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FOREWORD

Whern one looks down at Guinea-Bissau from an airplane, green
afforestation and numerous rivers give the impression of a country
with a more than adequate natural water supply. However, especially
concerning drinking water, the water situation is very pressing. The
west faces heavy problems with salination. In the interior during the
dry season, surface water recedes considerably and groundwater becomes
very scarce. As a result, cattle from the northern and weslern parts
have to be moved to the central valleys during these months.

To view of this water scarcity and its effecls on the health of the
people, the Govermment of Guinea-Bissau after independence hag
initiated a number of water supply projects as part of the general
socio-economic development of the country. Cooperation with various
friendly nations and interpational organizations made these projects
possible.

The Dutch Buba-Tombali project is one of them. However, this project
aimed not only at technical solutions. With great effort the project
has succeeded in stimulating the people in this region to improve
their living conditions by raising the qualily of health services and
welfare as well as productivity. Water was not only treated as a
scarcity problem, but alsc as a hygiene and health issue.

Farmers mnsually are reluctant to accept change, especially when new
initiatives go beyond their knowledge snd capability. The Buba project
managed to overcome these initial difficulties. An intelligent and
patienl approach by experts has taught the population that Lhere is 3
link between technical and social aspects. Tun this way the objective
of the project has been reached: the community is now sensitive to the
advantages of usjng clean and safe water, and to the maintenance of
wells and pumps. Moreover, the work in Buba-Tombali has attracted
attention from other regions, where communities repeatedly request
similar projects. A remarkable achievemeot of this Buba project has
been the development of the Buba pump by the experts on the spot,
degpite varions limitations and drawbacks. Tt shows their dedication
and creativity and especially their courage Lo overcome the
difficulties of a different environment and adapt themselves to the
local circumstances.

Our compliments and gratitude go to all the experts who have
contributed to this project at grass roots level. They have shown that
real cooperation between a developed and a developing country is
possible and beneficial. We are also thankful to the Dutch Government,
which made this project possible through its financial and technical
support. We are convinced that the project succeeded only because it
concentrated on people: on the one hand people transterring knowledge
and on the other hand people absorbing this knowledge and learning to
use it to their advantage.

Samba Lamine Mané
Minister of Natural Resources
Guinea-Bissau.
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I. INTRODUCTION
1.1 Tistory of the project

In 1977 as a result of consultations between the Government of Guinea-
Bissau (Ministerio dos Recursos Naturais, further to be referred to as
Ministry of Natural Resources), and the Govermment of The Netherlands
(Directorate General for Development Cooperation), an identification
mission was carried oul by members of the Dutch "Working Group on

Water Resources Development".

The mission proposed a project iuvolving:

- rural water supply development in the regions of Quinara and
Tombali;

- a geohydrological study of Lhese regions;

- establishing a regional water supply centre to serve the sonthern
regions of Guinea-Bissau;

- support to the central services of the Ministry in the capital cily,

Bissau.

Following the acceptance of the proposal by the Guinea-Bissau
authorities, the Dutch Directorate General provided a team of experts
and volunteers to further prepare the project. A group was formed in

The Netherlands to support the project team.

The first members of the team arrived in Guinea-Bissau early 1978 and
started the construction of housing and office facilities in Buba. A
three-month pilot stage of the project involving the construction of
30 wells began in the last months of 1978, after which the execution
of the actual project was initiated in March 1979. A Dutch consulting
engineers’' firm, experienced in shallow well projects, assisted in the

preparation and exccution of the pilot project.

This pilot project comprised mainly the following:

- a survey to obtain a gencral idea of the geohydrological situation
in the area; (a number ol hand-drilled test holes were made and
clectrical resistivity soundings werc Laken);

- an experiment on well construction techniques;
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- a socio-economic survey of the area to define the task of the
section which was going to promote the social activation part of the

project.

Oune vyvesult of the pilot project was that, contrary to what was
expected, it would be necessary to construct dug wells as it proved

impossible to provide exclusively hand-drilled tubewells.

In May 1979, the well construction programme started. The Netherlands'
financial contributions to the Buba~Tombali water project for the
period 1978 - 1981 amounted to US § 3.6 million. For the continuation
of the project, in the period 1981-1984, a further US § 2.5 million
has been allocated. These financial contributions to the Buba-Tombali
water project are part of The Netherlands'financial support te the
Ministry of Natural Resources, which totals Hfl. 18.1 million (U8 §
7.2 million) up to 1984.

This report describes the organization and results of the first phase

of the well construction project for the period 1978-1981.

Not covered in this report are the construction of water distribution
systems in three smwall villages for which preparations were made by
the project team in Buba, and the support provided to the central

services of the Ministry in Bissau.



1.2 Guinea-Bissau

Introduction to the country

The Republic of Guinea-Bissau is bordered by Senegal to the north, and
Guinea-Conakry to the east and south. The country has an area of
36,125 square kilometres. Except for the vast foothills ol the Fouta
Djallon in Lhe eastero region, Guinea-Bissau mostly consisls of a
coastal plain, deeply indented by estuaries. The main physical
characteristics are meandering rivers and wide cstuaria, with the
tidal influence rcaching as far as 120 kilometres inland. Some coaslal
iglands and the offshore archipelago of the Bijagos Islands form part

of Guinea-Bissau.

History

Guinea-Bissau had officially been a Portuguese colony Lor one century.
In 1974, after twelve years of fighting, independence was granted by
Portugal. The new government has established two basic principles to
guide its efforts for improving the situation as left by the colonial
regime and the |iberation slruggle:

- priority Lo the rural people;

- a structure of popular participation.

These two principles have been laid down by the leadership of the

liberation movement Partido Africano da Independenicia da Guiné ¢ do
Cabo Verde (PAIGC), the single political party in the country. This
policy has been reconfirmed in 1980 by the revolutionary council under

the lcadership of Jad Bernardo Vieira.

Economy

Agricultural production is the main ecenomic aclivity in Cuinea-Bissau
but. there has been a considerable setback during the liberation
struggle. After the Portuguese lefl, only very few trained people were

available Lo take up posts in management, planning and administration.



The new regime has been attempting to move the country away from a
situation of dependency on any single product or source of exlernal
assistance. MHowever, the economy of Guinea-Bissau is still in a
persistent external trade deficit. The annual gross national product

is about US § 170 per capita.
Demography

The estimated population in 1980 was 780,000. The majority, around

80 %, lives inm the rural areas.

