grade, two junior grades, and eight subordinate grade houses.

"




3.6 Cost Estimates

The total capital cost estimate for electricity generation for 1 500 kVA maximum load is 7.0
million Kenya Shillings (US $ 0.84 million).

Total annual recurrent costs for operating the plant, including plant maintenance, labour, and
fuel costs amount to 1.15 million Kenya Shillings (US $ 0.14 million).

An itemised costs summary is shown in Table 3.1, and budgetted expenditure is shown in Table
3.20

12
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APPENDIX | :
COMPARATIVE CAPITAL AND OPERATING COSTS
OF ALTERNATIVE WATER SUPPLY SYSTEMS

, % IN{:{VIDUAL VILLAGE SUPPLIES AND SEPARATE RURAL CENTRE SUPPLY
A CAPITAL COSTS
(a) Individual Village Supply
Viiiage population 2 500
Estimated consumption 2 500 x 100 I/h/d.
= 250 m?/d.
Acdi 20% for wastage, leakage,
operation of treatment works etc.
Daily demand = 300 m?
If pumps operate for 10 hours per day
then the filtration rate will be = 300 x24
10
Or 720 m?/d
Screens must be sized accordingly.
Area of sedimentation tanks (mini mum) = S5
24 15
= 20 m?
Area of filter beds - 120x 1
24 4
= 7.5 m?
Capacity of clear water storage
(2 compartments) (48 hours) = 2 x 300 m?
= 600 m?
Capacity of water tower (4 hours) - 300
6
= 50 m?

It is considered that the intake pipe work should be 150 mm diameter, the rising main to the
water tower 150 mm diameter, but that the outlet from the water tower should be 100 mm (all
in uPVC piping except where exposed when galvanised steel piping to be used).

15




Individual Village Scheme (for 2 500 people) (1 000 K Sh)
(1) Intake and services 10
(2) Pump house and chemical etc. storage 20
(3) Diesel engine pumps (2 No.) 60
(4) Sedimentation tanks 150
(5) R.C. filter unit 60
(6) Alum, soda ash and chlorine dosing, etc. 10
(7) Filtered water storage (48 hours) 400
(8) Associated pipework and valves (Treatment Works) 50
(9) Pipeline - intake to village (average) 80
(10) Site works - fencing, ground layout, etc. 20
(11) Elevated storage tank (4 house storage) 100
(12) Village distribution system 80
Total per village 1040
Total for 23 villages 23920
(b) Separate Rural Centre

Water Requirement

Population 8 000
@ 150 I/h/d water = 1 200 m3/d.

But allow 25% addition to cover commercial supplies, leakage, wastage and water treatment
usage.

Daily usage = 1500 m3/d

As it is the intention to generate electrical power the treatment works can operate on a 24 hour
basis. However all equipment should be duplicated.

Treatment
(1) Screens can be rotary or band self-cleansing.
(2) Sedimentation tanks area
(minimum) = 1500x1
24 15
= 41.67 m?
(3) Filter beds area
(minimum) = 1800 x 1
24 4
= 15.63 m?
Capacity of clear water storage = 3000 m?3
Capacity of water tower = 1_2@= 250 m?

16



D;)meter of piping from intake to water tower and from tower into main distribution should be
150 mm.

Separate Rural Centre (1 000 K Sh)
(8 000 persons + commercial subjects)
(1) Intake and services 24
(2) Pump house and chemical storage 40
(3) Electric pump, and ancillary electrical equipment 200
(4) Sedimentation tanks 500
(5) Filter unit (incl. more sophisticated equipment) 400
(6) Alum soda ash, chlorine dosing etc. 100
(7) Filtered water storage (48 hours) 1 400
(8) Associated pipework, valves etc. (treatment) 200
(9) Pipeline intake and water tower EORT: .
(10) Site works, fencing, layout etc., incl.
attendants’ quarters 150
(11) Water tower (4 hours storage) 160
(12) Internal distribution system 500
Total 3794
(c) Summary of Capital Costs
Individual village systems: (K Sh millions)
23 @ K Sh 1.144 million 23920
Rural Centre 3794
Total 27 714
Add 10% contingencies 27N
Total 30485

17




B OPERATING COSTS
(a) Individual Village Supply

The system is designed to be simple but as far as possible automatic. One man is appointed to
operate each village unit, with skilled maintenance assistance from the rurai centre.

Individual village unit (1 000 K Sh)
Salaries and expenses 6.3
Chemicals 0.8
Plant operating costs 4.6
Miscellaneous maintenance 2.6
Total per village 14.3
Total for 23 villages 329.7
(b) Separate Rural Centre

The water superintendent is based at the rural centre, with a mobile mechanical inspector and
mechanics. A meter clerk and permanent and casual labour are appointed for general
maintenance.

Separate Rural Centre (1 000 K Sh)
Salaries and expenses 73.0
Chemicals 26
Plant operating costs 25.1
Miscellaneous maintenance 9.5
Total for separate rural centre 110.2

(c) Summary of Operating Costs (1 000 K Sh})
Individual village systems
23 @ K Sh 14.33 thousand 329.7
Rural Centre 110.2
Total 439.9

18



2 CENTRAL WATER TREATMENT SYSTEM
A CAFPITAL COSTS
Water Requirciments

Rural Centre water

requirements = 1500 m*/d
Village water requirements
300 m*/d x 23 = 6 900 m*/d
TC“:-“ = B m mald
Treatment
(1) Screens - rotary or band screens,
self cleansing
(2) Seciimentation area - 233.3 m?
'- 8400 x_1
24 15
(3) Filtration area: = 105 m?
8400x1x1.2
24 4
Capacity of storage:
2 x 8400 = 16 800 m?
Capacity of water tower = 1400 m?
8 400
6

Because the area under consideration is relatively flat, to maintain adequate pressure in outlying
villages and to keep water main diameters to an economic size, individual village water towers will
be required containing 12 hour storage, which can fill up overnight when the diminished draw-off
will permit the pressure in the trunk mains to rise. The detailed final design may permit the
capacity and numbers of these water towers to be reduced.

