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Section I.

Introduction, VWorlkshop Objectives

Ferrocement tanks for the collection of rain water from roofs have been found
in many circumstances to be a viable and effective way of collecting and storing
water for household use. Throughout Kenya there is an increasing number of

This spread has led to a diversity of structural
design, materials used and construction techniques, and also a variety of

approaches to the community organisation and participation for such activities.

World HNeighbors and Oxfam felt it would be useful to gather together these
techniques and approaches and to share ideas.

The workshop's objectives ware to:-

' tanks being constructed.

- exchange ideas and experiences in

a.

the design and construction of tanks for roof catchment
b.

the community organisation approaches necessary to develop and sustain
an on-going program;

-~ record this exchange of ideas and experiences so that it can be shared more
widely;

—~ create an opportunity for continuing networking and exchange in this and
other water catchment techniques.

©

The participants invited were field practitioners from on-going programs

concerned with the construction of ferrocement tanks for rain water roof catch-
ment.

There were 23 participants from 16 programs. i

The emphasis of the workshop was to share and exchange. Thus each program
invited was encouraged to present their experiences from the fleld.
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The participants also came with their own expecﬁétions'of the workshop.

These were:-

- different designs of tanks (with costs), construction techniques, materia

required
- how to promote tank construction in the community - NGO/Govt.
- who benefits from the tanks
- problems and successes of programs
— how to harvest rainwater from grass roofs
— selection criteria for where to put up tank
-~ training fundis (women)
- share experiences between programs
- general water storage e.g. underground tanks
- usage of tanks - after construction what?
- maintenance and repair of tank
- cultural background of community considerations
- water catchment areas considerations
- making projects self-sustaining
7‘water quality and quantity
- transportation of materials and transporting water to homes
- involving women
— after the workshop, what?
~ appropriateness of tanks with respect to other water sources

and storage systems
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Workshop Structure and Methodology

The workshop was organised to bring together practitioners from the field,
in the spirit of sharing experiences rather than teaching any particular
methodology. Thus we hoped to discover where we are in terms of design,

construction methodology and common problems and issues faced.

This meant most of the work was done through group discussions with reports

back to the plenary, and summary of the issues thus raised. Time was also

given for individual programmes to present their designs and methodologies
to the participants.

To make the process as participatory as possible, and to try to ensure that
the workshop addressed the needs and problems of the participants, expectations
were solicited right at the beginning, and an evaluation was carried out at
the end of each day to discover what participants liked most and least, and

what topics they felt should be addressed the following day. Thus the structure

of the workshop was continually reorganised according to participants' needs.
Day 1 Contained self-introductions; group discussion sharing experiences
in design and dissemination of tanks and presentations of issues
from each group; and individual programme presentations.

Day 2 Contained evaluation feedback, group discussions on how to reach

the poorest, how to choose an appropriate tank how to organise

the programme for continuity; and individual programme presentations.
Day 3 Contained evaluation feedback, group discussion and presentations
on thatched roofs, credit/firnancing tank constructions, community

organisation; checklist advice for water tanks; resources list;

evaluation and discussion.



The Participants and Programs

The 23 participants represented 16 different programmes

Jefferson Kilonga

- i Mach
Mwakari Mathuva Utooni Development Project, Machakos

Been involved in a variety water supply systems since 1977 and particularly
in the development of an appropriate cheap tank design and construction method;

adapting existing designs. Built over 170. Mainly build 3,000 gallon and
1,600 gallon tanks.

Sebastian Mutua )
Karen Iles ) - Kamujine Farmers' Centre, Meru
Patrick Mutia )

Began a tank program with women's groups in May, 1986. The tank constructed l
is 1,600 gallon capacity a design developed in Utooni.

Program began in 1983 with jars and tanks. Have experimented with a number of l

Patrick Kasyula - Diocese of Machakos. (Rainwater Program)

designs and constrution techniques and built over 1,200 tnaks. Now concentrat‘l

on 2,000 gallon capacity.

Joel Mbiti )
Francis Gray ) - Diocese of Kitui
Robert Muumbo )

Build a number of catchment and storage systems. 1In 1986 have increased
the tank construction program with the aim of building 2,000 tanks mostly

of 2,000 gallon capacity in the next two years. All the work is done together
with self help groups.

-

Julius Chokera
— Diocese of Meru, small Scale Water Scheme.

Heinrich Gorfer
Began in 1981 cosntructing boreholes, shallow wells, gravity supply as well

as tanks and jars, together with individual communities.

2,000 gallons tank.

Concentrated on



Stephen Murok:i - CARE, Taita Taveta Water Programme

Covers Taita Taveta and Machakos Districts.

Alfred Oluoch -~ CARE, Embu Water Programm.

Assist in the construction of a variety of water systems, but aree moving

towards more low-cost techniques. Currently concentrate on underground tanks.

James Tumkor - Chepareria Youth Polytechnic, Kapenguria.
Have not begun a tank programme as yet; but are keen to find an appropriate

water system for the West Pokot area - interested in 1,000 gallon tanks.

Alphonce Atisa ~ Mutomo Soil and Water Conservation Project, Kitui.

Construction of a number of water tanks and catchment systems together with
self-help groups.

Currently concentrate on 78 m’ underground tanks.

Melvin Woodhouse - A.M R.E.F.

Concetrate on ground water supplies and pumps and some water harvesting techniques

Areas of work - Kibwezi, -Magadi, S. Sudan and Darada(Tanzania).

Build mainly 2,000 gallon tanks.

Patrick Gacheru - Mukaa Mukuu Farmers' Training and Youth Polytechnic

Centre, Thika.

-

Instructor in the Polytechnic, and Jjust begun the construction of tanks.

The constructions so far have been for testing and demonstration and yet

to involve communities or groups. Most interested in tanks of 1,000 galls.

to 1,600 galls. capacity.

Frans Klausen - U.N.I.C.E.F., Technology Support Unit
The Unit's work focuses on the development of appropriate designs and construc-

tion techniques and the spread of the information and skills developed to

any interested group.
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Having worked on tanks and jars, most current attention is on large capacit’
underground tanks. '

Martin Fisher - Action Aid, Technology Support Unit l
Action Aid's main work is in community development spreading out from their‘||

support of primary schools. In the school construction appropriate designsll

of roofing and water catchment are being developed. The constructioon of

which can be organised into a local commercial enterprise.

Joshua Mukusya — World Neighbors, Ukambani Water Programme.

Begun in 1985 to spread the experience of Utooni Development Project to oth
groups in Ukambani, particularly in tanks and sub-surface dams.

To-date with six groups built 170 tanks and 8 dams.

Daniel Mwayaya )

- W Neigh
Keith Wright ; orld Neighbors

| am W EnSEm s o

World Neighbors supports work in health, food production and water supply

in community development programmes where the emphasis is on the training

of local fundis, farmers and community members. Daniel and Keith are works‘lp

facilitators.

Nicky May )
) — Oxfam.
)

Oxfam supports community

Eliud Ngunjiri

development programmes which involves water supply

Nicky and Eliud are workshop facilitators.
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Section 11

where We Are At

What is our experience, What can we share and learn?

We divided into groups according to the size of tanks wh

most commonly builds to show experiences to-date.

Each group considered the following questions to guide t

and putting together group presentations:

ich each project

heir discussions

~ What designs have you used and are using now? For "de

materia
costs,

- What are your experiences in community organisation fo

- What lessons have you learnt from those experiences?

sign" consider:~
ls, preparation,
how constructed.

- What lessons have you learnt (positive and negative) f
of tank construction?

rom your experience

r tank construction?

Group Presentations In Plenary

Tanks Over 3,000 gallons (CARE, Mutomo)

This presentation described Mutomo's work on 78 m’ under

technical details please see the report on Mutomo's prog

ground tanks., (For

ramme presentation

section). After discussion they concluded the following:
Advantages of design
- cheap materials:— 1 m® costs Ksh.179/=;

- big storage capacity:- useful for longer dry seasons;

- applicable in various areas/sources of water.

Disadvantapes of design

- cleaning the tank difficult and needs organisation

- maintenance of hand pump

Construction

— community participation:- cost sharing (community con

and unskilled labour)

tributes local materials
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- extensive training of fundis:- informal and formal instruction.

Site Selection

— from the people through local development committees
- from other NGOs - collaboration

- from relevant ministries (G.0.K.)

- community to have committee of the project

- community should be able to share cost of the project

Lessons learnt

Positive:

- community response to construction is good

- maintenance of projects is under the committee members

training of fundis is successful in the rural areas

tanks construction in institutions, public places as demonstration

tanks which are rain-fed only are only suitable in institutions where

there can be control of use e.g. schools

Negative:

- community haven't fully taken_the idea into their homes

reasons:-

1. still find tanks too expensive.

2. Others haven't realised that demonstrations are for them.

L N E N W

3. Lack of catchments - proper roofs e.g. iron sheet roofs.
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Tanks 2,000 - 3,000 gallons capacity {Amref, Utooni, MWachakos Diocese, Tigania)

The group summarised their different approaches in the following table:-

Projecct Size/ Mot hed Total Cost Person Days
Gallons Shs. To Build
Machakos Diocese 3,000 Internal and 8,000 21
External Shutter
Utooni/AMREF ‘ 2,700 External Shutter 3,200 9
Tigania 2,000 Internal Shutter 4,200 12

Issues raisnd: -

To avoid cracking of tanks (a sncial and technical problem):-

careful mixing of crmaont is very arportant

-~ walls should be as think as possible
paint the outside of tanks white to reflect sun to keep cement from

cracking and drying up

build in a shady place

position wash out the pipes such that the tanks cannot be completely emptie:

it was noted that BRC 610 - 45m x 2m ~ 4" can be used as reinforcing wire

instead of weldmesh. Cost is much cheap at shs. 950/= per roll

(as of February 1987)

per m

Community problems:-

- people not paying their contribution, Inm Utooni

if members don't pay contributions towards costs, the tank 18 removed;

In Tigania the tank is not built until a certain amount has been contribu-
ted;

- water theft and damage to tanks;

Need for Documentation

Following this discussion, some participants supggnsted that we need to document
information on ferrocement tanks.

It was usppested that a working group
design a quastinnnalre to aonlicit than nfarmation.,



Above-Ground Tanks

What Do We Need To Know?

It was suggested that these topics should form the basis of such a question-

naire; but in the eveit no-one came forward to take the idea any further.

Age of tanks - lifespan
Condition - cracks, leaking, tap,
siltation, guttering

Size - what are biggest tanks? (50m’)

- dimensions, capacity, materials used
Shape

Wall thickness
Type of reinforcement
Reasons for (cracks etc.) failures
Using excessive materials
(- excessive costs)
runoff coefficient
Costing (accurate)

Strength of construciton

Quantify - how many made, number of problems

burst, salt on walls,

roof condition, I
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Tanks Less Than 2,000 Gallons (Kamujine, Kapenguria, Mukaa Mukuu, Kitui Diocesc)

De51gn:—

Kapenguria - Sand/cement blocks.

1,000 gallons. Blocks set in spairal.

Mukaa Mukuu - Ferrocement using old G.l1 tanks as form + chicken wire +

fencing wire.

Less than 2,000 gallons.

Kamujine -  Ferrocement + weldmesh and chicken wire. Mabati roof. .
1,600 gallons.
Kitui - Water jars - bags filled with sawdust.
750 gallons.
Ferrocement water tanks. Brick tanks (mud + cement)
Plastered with cement.
Discussion

Major problem with building small tanks for individual homes is SOCIAL AND
ORGANIZATIONAL rather than technical.

It is essential to identify the needs of the community before introducing

water tanks.

Financial aspects are important : tanks must be cheap.

Water jars crack when empty which is more a social than a technical problem.

PR T R



SUMMARY OF GROUP PRESENTATIONS: Some Issues Arising

a. Cost comparison is not meaningful and 1s misleading.
- What items do you consider when costing?
— It is difficult to cost tanks and therefore difficult to make
comparisons on the basis of cost.
b. How do you select group/individual/homes
c. Who benefits? Protecting needs of poorest.
d. Is this what people want or is it just what we are offering people -
need to listen to people's needs first.
Help people understand options, real priorities, advantages of what's
on offer e.g. thin tank walls.
e. Follow up on usage - how long does water last and how many people are
using it. Give better criteria on design, size applicable. '
f. 1In choosing an appropriate tank one needs to cosnider:-
- capacity
— climatic area

—~ labour requirement/usage

know people's interest first

- sound technical design

(lack of documentation)
— good communications - project and community participate in choosi’
design).
— Aim of tank to lighten labour burden e.g. women's peak labour time is l
during the rainy season
- Easy repair l
g. It is essential to have a proper uniform mix of cement - quality cohtrol
h. Supervision/training of fundis in social and technical skills

(who do fundis belong to? Life/work for fundis after program)

i. Approach to design:

- cost (money available)

- roof size {water available)

usage (how much water do people need)

capacity

j. Financing tank construction is a central issue - loans/grants, etc.?
Who contributes and how?

k. Planning ahead for needs of a group of people

(self-sustaining after programme + business)









Section III.

Group Work On Issues

A number of these difficult 1ssues surfaced during the discussions, and
1t was decided to analyse in more detail a selected few of the issues.

Recorded here are the reports back in plenary together with the following
discussions.

Issue A

What problems are there to reach the poorest in the community?

How can these problems be overcome?

The poorest in the community were seen as those with little money; insufficient

labour to carry out the daily tasks and thus have no time for extra activitices

even though such activities may be beneficial to them in the long run; often

furthest away from water sources; often in poor health.

The poorest, then, are those who are in most need of water within their compounds.

However, generally they are the most difficult to assist within a programme

structure mainly because:-

the poorest of the poor do not like joining community groups

they lack the required group contributions

they iack time to participate in community or group activities

some rich stand as barriers to development of the poor as this is likely

to mean the end of cheap labour, etc.

~ the poor lack confidence in themselves, in others and also in their own ways
of doing things

- poverty is relative within a community. Nobody wants to accept that she/he

is poor or have it recognised officially

poor communication between the poor and the development agents - here, both
parties are to blame

few want to identify themselves with the poor or to be categoriesed as poor

These barriers could be overcome if the programmes were to focus specifically

on the poorest so that time and resources allocated to:-

- program plans be made with the people and to extend those plans building

on their “"known" (knowledge and experience);






allow the poorer to make decisions regarding the programme;

to educate the poor on development planning and decision making of a
programme;

take them to visit similar groups of people already involved in similar
activities, to gain an appreciation of what is possible;

development agencies must plan specifically for any particular community

or group to discover what is truly "appropriate".

How do you identify the poor in the community?

- You carry out a survey to determine who is poorest in the community.

- You go into the community, stay and learn for yourself through mixing

with the community who is poor.

-

These suggested approaches were generally regarded by the group as needing

further thought and description. There are no easy or straight ansers to

this difficult issue.







Issue B

what needs to be done to decide on the most suitable tank?

What are the problems in carrying this out in practice and how can they
be overcome?

The following need to be considered before deciding on a tank:-

materials/distance from suppliers are the tanks for community/individual/

design of tank groups

other water sources - springs demand/need for water

other possible catchment systems what people can afford

maintenance of tanks people's needs

type of roofs how is the group organised

are pumps necessary/maintenance? what scheme of finance/credit/payment

cost of the tanks grants

rules/control of use

carrying out those rules

use - drinking, animals, washing
what collecting surface

need (education/awareness) within

the groups/communities.

This could be narrowed to three points:-

- what is the group organisation, awareness and decision making process?

(especially regarding who to get the tanks in what order)
- how will the tanks be financed?

- what should be the tank design and size?

Questions to consider:-

Design and size:

rainfall amount

- length of dry season

~ distrance from suppliers

- daifficulty of transport

skilled local labour - need for training

- number of people to use the tank

~ what the water 1s used for - drinking, animals, washing, irrigation
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- catchment system - roof, rock, surface
- above ground or underground tanks
- lifespan and maintenance of tanks
- cost:
- is 1t what the people can afford
- is it what the people want
- prevention of contamination

- safety - (it must be roofed)

Finance

where does the money come from?

- who is accountable for the money?

- who handles the money?

- who makes the decisions?

- how are the decisions made?

- who and how is the maintenance paid for?

-~ who and how are the fundis paid for?

Community Organisation

— how are the people organised?

— who are the leaders and how are they chosen?
- who and how are the decisions made?

- who is to get the first tanks - and why?

- are the people able to express the needs accurately?

- what is the planning process? e l

It was concluded that no one tank is the most suitable in Kenya. The most
appropriate tank design will only emerge when all of the above are considered

fully together with the community.

One point that was felt by all:

——
Communal tanks are unsuitable if only filled by rain water; unless*%he"**—-—'-l,

communal tank is built in an institution such as a school where there is

constant control.



Jesue C on

How can the programme

be organised to be sure that tank construction

continues in a community after the programme ends?

What are the main problems and how do you recommend that they be overcome®?

After discussion the group presented the following ideas:-

create awareness in the community of the importances of water and benefits;

involve the community in decision making from the beginning;

train the local community in construction of the tanks they prefer/decide on;

organise the community to focus on long term continuation;

there should be a system of continuous contribution which is proportional

to their income and an established management system to safeguard and foresee

that the rules of their organisation are adhered to;

develop and encourage small cooperative societies which decide on their
own needs and priorities;

let the community be responsible and accountable for their activties;
involve the Ministry of Culture & Scoial Services field officers and the

relevant technical/Ministry in order to familiarize both parties for guidance
and advice.

’

How do you involve the community in decision making?

A meeting for participatory talk is convened and in this process they come
up with a decision.

After reaching a decision on what to do, the whole group should be involved
in’ the planning of the procedure of the whole project implementation.
Jog around with their minds to see if they can come up with a possible

option to what you have in mind then you make a choice -~ what is possible
for you and what they can afford.

One uses some type of black mail e.g. denying the community the services

they want in order to make them come up with a better option of the type
of project they would most benefit from.

If the agency/donor goes to the community and wants them to decide on what

they need the agency to assist, it is a differcnt matter all together; but

if the community goes/approaches the agency for assistance, that community

already has a pressing problem that has to be solved. Here the question

of involving them in decision making does not arise because they already
have a project in mind.

The agency/donor should go to the community and be willing to accept their
1deas after learning from them.



Main Themes Drawn Qut Of The Discussions Of The 3 Issues (A,B.C)

- identify needs of the community

- create awareness of optiaons

spend time building up community a~areness, confidence, leadership, organlr

sation (especially the poorest within the community, many of whom are
women)

consider time and resources in training:- the community

the fundis l

the development agencies
- do not assume that you know cverything and that you want them to do whant

you know

~ finance - getting resources to the poorest to be able to do this e.g.

grants, loan funds, income generating activitles



Workshop Participatory Planning
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At this stage there were still many topics left to discuss:-

collecting water from thatched (grass) roofs

- options for reducing costs

credit schemes for groups + 1individuals

water quality versus quantity

- training women fundis

how can tanks be spread to West Pokot

- women and water

how can groups get money directly from aid agencies
how can field people change agency policy

~ expectations from Day 1

— which tanks should be promoted most

practical recommendations for Day 2's group discussions
- how to reach the poorest people

- the simplest way of making tanks

- more on tank construction

- how to reach the community

- where to build tanks

- ground movement affecting tanks

Since time was very limited, we chose the most pressing issues from this

list for brainstorming sessions in groups. These were:-

collecting water from thatched (grass) roofs (of relevance on trying
to reach the poorest)

financing/credit for tanks construction

community organisation (an amalgamation of reaching the community, women
and water, creating confidence)

The participants were randomly divided in four (4) groups and asked to

brainstorm and discuss the following issues.



Issue D

What can be used to collect water from thatched (grass) roofs or near to

houses with thatched (grass) roofs?

wWhat have you tried - what has worked, what has not worked?

Direct collection off grass roofs:-

Suggestions:

- Direct from grass roof using bamboo guttering into drums/tanks (experimental).
Problem was water quality (bad taste) but maybe good for other uses e.g.
irrigation? Problems with later filtering water which comes off grass
roofs. No one programme had been successful in promoting the use of
any water filtering system.

- Water draining from the roof could collect into a trench/open drain around
the house and flow into an underground tank; a galla jar or even a plain

hole lined with polythene to reduce seapage.

Alternative roofing materials:-

~ Polythene sheet on top of grass roof, put on only during rainy season
and removed in dry season.
If covers whole roof, house becomes too stuffy inside.
Problem with putting on and taking off - inconvenient.

Would covering half the house only be better?

— Covering the roof with nylon sugar sacks. Need to leave ventilation
e.g. between wall plate and roof.
- Cement plastered gunny bags with own gutter as catchment area.
- Covering roof with canvas cloth.
- Temporary matting.
- Plastic woven bags sewn together.
- 01d used metal sheets e.g. kimbo tins, debes, flattened and used as tiles.
- Sisal cement tiles and roofing sheets very heavy and support roofing

needed makes it an expensive system. (Technical details and costings

from Action Aid and Mukaa Mukuu).

Alternative Financing To Obtain Mabati Roofs:

- members of a women's group help each other to buy mabati
- women's "merry-go-round'" groups to help members pay for mabatis; supported

with other income generating acgivities within the group. This also

builds community spirit.
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An Alternative To Roof Catchment is Surface Catchment:-

surface run-off from compound with a slight incline feeding underground
tanks;

Problems: bad water, and danger of children falling into underground tanks;
use polythene to cover the ground catchment area;

collect flood water and filter and/or treat with alum/chlorine;

build a stone wedge with a cement surface near the house and a drainage
into an underground container;

adjacent rocks as catchments to tanks - underground or standing tank

— concrete slab on a raised platform

gunny bags cemented with nil on a raised platform
- plastic sheets on a free standing platform

— 3 mabati sheets on a platform
Problem: surface area too small for family needs;

project the roof of the tank itself as a catchment area with mabati sheets
or concrete (if a ground tank);

collection of water from big trees (where available)
Guttering:—
- bamboo/sisal poles

- kimbo tins

~ polythene sheeting
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What are the different ways tank construction can be paid for (financed)?

How can cach different way work in practice?

What have you tried - what has worked, what has not worked?