GUINEA-BLSSAU

1] Al kmy

i = POPULATION DENSITY
& g NUMBER OF
e D é‘j = PERSONS / km
e 55 THAN 10
i %) ~=F B3
ST e o gy — E] 1w0-19
o B w0-39
é\f"% § 40 -79
G Y OF BISSAL

(2085)
. . Source: Guinea-Bissau Country Documentation
Figure 2. No. b, 1979
Population density. Royal Tropical Institute, Amsterdam

The ethnic distribution is as follows:

- Balanta 30% Mandinga 13%
- Fula 20% Papel 7%
- Manjaco 149 Others 16%

The distribution by religion is: 60% of the people are animistic, 35%

Muslim and %% Roman Catholic.



Climate

The climate is tropical with a wet scason (June-October) and a dry
seagon (November-May). In fact it is possible to distinguish two
climates: a maritime one on the coast, and ope with Sahclian

influences in the central and eastern regions.
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Transport by boat is common.
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Rainfall is abundant in the coastal plains. A remarkable tendency
towards lower annual rainfall rates has been observed during the
seventies. This has resulted, among other things, in a considerable

fall in agricultural output especially the production of rice.
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1.3 The project area

Geography

The regions Quinara and Tombali, in which the well construction
project was carried out, are very important rice production areas. The
regions cover about 6,000 squarc kilometers bordered in the north by
the Rio Geba and the Rio Corubal. Only one bridge, in the south-east
near the village of Saltigho, connects Quinara and Tombali with the
other parts of Guinea-Bissau. The area is largely situated in the

coastal plain, deeply indented by esluaries and rivers.

Hydrogeological situation

The existing knowledge of the subsurface geological formations and the

hydrogeological situation i3 cxtremely limited.

Schematic profiles as presented in Table 1 indicate the composition of
the shaliow geological [ormations., Profiles |, 2 and 3 are fouand in
the shallow ridges Lhat are characteristic lor the coastal plain.

Profile 4 is found in the coastal islands.

Table 1.
Typical subsurface profiles for shallow geological formations in
Guinea-Bissau.

1 P 3 4
laterite Taterite T Materite fine sand
2.0 wilh sandy with sandy (aquiter)
clay clay Taterilte, with
streaks oif clay
4.0
(1“ll$E 1{1'_Erite Y S -
with streaks
of clay
ro_ . i dense clayey
homogencons fine
fine sand laterite clay sand
(agquifer) clayey sand
{aquifer)
12.0
to |
16.0 dense clay dense clay
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A schematic cross section of such a shallow ridge is shown in

Figure 6.

[ PROFILE 1

CLAY WITH
LATE
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OF THE D11y
SEASON COMPACT CLAY

TIRST AQUIFER! . BrPrOFILE 3

Figure 6.
Cross section of shallow ridge (schematic).

The profiles 1, 2 and 3 are also found in the south-east of Guinea-

Bissau, but there are arecas where hard rock has been encountered.

View on a shallow ridge;
surface runoff eroding
the topsoil.
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¥or the deeper ground formations, very limited geological data are

available. The profile presented in Table 2 is indicative only.

Table 2.
Indicative geological and hydrogeological data for ground profile near
Bedanda (24).

NEPTH LITHOLOGY HYDROGEOLOGY

(meters)
lateritic sand and clay first aquifer
7
clay
22 - -
limestone second aquifer
sand
25 e - -
Clay
32 e
sand third aquifer
clayish sand
sandstone
68
clay
75 - v e
schist substratum

Transport and communications

Overland transport is difficult due to the topography of the country.

In the south of Guinea-Bissau, there are only three all-weather roads
with a total length of 60 kilometers. During the wet scason several
districts especially those near the coast are not accessible for

trucks or Landrovers.
Transport by boat is common, although many villages can only be

reached during high tide. In 1980, projects for improvement of the

country's infrastructure started. A road construction programme
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financed by the World Bank has begun, and a naliomnal ferry service was
introduced connceling the southern regions with the capital Bissau, on

a six journeys per week schedule.

Wi, R
e g,

i, i,

Various coastal villages are accessible by boat only during high-tide.

As Buba has no Lelephone commcction with Bissau, the project used a

radio transmittor for communication purposes.

Table 3.
Travel-time Buba-Bissau.

_connection Buba - Bissau travel time
by road 6 - 12 hours
by boat 36 - 48 hours
by road and ferry® 4 hours

R
P

On a six journeys per week schedule.

16



Population

The official census held in 1979 produced the following data on the
distribution ol the population in the Quinara and Tombali regions of

Guinea-Bissau.

Table 4.
Distribution of the population, by region.
Regions district villages population
Quinara Tite 50 11,000
fulacunda 50 5,000
Buba 40 5,500
Fmpada 60 7,500
Tombal i Calio 80 19,000
Bedanda 55 12,000
Cacine 50 7,000
Quebo 35 5,000

The most important economic activity is traditional agriculture.
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1.4 The Buba-Tombali water supply project

Objective of the praject

The project’s objective was to provide an adequate supply of safe
water to the population in the two sonthern regions of Guinea-Bissan.
Quantity as well as quality should be sufficient throughout the year,

while walking distance should bhe limited.

To try to achieve this with fairly simple techniques and at moderate
cost, the project was directed to the comstruction of shallow wells

equipped with a pump or a bucket.

Experiences of similar projects in other developing countries have
shown that constructing a well does not in itself guarantee that it
will be actually uged. For this reason, in the Buba-Tombali project a
$pparate section was crecated with the special task of stimulating the
proper use of the new wells. Co-operation belween this 'social
activation" section and the project's technical sections was promoted
vigorously, and proved to be one of the strong features of the
project. Extensive liaisou with the population cnabled the project to

be responsive to their needs.

The project was originally planned to produce, on average, 150 wells
per yeay. The social activation section preferred a lower construction
rate, because little experience existed dinitially to support their
type of work. The construction section preferred a higher rate

(200-250 wells per year).

Project organization

The project was established as a fully separate entity within the
Ministry of Natural Resources, as there was no existing organizational
structure for the southern regions. Only in three small towns were
skeletal services existent for maintenance of the water distribution
systems. These originated from the Portuguese colenial regime, but
they were barely functioning because of lack of tools, spares and

organization,

18



The project functioned completely independently, and the payment of
the local staff emploved in the project was the responsibility of Lhe
project team itself. Although this was an important advanlage, from
the beginning ways and means were sought to transfer part of the costs

of local staff to the budget of the Ministry, step by step.
The general organization of the project is shown in Diagram 1.

Diagram 1. ' '
Organization Buba-Tombali water supply project.