Water Supply from Central Treatment Plant (K Sh 1 000)
(1) Intake and screens (mechanically operated

and self cleansing) 60
(2) Pump house and chemical storage 50
(3) Electric pumps and associated electrical equipment 300
(4) Treatment works, including sedimentation,

filtration, chemical dosing, monitoring

equipment etc. for 8 400 m?/d output 6 000
(5) Filtered water storage (48 hours) 3 500
(6) Water tower (4 hours storage) 1 000
(7) Pipework from intake to works

and works to water tower 160
(8) Site works, fencing, staff quarters,

administrative quarters etc. 300
(9) Internal distribution system for Rural Centre 500

(10) Internal distribution system for 23 No. villages 1840

19




(11) Water towers to individual villages 2 300
(12) Main distribution trunk main to villages

from Rural Centre 11 000

Sub Total 27 010

Add 10% contingencies 2701

Total 29 711
B OPERATING COSTS

There are no staff at village level, no mobile mechanics, but a small increase in the maintenance
staff to service the distribution mains.

Central treatment plant (1 000 K Sh)
Salaries and expenses 166.0
Chemicals 21.0
Plant operating costs 100.1
Miscellaneous maintenance 67.5
Total 354.5
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PART 1

COTTON GINNING




CHAPTER 1 BACKGROUND

11 Introduction

The produciion and processing of cotton seed is a complex operation involving many
inter-related 7actors. The variety of cotton to be grown on Stage | Phase | of the Bura Project and
its method of processing may depend not only upon the future requirements of the textile
industry but also upon the financial return to the individual project tenant. To permit an
objective ass=ssment to be made a Cotton Specialist, Mr 1. Black of the British Cotton Growing
Association, vas asked to undertake a comprehensive study of the subject.

1.2 T:+ms of Reference
The terms of reference for the study of cotton production and processing were as follows:

| Assess the requirements of spinners likely to use cotton produced at Bura covering
such aspects as:

( lint quality requirements
(b} variety
(e} future demand patterns

I Make an evaluation of the relative merits of ‘saw’ versus ‘roller’ ginning systems which
might be employed for the project, including capital and operating costs and economic
assessments.

il Based upon the above assessments recommend:

(a) variety of cotton to be grown

(b) system of ginning to be adopted and the scale of operations (i.e. one large
ginnery or a number of smaller ginneries either located in the same building
or distributed in the project area)

v Prepare detailed financial estimates for the following:
(a) ginnery construction (including phasing according to project production
build up) with detailed specification
(b) operating cost of the proposed facilities
(c) staffing and man-power requirements of the programme including estimated

period required and salary scales of expatriate staff grades and experience for
local staff involved in technical or skilled jobs.

v To assess the total covered storage required for cotton seed and to evaluate the relative
merits of total storage requirement at the ginnery or partial storage at ginnery and
villages. To prepare financial estimates for each method of storage.

Vi To consider the present capacity of cotton seed oil extracting industry in relation to
anticipated Bura surplus seed and to make recommendations on the necessity of any
oil processing factory at Bura.

1.3 Present Cotton Production in Kenya

Production of cotton in Kenya falls short of local textile mill requirements by some 30 000 bales
per annum at present (400 Ibs_of cotton lint per bale), a situation acceptable in the past when
Kenya could purchase from neighbouring Uganda and Tanzania, sufficient cotton in low grades



fully to supply its own textile industry while exporting the better grades of cotton produced in
Kenya.

With the reduction in cotton production in Uganda from crops in the region of 450 000 bales per
annum to less than 100 000 bales per annum, there is no appreciable quantity of Uganda cotton
available for Kenya, and until such time as Uganda cotton production recovers to something
approaching its normal level, this situation will prevail.

The recent deterioration in relationships between Kenya and Tanzania resulting in the closure of
the borders between the two countries, and the cessation of trading which includes the supply of
cotton from Tanzania for Kenya's textile mills, has left Kenya short of cotton for its own textile
industry and with no exportable surplus. Supplies of cotton will now have to be imported from
other countries, and already some Sudan Acala and Argentinian cottons have reached Kenya.

It is apparent that little was done in past years to encourage cotton production because supplies
were adequate and other crops rightly required development priority. The position has changed
and the Government of Kenya is fully aware that Kenya can no ionger depend on its
neighbouring states for supplies of cotton, and now the policy of Government is to remedy this
state of affairs by encouraging and promoting cotton production with the target being complete
self-sufficiency in cotton at the earliest possible date.

Production of cotton must be increased to about 70 000 bales per annum to obtain numerical
self-sufficiency in bales from now to 1979. From 1980 textile mill requirements are expected to
increase and may reach 130 000 bales by 1984,

Already the Government's drive for increased cotton production has been rewarded by
exceptional demand for planting seed this year and a large increase in acreage planted to cotton.
It is possible that the 70 000 bales required by the textile mills could be produced in Kenya this
coming season. It is too early in the season to give accurate forecasts and therefore the
production projections given in Table 1.1 are deliberately conservative. The recent increase in the
producer price from K Sh 2.40 per kg to K Sh 3.20 per kg for the higher grade AR cotton (+ 28
per cent) and from K Sh 1.25 per kg to K Sh 1.55 per kg for the lower grade BR cotton (+ 24 per
cent), will provide considerable stimulus to production.

Referring to Table 1.1, it is clear that the bulk of production will be of the variety UKA, at
present in the ratio of 6 bales UKA to 1 bale of BPA. It is unlikely that the rain-grown cotton
crop will change much from this pattern in the short term and production of irrigation-grown
UKA cotton will proportionately increase over BPA during the next few years. The present
research policy however, is directed towards increasing production of BPA cotton by the
multiplication of the imported BPA75 seed, the introduction of BPA75 into existing rain-grown
BPA seed areas, and the replacement of UKA seed with BPA75 seed in much of the existing
rain-grown UKA areas. With the exception that areas with insufficient rainfall will be supplied
with a quick-maturing, drought-tolerant cotton, probably short staple, 28/32 inches to 33/32
inches, which could be readily saleable to local textile mills.

It is interesting to note that production of cotton in Kenya, numerically by bales, could meet the
requirements of the local textile industry by 1979 (see Table 1.1), and that the production
planned for Phase |, Stage | of the Bura Project will not necessarily be required for local
consumption,

The type of cotton produced is generally of better quality than local mills require and while
production of bales could numerically meet the requirement of the mills, it is good marketing
policy to export the better quality higher priced cotton and import cheaper but adequate lower
quality types of cotton, and this policy should prevail when Kenya produces numerically the
quantity of bales required for the local industry.
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14 _ The Hola Irrigation Scheme

The Hola Irrigation Scheme is located some 30 kilometres south of Bura on the bank of the Tana
River on soils generally similar to those of Bura but productively slightly inferior. Part of the
Hola Scheme has been in production since 1956, but during the first ten years the Scheme had
little success until in 1966 technical assistance was provided and cotton yields increased from
about 1 200 kg/ha in 1966 to 2 000 by 1976, of which 99 per cent was graded AR, the higher of
the two grades currently used in Kenya.