Nine different financing pnssibilities were jdentifind,

merry-round (harambee) within group members and/or community
harambee from general community for:-

- individual tanks

- communal tanks

Joint community and agency (- Y.P.S., school tanks - parents contribute

labour, local materials, agency contribute

other materials (Action Aid, CARE)
individual funding - owner pays all (Tigania)

the individual/group donate their labour + local materials and an outside

agency pays for all the materials which the group keeps and continues
to revolve

income generation e.g. (i) independent of water tank (e.g. goat keeping
tried by CARE)

(ii) build tank and/or make building materials *

for tanks and 5211 (Action Aid)

(iii) use the water for income generation

a. water selling

b. wvegetable growing

c. poultry, etc.
grants from any agency (for demonstrations)

motivation - through advice only. Groups are organised to contribute
for tank constructions for individuals

- external grant - whole

~ part costs -~ 50:50 commonly used
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The Schemes Which Are Currently Working Are:-

- direct whole grants particularly for the larger tanks - with unskilled

labour and some local materials from the community (Mutomo, CARE, UNICEF)
- downpayment for ) cost - however, it is only the rich who benefit (individya.
and program pays % d‘
- credit scheme using revolving loan fund for % + % paid by program (Ukambaql)
- the group pays )% cost in advance + sand + hardcore; the other Z.is given
as a loan over 10 months. The group administers the loans; repayment l
direct to project bank account (Kamujine)
- individuals pay all - benefits the richer first, but does allow the buildig

to continue after the programme ends (Tigania)

~ full outside grants - does not develop self-sufficiency and the continuatlln
of the project is unlikely

Each scheme has its problems such as

- in a revolving loan fund it is difficult to ensure repayments. Repayments
are slow and often bring arguments with and within a group I

— full cash payment - does not easily reach the poor

— credit scheme can easily stop when the creditors pull out, but if it lastil

long more can be achieved

No one scheme seemed to be best to use. All those depend for their success

on the strength of unity in the group and the integrity, sincerity and abili&:
of the group leaders.

3
i
1
I
i
il
i
]
i
i



I Issue F

How do you in practice enable a community to:

wWhat have you tried? What has worked?

trust each other

feel each other's problems

have strong leadership and control it

know who will get tanks first

know their own priorities

know their own objectives

to create confidence in women and back up for them to be fundis

to create confidence and ability in women to run their own programmes

what has not worked?

The responses overlapped as all the points are part of one complex process

I in community/group awareness,organisation and leadership.

I

l
-

I

integrate water with other development activities

try to base all work on the group's knowledge

start where people's problems are at the time

help people to understand what is expected of a leader

project to select candidates, but group decided whether they want these

women as tank supervisors; (start as one of water committee and train later)

have small groups - each to have its own committee or leadership group;

group should choose its own leaders (not by us, external agencies or
outside leaders);

try to make each member of the group feel their opinion is important;

groups should work together on common activities;

the groups to know their own problems and what they want to do about it;

each group member should know and understand his/her rights;

group members make decisions together in open dicussion and share responsibilities;
form groups within a community so that membership is small (less than 50);
if needs are know, people will prioritise themselves;

minimum presence and direction from outsiders;

after group prioritises, outsiders can give input on options and resources
available;

group to have begun to define problems, common goal and to be active in

solving them before any programme intervension; o

confidence created through exchange visits between groups with same objectives;
the group to have a common goal;

the choice of the order of who is to get the tanks to be made in open discussion
(often the chairperson gets first tank)



Involving women more:-

women build houses - building tanks is very similar

special efforts to overcome women's lack of confidence and belief in themsellks

women training women fundis and women training men fundis

Y.Ps. should offer masonry, carpentry, etc. for women and Y.P women instruJon

need more support from authorities for women e.g. chiefs
encourage women's leadership training,book-~keeping
training women for whole career - or just to bring skills into the group?
to make women's problems an equally important discussion point
technical/aid people should listen to women and work .with them on solving
problems

not much has been done on creating confidence in women
Utooni has 3 women fundis - no problems (all are single)
80% of supporters and workers in Mutomo project are women;

5-7 projects
headed by women, and were successfully completed

women need support

at the next workshop 50% of participants should be women

i

The choice of order of getting the tanks is an extremely important and sensit
issue.

Whatever, the method of choice, the group should do the choosing.

Some criteria/method for choice are:

secret ballot for the order
age of member - oldest gets the first
distance from sources of water

the one who has the biggest problems

i
]
i
i
i
T
i
i
i
i

T
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The Participants Brainstormed A CHECKLIST of things to consider
tank construction program.

when preparing a

Social:-

- having the tank 1s not the immediate solution to water problem?

— is a tank the best solution? Are there other water sources?

how many people will use the tank?

water to be used for what?

how to organise, repair and maintain the tank

have a plan for financae which includes 1ocal penple

- start small, sit back listen to what y»ou hear and record and act on what
you hear

ensure proper supervision of fundis

have people seen a tank of this kind before?

is the design suitablie?

tanks can help community by reducing daily labour tasks

create good understanding between project, fundis and group

discuss openly with groups and formulate plan with them

will the community be able to carry on making these tanks after the programme
ends?

- safety and siting especially children falling in

what impact will tank have on community (positive or negative)

how to draw water from the tank

who will benefit from the project?

cost - don't believe costings till you've worked them out for yourself
the bigger the tank (for individuals) the bigger the problem.

Ground
tanks better for institutions than for individuals

Technical

~ survey tank site

check rainfall pattern, and dry periods - geographical area - heat (cracking)
- ground movements

type of roof - recommend mabati

is design suitable? There are many different designs.

Look at locally
available materials



use good materials - clean sand, clean water
. find out what other projects are doing
ensure proper curing

transport of materials and distance

sanitation ; keep tanks sealed and drawing points well drained (mosquitoes) I

don't try to design own tank, don't experiment using someone else's money
don't forget the wash-out pipe I

ratio mixing materials and the need to mix properly I
make sure the tank fits under the gutter

availability of trained fundis/technicians/engineers.

Make sure they are I
well trained

don't forget about guttering - price and availability



R esources :

Books:

"The Trbune, Newsletters No 20 and No 28, ‘Women and .

Water’, from International Women's Tribune Centre, 777 U.N.

Plaza, New York, NY 10017, U S.A (Extremely useful steps |

for people’s participation in water projects, addresses of
funding and techrical agencies for water supply.)
*Waterlines, quanerly journal of appropnate water supply and
sanitation technologies. from IT Publications, 9 King Street,
Covent Garden, London, U K.
*Appropriate Technology. quarterly journal, also from
Publications {address above)

1

IT

*OXFAM Field Directors Handbook, 1985, from OXFAM, 274 -

Banbury Road. Oxford OX2 7DZ, UK.

*Manual for Rural Water Supply. Publication No. 8, St Gall, 1980, -

SCAT (Swiss Centre for Appropriate Technology).

*Water Purification, Distribution and Sewage Disposal, Peace
Corps Manual, through Peace Corps Information Coliection
and Exchange, Office of Programming and Training Co-
ordination, BO6 Connecticut Avenue, N.W., Washington D C.
20525, US A,

*Ra.n Caichment Tanks (A Guide lor the Compleie idiot). Marvin
I Hamilton, from US Peace Corps Office. PO Box 68078,
: Mombassa, Kenya
1 *The Likihk Buk (nformation on hydrams), from Wantok
I Publications. P O Box 1982. Boroko. Papua New Guinea

and Rick Pam., available from IT Publications (address above)

I'Appropnare Village Technology for Basic Services, {rom

UNICEF, P O Box 44145, Nairobi, Kenya
*Ra:n Caickment and Water Supply in Rural Africa A Aanual,
Erk Nissen-Petersen, £2.50, from IT Publicatons {address
above)
*Water Resource Developrmen: The Expenence of U S Non-
Proft  Making QOrganisation” Programs, Issues ang
' Recormendations, Dulansey, from Technical Assistance
_ Informauion Cleanng House. Amencan Council of Vcluntary
: Agencies for Foreign Service Inc, 200 Park Avenue South,
New York, NY. 10003, US A
#*The Dwectory of Organisations Involved n Community
\ Education and Parircipation in Water and Sanitation, from the
International Reference Centre & the Water and Sannation for
ll Health Project, P.O Box 5500, 2280 HK, Ryswi, The
Netherlands
* People’s Workbook, Environmental and Development Agency,
Box 62054, Marshalltown, 2107 Johannesburg. South Afnca
*Technical Advisory Group to U N D P . Methods for ga:hering
) socio-cultural data for water-supply & sanitation projects,
l Mayhng Simpson-Herbernt, and Techmical notes on water
h supply and sanitation, {ree from The World Bank, Rm N-1008,
: 1818 H Street, N W, Washington D C 20433, U S A.

; 'Advice and Assistance:

a
{

water decade), 1 Queen Anne’s Gate, London SW1 95T, UK

t
!
i
|
|

Covent Garden, London, U K

' Water filtration for Third World wvillages through Rotary

, I International in Great Britain and lreland Equipment to cap

polluted springs, drawing from waterholes and 1apping sand

nvers, pumping from permanent lakes and nvers Donatons

l considered G S Cansdale, SWS Filtraton Lid. Great
e Chesterford, Saffron Walden, Essex CB10 1PL, UK

, ' _*GATE (German Appropriate Technology Exchange), Traditional

Water punfication in tiopical developing-countnes and other

information, Dag Hammarskiotd Weg 1 6236, Postfach 5180,

———Eschoorh, West Germany

VITA (Volunteers in Technical Assistance). 1815 North Lynn

. Street, Suite 200, Box 12438, Arlington, Virginia 22208-8438,

f U S A. Technical information on atmost any subject

*Appropriate Technology Sourcebook, Vols | and Il, Ken Darrow

*Water Aid (1he voluntary effort of the British water industn, {forthe

l'lmermedlale Technology Development Group, 9 King Street, -

| *UNICEF/NGO Water for Health Project, P.O. Box 6147
Nairobi, Kenya

*Water and Sanitation for Health Project {(WASH), 1611 Nos

I Kent Street, Rm 1002, Ariington. Virgima 22209. US A Nc¢

government organisations can apply for training courses

l *Water and Environmental Sanitation Team. Programn-
Development and Planning, UNICEF, 866 UN Plaza, Rm
A415, New York, NY 100017, US A
Very many of the UN agencies have water and santatior
programmes, including FAO, WHO, World Bank, UN
Development Fund for Women, UNESCO, UNEP, UNDP, ILO,
INSTRAW, HABITAT, and UNICEF

*International Reference Centre for Community Water Sucply
and Saritation, Postbus 5500, 2280 HM Ryswik, The
Netherlands

*TWIN Ltd (address above). documentation and informat-on on
different technologies, including irngation and water.

*Circular storage tanks and silos |
~ A. Gmali Spon Ltd. 1979 ‘

*Handbook for simple water engineering in Kitui
District, Kenya '
‘* < E. J. P. de Nooy

Available from the Diocese of Kitui

. Ferrocement water tanks

; ~ S. B. watt, ITDG Price £3.95

*Construction manual for 3,500 gallons - ferro-
cement water tanks

i = E. H. Robinson ~ Carribbean

? .

Appropriate Technology Centre,
P.O. Box 616,

Bridgetown,

BARBADOS.

- -

-

*Rainwater harvesting

- Pacey and Cullis, ITDG, 1986
Available from I.T. Publications

sNo Shortcuts :‘
- Nicky May and the Networkers
Price £3.75
Available from

CHANGE,

P.0. Box 824,
London SE 24
U.K.

Ideas on book-keeping, leadership training,
health, income generation, etc. for women's

groups water aid are also represented in Kenya.
Contract:

1=

®Action Aid and AMREF have a microfiche library
and reader with 850 volumes on Appropriate
iI‘ecMology. ‘



From: I.T. PubLications

WATER SUPPLY &
SANITATION

Appropriate Sanitation Alternatives: A
technical & economic appraisal

J M. Kalbermatten et a/ (World Bank Studies in
Water Supply & Samitation Vol 1) REW
Summarizes the findings of the World Bank’s
research programme on sppropriate sanitation
alternstives, and discusses how they may be
implemented. Intended primanly for plsnning
officials and policy advisers for developing cou-
ntries. 127pp. Hlus. 1982 (Johns Hopkins). £10 35.

Appropriate Sanitation Alternatives: A
planning & design manual J M Kalbermatten
et al (World Bank Studies in Water Supply &
Sanitation Vol 2)

Intended for project engineers and for technicians
and field workers, this manus! describes the
details of alternative sanitation technologies and
how they can be upgraded Extensively illustrated.
173pp llus. 1982 {John Hopkins) £1195.

Community Participation in Water Supply
and Sanitation: concepts, strategies and
methods Dr Alastair White

A practical monograph presenting options for
community participetion, the circumstances
sppropriate to promote them, and possible di-
fficulties to ba encountared. 180pp. Ulus. 1981
(RC). £10.75.

+ Wastewater Treatment and Resource
Recovery: Report of a workshop on high-
rate algae ponds, Singapore, 27-29 February

1980 IDRC, Ottawa, Singapore Ministry of
National Development
This report discusses wastewater, water treat-
ment, waste recycling, and renewable resources it
examines cultivation techniques, food production,
harvesting, and processing in Singapore and
Israel. 47pp. 1980 {IDRC). £2.25.

2| Water-pumping Devices: A handbook for
users and choosers Peter Fraenkel
A detailed and practical review of the options
available for pumping and liting water, especially
for irngation, on a small scale it demonstrates the
costs and general suitabifity of the different tech-
nical options 196pp. Illus. Forthcoming 1986.
ISBN 0 946588 85 0. £10 95.

Water, Sanitation, Health — for all?

A. Agarwal et a/

This book looks into the problems of particular
countngs and questions whether any significant
improvements will occur in the ten years of the
International Drinking Water Supply & Sanitation

Decade (1981-90) 148pp. 1981 {Earthscan) £3.00. '

,l Water Treatment and Sanitation HT Mann
L8 & D Willamson

A handbook of simple methods for rural areas in
developing countries. This corrected and revised
impression includes a new Appendix on planning
in developing towns 96pp lllus. 3rd edition 1982.
ISBN 0 9503031 23 X. £4 95.

9 King Street, Londorz. WCZE 8HW, UK |}

B ]Community water development

The Buba-Tombali Water Project, Guinea-
Bissau, 1978-81 Prepared by IRC under
assignment of the Directorate General for
Development Corporation of the Netherlands
A case study of a grass-root project in which water
was not only treated as 8 technical and scarcity

problem, but slso a hygiene and health lssue.
118pp. Rlus 1982 (IRC). £7.25.

[0 Edited and selected by Charles Kerr

This collection of articles from Waterfines snd
Appropniate Technology cavers the areas Sources
of Water; Abstraction, Pumping snd Distribution,
and Training and Maintenance. The Editor has
organized and Introduced articles which have
proved of particular intarest, In such g way as to be
of the grestest usa for reference and for training.
192pp. approx. Forthcoming 1886. ISBND 946688
23 0. £6 95.

Environmental Health Engineering in the
Tropics: An introductory text

S Caimcross & R. Feachem

Describes the many major infectious diseases in
tropicsl developing countries that are smenable to
control by health engineering, and discusses such
engineering with an amphasis an domestic water
supplies and improved excreta disposal. 296pp.
Mlus 1983 (John Wiley). £7.95.

Environmentally Sound Small-Scale Water
Projects: Guidelines for planning G Tillman
Whnitten for community development workers in
developing countries, to serve as a general guide
when planning projects which protect and
conserve natural resources. 148pp. fllus. 1981
(CODEL/VITA). £5.95.

Evaluation for Village Water Supply
Planning A M. Caimncross et a/

A guide to the evaluation of village watar supply
projects for engineers, rural health workers, de-
velopment field workers, planners and policy
makers  180pp. 1980 (John Wiley). £1320
{Hardback).

BFenocement Water Tanks and their

Construction S B Watt

This book describes how cylindrical water storage
tanks of up to 150 cubic metres capacity can be
built using wire-rainforced cement-mortar. it
covers design and planning, with an indication of
costs; standard and recommended methods;
slternative designs and construction methods;
calculations of the expected loads the reinforced
mortar must carry, roof catchment water supplies;
and sources of further Information. 118pp. Nlus.
1978. ISBN 0 903031 51 5. £4.95.

Water, Wastes and Health in Hot Climates
Ed. R Feachem, M McGarry & D Mara

A multdisciplinary approsch to the problems
associated with waterand.wastes in hot climates,
particularly those of the tropical developing cou-
ntries Provides a basis for the interdiscip
sctivities required to make best use of available
resources. 399pp lllus. 1977 (John Wiley). £5 00.
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Guldelines for Drinking-water Quality:
Drinking-water quality control in small-

community supplies Vol 3 @
For use by countries as a basis for the develo
ment of standards which, if properdy impl
mentad, will ensure the safety of dninking-water
supply Vol3 deals with smallcommunity
supplies, particularly in rural areas. 130pp. 1
{WHO). £7.00,

Floyd B. Taylor & Wilhlam E Wood

Contains practical and technical details of

plumbing systems as well as suggestions to

drawing up and administering 8 comprehenstv

code and the likely problems. For heaith a

sewerage suthorities. 180pp. Nus. 1982 ({IRC)
25,

Guidelines on Health Aspects of Plumblna

A Handbook of Gravity-flow Water Systeml
' New edition Thomas D. Jordan Jnr

struction of gravity-flow drinking water system
for rural communities in Nepal, but most of th
principles presented here are applicable in locat-
lons around the world. The matanal is organi

for quick referencs, and allows oversears of
engingering and non-angineering backgrounds
understand quickly and easily. 250pp. Ulus. 1384.
ISBN 0 946688 50 8. £5.95. l
Hand Dug Wells and their Construction

SB Watt & WE Wood

This definitive work provides practical ﬂep—bj
step guidance in the techniques of digging a

constructing 8 well. it includes the principles of
groundwater storage, the actusl construction, thi

The book was originally written for the con’

materisls required snd details of addition
sources of information. 234pp. Rlus. 1977. ISBN
903031 27 2. £5.95.

Hand Drilled Wells: A Manual on siting, I
design construction and maintenance
Bob Blankwaardt

A practical and well tested manual for all thoj
seeking to provide clean dnnking water g
hygienic sanitation by low-cost hand drilled wells
in a rursl environment. 140pp 1984 {Rwegaruli
Water Resources institute, Dar ¢s Salaam). £8 ;i

-Handpumps for Usﬂnﬂﬁﬁlifng/Waler
Suppties Tn Devaloping Countries
E F. McJunkin

A stote-of-the-art report, prepared under the
sponsorship of UNEP and WHO Includes the u
operstion, nomenclature, energy analysi
component designa and manufactures of vari:
types. 230pp. Nus 1977 (IRC). £7.25.

Wood and Bamboo for Rural Water Supply;
A Tanzanian initiative for self-reliance
K van der Heuvel

Describes a 9-month project using wood and
banmoo water ppes for waler supply. Wel
with detsiled techmcnl informatio
7Gpp Blus. 1



Hand Pump Maintenanca in the Context of
Community Weli Projects

compiled by

A. Pacey

A guide to the technicel and socisl problems
involved in commumty well projects, with sn

extension and evelustion of the different types of

hand pump sveilable 44pp Hius Revised edition
I1SSD (Oxfam/IT Pubs ) ISBN 0903031701 £2 95

Human and Animal-powered Watet-lifting
evices: A state-of-the-art survey
il Kennedy & Traudi Rogers

A report which covers the technical, socio-

conomic, and training aspects of this important
il;blect_ 160pp. lllus. 1985, ISBN Q 945688 75 3.
50.

boratory and Field Testing of Handpumps
oh Sing Tau

A'technical study containing detailed descriptions
0. field testing protocols of an easily maintained

andpump incorparating low cost plastics in the
anufacture of the below graund components

arnied out in Malaysia 138pp 1985 (IDRC) £5 00

aking the Links: Guidelines for hygiene
ducation in community water supply and
sanitation Maneke T Boot

simple description, for community hygiene
romoters and their traingrs, as well as planners,
chnicians and survey staff It discusses the main
water and sanitation related diseases 8nd how
they can be prevented or reduced as well ss

mmunity hygiene education. 82pp lllus 1984
RC). £3.75.

Manual on the Automatic Hydraulic Ram
r Pumping Water SB Wat

ontains details of how to make and maintain a
small hydraulic ram on 8 suitable sne The second

En 1akes a more technical look at ram perform-

o

ces and design considerations and contains a

eful annotated bibhiography. 38pp 1975 ISBN O
3031159 £395

lanual for Rural Water Supply
ghly detailed construction and maintenance
manual, with many ecale drawings lor the

nning and execution of drinking water projacts
Spp. Wus. 1980 (SKAT). £15 95.

A Model for the Development of a Self-help
?tev Supply Program C Glennie

sents one version of a practical model for
eveloping, with high community participation,
water supply programmes in developing cou-
ies 56pp. 1982 (World Bank). £5 00

+ Village Handpump Technology: Research

d evaluation in Asia Ed D. Shamp,
IGmham

is monograph presents summsnes of the
results of IDRC's Asian network of water-supply
jects It idenufies tuture research pnoriies,
cifically the need to investigale large-scale
nufecturing of the polyvinyl chionde (PVC)
mp andthe social and pubtic-health factors that
are an essential part of the programma 72pp. 1982

lRCl. £2 00,

lage Water Supply in the Decade:

Lessons from field experience C Glennie
es 8 fist-hand detailed account of a successful
gl water supply programme in Esst Afnca,

scribing how it ongineled and developed over &
period of 10 years 162pp Blus 1383 {John Wiley).

I 95 (Hardback).
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Participation of Women in Water Supply and
Sanitation: Roles and realities

Chnstime van Wik} Sybesma @
A siste-of-the-art survey produted jointly with
UNDP, based on pracuical experience drawn from
800 sources. It siso describes the benefita and
ways of invalving women in the planning, imple-
mentation, maintenance, e&valustion, health

education and agency suppont 200pp ilus. 1985
(IRC} £1075

Planning & Evaluation for Community

Water Supply and Sanitation
Wouter T Lincklaen Amens @

An annotated bibliography Includes information
on institutional arrangements, legistation, finan-
cing, manpower, technology and community
parucipation. 153pp Mus. 1382 (RC) £3 75.