(prodect mamnger ]

-;z_p_r;.;s-;géuliwf mrintenance administretion car ;-v:»ﬁx_n-(-unn-
in Binzau aertion and storex workshop . section

[ l R A
' '
H )
construction Aurvey goclal activation mechanical geohydro- water
section section sectian watkshop logical distribution
section section

The following provides a description of the project organization:

Social

activation section

This section consisted of three closely related parts:

- the promotion wunit: which consults with the community, provides

guidance for the introduction of the new well, stimulates its proper

use, and provides the necessary information for making adjustwents

to the well construction programme;

- the sociological investigation section which makes additional

sociological

- the

invesligations;

horticultural wunit: which investigates the potential for tLhe

growing of vegetables using waler from the new well.
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This section was respensible for making technical surveys, and
selecting the design for each new well. The first site choice for a
well was made by the community. For the investigation of the selccted
site, hand-drillivg equipment was used. Only il the original site

proved unsuitable, were alternative sites investigated.

Construction section

This section was charged with the actual comstruction of the wells,
including the provision of a concrete cover and the installation of a

pump or rope-and-buckel system.

The following well construction methods were used in Lhe project:

- hand digging;

~ hand drilling, using drilling equipment of # 30 cm diamcter, and
G.V.K. casiug (reinforced plastlic casing);

- motor drilling: a percussion rig was used in those villages where

couditions did not allow drilling or digging by hand.

By June 1981, the following construction capacity was available:
- 2 teams with hecavy hand-drill equipment;
- 9 teams for well digging;

= 1 team working with a percussion rig.

Production sccbion

The productlion section was responsible for:

- supply of sand, gravel and filter sand;

- production of comncrete rings and covers, for which a factory was
established in Buba. The rings and covers were transported to each
well site by truck. Sometimes, il was necessary to produce the rings
and cover at the well site, for instance on the islands in the
estuaries;

- manufacture of wooden furniture for offices and houses.

The workshop assembled and repaired pumps, as well as rope-and-bucketb

syslLems.

20



A car workshop was set up for the repair and maintenance of the
vehicles of the project. The building and all equipment [or the car

workshop were provided.

Maintenance section

Proper maintenance of all installed wells and pumps is extremely
important. Efforls were made to establish a complete maintenance
organization. Different maintenance syslems were szet up to select the
most suitable one under the conditions prevalling in the project area,
to arrange for the necessary budgel covering the maintenance costs. It
proved Lo be a serious problem. Towards the cnd of 1981, the Ministry
of Natural Resources agreed to starl financing the staff of the

maintenance section and the fuel costs.

This section was charged with providing technical scrvices such as:

- groundwater investigations;

- measurements of river water quality (e.g. total dissolved solids
content);

- river discharge measurements;

- rainfall and evaporation data.

%’nééé an
§§§§§§.

g

. s s
et R R e

Geohydrological survey team in the field.
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The project centre in Buba is not easily accessible from Bissau, and

Buba being a small town, very few facilities were available. For

practical reasons, il was decided to post a permanent representative

of the project in Bissau. The representative's major tasks were:

communications, using the radio transmittors as there was no
telephone connection;

liaison with the Ministry in all matters pertaining to the project;
financial matters and banking services, in particular with the
national bank which is located in the capital Bissau;

customs clearance of project materials al Bissau port, the port of
entry for most of the materials and supplies imported for the

project.

Personnel

The opumber of staff ecmployed in the Buba-Tombali water project

gradually grew as shown in Figure 7.

175
150
125
NUMBER
OF 100
STAFF
T 75
50
25
[¢]
| ! Lo [
14978 189/49 1980 1981
Figure 7.

Number of staff employed in the project.

By June 1981, the project employed 14 expalriate and 170 local stafl.

The distribution by section is presented in Table 5.
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Table 5 ‘
Distribution of project staff by seclion.

”

MAINTENANCE SECTION

¥///// SOCIAL ACTIVATION SECTION.

SURVEY SECTION

/ s 27 7
/ / // // CONSTRUCTION SECTION //
Lkl &L

o

MECHANICAL WORKSHOP

_///// CAR WORKSHOP
/ // PRODUCTION SECTION
v

ADMINISTRATION, STORES AND
REPRESENTATIVE IN BISSAU

,/// GEOHYDROLOGICAL SURVEY SECTION

.// WATER DISTRIBUTION SECTION

1 | ! ! !

IO |10 |20 |30 |40 |50 IGO NUMBER OF STAFF ——f»

The recruitment of expatriate staff members was sometimes difficult,
and time lags occurred in the replaccment of project staff. Yet, it is
very important to prevent these time lags, as they have a negative
influence on the project results. New staff should get settled before
the person who is to be replaced leaves the project team.

Such discontinuity in the project excoution must be avoided. A good
recruitment. policy, therefore, requires close cooperation of the
project team with the recruitment services both in The Netherlauds and
in Guinea-Bissau. The average time nceded for the recruitment of
expatriate staff members in the Buba-Tombali project was about nine

monlhs.

In the e¢xecution of the project much attention was paid to training,
this being essential Lo promote the eventual successful transfer of

the project to the Guinea-Bissau authorities.

Without transfer of knowledge and skills, little development will
ultimately be achieved. Kspecially in the later phase of the project
full attention was given to knowledge transfer, and the development of

the necessary capabilitics for maintenance and repair.
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The existing water situation

A water hole,

A traditional well in a Fulani village.
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As the road conditions in Guinea-Bissau are very rough, the project
transport means had to be capable of meeting exacting requirements. To
facilitate maintenance, only Lwo types of vehicles were used:

Landrovers and trucks.

A small ferry was bhought to ensure a better transport conneclion with

Bissau. Three small motorboats were used for traunsport to the islands.

Procurement of material

Much attention was needed for the ordering of equipment and supplies,
as virtually all the materials for the project had to be imporled from
The Netherlands. The following figures may provide an indication of
the quantities involved:

- petrol consumption: 150,000 litres/year

- cement usage: 350,000 kg/year.

A careful planning of the project supplies was very necessary. For
instance, one missing spare part could result in a vehicle being out of

service for 4 to 5 months or more.

1.5 Results

The principal result of the water well construction project up to June
1981 was that some 30,000 people were provided with a better supply of
water on a year-round basis, and that the proper use of this water was

promoted.

Survey

Up to Junec 1981, the project survey teams carried out 763 test
drillings; 352 of them led to a suitable sile selected for the
construction of a well. Thus, on average, 2.3 test drillings were
necessary to locate one suitable well site. The number of test
drillings per well site ranged for the various areas from 1 to 10 Lest

drillings per well.



Number of wells

The number of constructed wells is shown in Figure 8.