The variety grown in bulk at Hola is UKA (UK 51), apart from various trials. The vigour of the
UKA variety results in excessive stem and leaf growth at times which tends to reduce boll
formation. This variety is essentially for rain-grown conditions and was not bred for irrigation.
Similarly the other main commercial variety grown in Kenya - BPA, was bred for rain-grown
conditions and not for irrigation farming, BPA would be expected to shiow excessive leaf and
stem growth also.

Trials were carried out at Hola to determine a variety more suitable to the climatic conditions of
the Lower Tana River Basin and to irrigated conditions. These trials continued over a period of
three years on Upland African and American varieties with UKA and EPA comparative trials.
Several upland varieties were proven superior in yield and lint outturn io UKA and BPA, and
anly susceptibility to bacterial blight was in question, when the trials were unaccountably
discontinued prior to reaching a conclusion.

At present the variety trial programme is in an indeterminate state and achieving little, butas a
result of meetings at the offices of the National Irrigation Board in Nairobi and a visit to the Hola
Scheme and the Research Unit, a revision of the research programme was agreed along more
constructive lines.

The first and most obvious variety to be given a more intensive trial under irrigation is BPA, for
surprisingly no BPA cotton was under trial at Hola at present. It was arranged that a supply of
improved BPA75 seed from Kibos would be made available for Hola at the earliest opportunity
and trials and multiplication of this seed could commence next season. It was also agreed that a
continuation of trials was necessary on those upland varieties already proven as regards yield and
lint outturn, with particular emphasis on bacterial blight resistance.

It was recommended that a ‘blackarm’ resistant Acala seed material should be sought from the
Sudan for trial and bulking at Hola. There is evidence to suggest that the climate and
environmental conditions at Hola would not in any case be inducive to bacterial blight, and in
particular the minimum incidence of rain-splash conditions. This view was expressed by the
National Irrigation Board’s plant pathologist and is in our opinion substantially correct.
Nevertheless it would be desirable to test a ‘blackarm’ resistant Acala at Hola and also in an area
where bacterial blight is prevalent at present.

Further research should continue elsewhere in Kenya on improving the UKA and BPA varieties,
and a drought-tolerant, quick-maturing variety, should be found for those areas with low and/or
short rainfalls, preferably with a staple length of 32/32 inches, which would meet some of the
demand from local mills for the material required to spin low counts.



CHAPTER 2 EFFECTS OF COTTON VARIETY

2.1 Lint Quality

The textile industry in Kenya, as in most developing countries, sells all its products internally and
the bulk of the market demand is for the cheaper range of textiles for the lower income groups.

Consequent!y the industry mainly requires cotton in the short to medium staple range in the
lower quality grades.

The current cotton mill requirements were discussed with the Director of Thika Cloth Mills, the
largest textile mill in Kenya; with the General Manager of Wanyuki Mill operated by David
Whitehead «~d Company, of Lancashire (part of the Loneho Group); with cotton importing and
exporting #iencies; and the General Manager of the Cotton Lint and Seed Marketing Board
(CLSMB). The total mill requirements for internal consumption were approximately 70 000 bales
per annum, provided each mill was in full production, which many were not. A list of the main
textile factories is attached as Appendix |, with their annual requirements.

The presen: total Kenya cotton crop is about 30 000 bales of cotton lint leaving a shortfall
around 40 ©00 bales. This numerical deficit in bales has in the past been met by imports of
cotton fror Uganda and Tanzania.

In addition the better grades and staples of Kenya’s own cotton crops BP AR grade and UK AR
grade have been exported, while the lower grades BK BR and UK BR have been used internally,
and the remaining shortfall made up from Uganda and Tanzania BR grade types.

With supplies from Uganda negligible as a result of a drastic reduction in production, and the
closure of the border with Tanzania and the cessation of trading, the Kenya textile industry is
embarrassingly short of cotton, and is in the position at present where it must find the quantity
of bales required from -

(a) Better g!'adg and staple types from its own production which are in excess of

their spinning requirements and more costly as they must purchase this
higher value cotton at public auction in completion with overseas buyers, or,

(b) import cotton of types more suitable for their spinning requirements, at

world market prices, plus shipping and freight costs. In addition imported

cotton carries an import duty which the manufacturers hope will be
refunded this year.

The Marketing Board has not given textile mills carte-blanche importation licences, but at present
have allowed specific quantities of cotton to be imported on a no-objection basis.

It is extremely difficult to define exactly what types and quanties of each are required by the
industry, particularly when there are shortages in supplies of the requisite types, such conditions
tend to give a false impression of the mills’ needs. Nevertheless with many mills spinning low
counts from 10s to 24g the bulk of cotton required must be in the effective fibre length range of
28/32 inches to 34/32 inches. Even BP BR must be too good for counts below 205 while UK BR
would be suitable for the lower counts, but both these BR grade types require to be mixed with
better and cleaner grades to ensure a reasonable quality of product. East African BR grades are
notoriously dirty and contain much trash and stained cotton, but account for less than 10 per
cent of the total crop production. The textile mills in Kenya have already imported cotton this

year from the Sudan, Argentina and Turkey, in the 33/32 inches - 34/32 inch range of effective
staple length.

It is apparent that for many years to come good quality 32/32 inch cotton will be in demand in
Kenya by the industry, but whether this should be grown in Kenya or imported is another
question. Certain mills such as Rivatex, Fine Spinners, and Kenya Rayon require some cotton in



the medium staple ranges 34/32 inches to 36/32 inches and can use some UKA and BPA to fill
these requirements.

It is calculated that the Industry’s requirements of 70 000 bales would be met from:-

Say 54 000 bales 31/32 inches - 33/32 inches staple
10 000 bales 34/32 inches - 35/32 inches staple
6 000 bales 36/32 inches and over staple.

22 Effect of Variety on the Milling Industry

The main varieties of cotton grown in Kenya at present are from Uganda BP and Tanzanian UK
seed material, apart from a small sector growing Tanzanian IL (llonga) seed material.

Most of this seed is old in the sense that its issue as planting material from the respective research
stations in Uganda and Tanzania dates back 10 to 14 years, and adulteration of the main
varieties, particularly BPA, has occurred over the years.