Public Standpost Water Supplies

Ed A Pacey &

The findings of a study for the World Bank. It
provides insights into economic and financial
sspects of pianning sy well 83 \he social, organiza-

tionat and managerial agspects 104pp Nius 1985
(IRC) €725

Public Standpost Water Supplies: A Design
and Construction Manual @
A slep by-step method for engineers and techni-
cians. Drawings and bills of quantities that can

easily be adapied to local conditions. 92pp. flus.
1985 {IRC). £7.25

Rainwater Harvesting
The collection of rainfall and runoff in rural
areas Arnold Pacey with Adnan Cullis

This book emphasizes the importance of social,
economic and environmental considerations
when planning and implemenung projects For
rural development workers, itaims to fill the gap in
existing Iiterature on the gathening and storage of
waler running off surfaces on which rain has

directly fallen 224pp [lilus 1986 ISBN 0 946588 22
2. £7.95.

Rain Catchment and Water Supply in Rural
Africa: A manual E Nissen-Petersen
A simply wntten guide 10 obtaining a reqular water

supply using only locally available skills 96pp
Hlius. 1382 (Hodder & Stoughton) £2.50.

Rural Sanitation: Planning and appraisal

A, Pacey

This docurmnent is wnitten for hospital staff and
community development workers in Third World
countries who sre planning 1o st2n sanistion or
hygiens improvement programmes 68pp HMus.
1980 {IT Pubs/Oxdam) ISBN 0903031728 £395.

Small Water Supplies R. Feachem &
AM Camcross

A guide to small-scale water supply, with sections
on walef sources, pumping, Ueatment, siorage

and punification 78pp Nius. 1978 (Ross Instrtusia).
€3 50.

R ] Solar Water Pumping: A Handbook
8] Jeff Kenna and Bill Gillett

A 'state-of-the-art’ survey — together with guides
to costs and critena for choice of pumping

methods 132pp lllus 1985 ISBN Q 945688 90 7.
£1250.

Using Water Resources

The water section from the VITA handbook on
village technology, with information on sources,

hifung, storage snd purification 144pp iMus. 1977
{VITA). £5 95.

4 Rural Water Supply In Developing
Countries: Proceedings of 8 workshop on

training held in Zomba, Malawi, 5-12 August
1980

This proceedings discusses low-cost renewsble
energy technologies now available or being field
tested It presenta guidelines for new directions in

rural water supply training 144dpp 1881 {IDRC)
£450

t Rural Water Supply in China

A teanglation from five Chinese manuals on water
supply techmiques, this report discusses potable
water, source improvement, water treslment,
supply configurations, and well driiing and
repairs. 92pp 1981 (IDRC) €3 50.

SSF Caretakers Manual J T. Visscher &
S Veenstra Revised edition

A practical msnual covering stap by-step technlcal
sspects of the slow send filtration process,
community involvement, operation and mainten-
ance, clearing and resanding 80pp. Illus. 1988
(IRC) £3 75.

Small Excreta Disposal Systems
R Feachem & AM Cairncross

An exttamely useful introduction 1o a ranga of
tenitation techalgues, with sbundant detsll on
smaller systems, from pi privies 10 sewefdge
systems Sdpp Hlus 1978 [Ross fnstitute) £3 00,

Small-scale Irrigation Peler Stern

Ul This excellent and clearly ilustrated book hes
been wntten prmanly for those working wilth
farmers on development and exiension in rura!
areas wha do not have ready accest to much of the
technical know-how needed for developing irri-
gated agriculture on a small scale. 176pp litus.
1979 (IC/IT Pubs.). £5.95.

Sanitation in Developing Countries
Ed A Pacey

Tha result of 8 1977 conference at Pembroke
College on non-sewered waste disposal, with an
emphasis on the relationship between sanitation
and health. 238pp. lllus. 1878 {John Wiley). £3 95.

+ Sanitation in Developing Countries:
Proceedings of a workshop on training held
in Lobatse, Botswana, 14-20 August 1980

These proceedings discuss sanitation and waste-
dispossl techniques in Ethiopis, Kenys, Tanzania,
Maiawi, Botswana, Zambia, Mozsmbique, and
Lesotho i examines dsvelopment and training
ptogrammes for professsionsl, technicel, and
villege-level personnel. Recommandations for
specific follow-up sctivities are included. 172pp.
1381 {IDRC} £4 50,

Sanitation without Watar — New edition
U Winblad & W Kilama

Deals with dry systems for on-sita composting or
disposal of excreta and organic residues. 133pp.
fllus. 1984 (SIDA)}. £2.50.

Septic Tanks and Aqua-privies from
Ferrocement SB Watt

The boak Is for public heslth engineers, planners
snd field workers engaged in improving sanita-
ton. It describes the potential of ferrocement as a
construction material; the problems of denrign of
seplic tank and aqus privy systems snd the
vanious technical options In low-cost ssnitation;
gives details of how septic tank snd squs privy
waste treatment and soifl dispossl units sre
designed and constructed, end gives step by step
construction detsils of a farrocement septic tank
built for the commercial market. 108pp Ilus. 19584.
ISBN 0 903031 95 7. £4 95.



WOMEN

Appropriate Technology Journal: Women’s
issue

The December 1982 1ssue {Vol9 No 3). 36pp
£2.25. (see page 37)

Blacksmith, Baker, Roofing-sheet Maker —
Employment for rural women in developing
countries Manlyn Carr

A source of ideas for all those who are helping
develop cash-producing work for Thud Warld
women. It uses over 50 case studies to show how
less conventional projects have developed the
earning power of women in more competitive
fields of activity, the evidence is taken from 22
countnies and covers 38 trades. 158pp lifus. 1984.
ISBN 0 946688 15 X. £5 95.

The Domestication of Women:
Discrimination in developing societies

B Rogers

Examines how development planners deal with
issues relating to women, including discrimina-
tion against women in development agencies,
distortions in research, and data use for develop-
ment planning and myths about women’s

‘natural’ place n  society. 200pp. 1980
(Tavistock Publications) £5 50.

The Impact of Technology Choice on Rural
Women in Bangladesh: Problems and
Opportunities Glorna Scot and Marlyn Carr
Mechanization of the major agroindustries in
Bangladesh has resulted in the loss of thousands
of jobs for rural poor women. This paper analyses
the cause and effect of tha adoption of new tech-
nologies, particularly in the rice milling industry,
and attempts to show how alternative technology
improvements make greater economic sense as

well as produce more positive effects for women.
108pp. 1985 (World Bank). £10 00.

Improved Village Technology for Women's
Activities: A manual for West Africa
Contains practical possibilities for the utilization of
agricultural wastes and the by-products of
women’s processing activities. It focuses on four
main processing activities — cassava, vegetable
oil, coconut and fhish. 292pp. 1984 (ILO). £10 00.

The Tech and Tools Book: A guide to the
1 technologies used by women around the
world Ed J Sandler & R Sandhy

A research manual of appropriate technologies
used throughout the world in women’s projects.
Includes sections on support systems, a credit
traiming and technology transfer 200pp. Mus.
1986. ISBN 0 346688 17 6 (IWTCAT Pubs). £7 95.

Women in Development

A resource guide for organuation and actions
intended for all concerned with the integration of
women in development projects. 228pp. lllus.
1983 (ISIS) £395

Women and Small Business @

A collection of articles on tha women’s perspective
on topics relating to earning income, including
credit, marketing. production and management.
Originally published in the IWTC Newsletters from
1981 to 1985. 120pp. Illus. 1985 (IWTC). £6 95.

Women and the Transport of Water
Val Curtis

The haulage of water is one of the most arduous
and tme-consuming tasks for rural women. This
paper looks at the scale of the problem in general
and in particular in Kenya, and suggests ways in
which impraved methods of transport could help.
64pp. Dlus. 1986. ISBN 0 946688 42 7. £5.95.

+ Women'’s Issues in Water and Sanitation:

New responses to an age-old challenge
K P, Plipino

This publication documents the results of 8
seminar held in the Philippines in 1984, by revie-
wing women'’s past efforts in water supply and
sanitation activines and presenting abstracts
about ongoing research. 200pp. 1388 [IDRC).
£6 00.

Ferrocement Tanks

A filmstrip which describes in
detail the step-by-step construc-

tion of a ferrocement tank.

Available from‘ﬂgglgrﬂgigbbgnsf,,

Nairobi.
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PRESENTATION FROM CARE INTERNATIONAL IN KENYA

I RURAL WATER DEVELOPMENT

CARE’s present approach is moving aweay from pumping water projects to
' low cost water proejcts with minimal maintenance cost. Such as

gspring protection, lining and equiping of shallow wells, excavation

of dams, (pans) gravity flow pipe systems, solar pumps and roof
I catchments.

CARE gets to the community through direct contact or through Ministry
l of Water Development, Ministry of Culture and Social Services and
other NGO’s to support the community efforts in completing Lheir

ongoing projects. 1t is at this stage that CARE, in collsboration
I with the above parties including that community, assesses the needs
for water supply.

l Although the community has various needs for water e.g. Domestic use,
Livestock, Irrigation etc. by and large the provision of water is
determined by the availability of water sources depending on
geographical conditions of the area. The priority for watér needs
goes to Domestic use,. In order to meet this need we consider the

most economical system that can provide potable water to the

community, over the years we have found out that roof catchments meet
these requirements.

ROOF CATCHMENTS

CARE has focussed its assistance in roof catchments in primary
schools, secondary schools, and health centres with the hope that the

idea of roof catchment and storage water tanks can be duplicated in
the homes of the community members. We plan to build some

demonstration tanks at individual homes to enhance this idea of roof
l catchment.

ROOF CATCHMENT_ TANKS

GCAREhas—developed—three types of roof catchment water tanks in

various parts of the country depending on availability of local

materials and fundis, in order to minimize the cost of building the
tanks. These type of tanks are:-

1. Ferrocement tanks

2. Rubble stone tanks/undressed stones

3. Baked bricks

Ilhndng these tanks construction CARE emphasises on cost sharing where

the community provides local available materials such as sand,
l(hard core) unskilled labour.

and skilled labour

stones
CARE provides the remaining materials
including supervision.

ICARE trains the fundis from local Youth Polytechnics Instructors,
ex-graduates of those Youth Polytechnics and local artisans. After
their training CARE contracts them to build the water roof catchment
tanks in various sites and they are paid by CARE. The fundias are
motivated by giving them more contracts and paying them down payment

lzﬂ.agreeable percentage while the rest is paid after the completion
of work. We have no credit scheme on this

issue at the moment.
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Presently the tanks that have been constructed have shown no problems
at all. The community however, are aware of carrying out any

necessary repairs and maintaining the gutters and the tanks. The
quality of water in few tanks which were not covered is bad and
arrangements are underway to cover them otherwise quality of water inl
those tanks which are covered is good. All the roof catchment tKanks
built by CARE assistance are ground level tenks.

DESIGN OF TANKS

MINISTRY OF WATER DEVELOPMENT STANDARD MASONARY WATER TANKS l

Formerly CARE used 1o build tanks as per MOWD standards which were l
found to be expensive and required extensive skilled labour which in
most cases is restricted to MOWD fundis only. It is due to this high
cost expenses that CARE decided to explore on low cost technologies.

Through other NGOs e.g. 20M3 tank costs about Shs.40,000/= (2,000/=
per 1m3).

The Danida started building this type of tanks at Mutomo Kitui

District and their ceapacities vory from 10M3 to 560M3. CARE promotes l
the 20M3 tanks (Sece Lhe nttanched sketchen). From expericnce we have
modified the plaster by making -the outside plaster a continuous run
from roof to wall, this has also rcduced the cracks between the roof
and the floor. We have also introduced the use of water proof cement
which was not there before. This strengthens the walls and prevents
the leakages. In some areas the roof has been changed to G.C.I. roof'
slanting inside thus providing more catchment areas.

¥

FERROCEMENT TANKS:

The advantages of these type of tanks are (1) cheap and local

materials hence low cost, few people are required for labour. Time

taken to build the tank is ebout 9 days. Sizes of tanks can allow
for wide choice.

The disadvantages of ferrocement tanks is that it requires a minimum l
of about 6" of water in the tank at all times. We started working
with ferrocement tanks in 1985 and we have not known of its life

span. The cost of 20M3 ferrocement tank costa about K.Shs.12,000/= l
including labour (Shs.600 per 1M3).

RUBBLE TANKS l

The idea of rubble tanks came to CARE through a Peace Corps Volunteer
in Kisii in 1985. These type of tanks vary from 5M3 to 100M3.
Rubble tanks construction involves the use of hadcore as the main

ingredient of the tank walls with minimal mortal built by use of a
mould.

The roof is covered with G.C.I. sheets or plain sheets. The
construction of 10M3 tank takes about 18 days to complete. No

mofification has been made. Currently we have built tanks ranging
from 10M3 t0 20M3.
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The advantages of this tank is intensive use of local materials e.g.
stones, cheap, takes few days to construct, very minimal leaks.

The disadvantages of rubble tanks is that they cennot be built
anywhere one wants because it requires a lot of stones for the

wallas. The mould requires a pick up and at least it might be easy to
make one at site which will require the service of a carpenter.

The cost of 20M3 rubble taenks is K.Shs.21,200/= including labour
(K.Shs. 1060 per 1M3)

BAKED BRICKS

Brick tanks have been in use for many years in arens where bricks are
locally available (made). Bricks are generally made of sandy soil

mixed with water, moulded and sun dried. The dried bricks are baked
for construction. ’

Currently we have built tanks ranging from 10M3 to 20M3. These sizes
the bricks are laid horizontally like blocks to give a wall thickness
of 6" (150m). Barbed wire and/or hooping are used for
reinforcements. They are covered with G,C.1. sheets.

Their advantages are that more local available materials used are
contributed by the beneficiaries.

The disadvantages of this type of tanks is that they can only be
constructed where soils are suitable for brick making.

The cost of about 14M3 is about Shs.7,240/= approximately 520/= per
1M3.

PROPOSED CREDIT SCHEME

Although the type of tanks mentioned are cheaper than MOWD tanks the

community (who are considered poor) cannot be able to construct thenm
in their homes as they will still appear expensive to themn.

1t is proposed that the idea of a credit scheme might help if NGOs
together with Government of Kenya could come up with idea. The
NGOs/GOK can make funds available for individuals and arrangements be
made for the recovery through a financial institution similar to
other credit facilities offered by other organizations such as

A.F.C. I1f this iden is encouraged this might assist in providing

potable water closer to the comminty by the year 2000 as per
Government of Kenya target.

SUMMARY

The decision of the type of n tank to be constructed rests on the
community, therefore the technical advise should be considered
appropriate at that level. (Community level). Through experience we
have found that the types of tanks we have mentioned sbove are
applicable in different parts of the country with the necessary
modifications, depending on the geographical location.

Contribution from: Boinett, Oluoch & Muroki
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Catholic Diocese of Kitui Water Program

Frank Gray

The Diocesan Development office has this structure with all the work carried

out through self-help groups and institutions.

Dev. Coordinator

Education Health Agriculture

Institutions Selfhel

groups

Water Development Degartment

Thirty seven (37) people are employed by the Diocese on two (2) year contracts.

Outside contractors are used when needed particularly for the roof catchment
tanks.

Water Staff

Water Engineer and co-partner
Technicians (2 Nos.)

Building Inspector (1 No.)
Area Coordinators

Fundis (16 Nos.)

(6 Nos.) + outside sub-contractors

Roof catchments (6 Nos.)
Storeman/clerk/typist

The area coordinators' role is to organise groups, - objectives and priorities,

and to enable the groups to provide the local materials and the food and accom-
modation for the fundi.

It was found that the best systems for the poorer people are wells, springs,

and rock catchments. Whereas the roof catchment tanks are more appropriate

for the more affluent familles.



In the program the local/individual contribution is less for wells, springs

and rock catchments than for tanks.

The program had built more than 1,000 750 gallons water jars but although

they had received few complaints they felt unhappy with the construction (tran!

port of the filling very difficult, cracking, leaking limited caﬁacity).

In 1986 the Diocese received increased funding for tank construction and so

the program began to review their thinking - rainfall, storage possibilities,

and program guidelines.

Mean annual rainfalls approximates to

Central:- 750 to 1,000 mm.
Southern/Western/Northern:- 500 to 750 mm.
Eastern:~ 500 mm.

Storage:

Ex. on 5m x 3m house {average house size)

Vol. available/year = 5 x 3 x 750 x 80 = 9,000 litres

Ex. on 50 litres/house/day

Vol. required (to cover dry season of 4 months) = 4 x 30 x 50 = 6,000 litres
Max. cap. decided as 10,000 litres (2,000 galls.)

10 cu. m.
Most homes have restricted headroom which limits tank size.
The larger storage the less appropriate for poorer families. :

. However, roof catchment is the ultimate water supply system for Kitui in an
affordable price range.

Main Program Guidelines

1. Tanks designed to suit individual households

2. Tanks to be within affordable price range???

3. Maximisation of group participation

Improve efficiency for construction and transportation

5. To reduce dependence on imported materials.

The self-help groups must demonstrate that they have a committee able to run
other projects and be able to operate as a group and make group decisions.

The group decides on who gets the tanks and in what-order



New Program

Began in December 1986 and January 1987 in training fundis to build a variety
of different tanks.

it is

This workshop including the area coordinators whose job

to organise the groups for the water system the group itself has chosen.

The costs, designs and construction techniques were all compared (a mabati

tank was not built but costed for comparson). . B

Tank Comparisons:

l. *G.C.I. circ. tank

2. Ferrocement water jar

3. . Maclakos type tank

4. Ferrocement tank (Watt)
5. Ferrocement tank (Unicef)

6. Traditional burnt brick tank.

Comparison Costs Include:-

1. All materials (local and non-local)

2. 10% contingency

3. Labour costs (local and non-local) (40/= per day for fundi, labour 25/=

per day)
4, Food and accommodation costs

5. Transport costs (3/= per km. for vehicle use).
6. Overheads

The findings were:-

Type Overall Cost Capacity Cost/ Diocese Group
Ksh. (1987) Gallons Gallon
GCI Tank 7,480 2,000 3.74 6,350 1,130
Water Jar 3,008 750 4.01 1,540 1,469
Machakos .
type 4,949 1,200 4.12 2,759 2,190
Wwatt type 5,734 2,000 2.87 2,570 3,164
Unicef type 7,231 2,000 3.62 4,371 2,860
]

Brick type 6,174 2,000 3.09 3,204 2,970




T e v

"*-"'f;‘j:ﬁfc';;:_pm';ger‘\t;"§i~ogpé}iinie.1'5 planned to construct 2,000 tanks in the next two
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The program decided to build the tank as described in Ferrocement Water Tanks

and Their Construction by S. B. Watt (ref:

Resource Section for more details)

Frank did not want to give more conclusions as he stressed that each programmel

area will have different needs and costings. l

e.g. A 1[200 gallon tank cost 1,900/= in Machakos and 4,049/="

in Kitui. This is due to cost of materials, construction tech- I

niques and what is calculated in the costings. '
Comparing directly costings from program to program is inaccurate - the only

way is to build the tanks and compare for oneself. --

years.

Tanks ) ] I

Mabati-férm was prebared, fundis trained + the first 5 build in public placesl

for demonstration. The capacity of these tanks is of 2,000 gallons. Total

built = 150.

Mould

Made 61‘ A sections of C61 sheets 6' high int.

8' — 6"

wall thickness

il
n

floor " - 3" _ a»

floor reinforc. = 6mm bars of 12" ¢/c

Wall reinforc. = chicken wire + plain galvanised

wire 12g.
Corrugation

Cover : plain sheets or 26ft.)

Timber frams 3" x 2"

Cost:
cement, sand, ballast Ksh.1,650/=
other materials Ksh.1,450/=

labour transport +

contingencies Ksh.1,100/=
Total Ksh.4,200/=

-
H

%" outlet + 14" w/o l



Advantages/Disadvantages

Makes 1t easy for fundis to construct, uses little time to build (to apply
plaster)

Sometimes car is needed to transport the mould (if distances are
sively long)

exceg~

People's Participation

People pay the overall costs ) No credit
All the tanks so far built, were ; scheme no
for individuals y Bubsidies

First design had no roof (to keep costs low) but it was added later.

Present Set-Up:

2 crews of fundis using 2 moulds under the supervision of a head fundi who

is also i/c of purchase and organisation of materials. People requesting

tanks pay first to avoid problems later. Fundis are liable for major repairs

if crack occur due to poor construction (not because of faulty curing)

5,000 gallon tank

Mainly built for storage tanks in rural water supplies. Some design used,

with more reinforcements. Cost = Ksh.12,000/=.

Started only recently.



Discussion

What coordination and exchange of ideas is there within the District?
Only through the DDC

to that people and programmes could easily work together.

There is plenty of scope for such activity and great need for tanks, l
(However, there is often more confusion and difference over payments l
and contributions rather than confusion in designs, between programmes).

Why did you stop the jars construction?

Mainly because of the difficulty of transporting 36 bags of wood chippingi

which is used as the filler. We tried more locally available materials

such as sand or manure, but they did not work so well as wood chipping. l

How was the jars programme organised?

Responded to requests from established groups. The jars were built by

sub-contractors. The revolving loan fund was difficult to administer

and slow to revolve. The organisation is now carried out by the area.
coordinators.

Are the area coordinators given guidelines to help group in the proqcess
of selecting the order of who gets the tanks first? .

Not yet, but it must be done soon, and will be decided by workshop group
decision within the programme.



20TH NOVEMBER 1984

WATER JAR CONSTRUCTION ——

GUIDELINES FOR FUNDIS

The following is a brief set of guidelines for fundis constructing water

Jars under the wing of the Kitui Diocese. Any fundi constructing such water

jars will require several weeks of practical training before attaining a

reasonable level of competency. Below are guidelines for fundis who have

reached this level.

Notes:

All mix ratios are as follows:

cement:sand:kokoto
e.g. al" : 3 : 2" mix is one portion of cement, three portions of

sand and two portions of kokoto.

The sand used should be clean, coarse river bed sand, sifted, if necessary,
to remove any stones.

All plaster must be mixed thoroughly and hence be of a uniform colour.