In June 1980, at the end of the dry season an investigation of the
first 130 wells showed that 58% of the wells were successful, having

no recharge problem.

Based on the experiences obtained, improved methods of site selection
and well construction were introduced. As a result, by June 1981, out
of all wells constructed after June 1980, 81% were without any
recharge problems, which is the more remarkable as Lhe wet season of

1980 had a very low rainfall.

Well equipment

By July 1981, 220 pumps and 113 rope-and-bucket systems had been
installed.

ITnitially the wells were cquipped with a foot-operated "Kangeroo pump
imported from The Netherlands. Later, as the people showed preference
for a handpump, a special workshop for pumps and buckets was
established. The "Buba" pump, developed by the projecl team, is now
being provided. Except for Lhe cylinders, this pump is completely
manufactured in Guinca-Bissau, from imported  material. The

rope-and-bucket system was introduced to reduce the maintenance costs.
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Figure 8.

Wells constructed in the Buba-Tombali water supply project.
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1.6 Future planning

The project was originally planned for completion by July 1984, but in
December 1981 a proposal was submitted to extend the project to 1986,
for Lhe following reasons:

- the transfer of the project to the Guinea-Bissau authorities proved
more difficult than was originally envisaged, mainly because of the
limited absorptive capacity of the economy of Guinea-Bissau;

- further studies showed il unecessary to find a solution for the
maintenance problems of the wells and pumps;

- the social activation section found that a more gradual transfer of
their task to the Guinea-Bissau agencies would be essential;

- the adequate \raining of the Guinea-Bissau counterpart staff
required more time; this was a crucial factor, as very few trained
technicians were available in Guinea-Rissau; an extension of the

project would allow more time for training efforts.

The proposal to extend the project was further supported by the
findings of a mission of the project staff to several rural water

supply projects in Tanzania.

Number of wells

The total number of wells Lo be constructed in the project was set at
850. This 1s about 400 more than was originally planned. Even so, it
wag necessary to relax the criteria of the project, as their tull
application would have required the consiruction of more than 1000

wells which appeared to be unrealistic under Lhe given conditions.

Equipment

The distribution of the wells (both planned and constructed) by Lype,
is ay follows:
~ 450 wells equipped with a pump;

- 400 wells with a bucket.
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2. COMMUNITY PARTICIPATION IN THL
BUBA-TOMBALI WATER PROJECT

2.1 The community participation concept

Communily patticipation 1is an essential element of water supply and
sanilation programmes in developing countries. However, considerable
efforts are required for the concept of community participation to
become truly operational. In a rccent publication it is defined as:
"the involvement of the local population actively in the
decision-making concerning development projects or in their

implementation' (White, 1981).

Thus, community participation should be much more than invoiving the
population din the actual construction work of a projth. In the

following paragraphs, some of the major points are discussed.

The various forms of community participation

Many different types of activity are covered by the term "community

participation". One recent classification lists ten forms (Diagram 2).

Diagram 2.
Forms of community participation.

1. Consultation

2. A financial contribution by the community

3. Self-help projects by groups of beneficiaries

4. Self-help projects involving the whole community
5. Community-based project assistants

6. Mass aclion

7. Ceollective commitment to behaviour change

8. Endogcnous development

9. Autonomous communily projects

10. Approaches to self-sufficicncy

Source: White, 1981

It is interesting to mnote that only in the first five [lorms ol

community participation, is there a major role for the extermal agency.
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Forms of community participation used in the project

The forms of community participation of relevance to the Buba-Tombali
water project were: consultation, community-based project assistants,

and to some degree self-help projects involving the whole community.

Consultation

The basic means for the community to participate in a water supply
project, and for imvelving it in the decision-making process, is
consultation. The objective is to ensure that the water wells and
pumps introduced by the project would be suited to the needs of the
communities, and would be supported by them. The necessary steps
usually involved:

- consultations with community leaders (e.g. village chiefs); such
consultation does not always represenl true community participalion,
unless the community is one where the decisions formally made by
such leaders are, in fact, the result of wider consultations and, in
this way, based on consensus.

- consultations with all sections of the community; primarily a matter
of ascertaining the views of those groups in the community which
would normally be excluded from the decision-making process; this
may apply to women, and auny ethnic minorities or low-caste groups;
the goal is to ensure thal the project will also fully meet their
needs, bul this wusually is not easy to achieve; there exist

different views on the emphasis which ¢an or need to be given to it.

This consists of the appointment and Lraining of one or a few

community members to perform special tasks such as pump maintenance.

These include projects in which the community is expected to make a
contribution (usually inm labour)}, which is matched to the input from

the government, wilh foreign assistance.

t

For further reading, see IRC Techmical Paper no. 17
Community Participation in Water and Sanitation, by
Dr. A.T. White.
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Potential benefits

Why should one consider the ways and means of promoting community

participation? A summary of polential benefits is given in Diagram 3.

Not all of these reasons are of equal value, in each case, but taken

together they make a sirong argument.

Diaggram 3.
Ten potential benefits of community participation in water supply projects.

1.

£~ W b

(%1

[=TEAN-T

With partjcipation, more will be accomplished.

With participation, services can be provided more cheaply.
Participation has an instrinsic value for participants.
Participation is a catalyst for further devclopment.
Parlicipation encourages a sconse of responsibility.
Participation guarantces that a felt need is involved.
Participation ensures things are dome the right way.
Participation uses valuable indigenous knowledge.
Participation frees people from dependence on others'skills.
Participation makes people more conscious of the causes

of their poverty and what they can do about it.

source: White, 1981
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2.2 Preliminary investigation

At the end of 1978, a sociologist, Drs. J.D. van der Ploeg was asked
to preparc a preliminary social report in relation to the water supply
problem in the regions Quinara and Tombali. It is useful to have a
considervable amount of information on the communities and their social
structure for cffective planning of a programme of community
participation. However, Lsolated information gathering activities
should be limited as much as possible as the real objective is to have

a full consultation with the communities.

The preliminary study

The preliminary study had the objective to establish a basis for the
preparation of the workplan for the social activation part of the
project. A separale scection of Lhe project organisation was
established for promoting community partipatiom in the Buba-Tombali
water supply project. The preliminary study was concerned with the
existing water supply situation and the patlern of water consumption

in selected villages, over a period of three months.

Survey

The survey ol the existing water supply situastion was carried out in
47 villages in the project area. As a [irst step, iun cach village the
village committee was consulted. The purpose of the visit was
explained and Lhe committee's support was sought. Using the checklist
shown in Diagram &, information on the water supply situation was
collected. The checklist also included questions relating to other
uses of water such as for watering of vegetable gardens. Information
on all of Lhe community's water needs is likely to be the best basis

for providing a supply.