The textile mill industry is not over-concerned about the varieties used, as long as the grades and
staples required can be obtainable either from Kenya’s own production or from cheap imports.

Mills which at present are using Sudan Acala cotton are satisfied with the spinning quality of this
variety, although there are localised problems with honeydew on some Sudan cotton. However,
this is not a varietal fault but an agricultural one, specifically insufficient pest control. Honeydew
secretion on cotton lint fibres is due to a late attack of aphids on opening cotton bolls prior to
harvesting. The mills using Acala are mixing it with UK BR and BP BR, and obtain a satisfactory
mix for spinning and weaving.

With regard to the likely use by the textile manufacturers of the cotton produced at Bura if the
variety grown was UKA, only a proportion of higher AR grade would be used but all UK BR
would be taken. However the amount of BR produced in an irrigation scheme could be as little as
one per cent of the crop, e.g. The Hola Irrigation Scheme during the season 1975/76 produced
2 490 000 kg AR seed cotton and only 20 000 kg BR seed cotton, less than one per cent being
BR.

Making allowance for non-marketing of BR by farmers, or non-harvesting of seed cotton
damaged, diseased, immature, and of ‘B’ Grade, it is unlikely that Stage | Phase | of the Bura
Project would produce more than 600 bales per annum in ‘B grades, except in the event of some
disaster.

The better grade and staple of UKA, AR if offered under auction open to both local textile mills
and overseas buyers, would probably find a market overseas during periods when world market
prices were firm and higher than average. During these periods it would be to the advantage of
local mills to purchase lower grade and shorter staple cotton from outside Kenya if this cotton
can be obtained at a price lower than UKA AR.

If the BPA variety is introduced at Bura as the main commercial variety, the position would be
even more biased towards overseas markets, because the world market demand for this cotton is
remarkably strong at present, and this situation will prevail until such time as the Uganda cotton
crop recovers to something like its previous average.

If an upland variety such as Acala were chosen for Bura, more would be used internally, a buta
considerable quantity would be exportable if the world market price was average or higher than
average, and mills could import alternative cheaper grades and shorter staples.

There is the other alternative of growing a shorter staple upla_nd variety such as an Albar
derivative, higher yielding, but about 32/32 inches to 33/32 inches staple and this would
probably all be taken by local mills.



Our opinion is that irrigation projects are so costly that the economics of a successful operation
demands th= production of the cotton variety which will give the best return to:-

(a) The tenant farmers;

( The project as a complete unit;

(c! The country as a whole - i.e. the local textile industry and the marketing
organisation.

This means inevitably that the choice of variety must be a compromise between interests as
follows:-

(a) Short staple, high yielding varieties will be more rewarding to the farmers,
and will provide a cheaper, plentiful source of supply for the local textile
industry, but the value of the product will not provide a good economic
return for the capital cost of an irrigation project, nor will it give the best
return on the country’s investment relative to the marketing potential of
irrigation-grown cotton.

(L) Obversely the choice of a long staple, low yielding variety, will penalise the
farmers, perhaps to a mere subsistence return for their endeavours, and will
be of little interest to local mills, as it will be too good for their use, and too
costly. The project as a unit might not be economically viable, because the
cash return for seed cotton produced would be less, i.e. the price of seed
cotton is the same for long staple as it is for short staple, and the lower yield
and lower lint outturn would reduce the annual income from seed cotton
production and from ginning operations. The country would however export
all the long staple variety at a high price, and the local industry would
import cheaper varieties, thus ensuring a favourable foreign exchange
position.

(c) The compromise, is the choice of a medium staple variety, high yielding and
of high lint outturn, which will provide a satisfactory return to the farmers,
and a middle range cotton which local industry could use as a substantial
part of its cotton mixes, and if overseas supplies were difficult to obtain or
expensive then more of this variety could be used. It would be a cotton that
the local industry would evolve into, i.e., as the demand for better quality
cloths increases gradually the mixes will include more medium staple cotton.
The project as a unit will benefit from increased cotton production and high
lint outturn to a viable position. The country would benefit almost as much
as with the longer staple cotton varieties, during world market "highs” and
do better during market “lows”. The extra yield and extra lint outturn
would represent, in additional bales for sale, sufficient cotton to erode the
price differential for longer staple cotton except in the most exceptional
market “‘highs”, and would provide a better return and balance of payments
position at all other times.

2.3 Effect of Variety on Tenants Income

The position at present is that the variety UKA as grown in commercial quantities at the Hola
Irrigation Scheme is reasonably successful agriculturally, and provides farmers with an average
yield in normal conditions of around 2 800 kg/ha. The lint outturn of UKA is low at 32 per cent,
and field trials of Acala and other upland varieties have indicated that farmers yields could be
increased to 3 500 kg/ha average, and lint outturn to 37 per cent or more.

BPA'showed similar yields to UKA under trial conditions and when related to commercial
growing by tenant farmers would be expected to yield slightly less than UKA, say 2 600 kg/ha

under similar conditions. The lint outturn is very low being under 32 per cent, possibly 31.5 per
cent. i :




From the farmers viewpoint Acala or a similar upland variety, would provide more income,
between K Sh 2 000 and K Sh 2 500 per ha per annum at no additional cost, and with probable
savings on insecticides due to less vigorous leaf and stem growths, water regimes may also be
more economical.

Looking at the success of the project as a whole, the Acala of similar upland variety would be of
greater benefit to the tenant farmers and would provide the project with additional lint of
between 6 and 8 per cent in excess of the outturns of BPA and UKA varieties on a greater yield
of seed cotton.

For example, if we assume a UKA/BPA yield of 2 800 kg/ha and Acala or similar at 3 300 kg/ha,
a difference of 500 kg/ha at lint outturn of 31 and 38 per cent, respectively, UKA/BPA would
provide 868 kg lint per ha and Acala or similar 1 254 kg lint per ha. |f we 2ssume a price of US §
2 per kg for BPA lint only and US $ 1.80 per kg for Acala lint, the return on BPA is $ 1 736 per
ha and for Acala § 2 257, a difference of some K Sh 4 200 per ha in favour of the upland variety,
or some K Sh 25 million per year extra for the project. These are cunservative figures, but
outturn and yields could surpass those quoted for the upland varieties.

It is unlikely that price differentials between BPA and Acala lint would exceed US 20 cents per
kg in favour of BPA, except for short periods, and in the long-term Acala or similar varieties
would prove more rewarding to the project.