An enormous amount of local participation is always essential in any

Diocesan water project.

DAY 1

LOCATION OF WATER JAR: A suitable site should be found for the jar bearing
in mind the following- )

l. the proximity of the catchment building, e.g. house,

2. the roof guttering,

3. the wishes of the people concerned.

FOUNDATION:

1. Dig a hole which taks the shape of a segment of a sphere. The diameter
of this hole should be 4 feet 8 inches. The depth should be 1 foot

as in Fig. 1.
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F1ll this hole with 1 inch kokoto and compact them well.
Form a ring of bricks, at least 9 inches high, around the edge of

this hole and secure them with some binding wire. Fig. 2.

Kokoto

bl‘lcks

Onto the kokoto, pour 3 inches of a 1:3:2 concrete mix and beat it

well.

M N A S EE A B W En En m W .

Cut 12 lengths of wire each being 20 feet long. Lay these wires evenl‘

across the top of this concrete with their centres meeting at the
centre of the foundation. These will be used for the vertical rein-
forcement wires. To the centre, attach one length of wire at least
360 feet long. This will form the horizontal reinforcement wires.
Suitably position the pipe on top of this concrete.

Pour in a further 3 inches of 1:3:2 concrete. Beat it well. Smooth
and level the surface with a steel trowel. Cut a hole through this
concrete to the outlet pipe. Apply a generous coat of Nil (cement
and water paste) to the surface. The thickness of the foundation

concrete is now 9 inches.



C. THE COVER:

1.

Dig a hole again in the shape of a segment of a sphere - 2 feet 4 inches
in diameter and 4 inches deep.

Place a Blue-band tin in the centre of the hole to allow for the inlet
gutter pipe.

The reinforcement is formed as in Fig. 3. out of double inter-twined

strands of binding wire.

Oulyr Eir\
Dia meler 2£+

Inner Ri
Diamebee ~Ginchag

—— raclhal kg

Fig. 3.

Note:
All wires are doubled and intertwined.
Pour two inches of 1:3 mix into the hole and beat it. Position the

reinforcement centrally. Apply a further 2 inches of 1:3 mix and
beat well.

DAY 2

D. CONSTRUCTING THE BODY OF THE JAR:

5.

Remove the bricks from around the foundation.

Position the mould bag centrally on the foundation. Stuff the bag
with wood chippings, compacting them well as the work proceeds.

As the water jar will take the shape of the stuffed mould bag, it

is very important to ensure that the bag, when staffed, is level and
symmetrical all around.

Apply a generous coat of Nil all over the bag.

Apply one coat of plaster % inch thick all around. The mix is 1l:2.
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Fig. 4.

10.

11.

FINISHING OFF

The Main Body Reinforcement: (Fig. 4.)

Make a dobule stranded ring of wire 8 feet 2 inches long and place

it over the top of the jar.

i
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Bring up the vertical wires and loop them under this ring to overlap
themselves by about 12 inches.
Wrap the long wire (in foundation) around the jar in a spiral fashion,
maintaining spacing of 2 inches between each horizontal wire, continuin
up until it meets the looped over section of the vertical wires.

See Fig. 4.

From a point 2 feet below this attach a long piece of wire and connect
it from the end of each vertical wire to the horizontal wire in a
diagonal manner as shown.

Apply a second coat of plaster (1:2) leaving a rough finish for binding

to the final coat.

—===DAY 3———m

Apply the final coat of 1:2 plaster with a smooth finish.

————DAY dee—n

1.

Remove all the wood chippings from the jar and replace them in the

sacks.



Remove the mould carefully.

Thoroughly wash the mould.

4, From within the jar, apply a 1 inch thick coat of plaster (1:2) along
the joint between the wall and the floor of the jar - coming 3 inches

up and 3 inches in from the corner. Apply a generous coat of Nil

over this plaster.

5. Also, from within the jar, check for any flaws in the wall of the

jar and cover them with a generous coat of Nil.
CURING

Fill the water jar with water. It should remain full for at least 20
days.

APPENDTIZX

MATERRIALS REQUIRED:

Sand...ccieencnaann ceeesiesecteanss 10 wheelbarrows
Cement..... e esecescnssecsasansan 5 bags
Kokoto.....c...... eessesscsesssess 4 wheelbarrows
Wire........... tesesansnscansases 5 kg,

= T o T esensesaes 1
Pipe...ciiiieieneiiniiiierinenensn 1

Socket..... ceeceecaans cesnecscans 1

Water...... teecsseresseasensssess 3 drums
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lMachakos Diocese

Presentation by Patrick Kasyula

l 1. The development office started construction of water tanks in 1986 with

I only two people involved.

2. Before starting the construction they had visited many women's groups

l and seen water problem as top priority as these women used to buy corrugated
iron sheets tanks which did not last long (1 ~ 2 years) then they start

l leaking because of rust.

3. The cost of these tanks was very high - (3 - 4 thousand shillings).
i.

The couple started with the building of water jars which after a short
period became unpopular partly because they were small and partly because

they were not durable.

They moved to concrete tanks which are very popular in the whole district
and outside as well e.g. Kitui, Taita, Meru, eotc.

l because of the strength.

They are popular

There are over 3,000 tanks of this type in the whole of Machakos District.

At the moment more than 100 development groups are involved in the con-
struction of these tanks.

The procedure is that the client individual/group fills a form in the

development office and pays a fee of Shs.100/= for the construction of
the tank.

llO. There are three sizes of tanks:

I 900 gallons - Shs.l1,600/=
1,200 gallons - Shs.1,900/=
. 3,000 gallons - Shs.5,300/=

People choose

"what they want and what they can afford.
Ill. If one starts

with a smaller tank and later requires a bigger one the
group he belongs to does the construction without involving the Diocese.
|I12.

The development office serves even those who do not belong to groups but

individual tanks are more expensive in that bulk buying and transportation
I is not involved. For groups they build more tanks, therefore more materials
l are bought and transportation becomes cheaper.

So individual tanks ‘in
this case will cost more.

.13. Since the services are requested by many people

in far places of the district
the client is usually requested to send a fundi

to Machakes for training
in concrete tank construction then gnes back to

carry out the consatruction
for the client.

It is cheaper in that only training fee would be involved.



Materials used:

Gauge 24 corrugated 1ron sheets (taken to a factory for rolling)

Cement
Sand
Balast

Cement, balast and sand are mixed to the ratio of 1:4:3.

Problems:

Barbed wire 12)4 gauge l

Only one tank in the programme leaked and this was attributed to poor mixing
of cement, sand and balast.

Qeuestions

Does the Diocese organise the groups?

No, they do not because they can only work with already organised groJ's
The groups (development) are formed for that particular purpose and l
when the work is over, they disband.

The Diocese improvises in the construction of tanks but there is no I
outside assistance.

The Diocese had donors especially for the training of fundis and sincll

the withdrawal of the donations, the Diocese has to charge more for
the building.

The fundis are paid Shs.200/= per tank.
- 900 gallon tank takes:
11 bags of cement

1 wire mesh

1 kg. of water proof I

There is no set rule on the types of gutters for the roofs. The commur

or individual can have them made from used tin cans of kimbo, blue bafjd.
etc.

The programme was started by the Diocesec with a grant of Shs.20,000/= with
two people and then the communities were involved later.
- The tanks of not go beyond B ft. high otherwise they will collapse.

— Other problems are: The projects are too many

the groups also are too many
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MACHAKOS DIOCESE

P.0. Box 640
Telephnne 21442
MACHAY OS

RAIHWATER T AHNK

The Machakos Catholic Diocese is selling 3 kinds of Rainwater Tanks., A 900
gallon, a 1,200 gallon and a 3,000 gallon. (Resp. 4,000 litres, 5,400 litres
and 13,500 litres).

The tanks are made out of concrete rings, using corrugated iron sheets, half
circular ben as a mould. The concrete is reinforced with barbed wire.
The appro:ximate sizes and prices are:-

900 galls. 1,200 galls. 3,000 galls.
Diameter 1.79 m. 1.79 m. 2.6 m,
Height 1.65 m. 2.40 m, 2.50 m.
Price 1,600/= 1,900/= 5,300/=

This price includes construction materials, skilled labour (1 fundi) and
transport. However, it excludes aggregates, sand and hardcore (which have
to be collected by the owner).

One should also provide accommodation and
food for the fundi,

2 casual labours and water for the construction. It will
take approximately 6 working days to complete the tank.

After completion,
the owner should pour water on the tank (inside and outside) 3 times a day
for 2 weeks for proper curing. Gutters are also exlcuded from the price.

If you are interested start the following procedure.

1. Fill application form, enlcose registration fee of Ksh.100/= and pay
for the tanks at the Development Office.

2. Prepare the site with the required aggregates, sand and hardcore.

3.

Make arrangements with the water tank coordinator, Mr. Patrick Kasyula

for the exact place of the tank and for the day of starting the con-
struction.



Required materials for the tank.

900 gals. 1,
Cement 9 bags
Weldmesh 8' x 4°') 2
Barbed wire % role
Water proof cement 1 Vg.
Outlet pipe + tap 1 (%)
Timber (6" x 1") 70 ft.
Timber (3" x 2") 100 ft,
Poles -
Nails 3 Vg,

Local materials (to be provided by
owner)

Aggregate (/")
Sand

20 wheelbarrows

20 (1]

Hardcore 10 "

Leo de Vrees
WATER ENGINEER
MACHAKOS CATHOLIC DIOCESE

200 galls.

11

2

% role
1 kg.
1 08)
70 ft.

100 ft.

3 kg.

30 wW/Barros

30 "
]O (1}

3 kg. ll
1 (%)

120 ft. I
60 ft. II

8
3 kg.

5 tons
5 tons

3 tons

17/2/87
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APPLICATION FORM

WATER TANK PROGRAM

MACHAKOS CATHOLIC DIOCESE

1. Thise application should be filled in duplicated one copy
for the applicant and sent to the Water Department
Diocese of Machakos P.O. Box 640 Machakos

2. The application forms must be accompanied by a registrat

ion fee of 100/- to be paid to the accounts clerk
of the Development Office.

Name of Project:

e — e e e T . e et St . s S s S B S S o

pivision__ Location__
Sub Location__ village__
i
The Project is located____ Km/miles from___ (Township)

s . g ey i e e e s e e el e e S P . T S S i e o S R . s . Pl e e o S M — —— — —— — ——— —— — — — i S S S — w— S

e e e e e e B S . e e B e S A — . o Sy e e e Sy S e (s e o S S Sy Sy S . Yoo S St S e, S e A S i e e S G W S
—— e s s . — e ——— — ey o St Ay e e Y S Y e St W S (e St S ey S S WD G

e et . . e . g S et S e S e Sy S ey S P S S Sy it S G

DESCRIPTION OF THE PROJECT - Indicate clearly what you

prpose to do, how many families will be served, which

water source, etc

——— e e et s e e e e

Designation
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A ROOF CATCHMENT WATER TANK PROGRAM IN MACHAKOS DISTRICT, KENYA
g .
8B o8
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This article describes a practical experience on a rainwater ® 3 ® .
tank project currently under implementation by the water department ; :’: : ~°
L] - ~n
of the development Office of the Machakos Catholic Diocese. It is 3 0 d e 0¥
both the technical design as well as the method of implementation : 2 -;-:E E . 55 2 .
which pade the project to become 2 success. 3 oA u e
K N Qv » Qv
[ . [ [%
Q> oo o Qu jIE jl
In a preiod of two years some 1200 tanks were constructed serving 2 0 Qs Y 4 _t T
8000 people with water for domestic use. The project is still expan- . s HM = o SN gE{:z 1 -
ding with a growing construction rate, presently of 70 tanks per ~ - o :J - ¢
_ month, ) N ) = R ER
X o xl o o lo| &
8 ~ sl o~ <ESHsLY
The desian: © . ° Q s o
The design is made for a cilindrical water tank of barbed wire s v y VS
reinforced concrete. Its volume ranges from 4000 1{tres to 5400 /g S W et |
Titres depending on the heighth. (See also drawing). U j‘;J
- o‘l 'y i -
oot oszz oot

o’

bar schedule
floor slabd

concrete watertank made with corrugated firon
Thiadens)

mould; volume 5400 liters ¢

design; A.C.

95

figure 1.
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These volumes are recommended for small family homes with a
minimum: roof catchment of 20m2, normally built of corrugated iron

sheets.

In most parts of the District annual rainfall measures 500mm and
above, divided over two rain seasons in the periods March - Mary and
October - December. This means that in a dry period of 100 days, the
water consumption should be rationed to resp. 40 or 54 litres per
day per tank before the next rains refill the tank.

The mould (shuttering) is made out of corrugated {ron sheets
(24 Gauge), half circular bended. These half circle sheets are joined
together withbolts and nuts to form two rings (inner and outer).
Bending of corrugated sheets {s quite common in the Kenya Hetal
industry. In almost every district's Capital a bending machine {s
available. The reason to use corrugated sheets, instead of flat sheets,
is because of the form stiffness it creates in the radical direction
due to 1ts corrugation. A fairly thin metal sheet can be used and it
does not require any extra reinforcement such as stell strips. Thus
the mould becomes 1ight, cheap and easy to transport, compared to the
type of mould made from flat sheets or timbers. At present in Keﬁya
the corrugated mould costs Ksh. 1200 (or US$75) and can be used for

at least 50 tanks,

Note:
Naturally the same technology can be applied for tanks with

bigger diameters. So far the Project constructed some 70 tanks of
3000 Gallons (13.500 litres) for institutions 11ke schools despen-

saries etc.

Building proces step by step

Day 1: Construction of foundation with the floorslab and the first
wall ring. Labour: 20 workman hours.

L
Day 2: Mould to be 1ifted to construct second wallring (Fig. 2)

Labour: 6 workman hours.

figure 2. the second wallring being constructed.

Day' 3: Third wallring. Labour: 6 workman hours,

Day 4: Remove mould so as to start the plastering at the inside.
First coat mix 1 : 3, second coat mix 1 : 2. (Mixed with
water proof compound) Final coat with pure cement.
Labour: 20 workman hours.

Day 5: Fixing shuttering and reinforcement, after which the roofslap
will be concreted. Labour: 20 workman hours.

Day 6: Outside wall to be plastered and the water point to be
constructed. Labour: 10 workman hours.

Day 7: Until day 14: For proper curing the tank should be kept wet
by pouring water at least 3 times per day: 7 workman -hours,

Day 14: The roof shuttering can be removed and after clearing inside
the tank is ready for use: 6 workman hours (Fig. 3)

LS



a tank. It is this effect of spreading which has made the project to
figure 3. the water grow extensively.

tank Is ready.
Other advantages to work with groups are:

1. It is economical to construct more tanks in the same time in a

certain area.
2. It becomes worthy to train a local Mason chosen by the group.

3. Group members will heip each other in collecting sand and stones.

In some groups the members help financing each others tank by

contributing a monthly fee. For example, a group of 50 members

' contributing 50/= each per month, raises a total of 2500/= enabling
them to built 2 tanks. Thus in a period of 25 months all members

-

are passed.

o

Vi

Project costs: (based at 1985 prices)

In pelow diagram a break down of the average cost on the yarious . \

tanks s listed:

89

Cost Subject Tank volumes (prices in Ksh.)

' " 4000 litres 5400 litres  13.500 litres
If everything ts well planned, one mason can build two or even three
tanks in the same time. Local materials{sand,stones) 100/= 125/= 300/~
Haterials from hardware
' supplier (cement etc) 1080/= 1280/= - 4360/~
Implementation method: foulds 20/ 20/ 40/
I} a = n
The project’s objective is to work with groups. Transport 100/= 125/= 400/=
Once a group is prepared and has paid for at least 3 water tanks to Skilled labour 200/ = 250/= 400/=
the water Office, the implementation process starts: The water office Unskilled 200/= 250/= 400/=
provides transport for local materials such as sand while stones and Administration & Management 200/ 200/= 200/ =
unskilled labour are provided by the group members themselves. During - —
the construction of the first three tanks the instructor trains a local Total costs (Ksh.) (bgg?{;) ) (Sgg?é;) (Séggéa)
mason. Usually after a short period more people get interested seeing
these tanks and start to make efforts to Join the group, and pay for
Note: exchange rate: 1 US$ = Ksh. 16/50 (October 1985) .



Comments & Questions

It takes about 15 days working time to complete the construction of such
a tank.

Tt costs not more than 15,000/- topether with Iocal contributlion,

Hand pumps cost 925/= which 1s contained in the cost of the tank construction.

Maintenanees of the tank and oump i done by the gronpn and the teatned fundin.,

The expenses are met by the groups thrcough their committees.

Q How well are the committees working~

> o r O

Projects are selected by the sub-DDC and committee members are selected
by the groups themselves together with the Assistant Chiefs so they must
be accepted by the groups.

How many tanks have been built?

So far 42 have been built and this year it is planned to have 47 built.

Have you had any problems with the tanks?

Reinforcement has been a problem but it is being phased out.

The water is used for domestic requirements at the moment.
The other problem with these tanks is cracking in the base but now proper
mixing is ensured for the whole construction.

The only way to clean the tank is by someone climbing into the tank and

cleaning it thoroughly before the next rains. All clients and consumers

are advised on the cleaning methods accordingly.
A follow-up on the capacity and how long the water would last is not very

good but it can be used for abour 4 - 5 months.
These tanks are mostly constructed in schools and other institutions.

After excavation, the plastering is done directly onto the soil in the bottom.
The community supplies the water for the construction of the tank so it
really does not have to be near a water point.

Thickness of the wall is 4"

Water-proof materials are not used because of the damage they would cause.

Mutomo Mark 4 Pump is used for pumping the water out. (This pump has been

development by the project).
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MUTCLO SOTL AND JATER CONSZRVATICH PROJECT:

A hemispherical ground tank of forzo—cement -.
at a primary schooles The tank's volune is

78,000 1litres and its cost, including puttering,
is Kohe 15,&00

EFxcavation of ¢the hemispherical shape 48
gulded Yy a radius wire 312 co long which 1w
tied t0 a peg on a s0il centre poste

Upon completion of the exvavation and remowval

of the centre pos%t, the wnll of the excavation
18 plastered with a mortar nixture 1s3.

After the excavation has bdeen plastered with
a 2+5 ca coat of mortar, 1%t io ready for
Treinforoement,

Tho reinforcemont consists of 2 rolls of

barved wire 16 g and 3 rolls of chicken wire
1" menh,

The chiocken wiro is nailed onto the plastered
wall with 2} nails. Owerlapping of the wire
should not b less than 15 cme Thercafter
barbed wire is nailed on top of tho ohicken wire,

The barbed wire is nailed in a spirsl that is
apaced about 25 ca apart and bogins at the
lowost point of the excawvations The wire is
also nailed in wertical lines that are gpaced
at 25 om ad the top of the excavation.

After completion of reinforcenent, two ¢ 2.5cm
coatsof nortar 4e plogstercd onto the reinforcomont
and snoothened %0 finishe This work cust be
conpleted within one and cured with polythene
shcetinge '

Tho plactercd groundtank is heightened 60 cn
Yy a brick or stons wall and reinforced with
8 rounds of barded wirces Boofing shoots are
then nailed onto 4" x 2" timber supported Ly
a contro post of 13" Cel. pipee

10.) Square of triangular cutters with sidrting

30 o long are fixed onto the 1oof of the

8chool, Skirting prevento opill-over of
M -off during otormae

61
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Sisal poles and creeper vegetation are a
cheapor solution for roofing than tron sheets.

Groundtanks are also built for colleoting
run-off from rocks,

A hemispherical groundtank built of murranm,
lime and cement holds 22,000 1itres and
costs Ksh, lpmo

Excavation is guided Yty a radius wire of
210 cm fixed onto & centre post, which will
be removed later,

1 portion of cement, 4 of lime and 32 of
murram are mixed with water.

The moist mixture is plastered onto the walls

of the excavation in a 5 cm coat and smoothened.

On the same day as plastering, a watertight
coat of 1 part cement t0 4 parts lime is
mixed with wvater and applied with a trowel
onto the still moist plaster.

The intake channel must also be completed

with plaster and a watertight coat within
that same day.

Thereafter the walls of the intake ohannel
and the tank are levelled by an extension of
stones set in the same mixture as the plaster.

This type of low-cost tank can be used for
storing rainwvater run-off from roofs, rocks
and ground surfaces.

This cylindrical tank of ferro-cement holds

20,000 1itres and costs Kshe 13,000 including
cgutters.

A circular excavation JO co deep is filled up
helfway with concrete, 131214, S cm thick.
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B.ReCe wire mesh &8s placed on top of the
concrete together with a draw-off pipe unit,
Thereafter the excavntion is filled up with
anothor 5 om of conorete and compacted,

A c¢ylinder of B.R.Cs wire mesh, radtus 191 cm,
is placed in the woet concrete,

The lower end of the oylinder is tied fimly
to the BeReCe. mesh placed in the foundation.

Chicken wire is thereafter rolled tight
‘around the oylinder of Be«R.Cs wire mesh.

Binding wire, spaced 10 om apart, is then
rolled tightly around the chicken wire,

Sewn-together sacks are rolled around the

cylindcy and tightened against the wiring with
rounds of string.

From the inside of the cyliner a 1 cm coat

of mortar 113 is smeared against the wiring
and sacking.

k
The following day, the saging is removed and{two
a1l cm coat of mortar 133 is plastered onto

+he wall from the outside and then cured with
polythens sheeting.

After completing the outer plaster of two coats an inner coat of

_morter 133 of 2cm thickness is.applied and the following day together
with a coat of cement slurry for water proofing,-

This ball-shaped tank of ferro-cement holds
7,000 1itres and costs Kshe 2,100,

Rings of iron rods, 8 mm, are formed around
circles of pegs.

A totsl of 17 rings of various sices are made.

The rings are tied together to form & ball with
a diameter of 240 cm,
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Chicken wire, 1" mcehy 3c tied tiphtly

around the ball leaving only the map-hole
‘B'!B"iopw\.