In some selected villages, a detailed survey was made Lo investigate
the water use specifically, using the following methods:

- ohservation of Irequency of use of various water sources;

- registration of the time it takes the uscrs Lo fetch water;

- each house was visited to ask women further information on their

water use habits.



Diagram 4.
Questionnaire for Survey on Water Situation®

1 Name of the village.

2 Name of the chairman of the village council.
3. Type of village, centralized or dispersed.
4

Number of inhabitants.

5. Ethnic group.

6. Which water sources availahle?

7. Which ones are used for drinking water; if not all, why not?
8. Which water is used for cooking?

9. Which for laundry purposes?

10. Which for washing and personal hygicne?

11. What kind of cattle is present in the village?

12. Where are the cattle watered?

13. Are c¢lay blocks made for housing?

14. Are there gardens? [f so, where does the water come for
irrigating them?

15. Which vegetables are grown in the rainy and which in the dry
season?

16. Are there any special problems not meutioned so far?

#* Not exhaustive: the questionnaire is only meant to be a tool for

systematised exchange of information beyond the posed questions.

Economic aspects

An  important field not covered in the survey was the matter of
possible water charges for an improved water supply. The Guinea-Bissau
authorities regard village watcr supply as a basic need, which should
be provided for by the goverument. Furthermore, it would have in any

case been very difficult to charge for the water.

A special World Bank study has shown that people normally are unable
and unwilling to spend more than 3-5% of their cash income on water.
In a recent survey ol two villages in Upper Volta, the feasibility of
a financial contribution by the populalion in the costs of mainlaining
the improved waler supply was investigated. Actual expenses for ropes
and buckets used for lifting the water from the well were calculated

and compared with the estimated income per person (Table 6).
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Table 6.
Expenses for ropes and buckets in two villages in Upper-Volta

number of village of BOARE vitlage of ZIZIN
persons population: 1130 population: 369
per family
expendi ture % of estimated expenditure % of estimated
per person total expenses per person totsl expenses
less than 6 342 CFA 9.5 % 162 CFA 2.9 %
between 6 and 10 185 CCFA 5.2 % 164 CFA 3.0 %
more than 10 140 CFA 3.9 % 145 CFA 2.6 %
average family 192 CFA 5.4 % 155 CFA 2.8 %

*  the higher costs in Roare village are due to the greater depth of the well
#* the village of Zizin is more wealthy
100 CFA = US§ 0.40

As the water supply situation in the village of Boare was very
inadequate, the people were tound willing to pay an extra charge of 60
CFA per person. Moreover, they would be prepared to provide assistauce
in the comslruction work mneeded to improve their water supply.
Apparently, it can be possible to obtain some contributions from the
users for meeting maintenance costs, provided the existing water
supplies are replaced by a water supply system which is regarded by
the users as much better (e.g. a good handpump iustead of cach

individual family using its own bucket and rope).

Obviously, knowledge of the economic aspects is very important in all
stages of a watcer supply project, as it may have a considerable

influence on the design, the installation and the maintenance set up.

Institutional aspects

A further aspect covered by the preliminary survey --bul mot fully--
was the existing structure and capabilities of the government agencies
involved. Important in this respect proves Lo be the existing health
care structurc. The introduction of a new waler supply, and especially
the promotion of its use, is usnally regarded as Lhe responsibility of
Lhe viltlage health workers. Yowever, [ormal arrangemenls for cooper-

ation need to be made.



2.3 Field investigation data

The main results of the preliminary invesligation are given below.

Existing drinking water supply situation

About 40% of the villages had no water well. The villagers were using
water of small springs and pools, mostly highly polluted and situated
at a considerable distance from their houses. Several of these pools
and springs were dry in the last two months of the dry season. Of the
villages with one or more wells, the majority had serious water
problems in the dry season. Many of the drinking waler facilities were

also used for cattle, and for laundry.

Table 7.
Existing water facilities. B .
no. of wells no. of % of dry wells  population né. of persons
per village villages in dry season average per well
- 20 - 170 -
1 6 100 55 55
2 5 60 250 125
3 4 50 620 207
4-10 10 40 406 71
2 50 590 32

10-20

Water and hygiene

A difference could be noticed in the hygienic customs of the two main
ethnic groups living in the project area. The Fulanis have a
long-established concern for the cleanliness of water, and some of
them use a water filter, although they do not fully understand the
relationship between polluted water and disease. The traditional wells
of the Fulanis have an upper part consisting of an old oil drum which

is used as a cover against contamination.

In the Balanta villages the existing wells arc usually less adequate.
The construction of their wells is normally not such that surflace
runoff is prevented from entering. Pools of spilt water and wash water
surround the wells, and the presence of frogs in the wells is by no

means exceptional.
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Number of wells

The number of existing wells and the average number of persons per
well, were as given in Table 7, These data show a wide variation. In
the villages of the Fulanis, where clean water is appreciated, Lhe

number of people using a well usually dees noL exceed 50 (Figure 9).
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Types of villages

Due to ethnic differemces, geographical conditions and historical
reasons, there are several differenl types of villages. These may be

distinguished as follows:

1. Small secttlements without a well, up to 100 persons;

2. Gentralized villages, with one or more wells; these are mainly
Fulani villages;

3. Centralized villages, where two different groups live; these groups
live in separate parts of the village, so that such a village
should in fact be regarded as two villages, side by side;

4. Villages with large family units; these are Balanta villages
sometimes with units of more than 100 persons; many of these
units have their own well which reflects Lhe status and
importance of the family head; however, outsiders are free to use
Lhe well,

5. 'Urban' villages; some arc 'Spinola’ villages, originally
getftlements which were cstablished by the Porituguese during the
liberation struggle, others were former army camps usvally still
having what had remained of the once-installed waler distribution

system.

The walking distance to the existing wells, generally, was less than
500 m. Springs and pools normally were at a greater distance, up to 1
or 2 km. In the dry season, walking distances up to 5 or even 10 km

were no exception.

Taste and quality of the water

The most important factor which people consider in accepting water for
drinking is its taste. Yes, the water should be without wvisible
contamination, bul to the users this seems not to be an essential
point. Water which is somewhat high in minersl content, or water
tasting of a high diron content, is often rejected as drinking water.
Considerable walking distances are accepted to fetch other waler with
a 'better" taste, even where a water well is situated close to the

house.
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Pattern of use of wells

The use of wells differs not only during the day, but also in the way
it is used by various ethnic groups. This is shown in Figure 10. The
pattern found in Gambile Balanta clearly indjcates that the Balanta
women take water only in the carly morning and late in the afternoon,

which has to do with the fact that they work all day in the fields.
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Figure 10.
Pattern of well use.