In addition there would be savings on ginning costs both to the Marketing Board and to the
project if Acala or similar seed was chosen because Acala could be saw-ginne«, while BPA would
require to be roller-ginned. Saw-ginning factories cost less, both as regards capital expenditure,
and operating costs, see Chapter 3.

24 Future Textile Industry Demand Patterns

The textile industry will continue to expand its capacity and demand for cotton. Estimates vary,
but mills have expansion plans for increased capacity, which if followed would provide capacity
for a throughput of 130 000 bales by 1983,

It is probably more realistic to assume that this capacity will not be fully utilised, but even so, as
a conservative estimate a supply of 100 000 bales will be required in the early 1980s for the
industry.

The Government plan to encourage cotton production to a numerical self-sufficiency in bales is
under weigh, and without the Bura Project production of rain-grown cotton is expected to reach
the numerical requirements of the industry by the early 1980s. This assumes, however, a
remarkable increase in production of cotton in the Nyanza area and in East Central particularly
Meru District, and cautious observers who have experienced the vagaries of cotton production in
Kenya in the past are sceptical of the rain-grown production targets ever being reached in this
period of time - if ever. Nevertheless with the inclusion of Bura production of some 40 000 bales,
numerical self-sufficiency in bales could be achieved in the early eighties.



CHAPTER 2 A COMPARISON OF SAW AND ROLLER GINNING

3.1 Ceneral Comparison of Systems

Saw ginning systems are generally used for processing short and medium staple cottons up to
about 40/37 inch staple lengths, although there are exceptions to the rule depending on the type
and characier of the cotton. Cotton over 40/32 inch staple can be saw-ginned satisfactorily if
certain conditions pertain, such as optimum moisture content and suitable fibre strength. Roller
ginning systems are used for long staple cottons 48/32 inches and over, and also generally for
staple lengtiis between 40/32 inches to 48/32 inches, and under certain conditions for medium
staple lengins around 36/32 inches to 37/32 inches. There is, therefore, an overlap situation in
the mediui staple range where either system can be used relative to the condition and character
of the cotiun. Saw ginning systems are highly productive and are necessary where large quantities
of short arr! medium staple cottons must be processed within a six-month or less ginning season.
The bulk of world production of cotton is saw-ginned being in the short to medium staple range.

Saw-ginnir systems provide as a general rule a much cleaner lint than roller gins, and are readily
integrated into pneumatic conveyance systems, extra cleaning equipment for mechanically
harvested cottons, and with drying and moisture conditioning systems.

By comparison saw-gin installations cost less to operate than roller-gin installations of similar
throughput capacity, for example:-

To process 20 000 tons of seed cotton (Bura Stage |, Phase | estimated crop production) a mnd
of 3 saw gins would be sufficient to process the crop in 24 weeks, while 88 double roller gins
would be required to process this same quantity in the same period of time,

Three gin machinery operatives plus a supervisor would be required for a saw-gin stand, w!\ile
about 50 would be needed for a roller gin unit (assuming one operator can feed two roller gins)
plus at least four mechanical supervisors who would be employed to keep the machines correctly
adjusted and fully productive, and two supervisors per shift. The number employed outside the
respective ginneries, feeding with seed cotton moving and stacking bales, and bagging and
stacking cotton seed would be similar, although seed cotton feeds to saw-gin units can be more
readily mechanised through pneumatic feed systems reducing labour intensiveness as a result. The
baling systems for each would be similar, although the conveyance systems of lint from saw-gin
units to press are more efficient and less expensive installations.

Machine-harvested cottons are generally saw-ginned but many countries with hand-picked cotton
crops saw-gin the entire crop, eg., Nigeria, Tchad, Mozambique, Malawi, Ethiopia, and
Afghanistan. In the USA and USSR the bulk of the crop is saw-ginned. In the Sudan the upland
Acalas are saw-ginned.

If the UKA variety were chosen this would saw-gin satisfactorily, and even BPA in the dry
conditions of the project area could be successfully saw-ginned. However from a marketing view
point, East Africa has provided roller-ginned BPA and UKA cotton for many years and overseas
buyers have become accustomed to BPA and UKA roller-ginned. It would not be prudent to
saw-gin these varieties as long as Uganda and Tanzania offer the market roller-ginned BPA and
UKA cotton. There is a market prejudice in favour of roller ginning these varieties at present.



COST COMPARISONS

3.2 Capital Costs

Production of seed cotton from Stage |, Phase | of the Bura Project is taken to be 20 000 tonnes
(say 40 000 bales of lint) and it is assumed that this will be processed in 2 24 week period. The
comparative capital costs of saw-gin and roller-gin installations to cope with the above rate of
production and based on 1977 prices are summarised in Table 3.1 below. Full details are in
Appendix 1.

Table 3.1 - Comparative Capital Costs of Saw and Roller Ginning installations
for Phase |, Stage | Bura Production (40 000 bales* )

Cost
(1 000 K Sh)

Item Saw ginning Roller ginning
" _Ginning equipment and 4 000 8 800

baling press

Electrical equipment and 750 1 300

distribution system

Installation of ginning 340 640

and electrical equipment

Building to house equipment 355 1300

Foundations and building 285 570

erection costs

CIF costs on imported items 850 1 400

Total capital cost 6 580 14 010

* 400 Ibs of cotton lint per bale

Thus, the estimated capital cost of roller ginning is more than twice that of saw ginning. The
main reason for this considerable difference in price is the relative size of the required equipment.
The saw ginning installation would comprise three units (see Appendix 11) which could be housed
in a much smaller building and would require much less electrical equipment with a
corresponding more compact electrical distribution system. The roller ginning installation would
comprise 88 units needing a very much bigger building to house them, with a considerably greater
amount of electrical equipment and a much more widespread distribution system.

All costs are based on supplying ginning machinery of reliable and reputable manufacture. A
saving of about K Sh 900 thousand on the capital costs of roller ginning equipment could be
attained if roller gins of Indian manufacture were accepted, bringing the capital costs of the roller
ginning installation down to K Sh 13.11 million. However, such equipment is not made under
licence and there could be no guarantee of performance and the purchase of such equipment
could not be recommended (see Annexe |1).