1 xoavation for the tank is done with a
racdiuc virec, 125 on longy fixrd to tho end
of a8 stick 65 om above groundlevcle

kortar, 1:3, 4s plastered 4n & 3 cm coat
onto the sidecs of the excavation,

The ball of rcinforoement 4B Bot into the
otill moist mortar,

Btrands of scwn—togother sacking material are
tiod tightly cround the balle Rounds of
string keep the sacking in place,

A coat of 3 cn mortar, 113, is plastercd
onto the reinforovedont and sacking material
fron the insidee The surface is smoothonsd

rnd made waterticht with a coat of sturmS Coma
BlUrTy, * T

Tho folloving day the escking is removed and
& thin layer of plasteyr, 133 om, is applied ¢to
the outslde of the tanke The tank ip then
curcd with polythene sheeting for 2 weeks,

Trionguler guttora,'hanm.nc in a skirting, are
fix0d 40 the r00f for harventing rainwaters



MUTONO _SOIL AND JATER CONSIERVATICR PROJECT

Mutomo Office,
P.0. Box 125,
HUTCHO,.

wc/11/9/20 16th February 1987

1o Materials for 78,000 1tss G/T. KXsh. 15,000.

k) Chicken wire Rolls. 16G.

2 DBerbed wire Rolls 1m. x 2,5 cm.
47 Bags of cement,
20xg Nails 24"
15 Tons of Sand, -
6 tons Hard Core. (Big Size)
30m_ Polythene Sheet.
30 Drums of 200lts of water,
Roofing of %3,
230 ft. 100mm x 50mm,
4kg 4" Nails.
15 Iron sheets 3m. 32g.

Tm. Chicken wire. (1m x 2.5cm)
3¢25m. 1%" Piller Pipe.
4kg Roofing Hails,

Construction time 15days for 2 sHilled fundis -

Proportion 113,

2. Bezspherical Cementflime/Marrum G/T. 22,000lts cost Ksh 1,300/

(Without Roofing. )
20 Bags Lime
3 Bags Cement
4 Tons of Good lturram,
3 tons of Hard Cores.
20m Polythene gheet.
20 Drums of water .
Construction time 5 days 2fundis.
Proportion 1cement 4limqt 32murram,

- 2 -



AA/nks,

3.

4.

FPerrocement stading W/T. 203mo

B.R.C. 1 Roll. Ho. 65 or 66,

Cement. 25 Bagso

Chicken Wire 2 Rolls 1m x 15 mm

Sand 3 tons,

Ballast 2 tons.

25 Drums of water.

Binding Wire 10 kg.

Draw Pipe + Tap

Sugar Bags 20

S3isal Twin 1 Roll.

Labour and working days, for 2skilled fudis.
Proportion Concrete 112:4

Hortar 113

Cylinderical Ball Tank, 7.0001ts cost Ksh,
8mm Remforcement bars. 80m.
Cement 10 Bags.
Chicken Wire 40m. of 1m. x 2.5cm.
Birding Wire 3kg.
3m. x 15>mm Horse Pipe

15cm x 15mm Piece of Pipe
working Days 2 Bkilled fundis 5 days.
Proportion 113

Alphonce Atisa.
Senic~- Construction Foreman,
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4. Excavation.
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5. 1st Coal of Mortar. 6. Ring-beam

Chicken wire.! mesh noiled

One round of barbed
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Tigania Small Scale Water Schemes presented by Hienricho Gofer

1. Haistory - Started in 1982 as a result of Rural Health Program communities
requests:
provision of a safe water supply

1lst feasebility studies - carried out

-

2. Problems - No surface waters apart from seasonal streams. The three

possible alternative water developments:

- piped gravity supplies from springs
- underground tanks

- rainwater harvest

3. Water Jars - Commenced late 1982 after fundis were trained in Machakos
(Utooni). Water jars capacity = 500 gallons. Ten of these
jars were built in centre of subsidised prices; construction

method: bag + saw-dust filling.

4. Organisation/participation

~ People paid 60% , project 40% in cash people collected
sawdust, transported it + provided kokoto + water for con-
struction. Total cost + Ksh.l1,000/=. Some people requested

2 - 3 jars/household - bigger capacity storage.

5. Tanks - Mabati form was prepared, fundis trained + the first five

(5) built in public places, (often schools) for demonstration.

Tank capacity = 5,000 galls.
Total built todate = 150
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Mould made of 4 sections of CGI sheets

6 ins.

Wall thickness
Floor thickness
Floor reinforcement

wall "

Outlet

Cover

Cost

6

i

ft. high with interior diameter 8 ft.

2 ins.

3 - 4 ins.

6 mm diameter bars at 12 ins. separation

chiken wire plus plan galvanised
wire 12 gauge in each corrugation.
% ins. plus 1% ins. w/o

plain sheets (26 gauge) on timber

frames 3 x 2 ins.

cement, sand, ballast 1650.00

other materials 1450.00

labour, transport +
contingencies 1100.00

Total Sh.4200.00

The first design had no roof (to keep costs down) but was added later.



People's Participation

People pay the whole cost - no credit schemes

- no subsidies

All the tanks so far built were for i1ndividuals.

Advantages/Disadvantages

(a) Using a mould makes 1t easy for fundis to construct, uses little time
to build (especially to apply plaster)

(b) For long distances a vehicle is need to transport the mould.

Present set up

- 2 crews of fundis using 2 moulds under the supervision of a head fundi
who is also in-charge of purchase and organisation of materials.
- People requesting tanks pay first to avoid problems later.
- Fundis are liable for major repair if cracks occur due to poor construction

(but not liable if due to faulty caring - that is the fault of the owner).

9,000 gallon tanks

— started only recently.
- used primarily for storage

same design as for 5,000 galls.

with extra reinforcement
cost = 12,000/=

Observations/Comments

- the water committee chooses who was to regesjve the first tanks, doubt
if the poorest people were chosen first;

- after the first 10 jars were built at subsidised cost (program paid
60%) interest fell;

-~ subsidies have stopped continuity of the program. Now it has been better

since the people pay all the cost right from the beginning of the program;

— Jars too little capacity to be useful therefore turned to tanks;

- think it is better to have 2 x 2,000 gallon tanks than 1 x 5,000 gall.
tank;

- the system of individuals paying the total cost doesn't make tanks
accessible to the poorest;

- mould costs 4,000/= (in 1983);

~ the mould sheets could be put vertically, bent by hand and flatten out
after use - this could reduce costs.



guestions

>

> O P O

> O P> O P O P o P o p

wWhat problems did you have?
At first built S tanks of 2,000 galls.

but the people showed no interest in them.

If the fundi is to be liable for repairs how do you ensure he returns?

We keep close contact with all the fundis.

How can you be sure of proper caring?

You can't. You can eyplain to thae ownern bot 1L ds diffienlt Lo get
across the importance.

In Utooni it is the fundis who are also responsible for supervising
the caring.

If a tank develops a problem is it difficult to know whose fault it
was?

No.

Do many people want to train as fundis?
No.

Are your designs free to use elsewhere?
Very, very!!

How are the fundis supervised?

By trust.

Are the fundis paid as full-time employment, or by the job?

On casual basis.

Does the floor need the reinforcement or it is just for security?
Not tested to be sure.

In Kitui Diocese there is no floor reinforcement and has not created
any problems.

in each centre as a demonstratio
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Kamujine Presented by Patrick Mutia and Karen Iles
Kamujine Farmers' Centre caters for farmers groups, women's groups, 4K clubs l
and Youth groups.

Eight months ago, after women's groups had outlined their main problem as I

being water supply, KFC began its water project. Their first idea was a gravity

pipe, but after visiting Utooni in February, 1986, a team of fundis from Utoonil
then returned the visit to KFC and trained fundis in the Kamujine area to

build ferrocement tanks. 3 teams of 3 fundis were trained in Kamujine, and .

later 2 more teams of 3 were set up. 24 tanks have already been built; it

would have been more but they have run into a problem of lack of materials. I
The groups organise themselves and aim at independence in the future.

- The members contribute money to a group account so the group is in

charge. . I
- The group pay half the cost of the tank and the project lends them the -
other half, which they re-pay over 10 months. l

The group then reimburses money loaned by the KFC project by bank transfe

- Group members provide sand and hardcore;

r,
the project delivers the rest
Tanks are being built in the coffee zone therefore there is cash availabl
to pay for tanks construction.

1

They want a simple technology that the groups can handle and build and are

using the same construction techniques as Utooni.

They have also planned a water seminar to train women to make their own tanks,

meaning greater self-reliance.

The main source of water is rivers, and the main problems are the distance
for women to carry water; back, head and neck aches.
considered:

Alternative ideas

-~ wheelbarrows (which some men use)
- gather water off roofs into pots and drums

- hydrams cost 3,000/= at Murang'a Institute of Technology

For the poorer and drier areas where there is less income from cash crops,

there is the question of how to collect water from grass roofs becomes very
important.



Utooni Development Project presented by Joshua Mukusya

The project began 1n 1978 and the first three years were spent organising

the community and seeing what would work®
The aims of the project as i1dentified by the community are:

- providing water

- improving the food situation

- 1mproving health facilities

- storing seed

- 1ncome generating activities

- livestock production

- dealing with social problems

- training and educating the community
- revolving loan

- planting trees

Nine committees were set up with one central committee made up of representa-
tives from the nine committees. Their first step was to seek help from the
Ministry of Agriculture on soil conservation for a sub-surface dam. Though
not entirely convinced about the technology, the Ministry of Agriculture
donated cement and the dam succeeded. Thereafter more were built with support
from World Neighbors and Oxfam. Success in building dams gave the community
confidence to go on and build tanks for water in their homes. They first
tried brick tanks - but these were too expensive. Secondly they tries water
Jars for 2% years, but 1t was a big burden on the women transporting sawdust

from village to village.

Thirdly they moved on to the UNICEF type of ferrocement tank with corrugate
iron moulds. However, they found that removing the mould cause cracks and
leaks. Sot they began their own design of ferrocement tank using sisal poles
for moulds. They checked the design with the Ministry of Water Development,
but 1t was the artisans of the project who were the designers, and the tanks
are still surviving. They build these tanks with capacities of 1,000 gallons

(cost 1,400/=); 3,000 gallons or 5,000 gallons (cost 5,400/=).



Recently using the experience and designs developed in Utooni the project
together with World Neighbors made a filmstrip which i1n over one hundred
photograps describes the detailed construction of a 1,700 galion ferrocement

tank.

The filmstrip will soon be available from World Neighbors either in Nairobi

or from Oklahoma City, U.S.A.



1
WORLD NEIGHBORS

RESENTS TWO NEW
FILMSTRIPS ON
"WATER

ANAGEME

ESUB-SURFACE DAMS

A Water Catchment System
Built By Villagers

IMany villages lack an adequate supply of
water throughout the year. This filmstrip tells of a
project iIn Kenya that improved conditions in the
community by building dams across dry riverbeds
which can trap the rush of rainwater and siltduring
the rainy season. These sub-surface dams hold
back rainwater that would otherwise run off, store
it in the sand and silt that collects behind the dam

.and protects and filters the water, producing a
source of easily collected drinking water year

Iround. The filmstrip presents the techniques

26 Cut preces
re|nf0rc|ng ba
piece Should

n the rock

les |
25 Drilt bo einforcing

bed 110 hold T
pars The holes

n
at least 1 inch deep. and long
o

each row,

rom €
inches \ne holes are
about 4 feet apart

of 14-inch
¢ Each
be 6 - 8 feet

necessary to successfully build a sub-surface dam.
How to select and prepare a site for dam
construction 1s discussed. Dimensions and
materials are suggested, and the step-by-step
procedure for completing a sub-surface dam is
given in detail. Although photographed in Kenya,
the construction methods are applicable to all
countries. This 83-frame filmstrip has a full-frame
format and is produced in color.

tung
29 Before pu y
ate te mnto the T
he 28 Some w concre
27 The concrete for sprinkle @ layer ©
first level of the dam 12 cement onto the
mixing his will he'
made by s of sand base T stick
wheelbarrow ant concrete 10
with one bag of cem rock base



RAIN CATCHMENT
FERROCEMENT TANKS

Rain water catchment tanks near the home are a
solution to water supply problems for many village
families. Bwilt using ferrocement, these water
tanks are capable of storing 1,700 gallons of water
that can be gathered during the rainy season, and
easily accessed when needed. This filmstrip tells of
a projectin Kenya that successfully adapted, tested
and developed a technology for water tank
construction. The filmstrip describes how to select
the best site for a tank, gives dimensions and step-
by-step instructions for construction, and explains
what materials are needed. Although
photographed 1n Kenya, this process of
construction is applicable to all countries. The 106-
frame filmstrip has a full-frame format and s
produced in color.

Apply a tayer of 62 Besuretopressfirmly 63 A final waterproof
ster Into the tank into the spaces between coating is needed to seal
the steel wire mesh and the inside wall and the
the sisal poles floor For this coating, mix
Y2 bag of ordinary cement
with V2 kg of waterproof
cement and a bucket of
water

64 The mixture shouldbe 65 Spread this mixture 66 The nefjiHa
hike a thin porridge smoothly on the inside the sisal pot
wall and the floor Let it
dry overnight

Please send me the filmstrip(s) indicated below:

$10.00 (U.S.) each.
$

Name

(U.S.) total enclosed. (surface mail postage is included in the above prices)

Address

Country

OPlease send me additional information about
World Neighbors

copy(s) of SUB-SURFACE DAMS with 0OEnglish/ O French script. $10.00 (U.S.) each.
copy(s) of RAIN CATCHMENT FERROCEMENT TANKS with O English/ 0 French script.
Send to
World Neighbors Development Communications
5116 North Portland Avenue
Oklahoma City, Oklahoma 73112, US A
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STAND NG FERROCEMENT ;
WATER TANK

Consn‘uc:hqn
Manual

This tumk 15 excellentHor stoni Muster collected from rooﬁsmﬂhc’nﬂrs 1t can
akternatively bv,sd'up—tvm?;:g,wzxrw Because it 45 a standing tank, ﬂ'ﬁeasy
'bunﬁxbmw—thl,dmwuxer means a.‘tnpm%e,ﬁwrof-{-h ¢ fank.

'l}z,-hudccmube,fmabe 4n Hzes, u?‘(n sSowbicmaus. The oize
deseribed An detnil here (0(35 20 cubic meters, o 20,000 lifers, and has a
mmm M\Bjusr auer Huree and a. half meters. Dimensions and mateals Lsts

gmaller fauks ane mside.
scansfmcmow manwval s intended 4o be useb arfisans oo  are

unbmg:w; or-have compleied @ period of trzinimg en building the tanks. -

(L{ (' )
U C@ r TECHNOLOGY SUPPORT SECTION

P.0. BOX 44145, NAIROBI, KENYA



_ 3 - ,wwmwi.

T TANK SIEING . - - -

The T size famnk s ‘Wawmwb seldam obvious. eed.
m ﬁww%fﬁ, \y\;:@;ﬁw e and, i ui:ﬂmm' it |
be,m"aséawwﬁw WWWW‘:W%W I

One Wiy to choose 45 1o calcvlate Hie avaslable . :‘Uv‘alathle,, w

have « that 15 5 meters wide 20 Mmaers +hen
ﬁag@ﬁe@m#l%wemm(lwml)%ﬁ%c l
Mow live in averades 500 mm of rwinfalh a , then camcniwlml
He av L amoumt of water would be able 4o collett U a fanie.
Mol € two ruwmbers, take Go% of Hns figure (becavse m‘\hj abod
J4o% w2y that” falls on the roof will make At wio the tand). l
[00m* x ,500m x .90 = 45 m3 = 45 000 Uters storage. l

E%W%season lasts for many months, then m'rzbucemetmx_apl
size amoumnt of waker uring that pebiod, However, the keli

of (o should b taken -into account? I mio drowgas are

Hhen AF 45 advisable to 2 able fo store wkcess from heavy rain yéars
fo carry *hrbubo\, brbvcyu' Seasons.

Altematively, you can choose yowr fankk size by estimating demand. 1f,
example, gou have a (arge yoof (cﬂ‘fxanw KTd (e Hie ,ﬁdure,),ama I
200

’%Efr %S,Mj;lfo Uters per vy, and the brv 5€a50TL ‘)W“ufj (asAs l

00 lifers X 200 days = 20,000 kturs = 20m3 storage.

both metHads and tuke te (arger result if the b adford t.
%‘Ewaoqu(urabtbnwﬁ reduced “with IMUjer‘t;lka: quam .

The dimenstms and quunbers of of cement mertioned in the fext I
tothe 20m3 size, holding 20,000 Gters. If o larder famk -5 desired the
radit and civcurtference wilk it Refor o e table on the follow P:uf
mhe.se dimensions. The 4hiexness of the walls and the haghfu;? +h

remains the same.

tanks anll reQuire more time to

construer, and each step will requiremore }ﬁoﬁ"a"‘,
cement fam 6 noted (n 4he instructions, W?Lninﬁﬁv.
Tanks of 40mTand 50 m? will require wel

A center built of masonry to soppott _

*“Cﬁnkﬁewn;ﬁuﬁon?mﬂmbs D

Xv;esel\tebha‘e will aork ot toks DUEE AR IR
e as 50m3, but are ot .

sufficient for langer fanks.
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COMPARISON oF DIMENSIONS ror STANDING FERROCEMENT TANKS
- } lOmi-zom’ 30m> 40-m'5 50m3 - -

F Givensions

- Water ty (tfers) © 10,000 240 30.000 40,000 50000
Pase diameter (meers) .02 410 4.95 530 6.30
Radius at mesh (m) 136 1,91 2.35 270 3.0

. Mesh circumference

+30 em overlap (m) 385 1230 M. 9% 726 19.2
Height of wall (m) 180 /.80 .80 .30 1[.80

Ingide radivs (m) 133 1,88 2.30 2.6t 2.98

MATERIALS anvo LABOUR For STANDING FERROCEMENT TANKS

(TEM 10m® 20m® 30m> 40m3  50m3 1‘5-7&
. tank 11 18 27 41 51
Bags cement: roof 3 5 7 9 2

fJo.~1"

Total 14 23 34 50 63

Meters BRC weld mesh, 6%6" 7 4,

; 300 <400 6K0.o 66.0
mesh, 7' X 150 roll, ne. 65 or66

. .5 . .
(U mesi) 20 2 3.0 4.0

Kg binbinq wire 1oguge o 10 13 16 20

Ppedelivery/scarsysem, %47, 4 4 1 2 2
each: bow/

id

bend

itCeJoi nr

2 lscmw)secﬂqsww
L B0un(a0Dsectionthreadedpipe

1
i
i
i
i
i
] Rolls 3'x 100’ chickenwire 7 o
|
i
i
i
1
1

1 ocking

1 threading plug
Cubic meters clean sand 15 25 3 4 5
Cubic meters 1° ballast . 8 1.3 2 25 3
Meters - ©mm round bar ° - o- o- 39
Bricks or concrete blocks : ° -e- 35 35
Drums water (estimate) /13 20 25 3o 35

BUILDING TIME (2ay3) ) g9 13 14 I F

l Man-days casual (abourer [6 27F 29 56 68

B Mon-doys skited acisan. 16 2F 39 56 68
. TOTAL COST:




| TooL LSt - i3
® shovels (/ é X} @ W/WN
® lebo @ mason's trowrds f

® wood floars @ @ rectumgular steel rowels

& <Tog
@MW&% @ pliexs A
@ e NN

4or measuning :

— S .

(@D kawais amd buckets

ON — '

@ measuring tape @ comvas sewing needles
:
, _ 2 pieces polyethelne plashic sigett
@Zkg. s1s5al twine ® R@y Pls‘{n X 15 uommhﬂ?'
© spirit level (P25 larag woven plastic sugpr sacks |
| ’ =
Aol e
{ 2.(01\3 A\ g
ers ( @ sormpuoad ard poles {7 i
|



standing feTocement tank, 4’

o T JOBS IN BRIEF:
| Excaurte feondation

On o sokd, level, well-packed area near Hhe roof catchment™ area, mark,

O @ circle of 2.05 meters madivs, vsing a string and 2 sticks as ghown.
lDig a shallow cylindrical hole 10 i deep.

e area B <loped digfirst a the Lowest end. Aﬁwmmm? o deptiv
of IOLfcm, Proccea to dig 3@{‘09 hid area, ensuring that the {o nbai?gf\ 15
{eved.

H the sorl 15 very sandy or harbors witite ants, 34 another 60 em down
l anbﬁél, Wit hardcore (fist = 5ized stones) and a final layer~ of ballast (’h:,ftu
#he holes rtween the larer stones) ,

H are building on a hard rock surfdce, then it 15 wnneces to
I dg. tﬁ&boarbs, dones, o blocks to mark off the 2.05 m radiuvsTircle.

I . Mark ot another cirde with aradivs of 2.05 m nearby. Then et a

Ptece of BRC weld mesh 4.(0m (o from-the rol. LA:./ 7t our on the arcle
as shown. Trim dff the cormers lyingoutside +he circle and save the pieces,

—2.15m——»

t  ORC can easly be curin a rwmber of
ways. The most efficient 5 to
a hard stone, or & lage hammex or a
mattock. (shown) beneath the BRC,and
ten at 1t umcold chusel and hammer
( ). A hacksaw works,

P ora panga
1 but 15 very slow.

l 3 \O" 7 41om
/ |

—

top view of BRCwire



'Do\{i,cm\{\mcb - 87 - Sfbndr\qfcﬂocmuu {anke 3 l
- = Cut another piece of BRC. 4,10m long from LTS -
the roll and lay 1t over the remainimg part of ~ T |

- tecircle. Make sure the ov between e 11

2preces 15 ax least 4 full (15em) square. iy ]
'fﬂmwbsavefmpleces outside the eircle., V/

Tiethe 2 preces of BRC toether unth ghort
eces of (o binding wire. The final
i on of ole ot gerwcto?/ereb with E:E‘CSMU

IR I o T

1ed tngthe remai cornerpeces
(cufeax‘lier -:)y last prece o?ugf?lc S agau,
make sure all overlaps are at least 1 folk N
square. The {loor orcement” 15 mow N
complete. I S B B P2 e

a ™)

A si ethod ing the BRC with 16 gayge bind wire 1 to
Usesc:nmglfon hooKT’Piot:oofzt‘smabe é\’éx’/ wire and Wpebngs Showr -
Cut the binding wire into (0em lengths and
NN bend them into Hus :

<o %

N\ !