Types of water

The people distinguish water for different Lypes of use (Table 8).

Table 8.

Types of water as distinguished by the population.

type of water main characteristics

1. water for drinking clean and tasty

2. water for cookivg close to the house

3. waler for washing large quantily, not stagnant, place for
clothes social contacts

4. water for bathing found on a sheitered spot
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Installation of a pump not sufficient by itself

Tn one region of Guinea-Bissau, pumps were installed in a water supply

project without community participatory efforts. A survey of twelve

villages produced the following data:

- in two of Lhe villages the population obtained their drinking water
exclusively from the pump;

- in two other villages drinking water was taken from the pump, but
also from existing wells;

- in four villages, the water from the new wells was rejected as
drinking water because ol taste;

- in three villages, the pump was out of operation;

- in one wvillage, the pump was not used at all.

Although of a very limited scale, the survey indicated that the
installation of a pump by itself would not necessarily stop people

from using their old wells.

Influence of traditional belief

Traditional belief is still very strong, even in the Muslim section of
the population. Nature is seen as a unity, influenced by good and evil
divine spirits. The gods, thercfore, should be consulted and their
consent must be sought for every important step. For cxample, before
cutting a tree or digging a hole, certain ceremonies wmust be

fulfilled.

Women as the target group

In Guinea-Bissau a segregation exisls between men and women. Although
the official party tries to change this situation, women generalliy

still are in a subordinale position.

But the women are rcsponsible for most of the water supply tasks; in
fact, for everything except watering the cattle and felching water for
preparing clay blocks. Thus, women as the main users of the well
should be regarded as the main target group. In practice, they only

could be approached with the consenl of the men.
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The women are the
main target group.

The village structure

Typically, in a Guinean village a mixture of two structures exists:

the traditional structure: in this slructure the 'homens grandes’
(old wise men) and ‘'milberes grandes' (old wise women) were the
community feaders;

the new structure introduced by the official party in Guinea-Bissau;
in this structure the 'comité de basc', a committee of 5 persouns (3
men and 2 women) from the village council are the leaders of the

community.

Visitors arc received by either the most important "homen grande', or

the president of the village council.
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Assessment of the felt need

The actual needs for an improved water supply arc not the same in

different. villages. The main problems expressed by the people usually

are:

- Lhe great walking distance Lo the water source, particularly in the
dry season;

- queuing ftor those wells that still yield water in the dry season;

- Lhe water quality is not satisfactory;

- there arce no suitable places for washing clothes and for personal
hygieune;

- Lhe existivg wells are too few;

~ there is no water for watering vegetable garden plots.

In & number of villages, the drinking water supply was not considered
the priority need. They viewed the water problems of the rice fields

as more important. It should be noted that these views wore given by

the village committee, and not by the women.

Rice-fields in Guinea-Bissau.
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2.4 The projects social activation section

The section’s objectives

Based on the resulls of the preliminary study, Lhe social activation
section in the Buba-Tombali water supply project aimed particularly at
bringing Lhe well construction activities fully in line with the views
of Lhe village community, and al promoting the proper use of the water

from the wells.

Further aims were the introduction of health education, and the
promotion of garden plot watering for the growing of vegetables.
Consultation with villagers should he cxpecled to lead to demands of
this type, as in somc villages Lhe drinking water situation is not

seen ay the greastest problem,

Important im the project's approach was that lhe objectives were mnol
p N Pl

fixed, but could be adapted on the basis of regular evalualion.

Specifications of the tasks

The social activation seclion was responsible for the following tLasks:

An  inventory of the existing water situation was made using

checklist presenled in Diagram 4, with the lollowing additional

items:

= the preferred site of the new well; special attention was given to

the views cxpressed by the women;

- 4 schematic plan of the village was drawn up, marking the houses,

wilh the number of people and any existing sanitary facililies.

The informalion so obtained was summarized in a brief report in

focal language and discussed in a public meeling with the villagers.



The village communities were informed:

1

about the general objcctives of the water supply project;

- that a test drilling and well counsiruction team would come Lo the
village for constructing the well;

- the different types of well construction;

- the number of wells which would be provided, using the guidelines

shown in Table 9.

Table 9.
Guidelines on the number of wells.
Number of persons number of wells equipment
< 25 - -
25 - 50 | bucket
50 - 100 1 pump®
100 - 250 2 pumnp®
= 250 3 or more pump?

K
(s

Sometimes a community preferred a bucket to a pump.

5§ %&
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Volunteers helping in the construction of the well.
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The villagers were informed which decisions they would have to

make, and which contributions were expected from them. This 1is

summarized in Diagram 5,

Diagram 5.

Decisions to be made by the villagers concerning their contributions to well

construction and pump maintenance.

Aspects

Contribution by the village

construction of the well

selection of the well =site and
the type of equipment

pump mainlenance

construction of watering place
for cattle and/or concrete
floor for the laundry

- access road suitable for truck
must exisl or be prepared

- provision of free labour
(2 labourers/day)

— provision of sleeping accomodation
and food for the construction team

~ decision to be made in a
community meeting

- selection of one man responsibie for
the lubrication of the pump and one
woman for cleaning the surroundings

~ payment of 25% of the material costs
- provision of free labour for the
construction

s
S e

Cattle investigating the new well; soon after completion, the well must

be fenced.
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To promote proper maintenance of Lhe pump, and care for the well
and its surroundings, the following tasks were introduced by the
promotional tLeam:

- lubricate, once a week, the pump; this task to be carried out by
the pump caretaker; he also should report any break down ol the
pump to the regional maintenance centre;

- <¢leaning, every day, of the well and its surroundings; this task
to be assigned to a woman;

- regular inspection to ensure that certain hazardous activities
are excluded from the vicinity of the well; these are listed in

Diagram 6.

Diagram 6.
Checklist of activities to be prohibiled in the vicinity of o well.

Activity Within a distance of

{meters)
clay digging for comstruction purposes 100
preparation of latrines 100
washing of clothes 25
planting a garden 25
watering cattle * 25

*) If cattle are prescent the well should be fenced.

To promote a better use ol the water, the following matters were
discussed with the villagoers:

- water should be gencrously used tor washing clothes, cleaning of
the kitchen, ulensils and washing for personal hygienc; the
Lraditional low watcr-use habits often have developed in the
exisling siluation of waler scarcity;

the growing of vegetables, possible by an adequate supply of
waler available on a year-round basis;

health cducation, emphasizing ways and means to avoid discase,

and the need for using sanitary facilities.