3.3 Operating Costs
The comparative operating costs for one season’s production by the two types of ginning

installation, covering such items as permanant and temporary st_aff, power costs, maintenance and
depreciation are summarised in Table 3.2: full details are given in Appendix I,
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Table 3.2 - Comparative Operating Costs of Saw and Roller Ginning
for Phase |, Stage | Bura Production (40 000 bales of lint per annum)

Cost
(1 000 K Sh)
Item Saw ginning Roller ginning
Salaries and wages 682 1119
Power 1584 1901
haintenance 280 350
Sub total 2 546 3370
#lus depreciation 439 934
nlet operating cost 2985 4304

From the above table it is clear that saw ginning is also considerably cheaper in terms of
operating costs. The major causes of the greater operating costs of roller ginning would be the
additional labour required and the extra power, maintenance and depreciation costs of the larger
number of ginning units.

The difference in cost per bale of lint cotton produced would be just under K Sh 33 in favour of
saw ginning or about Kenya cents 8 per Ib of lint cotton. While saw ginning is considerably
cheaper both in capital and production costs, the greater cost of roller ginning could be recovered
by selling lintata premium above saw-ginned lint, provided international prices permitted.

1"




CHAPTER ¢ CONCLUSIONS
4.1 Variety

It is essential that the tenants of the Bura Project obtain as high a return as possible for the
production of their cotton crops, particularly with a holding size of only 1.25 hectares. This
single factor, which we cannot stress sufficiently in importance convincingly supports our
recommencdation that a high-yielding high-lint outturn variety should be planted, such as a
‘blackarm’ resistant Acala or similar upland variety.

The high lint outturn coupled with high yield will ensure that any price differential for

roller-ginned cotton will be deleted in all but exceptional marketing circumstances and that in the
majority of years an Acala type cotton will be more profitable to all concerned.

42 Choice of Ginning Equipment

An upland variety of cotton such as Acala or similar is eminently suitable for saw-ginning, and if
this were the choice we recommend the installation of a saw-gin factory, with attendant savings
in capital cost and operation. Details of the estimated capital and operating costs are outlined in
Chapter 3 and detailed in Appendix I1.

43 Phasing of Construction

If there is to be a delay before deciding on the varietal choice of cotton for Phase |, Stage | of the
Bura Project, it would be possible to provide a ginnery building of required dimensions for a full
saw-gin plant, and place in this building for one or two years, 16 or so, roller gins to process the
small crops expected in the first two productive years. Thereafter the roller gins could be utilised
elsewhere and a saw-gin unit installed in their place. The hydraulic baling press and pump units
must however be initially installed of sufficient capacity for 40 000 bales per season of 26 weeks.

Alternatively a small roller-gin factory could be kept at Bura for ginning selected cottons or
variety trials, and the main production plant would be a saw-gin unit.

However, we consider that there are sufficient grounds for deciding on the construction of one
saw-gin plant, comprising three units, for the full capacity of 40 000 bales right from the start,
and we favour this decision.

44 Storage

Time did not permit a detailed examination of the location of storage for seed cotton. However,
to avoid excessive delivery to the ginning factory and overloading of its facilities, and to provide

some village storage for drying and safe-keeping of weighed tenants crop there appear to be good
reasons for providing some secure and dry cotton seed storage.






CHAPTER 5 SECONDARY PROCESSING INDUSTRIES

5.1 Cotton Seed Oil Milling

At present there is substantial over-capacity in oil milling plants in Kenya. However if and when
the rain-grown cotton production reaches 100 000 bales, the increased seed production will take
up the slack in milling capacity. It would seem, therefore, that until Phase |, Stage | of the Bura
Project is approaching full production, and say 10 000 tonnes of seed are available for crushing,
the seed from Bura should be sent to Mombasa for processing.

We considler that as a general principle it is sound economic practice to install oil milling facilities
adjacent to large producing ginneries. It is therefore recommended that the construction of an oil
mill at the rural centre of the Bura Project should be considered once full cotton production is
reached on Phase |, Stage | of the project. If this mill were a joint Government/Tenants
Co-operative effort, the tenants would benefit from a share in the oil-milling profits and the
project as a whole would have a greater economic viability.

5.2 3mall Secondary Processing Industries

There is a large number of small secondary processing industries which could become established
at Phase |, Stage | of the Bura Project. These include: decobbing of maize, maize grain crushing,
processing of crop and animal residues for livestock and fish feed, groundnut shelling, groundnut
kernel packaging and crushing etc.

The development of these small secondary processing industries should be left to the private
sector so that they evolve according to local demands.

13
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APPENDIX |

TEXTILE INDUSTRY -K ENYA

Textile Milis and Capacities
(400 Ib bales of cotton lint)

Thika Cloih Mill

(main extcnision programme complete)

Rivatex - Edoret

Nanyuki Textile Mills Ltd, Nanyuki
Kisumu Cotton Mills

U.T.l. Kenya Ltd

Kenya Rayon, Mombasa

Fine Spinners

Sunflag Textile and Knitwear, Nairobi
Miscellaneous small mills

Total capacity

14

1977/78
20 000
12 500
12 500
12 000
3000
3 000
3000
3 000
1000
70 000

1982/83
25 000
20 000
17 000
15 000
5 000
6 000
5 000
5 000
5 000
103 000
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Notes:

Capital Costs of Roller Ginning Installation

#8 — Middleton Double-Roller Gins Model 5 with
nneumatic conveyance from stores to Separator/
(*leaner-Opener unit. Partial Seed Cotton
Jistribution system. Seed and Lint conveyance
Houble Box, 20 inches x 41 inches High Density
3aling Press, with trampers and auto-feed system
Motors and starters.

{No Lint Cleaning)

iJK Manufacture by Platts®
(US $ 1 100 000 fas)

Electrical distribution, switchgear,
cables, lighting, etc.
(UK £ 90 000 fob)

Installation of machinery and electrics
(UK £ 45 000)

Building for Roller Gin Plant - Main Hall
430 ft x 40 ft x 21 ft steel structure and
cladding

(UK £ 75 000 fob) approx

Press Room 50 ft x 50 ft x 24 ft
Cleaner Room 50 ft x 50 ft x 21 ft
Seed Rooms etc 40 ft x 40 ft x 21 ft
(UK £ 15 000 fob)

Total Building Structures

(UK £ 90 000)

Civil work, floors, foundations, erection etc.
(UK £ 40 000)

Costs of CIF on imported

machinery, electrics, steel

(UK £ 100 000)

(Transport to site and port charges not included)

TOTAL COST (UK £ 1 002 000)

» 88 Gins of Indian manufacture could be procured at a cheaper price, giving a
reduction in the above price of about K Sh 900 000 to about K Sh 13 110, 000. These
gins are copies of the Platt, Middleton Gins and are not manufactured under licence for
Platts as the Indian manufacturer claims. There can be no gua

(1 000K Sh)

8 800

1300

570

1400

14010

rantee of performance

with these gins comparable with the guarantees provided by Platts UK,

The Hydraulic Baling Press and Pumps should be to the equivalent specification for the
Saw Gin Plant and manufactured either in the USA or UK,

16



APPENDIX II

CAPITAL AND OPERATING COSTS OF SAW AND ROLLER GINNING INSTALLATIONS
FOR A CAPACITY OF 40 000 BALES

1. Capital Costs of Saw Ginning Installation
L ik "‘__:_':,' Fre ae e e o !

Saw Gin Factory to process 20 000 tonnes of seed cotton in 24 weeks
(say 40 000 bales of lint).