CD’C’)/\ N\ ‘
Ry -~

Hook the wire wnder the
oV BRC and insert
+he ool inside and around

the wire as shown.

Twist countercloduuise
vntil the tops of He wires

break off.
SN

.

Now cuta 12.30m long p(eoc, of BRC =
from the roll . Starnd the wimm oin
the two ends togerher; using (i'oeces
of 16 qauge binding wire as described )
above. You should have a eylinder with . -
an overldp of Z0um (2 sagares). — ;

The circomference should be 2. SREEES

RT

|

TR
| ]Ll
in
L

IHIN
CH

RINIRIRE

meters, and the diameter should be
3 32 metars, —

|




- Doy 4, —c,anh'""eb . 88 - stnranq‘&.nwm %) -

_l At-i‘r—wiwﬁmnottm BRC wylinder; _ivehb‘-ghe vertical wire ‘
mmt_s hmuwhwy Berd every otierone. unside, .
l +he ones betwlen ourside He circle, o X

rigpr-angles. The wires will be tied 1o the -F(oo:ﬁ
l velrforeement on Day 2., :

NALX L

1

//
l 1 any of the BRC wires have cameloose, - /(
be sure to tie them back toaether; -”/A
ecially ot he bzﬂvmtol%e MOA™ S
I zlfwgm required of e tanke wall ’P

6 Hhe botom 6O em.
I Bend all of the fop vertical BRC wires inwmwrds fo rouguly & 45°angle .

| The walk BRC 15 Now reaby. lz“ 5o
I .

Mark out another circle with a yvudivs o 4.90
l Wbe blg on end (n the center (Anyhc'?qm Mﬂxm' o hﬁme%ro; 1555’;0&3&
Cam be usel)

! 2 s Tw
l 45J, <_\‘._“_ |
J . Unrolk severad meters of BRC weld mesh. :&L will eut triangolar pleces
rom 1t and tie them todethes o form the W
. ’t'ésimtcogmrovert} sane)sb awt and make a markon
the end, as shown w the iwm. Countover 3 move SQUes
mﬁm@ another masrtc.
. 7 \\ By /“ Y ;
[
l / N / I8
" ] \ / :
B |
l / A A t - \\
\ / H
1 \
/ > [ 5
\,
I il N\ .
| 14 saares A3 I4 savares o

Cux +he triangolor pece manked YA Thew, laying Hhat piece onto the

remasn mﬂnﬁﬁ,MWm&mm% ical to 4t.

Cut evenyotherone "upsn'be down “ as (B a cold chisel and hammex
| (or a.pardp) over a. stone o mattock. or hammer; asdiscussed before.



- Take onep(ece ard placeqt onthe cirde -

-Doqi. continued o _ 88 .—

so thar the cesder of e bottom foint labeikd

VALY rsts onthe eXe of the circle,
Continue 1o lay the eces (n the manner

shown, 'mkmgcam, m—ta? the

2ol 5o\uares Tie Hhem ha(uﬂﬂ witia
lbo)auqe bind mq wire,

all seven pieces arein , measure out the eigathhplece, | l
including oV 2. sQuoIes on each »de. Cut A aur?(a.nb e
#in pldce. all pieces of of the mof' veinforcemend k,wv) outs1de l
e cirde . ’[Tler'oof%&C'tsnaw I
DAY 2: JOBS IN BRIEF: |

. Pown concrere

#Mé@Wﬂm ipe.

by vowme: dpart cemen = ?_puxbsona 4pambo.uusr
1. Comerete Eloor

Mm4i?55gm

amounts o mbaab{—h

mtasr) \162:!2»4&317%:/‘/

ballast) concr z

%:72? ﬁenkle/uutzr o
mﬁ'mewwm

udo#makm)‘muu Ef‘rr-ﬂ" /

are atfeast 50m
wux amb (eved ﬂ\ead« othex:
Pounbfhém (ax'tmﬂ\wtb made
from 2" x 4 boards U+he
es betioeentie m{—kconuefg
ngsum*tmr 15 level.
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NQ_*LT; WM*’;@—BE{C_»{WV' Tein-

fmtem?w (azeﬂ'tdnfhemga‘di

tHhe deliveny /5Coor pipe (i e--
%‘:T Wm BRE Sol st the
ee 1ot (it the )Pmﬁvdes

the conerete outside Hie RS D o
foundation. _
Y J
15 cm o ppe g
k’ ?""9 - - —l -.w
50 cn ——F
Then wux another 4 b‘%s%
cement with. the same Y11 4
S
m e layer~o

%m inthe czznrj-

down uni Hhe pimbo’
fosee thatthe ‘surface 1s level.

?Mq‘heseconbgr conerety.
mg a 40 em axound
mo the C

withour esecahb(a.yen

Keiedmeconcmteb atall
Himes! Ator at Pusgg’,Pég(ae&\
water on t. Never (et itdry

w&%um colon

Bﬂ'hﬁ‘t’ne wild BRC re(n- =
forcement and place it
on the exposea floor BRC.
0 thata 15 cm spaces
re;mauns between Hhe
wall BRC and the wall .

W CKCAVai’iOV\ (‘fhe, : - - 4
¢ of the first” concrete v i
layer). TuU the cylinder
S0 that 1t has a. qood 3 >
civeular . Tie 1t _
1o the {loor ' BRC wath ‘
binbinﬁwim. INE:! -

—

o1 ny

‘J
k)

1

AW

-+
A




Doy 2, conh'_nueb l- = 91 - 5mn3inq {ermocement fank, 9

. Thed Pour-H;\é o |- N
last remainung
wna‘ere,,{filliéqm J -

e space vnoumedti
- e .T&mP
e Concrete  down

Caxefully and fﬁrmlj- | _
]_ H Donﬁf‘/mo\/e \ \ \

VLT thewald B8RO . S E >
aar lL at ik afterfinishuryg T

- ; i;’..'-;';.-L;_:;.‘. Mepour. Cover Hhe

SN SISy W wif‘n?&lﬁio ) S R e
=l Lo, S leave 1t alone ovmugm‘.
> P =

\

{

S~

H Hme remains, cur
picces of chicken wire
and tie them,

one by one,
onto tne BRC
— always Y
a loaﬁomkwflrs
over{a? .
DAY 3
JOBS (N BRIEF: l

l. th by removi |-Splash concrete foor
fheB;ésﬁc,ZUW : Wi wravr‘#fﬁmeﬁ,élzi l
the conerete @hd . 2. Wrp wall BRCwf
5{?((15‘1444(} 'ﬂ'ﬁﬂwgly i ' 2 Wire asd with
with wates: ' S b{nb‘;:? wire, l

. o B Ssisa . Bi St1e Sl X
Do Hus Mmgkom' : sasais + sacks oet(aﬁuaw l
the and zsuwd BURIAI ' %ﬁ‘ﬂ wWald » .
Huvoahout-the l T = 4’ Plasser thes l
ontt iolo four H-HL imde o e wall
or ‘ém&s ] RelNa H witia 1: ?(ar,;(wr: l

afjay.
|
|
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Yt 4
e -
1 -
| }— /
[l B e g
[r—] _ /
o | |-
| | 7
l —— ] e
g
i ounr chicken wire roll (5
(90 am) tqibe,ﬁ :
il need todoplicate
ice more <o as fo coverad
“the BRC with hc}hi'(\j

stened chicken wire.
the roll 15 Gfeer(l-8 n)
g wioth, only & narmow final
will be necessary at

Ust

n‘a 61"0‘3'(('3!"\)!41&}&1

92 - mrﬁingfa-row_r_m_[o -

2. The next step 15 to yﬂ‘u?{-hetﬁ

“outside of the wall BRC wito

a twyerof chucken wire,
the hori zontal wireto
H12 conerete floor: Take the roll’
of chickenwire and pusin the
vpper long €dge overthe {ree vertial
gre wires. While continuing to
ancivrele +He BRC/,C.&‘(& Puu_
the chuicken wire TIGHTLY fn
both vertical and horizontal
directions. Overlap the tuo ends
of the chickenwnre by 20 em-
Zasten the chicken unrefo the
BRE where hecessary by fwisting
severn| mesih qunﬁg Z?mr e
BRC wire using e “(ron hook

to U2 binding unre
to fasten the chicken onto
the BRL.

Using 3 foot (A0Cm)
wi chicken wWire

o'/edqp by

20¢cm
r\/\ )
$o3e

L0l Y
T

= Fn(\_:,{- LAyer

Vi, 4
Q7

.

Y A 'B-AUMIR A

|

\

“‘K‘( Y\

A
\WWAARA
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: _A-f‘twtf{echickmwfm -p' % o eted and alt ard bellie: i
- Up Hake-a severad Kilo WPF‘QZ?O(‘ l%é binding usigr:, Mwmpl esq?t‘pﬁme",/
Q’W'fﬁe\/ergtopnwsﬂ' horizonal BRC wire. T helps support the' rocf. -

Thean proceed +o B — :

5?iml a‘ne binb('ng a’g— sa:c\\ L\’
wire down evi ?— )

__leo ‘@r"’he’ay ewry ‘ \\‘\"&, = - _._._ attop 3 > z \ l

et 60 cm of °r = ——— ¥

Gy o —— r

g —
wrafprg

rmay = =}
Z"‘Eg‘;;«»ew %‘ ‘ '“P’afj :
nexe 60 em. I

make 4 tight wps dround Hhe bottom and + :
eatdy, vse o continancs “ﬂ'gﬁm'ﬂ‘ﬂfmw very top o the botom. ¢

Very big tanks, 50m3 and larger; |
eﬁx(f?xeeb anaba(h'ono(-emn’\

roumd M%H&%{ﬁmemhdp l
Sup - W 2

\g hm oround Mr:eto-j l
| . - < - ard ance around the

~ center of the fank l

walls. .

el urap it avery Boam-foes ramairing F0cim o e very baron, 5l

BRC

T :
\_ . .
< '8 repuir usingbinding wire

wrere weld mesh had come .
lose.

Chicken \ l
wile . } .
\y QOSC‘UP view of the ml(ﬂe SCCHO'

\
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uzgggugﬂlia.m% ,-moanm&aﬂm each of +he 2 long scams and
-.iaiocﬁ (K uouintend 1o .&égnwﬁc?g% in ﬂﬁ _B&w.u- A

- o 7 UG AR
- heve [ /] }-- - - - -
- . Jdv0s
| L

- mch_,moQG (n Kenya are made. from
nylon andore iden| for this job because

- hey clean gnmwn«?_,ﬁ—uqﬁg
cloth sacks may be used instead, as

- well ds reed mats, on thewalds)

- the tank 15
ol g St T
- b necessary to ﬁ&cmﬁ.:& wall
mrake it stipd straight and in @

- i circle. ?o,?das climbs the
a

Q.E&_.:mwﬁ.w?m ORC reinfor-
CEATRAT 1o S€L wWhere te Wall 15 pat

roumd, cylindrical shape,

Pmugw\
L%«gggf
- hs of E:.?MM wire

BRE and tyg them to stakes.
— Pl the wires just the :.%5‘

e e ey v

&w?iﬁ%twg\img ontothe amnm_.?
e by’ . '
ar SWESWA mﬁﬁcmg%
§«§?§§::§d§> 5em nﬁpﬂ.‘n\&
that they are tied very tightly. |

-
Sy -+
]

TR
aly Y 2

o

s

Nail and wire 2 ladders fogether, one.
insid the other, 50 that they “stand over

Nsﬁm«m.ﬁk. sﬁw gwﬁv@mﬂcSﬁs‘&
gg&c@?@m free of the funk uo L.




- 95 -

Rinse sund if reeded,

Them mux 3 of” coment, ilhat once, with tree imes as muuch samd, byvolvine, o
produce a |3 Cement sond) plaster. Measure the samd amd cement Using & bucket™
or & wooden

box.-

Pusit or simear~ the plaster
orto the wires {rom 'the,
Ins1de of the tank, sfarting
ar the bottom. No plaster
Shoauld (eak past™the s
sacks, Plaster in Hus
wiy umhl you reach the
top mosT honzortal BRC
wire. towever; leave

2 5QU(1V‘65 Qmm I 85"\
above the coneretefloor
for consnvmnq‘rhe

OVl .

5 +he conteats o
the sr box level ,

10 assure consistent

Shovel the sand and cemenr together, mw':?
'khegghax:kanbfbﬂhsevemlﬁm%, ottt ( e
PURTUPE 75 all, o Color trrogfond:

Ac\bwmex'caxefvuy, wnti( the plaster 15 M5
warkable There should mevesr be waker visible, un the
mixed plaster; even when it s left 4o it

TtY gl




I-fh&ﬂuk fo ‘protect +he plaster

- -Fro‘mdnp(ung oux To cover 4t

. weld, e holes along Hte/(m\q
2doe goﬂne (;(asric.mb n

I 1t from the 0sed BRC verfiml
Auires atthe top- Hang lines
of twne At welghts’ (such

l 0% sfones o bricks)Hed ax
Hhe bottom ~0 prevens Hhe wind

AT

1 Mix 1 bag of cement into I3 plaster

lahb'rhmwwafent ortto Meingibe of
e tumic. A shigluthy werter Mmixture s

lmmcoymmbeb/ , bar/fsﬁm/d%rﬁ
S / {eep in i Hhat
m&lZnesse',eﬁ)hm finished, 1s

f5un: 3of which ace onthe
nside of the BRC.

Cm'qway view : octol wall thickness

JOBS IN BRIEF:
1. Thsw on o 1 envthuck,
layer of Plaﬁ’rvr‘ o #ie
inside of the fank wall,
2.Thwow a Ung(astnr
(less tham Lim fhick.)
orto +he outside wall.

mehe‘ T the 41h day, remove the plastic sheeti ,hfrmi’rwaxggx‘
lfacks. m%mm%ﬁg oh #e Hoov cu\bmung



SR ARl

JOBS

DAY5: 7" IN BRIEF: _ -
. ) . 1 Plaster smodtivte  —~
1. lnthe NUMove, oL asvide of the wall I—
the pol lene Sheeting - A 2. 659:,0\,' Mg SV sacks
m@ﬂ? watesr omhg ‘ onte %e’ |

Cut the hori zontal wire with o facksauy,
and bend down the two sQuares of BRC that

Kl o o,

Then mix another battii o 153 plastes
gsr;f‘xgzbagea{- cement. At iy

Thowon o
coat of
the plastes
about Leom
Huck..

Then emeotiv
twitha
wooden
undtil the gutire
oursAde Nas a
mm' plwmb

Sginideum‘w

MM the inside of the
tfank four or more

times during mday

Whmmeplaswr‘m:s

T
C

G

.' . .
S e e [
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i e » _ I\ — ' vas Sewi
- - \ ‘/\/\/\/\ \/\/ :__y _ con nq
| NN NN J /\l>\/>\// LTI

241 the afterncon,, *tv’m;she.
oof reirforement” upsoe
down and begim. the /
l W% Wgﬁ#f/‘w BRC s
wires on the undeiside of e SHFEFS
B roof. Use sisat twine ina ;g%%&

B g R

LIiew
SEESK

there are ro bulges whichwil TEZRT

Use EKCess cement™ and make -§‘é§?‘\ . :
I the voof heavier withour :;6%3_, e
making 4t stronger RS, Cl
DAY G S > T JOBS (N BRIEF:
. 1. Plaster insde wall
: +rowel ow nil coat:
2 Finish 2ewing svaar
Sacks @ roof

(. Mix and Huzw oh Hhe instde wall

awvon I3 (camur:sanb)Pustemlo
the 5em uwall Hhickness,

Smooti 1 with wooden flaats.

Then hux cement in water
l zwdw‘l ou have aﬂucksouP

Y
nearly equal cement
and m). lﬁ'snﬁﬁ»mis
l called niluﬂ.s( steel
trowkels, smooth
g ven s

evenly oo Hhe
new . {2ove o 15cm
. heighw axround the bottom

of the wald free of nu.
i



stex overe
-entire floor 4o
~create o Slope
down to S
-('he,pi . )
Start mearihe
M)ij

He plaster 5em
#ick.,and move
towandHhe pipe,
wmmegcgw
5hquldbe, {em

Huck..
with m

|

N L

.' ..- ; l

|

|

or ngthe :

g&;w%@mom( |
over ete floox

wmmnmg(wl
prt of the wall .“Use

o vler steel

> frowel cs 1T N

amd then work back in
Hatdirechon. l
When o¢t; cover with

plastic sheeting. i
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- JO%!NEJRIEF: - -
1. Tie Toof rei mettto. -
BRC wall wire anb?(asm‘ -

uxﬂ\ 113 mix _

: hole buneatih tpzanb

U.ne with I‘Sp(asrar
= - - 3. Make tamkhele cover:

-
z
N

A - AR e = a =
n?))
/
Y74
%%
gl-t*

uﬁ&w efing the sewwng, ?lace
it onto e wall Bin profrudmg BRC wires.
excess BRC wi &rta-(-a.»xkho(e (%mx%cm) i +he roof-

l wures of-fuf?me %10¢ where -(-he fm wild brmsmtw {o the {ank..

onfep o the fank

anw%.vu..-lhe Ww‘ﬂ of the sug around he ebase,

ottt

onacoat of 113 e Wiule d4or5 holes for rainweter o endar

hole wnp!aafv.m}s

I
|
|
i
1
l vp the roof {rom unsléeus es. Complemh) covermq—uxemresaneor
i
i
i
]
I
i
|



e L e 20 7

- - . 2.Dig a hole umbanwnmpf ._':-I—_
- " tap. Make it lany enogp toedsills g
| : mwe a §ud ma‘.or-b(q_ kai'\(:{ [

%%af«twfawnq one port cementto |}
5 parts of sand (1:5). -

{15 recommended {o-make a rwin e
ofte cornes Yux ads to & rock-filked i
soak pit.

¥ I

Cur pieces of BRC and chicken wire, 45em x 45 em each. Cura.Piece (}ll\fawmb l
wire 25cm x 25 em, Cut &t & 20 %20 am sechion i +he caoéer%iho l

RC, as shown. Tie the chickenwire and guivamized guze wine fo the BRE. JAN
2 handles made from BRC wire.

. n Ei f
- — .?Hé# 'r
b it
D@aduﬂowho{e,inﬁnqmmbasshawn: ) e #7em .
Check that the reinforcement fits inside At 3¢ TR Zom
oruse apiece d” /9 X (Jem ana),l-Sxd‘

FU the bottom sectioh, yust over +he notch,
with 13 plaster:

immediately place the Teinforcement, wite
handles vp, 4n ?ylaw U the ides witiv
othar (.5 em o the plasten: Gveramh plastic!
Aeep It wer-for ax feast one week !

“{ankhole cover
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2 o . : - - J08 (N_'E}Rléfzf -
) L - 3 e - --‘Makaemooﬂ_x p(_a.s(w

et o op f H2 ot

Mix 2 bags of-comesT™
o (13 plaster: |
Remove pldstie sheety

e roof  Trowel
a | em-hick, | _
flaster; and

.
ke & o o end
the Qo o therect;

W’PF{W,W‘B%W#MW
pasic . At thus poind -H};
fotd water ) 3

Jods mlog{ 6NEF:mb
.sawk:»-i EThwwa,
e g pun
cover winres
wrdarmeath.

Remas all sopport poles amd the
Sugr sdcks J(luroo(f.

Mi o t: 3plaster: and Hvew 1t
v the wndenzide of Hhe roof,
mhnﬂcan;

to qrergll wites.
oo, Vaer i these i

ey s 2
w(r:.mwﬂbm g ?tl‘acmsfa e -
overgdow plastur the

edogs inpace, This will help
keep mosquitoes and otiwr
things out of the tank..




- - __' ~ _ - - 103 - o . standing furocement tank. - g ‘22'
_ AfmeR ConsTRuctionN: ~ . - T P AANEE-

- Keepthe fop amd oides cavered = -
with plastic ‘sheefi or Zweeks. -
OnAfill at withe : -

me, taunkhole coverhas
. ,ﬁfo\«‘ ol wegk;glace At
tn positio. K the guttus
‘o bring Wﬁfmn the roof(s)
into the funk tHhrovgh the

Lhg i ~umkiole
of the tark wnlh dnteur
Hwough the holes on the

bottoin edqe of the tamk roof:

.

’

H A . '

o o)
R 1o l
LN U .
QR ."'.._:
o Y 3
| l

If yowr tamk 15 pro cnstruated and aured, At should lasr at least 20 y

Manfamance. 15 mupimal, Onceevery ean ov two, the 4amke showld be drud
d U accumulated soil remaved, To dnain the tank , climb inside

and remove the short pipe nipple with a pipe spannen Then, owrside, remove H

M'ﬁmxmpupe,teeamb auﬂthe,kmw?cuﬁua!m . sotl

or fhe tank. cam be removed with o shovel. This wild +Har water

taken {rom e fap 15 as clean as possibe.

16 the tunk wall cracks amd wader leaks from 1t, 4t can easil«jbemyaimb.
acolac&dse,lwsbmnmw,wamx’mp ‘arwalcmgtr{bc-themd(.cni-hei "
of the faunk. . Chisel awwy S,c,m luster on each $de, down o the wires.
nix & 13 (cement: sand) pk gmbcam{&uy{(um-lhe, secAion.
Finih. by frowcling on . #hick coar of il (cerrens anb water). W roiw;
CeimeaT [Ves also e ) 1he r as { as ble —
2t least 3 aesks 3 mwmnaea./ée‘o rpun e @y |

Repairing o crack



ff'—&M ENT: . -7 7
Ce:herrrboﬁa_iémwdlfm)ensin%he.pmsamofwmm Trerefore. careful storoge. <>
l entical 4o avoid moisture reaching Cement before use. The bogs of cemert shotdd be
" stored in acmd_?hgapkea cle no moretian 10 hugh. (Msre than b,wémbdﬁn
| bags wnll burst:) The pi f\ould beonarmseé L in & room uath, Uttle awr:

Ties o MAKING STRORE Ferrocement * 23

v {2

e s
circulation. In a room with mmrhms or doors, Covex He pile with plastic. sheeting.