Promotional team

The promotional teams which were responsible for making the first
contact with the village consisted of a man and a womasn recruiled by
the project team. Where possible, these promotors were recruited from
the areas in which they would operate. Because of the social structure
prevailing in Guinea-Bissau, they have to be well-respected members of
the community. A female promotor, for this reason, should be either a
woman with children, or a 'mulher grande', an old wise woman. The
project team preferred Lhe mothers of children for the promotional
team, as the 'mulher grande' might be too wmuch bound by the
traditional social pattern. Especially for contacting the women in the

villages, lhe female prowotor 1s very important as the women have a

social framework quite separate from the men.

A female promotor
visiting a village.
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The choice of vyoung female promotors with children posed some

practical prohlems which were solved by:

- the provision of a baby silter to take carc of the children, to allow
the mothers to take parl in meetings with Lhe promotional team;

- for every three Leams one extra female promotor was appointed as a
stand-in (e.g. for when a promotor could not attend to her work
because of illness of one of her children);

= pregnant promotors were given two-month's lcave; alter this,
one monlh's work in the project centre followed, and then normal

Meld work would he resumed.

In Guinea-Bissau, children are generally breast fod up Lo the age of
two. During Field trips the female promotors, Lherefore, usually take

their babies with Lhem.

2.5 Field procedures

When Lhe water supply projects entered a new area, a regional meeting
wag called to which representatives of all village commitlces were
invited. These meetings Look place about six months before the start
of the aclual well construction. In Lhe loliowing threc months, a team

consisting ol a male and a female promotor would visit each community

in the project area.

A village dsse bly.
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Plan of action

The plan of action generaily was as shown in Diagram 7, with cach
visit focused on one subject. Audiovisual materials, photographs and

drawings were used to support verbal communicatiomn.

Although the promotors carried out their tasks with commendable

enthusiasm, the first results did not fully meet expectations.

Evaluation of the first results

From the very beginning when the social activation section began its
activities, it was decided to regularly evaluate the effects. As there
was very little known about the methods used and expcriences obtained
in other water supply projects, the project's approach for involving
the communilies was initially of a tentative naturc. [n December 1980,
an evaluation was done by a French sociologist, Mrs. A. Hochet,

jointly with the project staff.

The main findings were:

- A positive relationship was found between the visits of Lhe
promotional team and the actual use of the new well for drinking
water supply. In villages where there had been no follow-up visits
afler Lhe construction ot the well, a wmuch smaller part of the
population was using water [rom the well for drinking and domestic
purposcs, than was the case in the villages that had been regularly
visiled. In one village the new well which had been constructed
outside the village was initially not used at all. But after several
visits of the promotional team, almost all women began taking water
exclusively from this well.

- Due to their high work load, women in the villages could only be
be contacted at their places of work;

- The women regarded looking at piclures and talking in meetings as a
waste ol precious time, because their work was waiting;

- The women were not interested in health education and informalion on
the need for sanitation, as theiv relationship to disease was not
clear to them;

~ The women were made responsible for keeping the surroundings of the

wel] clean, but they were nol taught how Lo organize for this work;
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- The promotional team was found arrogant by the villagers; the
reasonsg for Lhis might be:
the manner in which meetings were conducted, with the promotors
acting as lLeachers or instructors;
the promotors sometimes did not fully understand the information
they were presenting; this led them to avoid difficult questions
by taking an imposing style of discussion which left little oppor-

tunity for the people to put their problems forward.

The women need to be
contacted at their working
place as they have little
time available, due to
their high work load.

Based on the vesult of the evaluvation, the sociologist recommended

that:

a. the approach should be more practical; rather than giving
instruction it would be more effeclive Lo work with the women
showing them how tasks should be dope in a practical way;

b. the work Toad of the wowen should be reduced; improving the water
situation represcnls a good start, but to change deeply ingrained
behaviour would require a considerable further reduction of the
work load. This would require Lbhings such as the provision of small

oil presses, rice-husking machines and fishing nets.
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The modified plan of action

On the hasis of the evaluation results, the plan for the social
activation section was modified. The modified plan is shown 1in
Diagram 7. The original plan of action is also included in the diagram

for comparison.

Diaggram 7.
The initial and the modified plan of action.

Initial plap of action Modified plan of action
ACTIVITY ACTIVITY
lst wisit - descriptive inventory several days'|- descriptive inventory
1 day - information on the project visit - information on the project
-~ decisions and contribution ~ decisions and contribution
of the villagers of the villagers
- approach to the women
site survey [- test drilling site survey |- test drillinmg
team team
2nd visit - contacting the women
1 day
3rd visit ~ discussion on population
1 day contribution
construction|- construction of the well construction (- construction ¢f the well
team team
4th visit - maintenance well and several - together with the population
1 day surroundings days'visit the surroundings of the well
2-3 days are prepared

- meals are cooked together
~ information on gardens iz

5th visit - hygiene and sanitary given
1 day facilities

6th visit -~ prevention of illnesgs
1 day

7th visit
1 day

| - improvement of food

- seed distribntion

evaluation evaluation
vigits
twice after 3 and
a year 6 months
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The modified plan of action comprised the following steps:

The first visit

The team introduced itself Lo the village committee and a programme
for the visit was decided upon jointly. The programme was flexible,

and could be adapted to the situation of the village concerned.

Usually the first activity was to contact the women. They were visited
at their working places or houses to discuss various points listed in
a questionnaire, comcerning the water supply situatiom. The
information was then summarized in the local language, in a bricef
report that was discussed in a general village assembly at the end of
the visit. This meeting was, in particular, used to check whether all

villagers were in agreement with the selected well site(s), and fully

aware of the contributions they would be required to make,

Wik v - b
A woman is responsible for cleaning the well surroundings.

Vigit. of the technical team

The promotors, who as a result of their visit(s) should have had a
clear idea of the existing situalion, discussed any alternatives for
the water supply system wilh the technical team. The necessary
hydrological and hydrogeological data should have been collected in

time to provide a basis for this consultation. Considerations included



the possible upgrading of the existing water wells, if any, the
selection of the site where the well was to be made, the drilling or
digging of new wells and the type of water-lifting device to be used.
The construction team usually would inform Lhe community aboul the
final decision. Only if the selected site was very different [rom what
the community iudicated as its preference, would the promolional team

return Lo the village for a further discussion of the matter.

The sccond visit

After the well was constructed, a second visit of two to three days
would be made. A meeting with all the women of the village was held in
which the team informed them of the planned activities. A programme

for these activities is shown in Diagram 8.