Cost
(1 000 K Sh)

(a) 3 - Saw Gins with Inclined Cleaner

3 - Extractor Feeder/Cleaner

1 - Seed Cotton Distributor

Seed and Trash conveyance systems

Seed Cotton pneumatic conveyance

1 - Double-Box, 20 inches x 41 inches High Density

Baling Press, with automatic Trampers and

Feed systems, and humidification unit,

complete with Motors and Starters

(Without Lint Cleaners)

(Approx US $ 500 000 fas) 4 000

(b) Electrical distribution, cable, switchgear,
capacitors, lighting, etc.
(UK £ 53 500 fob) 750

(c) Installation of machinery and
electrics (UK £ 23 500) 340

(d) Building for above plant,
120 ft x 40 ft high steel
structure and steel cladding
(UK £ 25 000 fob) 355

(e) Civil work - foundations,
floors, erection of steel, etc.
(UK £ 20 000) 285

(f) Cost to CIF on imported elements,
Machinery, electrics, and steel

(This could be reduced perhaps by
purchasing locally) (UK £ 60 000) 850

(Transport to site and port charges
not included)

TOTAL COST (£ 475 000) 6 580

15



Notes:

(a)

(b)

(c)

(d)

Operating Costs of Saw Ginning Installation

Salaries and Wages
Permanent Staff and Labour

1 General Manager

1 Production Engineer

(alternatively the above could be
filled by 1 Engineer/Manager @ U 6 000)
1 Accountant

1 Cashier

2 Accounts clerks = 2 x U 800 Av

2 Clerks = 2 x U 700 Av

1 Typist

2 Shift Engineers = 2 x U 3 000 Av

1 Storekeeper/Timekeeper

1 Assistant Storekeeper (nights)

7 Stores Labourers = 2 x U 450 Av

3 Fitter/Machinists = 3 x U 1 000 Av
3 Machine Operators = 3 x U 600 Av
2 Press Operators = 2 x U 750 Av

1 Welder/Blacksmith*

1 Turner®

1 Electrician®

1 Loading and Storage Clerk

2 Watchmen 2 x U 400 Ave.

2 Sweeper/Cleaners 2 x U 400 Ave.
4 Qperators (Semi-skilled) 4 x 500

1 Cotton Classer/Grader

Total Permanent Staff (approximately 35)

Payment Units (U)

5 000
5 000

Ssssaianssaeisaaas

£
8

* Could be shared with central workshops.t Payment Units have been used because
some costs would be in local currency and some in foreign currency. For Kenya a

Payment Unit is taken to be equivalent to K Sh 10.

Seasonal Labour
Outside Factory

Seed Cotton:

Handlers, unloaders, feeders etc.

18 for day shift and 10 for night shift
inclusive of overtime (operating two shifts).
28 Men @ U 250 average for season

Lint Bales:

Handlers, stackers, markers, stitchers, etc.
10 days/6 nights = 16 x U 250 Ave.
(using grab-lift trucks)

Cotton Seed:

Bagging seed, stitching, stacking, handling, etc.

12 days/6 nights = 18 x U 250 Ave.
(using conveyors and elevators)

Miscellaneous Labour (Trash etc.)
4 days/2 nights = 6 x U 250 Ave.

17

Payment Units (U)

7 000

4000

4 500

1 500



(e)

(f)

(g)

(h)

Inside Factory

Seasonal production team baling, feeding etc.
5 days/5 nights = 10 mults U 250

Seasonal Cleaners
2days=2x U 250

Semi-skilled seasonal
6 men =6 x U 400

Seasonal Tally Clerks
4 men=4x U400

Seasonal Total approx

Permanent Staff and Labour - Brought forward
Total Cost of Salaries and Wages to Operate
Saw Gin per Annum

18

2 500

500

2 400

1 600

24 000
44 200

68 200



NOTE:

(a)

(b)

(c)

(d)

(e)

Operating Costs of Roller Ginning Installation

Salaries and Wages
permanent Staff and Labour

1 General Manager

! Production Engineer

(alternatively 1 - Engineer/Manager @ U 6 000)
1 Accountant

| Cashier

2 Accounts Clerks=2x U 800

1 Typist

4 Shift supervisory Engineers = 4 x U 3 000
| Storekeeper/Timekeeper

| Assistant Storekeeper (nights)

3 Stores Labourers=3x U 450

g Fitter/Machinists =8x U 1 000

12 Permanent Machine Operators = 12 x U 600
2 Press Operators =2 x U 750 Av

1 Welder/Blacksmith*

1 Turner®

1 Electrician®

2 Clerks = 2 x U 500

2 Watchmen = 2 x U 400

6 Sweeper/Cleaners =6 x U 400

8 Operators semi-skilled = 8 x U 500

1 Cotton Classer/Grader

Total Permanent Staff - approx 56 @ Total

* Could be shared with Central Workshop

Seasonal Labour - Roller Gin Factory
QOutside Factory

Seed Cotton:
Handlers, unloaders, feeders, etc.
24 day and 12 night shift = 36 x U 250

Lint Bales:
Handlers, stackers, markers, etc.
10 days/6 nights = 16 x U 250

Cotton Seed:
Bagging, stitching, stacking, etc.
12 days/6 nights = 18 x U 250

Miscellaneous Labour:
8 days/4 nights = 18 x U 250

Inside Factory
Seasonal Production team
44 Gin Operators (1 for 2 gins)

each shift = 88 x U 300
Baling seed teams etc. = 10 x U 250

19

Payment Units (U)

SassEnEagEEEEss 58

Booan
3885888

Payment Units (U)

9 000

4 000

4 500

3 000

23



(f)

()

(h)

NOTE:

Seasonal cleaners
4 days=4 x U 250

Semi-skilled Seasonal
6 men=6x U 400

Seasonal Tally Clerks

6 men =6 x U 400

Total

Permanent Staff and Labour - Brought Forward
Total Cost Roller Gin Factory

Salaries and Wages per Annum

For Kenya Multiply U by K Sh 10/= for local currency value.