As cemerd: ages and obsarks water from the air itbecomes wmpy. I W
: cemef;%?wea, Its P?opor‘non shwidbeincrg‘;ebbyha\f " v

ATER:
*Water that s fit for drinking (s usually fit for mixing cement. “ Clay, silt, salt,

mico., or organie matter in-he Water will weaken corcrete and frvocement, as
| will certain invisible chenmucals. "You cantest the Quality of an unkrown water by
' cnmim'nq 1t water known to be good. Using water df known surtability (such as

drinking water), make three. cakes of cement paste, each approximately Zcmthick
i and © om diameter: At the same time, make. three identical aokes using e urknoun

water: Compore the setting and hadening fimes of the-two-types. Mark on wour chart +hat
| the sample hos et Whenyou can ro longer make an indentation with your firgertip. Test

for hardening by marking whether o nofyou can scratch-tne sample with your fingernail.

|
wa:erqaou@; dnnikirg wies, || urknoum
I \. % % Sething hme = = °
@ 55 4 rour?
! S 5T S
i 8 2
~ ggég 48 hours?

When mixing plosterorconcree, add only encugh water to make the mix wortable. ltshould
B not be shiny. Excess warer wil weaken the coment. (£ anextro 107 of water 15 used, the
the sttengfhof the posterorcorcrere wilk be duced by 15%. fran exnm ]
i %@mﬁuﬁ, Hmmisrr‘emqmbrebucebhj 50%. {§ 3days —+ 20% B
as (dtle watey as le muirg, but be generous with water once
| me?bsterhasser(é‘&nmhassure hardening, Once. ploster dries, §7days — 4o g
hWig\a@sﬁiscMﬁ%M relationship betueen theamur | § 239045 — 60% o
time Fhe concrete/plaster ts wer and the ness odueved. |3 Smonths =+ 35 F
i Joactieve ﬁ///é‘lfa}?fﬁ,'fhﬁ pastenconcree must-be % Gmonthis —+ 957 g
kept wet-fororie fudl year: g 4 +1007. &
i
I*W'Eb{mm: Handrok of Qauty -Fiow WarrSystems, TJodan, UNICEF Neal, 1080

Reunfarred Concrete.Designec’s Handheok, € Reynolds and & Swedmon, Cemerty Conorer Assn, UK, 1374
l fermcement hWater Tanks, S Watt, theme&m‘!é:hrdaa\jﬁ»umhons, UK, 1Q78
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-SAND:- . 7 B - T - T R ]
 Sand-shald bewell - d (rave gruns & many sizes) soyoumoy heedto mix coorse, and g
—fine sandtoaether: must also be clear., becavse like wirder; Tt moy have, some 1
impurthes-ttt weken the cementong such as chay, silt; mica,, ard oganicmater: Dirty sand i
can be uashed by reFeaTe&_(y rinsing wWith water There aretwoeasy {ied T%'TS%_
determining if the sandneeds to e wished: |
CDRUbAa maist handful of sand berween your palms. Suifaple sand wit leave hands only
Slightly airty. |
@JFill o clenrglass contoiner hafway with sand. Then il fo
3/ef full with warer: Shake-the glass vigorously and +henallow |
it1o sif; undisturbed, for 1 hour: The sand Settles immediofely, and  5sn |
any siii and ciay settle as a dense layerontop( vsually davier WEEEes
Hnmhsaar@ﬂﬁ;s layer should rot be morethan iz, o 67, W} PirEaiisl
of the thickness of sand. Start with 100 mm sand{oreasy messurement:

Whenmeasuring sand, note wihetherthe saind 1sdamp oréry, sand that-contains 5-6%
water may have on increased wlme of over 30%. Additional water contert reduces-the
bulking, and saturated sand occupies nearly the same volume as oy sand. Therefore i
when Using sligltly damp sand, add an extra. dimourtt- Very amp sard) megsore as i it (s ory. 2

MIXING:
Measuremend™ by weight is-the most~ accurate, butreagirement byvalume (s ore pmcm'ca( af l
construchion sites and will sufice if done carefully. Masuring by srowelfull is Not
Abucker should be usedfor messuning portions of sand and cement (adggavel,n concrete
inorder tp achieve encugh accurady fora strong an (relatwvely) homodeneaus mix.,

REINFORCEMENT - '
The cemen bord is easily broken byforces which pull (t opart - tensile stresses, Tiws
i€ s necessary to Use a matenrial (ke Steel inside e concrete or plaster for \a(quMIkl
*anks. The weight of the warer will strerch thetonk wolls. Boarbed wire o weld meshy ]
are heavwy ensugh Steel o withstand 4he. stress and hold the Wﬁtmefher: (Straight
wire canbe tsed inplace of barbed urire, but the borbs help cbmbomoﬁmp\wa%‘anb«theﬁ_g l
tursting uiites are stronoprdnan a single wire.) The chicken wire. helps fold the. plaster
together betueen the stronger wire.. - . l
Alirouan thesot| helps so fhe weightr of the water,, eventhe ground hemispherical
tanks wil streteh when {ull. Houd rocky sals provide, better suppor®; but lDO&é»m"
soils should have amore teirdorcement— (baxbed wire) indhe tanks. ’
Otarding water tanks receive the mosttensile stress in the battom '3 of #e
walf and in’rheda'nfbe(umnﬁe,{(ooranb wall. Extro reinforcementwires in the

wall and ypint, and Hrucken ng the plaster ot the yoint, have proven 1o prevent” '
crucking of these peints of stress.
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The Bamboo Reinforced
Water Tank

W
_'

W

W —"

, ’\
.

The Bamboo Reinforced Water Tank is an inexpensive family size rain water
storage tank for roof catchments. Most materials can be found locally and the
tank is easily constructed by a local masan. The bamboo framework can be
substituted by any other suitable heavy wicker work and the tank size can be
increased up to 4000 litres. A wooden or tin-sheet cover on the top and 3

simple screen inlet filter protects the tank from dirt, teaves and other potential
pollutants.

TECHNOLOGY SUPPORT SECTION

@ FRICA REGIONAL OFFICE
U@“@@(‘é EASTERN A

P.0.BOX 44145, NAIROBI), KENYA,
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Bamboo Basket

Iron bar or bamboo

reinforncement

reinforcement
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MATERIALS REQUIRED:

N

©®ND

10

11.

/6y

Two wheelbarrows of 3cm diameter gravel for the base of the foundation.
Large stones for the foundation.

Six wheelbarrows of sifted sand

One wheelbarrow of 1.5 cm diameter gravel.

Eight lengths of 6-8mm diameter reinforcing rod (split bamboo may be
substituted if reinforcing rod is unavailable).

One piece 10 x 20cm of thin sheet-meztal.

One piece of 1.75cm diameter water pipe 40cm long

One piece 2 5¢cm diameter plastic pipe 20cm long.

One loosely woven ngid bamboo cylinder 100cm diameter

and 120cm high.

One baseplate ring 110cm diameter 5¢cm high {an octagonal wooden form
may be used if metal is unavailable)

Tn sheet or wood planks for the tank cover.

_---—-----—--——
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CONSTRUCTION: Site the tank at the corner of a metal or tile roofed

building.

~ Dig a crcular hole 30cm deep with a
, -

Fill the hole with 20cm
of large diameter gravel

and pack with a pole
— figure 2.

Construct a foundation of large -

stones mortared with a clay soil or T. -
cement to 20cm above the ground level.
If a clay soil mortar is used, it will be g
necessary to point the seams with a

cement/sand (1:3) mixture
to protect against rain
and moisture -- figure 3.

Place the metal baseplate ring on the
foundation and fix the outlet pipe as
in the diagram — figure 4. Plug the
inside end of the outlet pipe and cast
2.5cm, or half the thickness of the
plate, with concrete (1:3:4 — cement,
sand, gravel). Cut 8 pieces of rein-
forcing rod, hook the ends, and lay

them on the concrete
in 3 cross pattern — @ {
figure 4.

~ ~
Y
N N

S
L Ad| 20 -
O (] .
U G -:. 3 ;:"":'. <
bR ‘(‘.--9’:.{‘
‘\. \p_' = | -: '.‘
\%[ el SRRt
" -E;‘;—[_J- AL
X1\ r )

Set the bamboo basket on the wet
base plate and complete casting the
concrete ensuring that the base of basket

3 5
@ > % /‘?0 work is well bonded into the concrete
WA= 16

— figure 5. It may be necessary to build a
I )EI? ’ pole tripod over the tank to allow the
-4

mason to exit without touching the walls.

ulq 1]
s
B
"\
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Cut a 10 x 20cm rectangle out of thin
metal sheet and roll it into a tube for ?

the overflow Cut six tabs 5¢cm long in

one end of the tube and fold them back

at a right angle. Cut a hole of the same diameter
as the tube near the top of the basket and fit the
tube attaching the tabs to the basket with wire
or string Plaster a 1cm layer of cement (1-3)
on the inside and outside of the basket working
upwards from the base. Bond the base with the
sides by building up a rounded curve on the —

inside edge. Allow the cement to set and apply
a second layer of cement 1cm thick in the same
way. Form 1cm thick collar along the top edge.

Construct a tank lid from a
corrugated metal sheet or woaden planks.
Cut an inlet hole in the lid and fit the
gutter pipe into t.

) el - - \
JM =3 : = : ~
74‘.9.( ey outlet to allow spilled water

N\

Unplug the tank’s outlet
pipe and fit a 25¢cm dia-
meter plastic hose and
wooden plug onto the
end. It is suggested that

a soak pit be dug near the

1

b

-L_ . . IMPORTANT:
J ' - T = It is necessary to cure
)| f TE\‘ ) o @ the tank for seven days
/-:%4_ N ) o j to  ensure maximum
A R -~ i’, strength. This is done by lay-
I o e > - ing wet sackingor grass on the
" - .- walls as soon as the cement
‘ t ~ N 7| sets The tank can be filled
ZA  with 30cm of water the day
i ! = after construction. The sack-
%:Z i 2 = ing or grass should be kept
— N maoist and the tank protected
i from the sun for the entire

3 M/‘%’z SIS - seven day period
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JCROUND  CATCHMENT FERROCEMENT
i - WATEA. TANK
i CONSTRUCTION MANUAL

This manual is ittended 4o be eed os & qpide{:vr arfisan who have completed or
gre foking atroining course. “This fechnology has been inuse in Kenyo. or 5 years.
Version presented here shows the simplest silt trap. A section enhited “Tips onMaking Stvorg

m"is ircluded, as well as a.quality corttrdl checklist- and repair instructions. UNICEF
es commerts and any informoton relebvartt +o +Hus manoal .

1

FNK CAPACITY: 52,000 lifers or L400galtons or 260 ail barrels

/l\ATER(ALS REQUIRED: x UnitPrice = COST
O bags <f cement,
rolls of boubed wire, | 6oauge, 25 kg each
rolls of chicken wire, 1inch mesh, 3f x 100#
rolls o plastc sheehng, 35m™ each
drums of water (3000 lifers) . .
tonnes o coarse sand
kg of 2% inchnauls
Kg of 2 inch U-nails .
0 large bricks . . . _
0~100 sisal poles, 35-4 meters long
lj( re, rope, andfor vines (fohe the reof )

' Total Cost-of Matenals:
Cosfof??anspft:

HTHIT
T

BOUR. REQUIRED:

xcawrfion. 3 casual labourers, 15 days’work Gartes aadingosotl ype) . .. .
'nsﬁucﬁon: 3 skilled arfisans, 9 days’ work, .
<4 cosual labourers 9 days’ wark,

!OOLS REQUIRED:

lhovels, buckers, karats, cementfloats, Steel trowels, hkammer's,
i//em or wire cutters, mattocks, ladder, spirtt level. P
2%

(o cover—tool depreciation a.ndJabseanfy) Q/erﬁmd (labourcast

| TOTAL PRICE:

||

Total Costof Labour:




GROUND CATCHMENT FERROCEMENT
WATER. TANK.

% * :
'.! l
%grwhdcmrhmenr water tank collects and holds 92,000 Uters of minwtier

runctf fIom the sloge o roed uphilll. TTius catthment siystem (s e
semi-ard areds O\f!?fh mfrquenr uns, as ot ofﬁj\ﬁ fils mmﬁwm«
“The catchment tamk hods enough. water=or a ~fam iy cﬁ 6 %a&“\’m
O At canimgate %o of an acre for a' Ll

b\‘._.

’:" At iy By DL, 251N
52357, o//l‘b#’ !—&_ﬁ@“g ‘i‘. /]

N
:’)/. 5%y 2 ‘_'=$:.. SREREY (4
”,rf%//é'.}'ﬂ:{sve'-&%)?‘v;(@;; &éf‘g:q;\;;.‘g\
3% : A R Tl S SN
A2

S ¥s
g"‘

e 3 y—
6 T2 IR R AR S

ollowamg 25 Iders per cerson perda
\gewcw;% wide mgcrfoﬁaﬁuréhﬁabofcaf’rle. The tunk. prodes . |
amound™of woder at less than alf +he cost of otrer metads, alhd should (&
20 - 30 )

%mmaze by diggirg aMmaPheer nto tne. , b mefers across @
3 meters decp Layerscf Cement pbster” are r2 st bowed wsire. and
chicken wire.. The tamk. 5 roofed and o reduce e . Watr

6 divected into the tank. by meams
runs through a. -s(mﬁ)(e st
tank \Wakexr can e draum

or it can be gvaun To an

Unieeff

Lm%&i’tcﬂ’l as 1s Hf 15 baled,

o two wide -angled ssil wall "qutters.” [t

wiuch rinimises e soil caumed into Hes

e

a. bucker on a ro
downluil. The,

ov. & sAymple
1 swtable

it can be uw.b—frﬂf hwmam ¢con ‘on .

TECHNOLOGY SUPPORT SECTION

EASTERN AFRICA REGIONAL OFFICE '

P.O. BOX 44145, NAIROBI, KENYA.
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RSITING: o oy
Tretank shiould be sitvated in the lowestpart of the best catchment axea.: below a sloe, of-
lmokcr soil with vegetanion 1 besti-lt shsuld not ke ina basin or o miver ped. Notrees should be.-
‘growing near the tank 1o avoid damage by reots. H the wader will be Used forimgation, it s convan-
ent forthe tank to be siturted above, the gurden to gty —-feed the wafer to cmpsw{{‘wr‘aix)
l Sal with a foiv amewt  clay in i s besA” Rockis hard to dig o h}fpraridesmesm%
foundation. Soft sandy seil should ke ovinded fpessible, aerinse v extyl. oabed wnre-
I recs mesd or BRCWIre mesh Lintn J(he,’ranﬁxinﬁ_m MmaTtared bricks Lefore construching
the forrocemerntuwill also strengthent. Enlarging the cmum—{ﬂ(eb reirforced trence
I oxTuNd Hie penmeter of the tarke will also Frmnnge exto. Prdrw‘\oﬂ from moving sl

lSEASON AL CONCERNS:

wnt U encounter diforont difficulhes doring the rainy seasontam durina the.
sequsgrﬁ Anﬁdpaf&%esg. i "9 J Vg Eky

l “The biggest™ problem in e SEASONL 15 M\/ir\g 0dequate wtero e daster
wel, and potecking the plaster £1om the hot-sun. ~Cement cures (hafdens) in +he,
'(NEswcec( wittex; and if 1t dries brermad ,tnen the plastex neveraers stong ar
(s kel o crack. (See Tips cnMak; woermeng: ) Therefore inie dry séason ™t
1S ess 1o hove extian wder™ Qﬁn struetion stte, and lasno he@,ﬁr@;;o
covexr the entve suwr of the qank.. Splosh water on+he, (igst@rcrﬂeasf e

or{eor fimes aepj/ one month —dott kertdry to a ght colo

Dunag the rolnyy seoson, ey have ens with S e,ﬁlroucsiﬁe,%m'l. If the dug
hole 15 Uil or partiGlly foll duto o aised fable, then it & Adsdble o wiit umhl +he
ruins have Stopped and Hhe wiater fable dropped fo CmstudT the {arocement (mn‘?

l Alsoduring Hhe rainy season, it 1s adnsable Yo we the excavared sol o divert rundff
from the slcpe abovedrom entening Hhe fank before construchon is complere., Duang exco-
Vation, the soil can bedumPeé n a wall 1on ArumO Hhe Gk, wih entrnces on
“he doamiull side - 74n5 wdey o Amuud does enfer vnll meed 1o be —removed e\/exlgﬁdly.

I Clay in he umtek™ Wnll fruent +he cennend™from bmbing — likewnse, f “mud has cooted one (a)er
of plaster; ten Hhe next- layer cannat ford 1o 4t

l Be exma cavhoxs of sml caving in dunng e runy Season

Wihule +He munyg seasen S % %\Wb@m& t m keepung the ferrocemesrt - mo1 st cose
LS

mu-:}tbefakw#ojercx it laye st from pg,d-rc'ﬁ U. Thefresh 'aster
should be covered Emt’n lO\E;c, S;jeeﬁ:’)lgqeq§ /lt“rﬁ{s (255 than —@rrrf?qm Jﬁn (45@ event™
of run — otheruwnse Hwill wash 1. -

| Extro. care should betoken i storiag baggj cement dorng the. rainy seasan,. The,
file of bage should be on a platform n a Tell - Sealed building, and cox wath a farp

lor P‘ﬂ‘iﬁo %@ejwng.
MAIN TAINANCE REQUIREMENTS:

' The silttroge should be cleaned tefore eoch roany $ason, and le'obscally during the rains (f +he

seems fo collect olot of silt _ .

l rock shauld be repaired osmeeded A aocod plant cover shauld be maintaned o mnimise ev?r(z’-{

raton, so keepthe ov passion frurt watered  Upto 2 meters depth of water conevaporle in a year?
Eoclh rm:;P'seasmim?ed‘Hm soz{'T(anl( cngu‘sUPoM rebulld $hem whete needed. lenghen them 2 e

. tonk faitsto fill covrgierly Orce the tank has fhilled open He sovl gutters arddivert the woter 4o keep e
sift friom emenng He torik Close tham o rect water INto thetonk when the water level srants
fo q;}:(dmm, After any big ranstorm, inspect e gofters for places requining fepout

oyues g*owlng on it cotchment asea o assure 4hat {he deonest PO5Slble, wod e
l flows info {fie Jank.
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EXCAVATION

ln_ the center of the chosen site,
dig a hole 40aum deep

/y

Futr a strong pole, 8em high, in +he hole.

Mix same, concrete to put in the base +o
(d th (e | .
bold the pole in place strong
. “ ghick
cement + sand + grovel = cor\crefg S ht

Tiea siring 3 meters (10fee) long orto the pole and tie another stick o +h

e

Then, pulling the stringtaught , mark the. circle inthe soif.

NeXC,dig within the circle, removing a 2-foat layer of soil ot o time
Leave the soll under the center PosT and use the strina 1o measyre the
rodius. A (a\ferof rock s Usua(\y easier o remove 1T firewood is burne
onthem, and then splashed wath water:

SEN mpy MoE WS IE A et e
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Excovate o hemirr?b\exe,, 0. bowl

_lofa 3 meter redivs. Use;%si‘n'rg /‘,/"ff
ontilthe stape 15 attained. Then, yel R
lmmo\/e,ﬂqewavr\ode, and fet
H«&remljr{tnq soil. On the N\}.\ :
l vphull s10e Ofmemx}k at the :

place where woteruill emten
l%’mn}c, dig a b le approgmately

Im x 1m x L. ﬂﬁbw\u.
.beafai(rfvapmallmn soll camed
by the waterto seftie before the

§ vater enters e tani.

lAH'he sametime, il is fimn ercugh, dig atrench
wideand e em deep aroyrd the perimetorof the fania

lMa}\e&hefrer\d\ deeper fouaudHe outzde. (1 sail & et
firm ensvafito hod Hus shage then wake the tremnch after
p(as@ﬂrg.?

" R — Fll #he sreach vt N
: . {:2:4 concrute (cemanrsamd qavel), IR\

%5, reinforcing Tuith o send o brbed usice inside. \\\\%

K&:Pi’rdamp by splashing with water (after q((owing A

4 hours ‘settirg, 1ime) and then covering Tt withs pastie,

sheett 1har the surface s fevel all around +he

fark. AR more concrere, or sfones andmarfar, where heeded.

LASTERING

e tonk and <ilt trap ore plasterad with o
ll-:’) Cement: SANd mixture. Mastor the silt
tap first and, after 4 hors, fill it with -
I clean water: This can be stored for convengince
Iduring construchon .

The strengti of e tonk dpands ey on:
"careful and thoroagh miking of plaster;
l'dsingmfg enguhuctorfo ke plaster worfable;
-Cusing e plASTEr By Aeapiny TEdomp for 4 weeks.
e0d the section entitled “Tips on /kain% Strong
mens " atthis fime.
i
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" The tank is coated first wﬁ 'f"_ N l
with "nil” amixture of equal g ' N
amounts of cement amd £ , l
water It can be poured / { ;
or brushed onto the, ol | N - l
AN .! 4 -‘_

This step must be. done NP N 4 |
alhn‘one'day Keep _" Z7 Aﬁ"‘ l
the nil morst. _ Lo = 'c‘;é?.'

.. A >
(If cement is vexy ' 9 l

expensive, then the maure I

can have, mor woder 4o ake ] ;x:n F:?E*e{: | part cement, | part water

it ‘l-hlme(‘) use ::1 Zo-‘urrvchma +:c1'cml-., '
N&tday, 0 2-3cm layer of plaster .
(3 parts sand, | part cement) is _ o

+hrown onto the tank. The
surfoce Is left rough.

Measure the sand and
cement carefully. Mix them
dry until the color 1s even
Hflrou%hom“ Then 6dd wakr
C(lre’fu(ly. The PlasTer‘
should be fairly stif.

1t 1s oo wert, the

“fank may crock

later on.

Th(ls loyer most i
be done all inone, NS TR

C\Qy. and kept moist R T A,
Dot ler it dry to a light grey color ,
Foor hours a%rp(aswr\'ng, splpsh water l gﬁf‘wmm

on (f,and-cover with pashc sheeting.

Using more cement in the. plaster will not moke it stronger:



- \5@303%,\ 1he QDWQ, 6 61vong eraugh

- tofiold nails. Storting at{he op, unrull
chickenwire around 4re fonk and rall

- anly the top mm&w. using either U-nals
ocstroigrt rads. Then 88?:«

J roltard fold the btiom edae of te
chicken wire to corforrnto the bowl

J shopeardrail tHin place. Do o
Second row, ovellapping +he

- chicken wire ,o< ot least 15 em.

§ Cover the bottorn with lorse pociches
o chicken wire. Eifw overlap by

- [5em ormere for aoow reinforcement.

- \?n:‘wﬁﬁzs@ﬂ the fop, il Ut barbed
wire and hail down 2 roonds ar the

- top Continue o wmmnmw&..sw.mﬁaﬂ
at intervals o (5 om.

Then nall down rarbed wire in &
- pattermn thar will 4ake cﬂ%%j.m@_

stresses s makes 4he tank. much
- m\?c:@m:)

- Tpv ew
of borted
|

wire
| ,




The second coat- S plaster
s Bem thid This loyer
is Hrown on and-troweled
smooth. This step must
be done ollin one doy.

Keep the plaster damp! S
Cox.ePr w(ﬂF\)‘ Plashc,shef,grg! \ \D S If necessary, throw o«!
e o loyers of L5w2em
1o make a final coat of a
Afinal coat of nil least 3 cm. |

(1 portcement, { port water)
(s poured on and pressed
otto the surface with

a. steel vrowel. The
loyer of nil should

be { mm thick.

Keep the tank damp
by splashing with

water ond covering
witn Plosﬁc, E:hee,hr\g

1 saxil is very l
loose and +he trench wasuroble tobe 503
astering, Tren do it ow. Fltuntiu

Reinforced with a ring of barbed wire, iﬁewivaw?bﬂhbuﬁm—(he wall of the !
one or two courses of bricks
are laid around the edge.
to prevent unfiltered water
trom efttering ond to support
polesforthe voof: The
span between the, st
aind the tanlk 15 left open.
Oirectly opposite, a gap s
(eft in the bricks 4o
direct averflow water
out the bock.

avd keep coveyed wnth Fh:m‘cﬂtchnq/ )
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iFH

al
€ { ends. Four
men ‘t’nen &t
'them i place.

ey rest on the

'nm of the fank.
ogoinst the

lmortnred bricks.

.\56 another 80-100

les toform
therocf: Stvong vines of wires
Jor be used to join the po
using a traditional basket
l\/eav(ng Technique.

Place stones hereto retord exmsion

Lhe roof is essential for gnoding-the tank. ln semi-orid oreas, 2 meters
':)eplh can evapomie N ayears fime.. Green cneepmg lonts, such os lodah

GnA SN YRS A M8 NG B 0
'ﬁ

J'\\
\
// M
: //////??/’ i

i

or ston ruff, CoN
be 51215’11@6 fo grow gp
the poles. Their shade.
will reduce (055 b:;

e,vopomﬁon .

The roof also hel 1ps +o
prevent animals or
Chlld(’e)(\ —ﬁ‘Om fo,l\\
in. Tor max(mum
safety, {fence the fank.
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» /
/ "t the wateris rwdff froma

 SILT TRAPS AND CATCHMENT SYSTEMS A

' filled, temporarily divert the ronaft:

The PUrmSeofasiHﬁnP isto remove silt thatis carried Dy waker erfering Ihe ground cmmmn!
tank. Slton foke up & significant wlume in the tank, veducing the. amount dwater ithokds. \r‘
addition, Yocteria. fend to dling tosal partides. -8

S.I'mply bf 5bqir\3éown Jr‘ne water, sl wiil drop. T\ne si(’r*mp must be sy to clean . The,l
Simplest effective &AtTop i tne one showm Huvughoul the, manual: o sexfling pond, abcufrl
{ cubic meter; excovaded and plostered. More complicated setups can be built; but by
for the most effective. way +okeep the water: 65 dean as paseible isto toke. care

the cotehment axea. DictHhat enters the ground fank is the produck o sdil erosion.

s 'l nf‘i\*‘\
vood, puUT rows off stones You can 2 AN >

/ QU055 the optters to slow +he  buld several \,/.,4,_;‘\,.;“ l
y . . . . V27t |.‘n\“\\\\\_\‘_~\‘e)
L. o ewndring frisinawywith GRS
2 ’; e rinsTumo. e oeflow fromene >ﬁ,, N |
27 0 N 1 Secnd G TS
AN comer fo s fillingthenext The &S
///Iﬁ/nl‘{\\\\\\:\\\ the waterdount  and third fanks will have very =
2>

cdean water

For catching runoff from o slcpe other Runoff-from stone will be cleaner than soil l
han a reod, make fairty uide sail gutters runoff. Flar stones canbe mortared verticolly

fodirect waer intothe fank. Use the. o create. duroldle. masonry guters. |
excovated sail,making shart “walls” up

10 100 meters inlength. On =ail catthmentaress, plant gross /

fence it to keep aur grazing animals
Their angle depends on slope . If 4he. hill if water will be used for human

is rocky, then the “gutters” should rises consumption.

.5 cm per meter of lergth. £ the hill L L .
is oi [, the slope should be steeper: C T
WZ*OB’wpermduoﬁagm \ v

Repuir the autters as needed. [f too
moch water comes In atonce, Shorten
them. (£ the tank fails tofill with water;
lengthen them. Once the tank. s

//J/I/fl\*\;\\\\\ _\
20>

¢
.
o
oSy won SOS WA WG WE Uw
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| I - QUALITY CONTROL CHECKIIST © .-
These Questions most all be answered *ves.” Edch poiats 1o a. particolar cavse and
lpmverctio?\\of cracking 7 o 2

1

. L] wWos +he tank carefully sifed in firm, stable soil ?
l [ Was the cement soredon o Pla’t{onn, covered, in ashed, protected from moisture ¢

l (] Were there no lumps in any of the cemertt when the. \ngswecpened?
' L] Was the sand used in the cemenr plaster clean

D Wm 'H\Qz cement Qna Sanb m|x66 Wra)(}hl\j' W( -fhe m.lxtvre was O” one
l color, before adding water ¢

' [J Was the water used in the cement plasrr clean ?

. Ll Woioghm%sw fairly dry, wiH\Juﬂ enclgh, water added 1o make it stick
otrer

l [] Was there. no more plaster mixed than could be wsed within one hoor ?
| L] Did the chicken wire overlap by at leost 15 cm?
| [ Were the intervals n the barbed unre spiral 15 em ?
1 L3 Was the final coat of plaster trowelled on smocth?
I [J Was +he final coatof nil pressed on firmly wnth steel 2
L s there no metal reinforcemenT, such as barbs, pm’m)dingﬁvm’rhe-ﬁnishea PhSI'U‘?

l L] Arethere no cracks in the nil layer larger fnan 5 om after one week. o& cur‘ina)?

l [ Was 4ne fank splashed unth water 4 hours after each ccot of bster or nil, and
covered wtth flastic sheeting, and kept yoist, never allowiny the cement to
. dnf‘ro a h%hx* arey color until coring~or at least 4 wee ?
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REPALR.

— Structural crocks, whenthey occur, usually oppear e first-time the tank s-full ofl
water: are the responsibiuty of ihe artisars fo repdir becauvse are, in
Most cases, due to poor croftsmonship rather Han o fault-in the ols .

However; enough water must be at- the. ‘site fo ihﬁh on the fank +hree times l

every doy. Artisans cannct vartee full the tonk. without bei
ab(er_ywc che dtPrSoPeH\?n qua. {u of wi a%.

{. Chisel awoy oll plaster witfin 15 cm of
the k.

2. Cogt the areo. with il
(1 part cament = | part water).

3 Fill the area with plaster
(\part cement’: 5§0rg sand).
e plaster shotd e well-mixed and

only have enough wixer added o b
ableto work 1t If sbould nor be shiny.

4.Coat the area with nil and press it~
on with a steel trowel.

it forthree weeks —even as
mfas oy v*for*dul Sh‘mgm

the, crock pears, or wdler still leaks ouf, a new -fercement tank mu!‘

]
bfc; built nside +he cld one.



'l_ : -ﬂP_ﬁ ON MAKING STRONG ?mmcawmr*wli
!«EME(;!"F:— o - ] ' ' o

| Cement bonds and hardens in the presence. of water: Therefore. corefol storoge. s>
lC(‘ifiCAI~to avaid maisture reaching Cement before use.. The bags of cement showdd be
J stored in adose(%gackea ile. no morethan {0 high. (Merethan (0,and the botom
bags wnll burst:) The pile SElmlfd be. on a raised pla: in & recomuntie Uitte aur
[ circulation. In a reom with cpenwaindows or Gcors, Cover the ple uith plastic. sheeting.
As baggd cemera: ages and absorts water-fiom the air; itbecomes lumpy. If Lrpy
J camer 75 Used, its proportion should be incrensed by half

Yaten:
“Water that s it for drinking (s Usually fit for mixing cement. * Clay, silt, salt,
Rrico, or organie matter inie Water will weaken corerete and ferrocement, gs
will certain invistbe chemicals. fou can test the Quality of an unkrouwn water b
'cpmpo.n'nq At water krown to be good.  Using water of known sutability (such as
drinking water), make three. cakes of cement paste, each appraximately 2o thick
lcmb © om diameter: At the same +ime, make. three identical ackes using -+he orknoun
water: Compare the.setting and hardening fimes of thetwo types. Mark on your chart that
the sample hos set Whenyou can ro longer make an indentation with your fingertip. Test
'—for hardening by marking whether or notyou can scratch e sample with your {ingernail.

ity [anmiegaeg]| o 5]
I NP T i
I / @ _5 %5_ 4 hour?
w e é’ 3 2 fours?
pibs Smar
' ,\:Eg 249 hours}
l ~ §§3£ 43 horrs?

When mixing plasterorconcrete, add only encuoh waterto male the mix vortable. ltshould

lnot be shiny. Excess water will weoken the cement: {f anextron 107 of wader 15 used, then,
the stength of the plosterorconcrete will e fedoced by 157. (fan exna ,
I_’JO‘L watex’ 15 0seD, thenthe strengh. is rehucebbq 50%. b 3days —+ 20% B

Uscas(kﬁiewamras@ssib\e,mixirq,hwb& gererous withwateronce | § 7 doys —» 457
e plasterias set (24 hours)+o assure hardening. Onee ploster dries, 5 J © 8§
Orﬂenilr‘gl sieps. This hart shows the relations hip between the amoudr | ¢ 28doys — ©O7% q |

time Fe cancrete/plaster is kept wet and the fordness odiieved. | £ Smonths =+ 35 %

ioac/?/eve LUl J‘/f\?r;?:‘/z,ﬂfhs pastenyéorcrete must-be. E Gmonthis =+ 952
. wer-7or one fu year § 1 vear 1007 &

1Cmtpilebfrom Handirok of gmuity -Faw YerSustems, TJodan, UNICEF Neul, 1980
! {aner’ C.Reynolds and & Skedmon, Cemart® Concrer Acsn, UK, 1974

' Feomcement WwhtecTanks, S Watt, lnteaedaw Tehmoayy Tubleastions, UK, 1478
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- SAND:- T . " ' 1

Sand sheuld be well - d (have.gruns o mony sizes) S0 youray needto mix coorses and |

fine sardtegether nustalso be. clear., becovse Lke uater; 1t moy have sotme,

impurthesthak wenkenthe cement rond sichaas ciay, silt, mica, apd omanic.natter: Di

can be uashed by repaatedly rinsing with waiter There arefuneasy fied tests

determining if the sandneeds o be woshed: |
(M Rub a moist handful of sand between your palms. Suifable sand will leave hands only

hghtly dirty. i
@)Filt a cleardglass container hakfuway with sand. Then {ill fo =

3/ef full with water. Shake-thedlass vigorously and +henallow

it to sif; undisturbed,for 1 hour: The sard Settles immediately, and %,

any siltandday settle as a dense layer-on top (usuwally carker "":{ SENERS

tran the sand. Tis layer should ot be more than ig, or 674, ‘&
of the thickness of sand. Start with 100 mm sand for easy mepsurement:

Whenmeasuring sand, note whether the sand isdamperdry. Oamp sand thatcontains 5-6% l
water may have on increased volwme of over 307.. Addnﬁorrgfmler conteru reduces+he I
"bulking, and saturated sand occupies neairly the same volume a.sdrg cand. Therefore.
when Gsing slightly damp sar, 000 an exta. amoorit™ Verycamp sard) megsore as i if 1 éry.l

- JMIKING: _

Measuremert™ by weight s fhe most™ accurate, butAreagiremert bidlume s more. prachical a’
aovstruckion sites and will suffice if done carefully. Maasuringby shovelfull is ot acur
Abucker should be usedfor measuning portions o sand and cement (andggavel,in concre
inorder tp acheve enough accurudy for a strong and (rehﬁvely)hovmqexmb MiX. l

REINFORCEMENT : l
The, ceinest bord is easily broken by forces which pull (t agart--tensile stresses. Thw
it is necessary to use a matenial like Strel inside +e concrete o plaster for \arqe
tanks. The werght of the waRr will stretrch thetank wolls. Barbed wire or weld me
are heavy ensugh Steel o wiithstand 4he stress and hold 4he towk fogether: (Straigh
wife canbeuse) inplace of barbed wire, bur the, barbs helb arab onto the plaster; and the o |
turisting wires are stranopr han a single wire.) The chicken wire. helps fiold the ploster
together between the strongerwire.
Altrough e sl helps wﬁ‘xm’-&he weightt of the water, eventhe ground hemisthert
tanks will streteh when full. Hoxo rocky sails provide, better soppart, but UJO&@O'
soils should have “more Teinforcemena— (barbed wire) inthe fanks.
Otanding water tanks receive the most tensile stress in the bottom 3 of +he
wall and in the, joint™ between the flaox and wall. Exaro. reindorcement-wires in the

wall and pint, and thickening the, plaster at ihe yoint, have proven o prevent™ l
crocking ot these points of stress. y
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AMREF EXPERIMENTAL FERRO CEMENT
WATER TANK

WOODHOUSE FEB 87

Basic Method

BRC 610 mesh is set into a circular concrete foundation. The BRC forms a
circular wall 2m high. The BRC wall is then covered with a single skin of
1" chicken wire. The outside of the BRC is shuttered using sacking,
papyrus mats or similar and a 1 : 3 plaster applied fram the inside. After
removal of the shuttering the outside is also plastered. The inside is
finished with a cement slurry (nilo).

dimensions

Dia 2m Volume = 5.5 M3

Height 1.8m

Foundation O.1lm thickness

Wal} thickness (top and bottom) 0.05m

Design Thickness (0.04 /0.06 to % of height)

Material cost estimate (rough)

i . ]
MATERIAL UNIT UNIT PRICE | AMOUNT OOST KSHS
Sand Ton 100 1 100
Aggregate Ton 150 0.75 110
Cement Bag 85 6 510
Chicken wire M2 10 12 120
BRC 610 M2 11 17 187
Plumbing Misc. 100
TOTAL 1,127

NB Doesn't include roofing or delivery area slab.

Comments

first tank was built i1n Nairobi at AMREF in 1983. It required bitumen
painting 1nside to prevent leaking. After 3 years it has no major
structual weaknesses, some minor cracks have appeared on the outside.
Also some salt deposits have leached onto the outside wall.

A good tank 1s very dependant upon high quality sand, workmanship and
curing. Models of this tank have been copied extensively by the Ministry
of Health Training Schools i1n Uganda.






Section VII

The MAIN ISSUES that arose during our discussions and sharing were (not in

order of importance)

Large capacity tanks for communal use are only suitable i1n institutions where

the water use can be controll

is a common problem with all tank designs i i
gallon water jars) but is easily repaired.

IzLeakage from cracking is normally small and no tanks or jars have collapsed. 1E

jfThe cement/sand mix is criticali

e 0

uring is often a problem and poor curing is often the main cause of cracking.

It is difficult to ensure that the cement has been cured in exactly the right

akway.

O
[ Tanks are often drained completely dry thus causing cracking. It is hard to
ndissuade the owner.

Water jars have limite i filler material is

expensive and difficult.

BRC 610 at 950/= per roll (11/= per m’) is much cheaper and as good as weld mesh

for reinforcement.

The larger the tanks the less appropriate for those most in need of water storage

and collection.

benefit to the family (especially the

women) and is the mumber one advantage of the tanks.

Because of the high individual cost, tanks are more appropriate for the more

Pr—5q

ffluent members of a community.

- ety

A successful system of financing of tanks which can help the poorer people have

tanks and also ensures that the construction continues after the finance has

Pr———q

ended has yet to be proven.

—+2

PO

It is essential that costs are kept low.i
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- e ,

The group/community organisation is an essential prerequite and is the

main factor in ensuring continuation of construction.

q)<_____“

fug

When decisions are made by all members together greatly enhances the groups

strength and motivation.

In what order members are to get the tanks is/main decision to be made. /the

It alone can make or break groups.

— PO .- - — - e——en

o B—O
-
P

Intervisits between groups is a very useful way to exchange ideas, create

a view of the possible and stimulate motivation.

Pot filters are not being used in practice although they are technically

sound.

- —O

-~

There is no one ideal tank design for Kenya. The best design for each locality

can only be descovered through local experimentation of existing designs.

Q Q—=0 ¢p—9 ©

O

There is no need to develop new designs as there are many proven designs.
It is just to experiment with each design to find the most appropriate

(construction, size, cost) for each locality).

0

-:—---—-4H--

C
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Section VIII

WORKSHOP EVALUATION

~ what was the most helpful topic?

- which session did you enjoy most?

- whach topic was least helpful?

- which session was least enjoyable?

- which ideas from the workshop will you be able to use in your own work?

- what do you think still needs to be discussed?

Happy Confused
18 0

Workshop Evaluation

Unhaggx
0]

r Most helpful:

- social and general approach (4)

- group presentations (2)
- thatch roofs collection

- to know where to construct tanks

— checklist

- how to construct different tanks> (6)

- how to supply enough water to people

- individual presentations - sharing experiences (3)

4

Most enjoyable session:

- group discussion (3)

- individual presentations (5)
- all

- checklist

- Saturday

~ tank designs (3)

- training women fundis

- group presentation (1)

a“~

Yim_mmmum: A

how to reach the poor

none (7)

too many topics - no time to discuss fully
surface catchment (2)

ferrocement water tanks

group work presentation

thatch roofs (2)

community organisation (2)

late night movies

Least enjoyable sessjions: ﬁ‘

- none (9)

- evening session

- film (3)

- thatched roofs (3)

- reaching the poorest (2)

1N




(’ List of Topics To be Discussed l

- How to reach the poor with
tanks (2

- Why are people poor

- None

- Working with communities
where no established groups
or committee?

(3)

- Training women fundis

(2)

— Cheap water tanks

- Alternative water sources (2) h:

- Practical work - in cons-
truction

- working with communities (2)

~ Relationship between tech-
cal and social issues

- How we cna best use what we
have learn

- Quality of water

- More on technology

- networking

4

WHAT NEXT?

What should we consider to follow on from the workshop?

1. Another workshop after some time to discuss what have done in meantime
2. Networking and communicating between each other e.g. on specific problems

Shorter follow up meetings every 6 months

128 -

Which i1deas useful in own work:

(2)

how to reach the poorest

tank construction

help groups to become self reliant
new approach to groups, community organisa-
(6)

give women training and support

tion

decision making about construction

SN0 a0 GG N W i

hearing new ideas that have been successful
(2)

using cheapper materials in present design

grass roofs

groups to come up with own ideas
committee decisions

(2)

(2)

checklist

references

A report of this workshop will be circulated, including materials presented,

Need more women next time e.g. women fundis, women's groups extension

IIJ‘NIII——IIIL-III—

4,

names and addresses of participants
5.

workers - increase number of women
6.

sources

7. Field visits - hold workshop near site

Part of next workshop cintinue on tanks and part on alternative water

Invite relevant Ministries (this time 4 Ministry of Water Development
people were invited but didn't come)

T -y N om s



10.

11.

12.

13.

14,

15,

16.

17.

18.

Jefferson Kilonzo

Eliud Ngunjiri

Sebastian Mutua

Patrick Kasyula

Francis Gray

Joel Mbiti

Robert M.

Daniel Mwayaya

Mwakari Mathuva

Julius Chokera

Heinrich Gorfer

Karen Iles

Patrick Mutia

Alfred Oluoch

Stephen lurok:

James J. Tumkou

Alphonce Atisa

Gikonyo J. K.
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LIST OF PARTICIPANTS

Utooni Development Project
P.0. Box 81, Kola
Machakos

Oxfam
P.0O. Box 40680, Nairobi

Kamujine Farmers' Centre
P.0O. Box 674,
Meru

Diocese of Machakos
P.O. Box 640,
MACHAKOS

Diocese of Kitui
P.0. Box 300
Kitui

- do -
- do -

World Neighbors
P.0. Box 14728
Nairobi

Utooni Development Project
P.O. Box 16,
Kola, Machakos

Diocese of Meru

Small Scale Water Scheme
P.0. Box 553,

Meru.

- do -

Kamujine Farmers Centre
P.0. Box 674,
Meru.

CARE (K)
P.O. Box 1167,
ETmbu.

CARE (X)
P.0. Box 202,
Voi.

Chepareria Youth Poyltechnic
P.0O. Box 206
Kapenguria.

Mutomo Soi1l & Water
P.0. Box 125,
Mutomo.



19.

20.

21.

22.

23.

24.

25.

26.

Melvin Woodhouse

Joshua S. Mukusya

Keith Wright

Patrick W. Gacheru

John Lennox

Frans Klausen

Martin Fisher

Nicky May
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AMREF
P.0. Box 30125,
Nairobi.

World Neighbors
P.0. Box 16
Kola, Machakos

World Neighbors
P.0. Box 14728,
Nairobi.

Mukaa Mukuu Farmers' Training
and Polytechnic Centre

P.0. Box 1281,

Thika

UNICEF

Technology Support Unit
P.0. Box 44145

Nairobi.

Action Aid

Technical Support Unit
P.0. Box 42814
Nairobi.

Oxfam
P.0. Box 40680,
Nairobi
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