20

1000

2400

2400
55 200
63 750

118 950



Power Costs
Saw Gin Factory

Machinery - without lint cleaners
pollution control units, fire pumps
Lighting and Workshop (52 + 30)
Miscellaneous

lotal

Roller Gin Factory

Machinery - without lint cleaners pollution
control unit and fire pumps

Lighting and workshop (150 + 30)
Miscellaneous

Total

Power required for saw gin season at
80% efficiency = 750 x 80%

x 22 hours x 5 days x 24 weeks

@ K Sh 1/per unit of power

Power required for Roller Gin Season at
80% efficiency = 900 x 80%

x 22 hours x 5 days x 24 weeks

@ K Sh 1/per unit of power

21

Installed HP

650 hp or 595 kW
82 hp or 61 kW
18 hp or 14 kW

750 hp or 670 kW

Installed HP

995 hp or 750 kW
1whpor135kw
25 hp or 18 kW
1 200 hp or 903 kW

600 kW
1 584 000 kWh
K Sh 1584 000

700 kW
1 900 800 kWh
K Sh 1 900 800



Miscellaneous Production Costs

K Sh
Maintenance - Saw Gins 280 000 p.a.
etc. - Roller Gins 350 000 p.a.
Baling materials Saw Gins
and Roller Gins Same

Miscellaneous Administration costs etc.

Assuming similar costs for roller and saw ginning with the exception of:

Depreciation K Sh K Sh

Saw Gin Factory

15 years straight line 6 520 000 = 438 666 p.a.
ib5

Roller Gin Factory

15 years straight line 14 010 000 = 934 000 p.a.
15



7. Oifference in Operating Cost of Saw Gins and Roller Gins and Plants
10 000 bales of lint p.a. capacity
K Shillings

Saw Ginning Roller Ginning
Salaries and wages 682 000 1118 950
Power 1 584 000 1 900 800
Maintenance etc. 280 000 350 000

2 546 000 3369 750
Depreciation 438 666 934 000

2 984 666 4 303 750

Difference in cost per bale produced = K Sh 32.98 per bale in favour of saw ginning
or US. $ 4 per bale of 400 Ibs lint approx
or 1 US cent per b lint.

NOTE: If premium for roller ginning is at least 1 US cent per Ib lint extra ginning costs are
recovered.

23
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APPENDIX Il
PROCESSING ANNEXE

Power Generation Costs
Check carried out on cost of electrical power per kWh (unit).

1. Generating Cost
2 MW Power Station K Sh 1.88 million

Consumption:

Ginning Factory - 1.75% million kWh (units) per annum
Township - 0.55 million kWh (units) per annum

Cost of Generation = 81.7 cents (K) per kWh (unit)

The above unit cost compares with the cost of supplying Garissa Township in 1974 at 68.48
cents per unit, allowing 20 per cent increase for escalation to 1977. But note, Garissa, has no

large single consumer such as the cotton ginning factory at Bura. Relatively, therefore, the cost

.

per unit at Bura should be less as distribution cost to the ginning factory, which will consume 75
per cent of the annual consumption in only six months, will be less.

NOTE: * Ginning factory consumption based on a saw-gin installation and 20 000 tonnes per
annum seed cotton throughput. BCGA calculation = 1.7 million units per annum.

? & Capital Cost and Depreciation

(a) Capital Cost K Sh million
Generators and Switchgear 4.00
Building and Transformer etc. 2.00
Distribution 1.40

7.40
NOTE: Staff Housing - wiring, etc., not included.
(b) Depreciation - per kWh

If the capital cost of Plant, Buildings and Distribution is calculated on a 20 year lifetime,
straight-line basis, this being the World Bank’s rate of depreciation for generation plant then the
following calculation provides the depreciation cost per unit.

(i) Capital Cost, estimate K £ 370 000 = K Sh 7 400 000
20 years = K Sh 370 000 p.a.
To be recovered by charging on kWh consumed

Factory consumption say 1 750 000 kWh p.a.
Town consumption say 550 000 kWh p.a.
Total consumption 2 300 000 kWh p.a.

Depreciation recovered at K Sh _.370 000
2 300 000
= 16 cents (K) per unit

Add generation cost = 82 cents (K) per unit

Total charge per unit = 98 cents (K) per kWh
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Summary:

If calculation (b) (i) is accurate the total cost per unit could be about one shilling, but after
further consideration of the ginnery plant, it would be possible to reduce annual consumption at
the factory to 1 500 000 units per annum, by elimination of lint cleaning equipment and other
items. However, if the power station is equipped to generate 2 MW, there would be net saving in
total unit cost, but if the generating plant is scaled to consumption and installed in related units,
e.g. say, 3 x 500 kVA sets = 2 for the factory: 1 for the town (town generator on full load at
night, could be on stand-by during day, and alternated daily between the three sets). During the

(iii)

If the cost of annual depreciation is recovered from the factory
consumption only, then the cost per unit would be:

K Sh.370 000 = 21 cents (K) per unit

1 750 000
Add generation cost = 82 cents (K) per unit
Total cost = K Sh 1.03 per kWh

If depreciation calculated at rate applied by East African Power and
Light Corporation of 6.33 per cent p.a. on a straight-line basis under the
Kenya Electric Power Act, and EAPL will be the managers of the
generating station, then the following cost per unit will apply.

Annual depreciation = K Sh 7 400 000 x 6.33%
= K Sh 468 420 p.a.

If recovered from factory and township consumption
Depreciation cost
= K Sh 468 420 = 20 cents (K) per unit

2 300 000

Add generation cost = 82 cents (K) per unit
Total cost K Sh 1.04 per unit

off-season, only one set in three would operate at night.

1 x 250 kVA set for day-time use for the township would be a useful economic addition.

NOTE:

The above is a rough outline of the power station design but kVA are indicative only,
and must be calculated against actual loads for factory and town. The power station
building should be constructed large enough or readily extendable in the first instance
to allow for future additional generating units and switchgear - i.e. for additional

factories, and/or for extension of supply to Hola.
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