»‘%ﬁ i

The secd of domestic vegetables was offered for sale as a supporting
activity for the waler project. Because of the greal shorlage of soap,
the promotional team also started the sale of scap rather than
pressing on with advice on the need for sanitation. However, as

various  studies  have  clearly  eslablished the  importance  of



Diagram 8.
Activities executed by the promotional team in co-operation with the
women.

- clean the surroundings ol the well

- sclect and prepare a place for laundry purposes
- construct a fence (il necessary)

- indicate and prepare a plot for a garden

- prepare meals for the children

ganitation programmes, Lo lcave out health education would mean Lhal a
better understanding of the causes of disease would not be provided,
This remains important if an improvement of the overall health
situation is Lo be obtained, and further investigations are needed to
find ways and means of making health educat.ion more acceptable to the

population.

The new, modificd working method really proved to be a considerable
improvement., and the well construction programme gained much more

support from the population.

fivaluation visits

Kvaluation visits once every half year were conducted Lo check the
results of the project and to identify any changes needed. They also
scrved to stimulate the community to continue their support to the
project. The main purposes of the visits were:

- Lo find out whether the new well was actually used;
- Lo check whelher the attitude of the community was supportive Lo a

proper use ol the new well;
- to see whether any modifications had been made by the villagers for

making the wel!l more suitable to their needs.

After the evaluation of the [irst sociological study, so far mno
further study has becn made. A sociologist joined Lhe project tcam in
July 1987.
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In one Uzllago th() area around the wéll was (‘overed with shells.

The contribution of the villages

Another important point covered in the evaluation study was the
possible contribution to be made by the villagers. This involved Lhe
following points:

a. work done to improve the access road to the village;

b. supply of food for the construction workers;

¢. whether the necessary tasks had been carried ont by volunteers.

Access road

Out of 200 villages, nine had not provided an access road. This was
remarkable because five of these had a serious water problem in the
dry season. Onc reason might be that the villages concerned were
nsually situated at a considerable digstance, some 5-10 km from
existing roads. Another important reason why no work had been done on
the access road seemed to be that it would require the men to do the
work whereas the fetching of water is a woman's task. The following

story 1s illustrative:

"Iwo promotors crossing a rice field encountered several women from a
village they had visited half a year ago. The women were fetching
water at half-an-tour's walking distance [rom their village. The
promotors were asked to come again Lo the village because after the
initial visit, the men had decided not Lo open up the access road and,

on account of this, no well had beew constructed. This time it would




be different. The women told the promotors they would feed the men
only dry rice and refuse to sleep with them until they opened up the

access road."

Table 10. Contribution of the population.

supply of food availability of volunteers

team always sometimes never always sometimes never
drilling survey 78 17 5 59 17 21
well digging 84 11 5 68 27 5
well drilling 79 14 7 72 14 14

Food for the workers

As can be seen in Table 10, 3 number of villages did not supply food
for the construction team. In some cases this was because the
villagers did not have enough food to feed outgiders. In other
villagers the new organizational pattern which was needed for this
type of arrangement did not yet exist. Earlier it was the head of a
single family who decided that a well should be constructed, and he
paid the labourers either in cash or by supplying liquor and food. In
the new situation, the village as a whole had to decide to build the
well, but the social structure for organizing the contribution was
lacking. It appears that it is necessary to deal with the matter of
food supply to the construction teams before the actual well
construction starts. An investigation should show whether the social

structure of the village concerned can cope with this requirement.

In some villages, it was difficult finding volunleers to assist in the
construction work. In five villages, for this reason, a smaller number
of wells werc constructed than these villagers were entitled to. The
following factors were relevant:

- whilst the custom is that young men are paid for a job, in these
cases payment was not forthcoming; the reason being that the job was
done for the whole village, and for nobody in particular.

~ the villagers did not feel the need to contribute as they were
alrcady paying taxes to the government;

- the volunteers were mostly men, who are not the first to benefit

from the new well.
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Additional provisions

Next to the construction of the well, the following additional
provisions were optional:
- facilities for watering cattle;

- a wash basin for doing the laundry.

The community would have to pay 25% of the cosls of these provisions,

Although many villagers were interested to have these, very few were

actually constructed.

A promotor assists in crop planting.

Vegetable plot irrigation

Vegetable plot gavdening bocomes leasible when using water from the
improved supply. An individual section of the project organization was
established for promoting plot irrigation. This group cooperated

closcly with the promotional teams.

After several experiments, the following approach was chosen:

- in Buba a garden was made for prodoction of seeds, and also Lo
tmprove existing cultivation techniques;

- Llhe growing of vegetables was studied and promoted in six selected
villages of different cthnic groups;

- the promotors ol the social activalion scclion were Lrained to lay

out the garden plots and Lo give basic instruction in crop planting.
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A garden lot.

Conclusion

A number of positive effects of the cfforts Lo promole community
participation in the Buba-Tombali waler supply project may be

ment.ioned:

a. It appears that the work of promotional teams is accepted by the
villagers., This can be important for similar development projects
in other fields such as agriculture, road building and sanitation

improvement.

b. The involvement of a pump caretaker and a woman to clean the pump's
surroundings provides a basis for cosuring that part of the
necessary maintenance tasks ave carricd out at village level. The
lubrication of the pumps is an cxample; it is frequently done quite

satislactorily.

¢. Proper involvement of the population allows them to have a consid-
erable influence in the siting of the well, which should be
regarded as a positive point. Tn this way, it is avoided that wells
are  constructed at  sites  thal are not convenient for the

population. The importance of this is illustrated by the following

N
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event, which occurred in a project in which there had been no

special participatory programme:

"A well was to be constructed in a village. For practical rea-
sons a site was chosen at the edge of the village near a road.
The drilling machine was put ju its place and everything was set
to start the drilling; but the village committee approached the
workers and explained that even if the well which was to be
constructed would give water, they could not use it because an
"irao' (a spirit) was living there. Had there been consultation
with the community in an earlier part of the project, this

situation could have bheen avoided".

The selling of seeds in the villages, to meet the need as identi-
fied by the promoticnal teams, was appreciated by the population.

It might help the women improve their income.

A side effect of the community participation efforts in the Ruba-

Tombali water project proved to be the closer co-operation between
the wvarious govermment departments involved. The tasks of the
social activation section being in the area of responsibility of
more than one ministry, and as the consultations of the communities
also identified problems in other Ffields, co-operation between the

ministries proved both necessary and fruitful.



3. TECHNICAL ASPECTS

3.1 Groundwater exploration (introduction)

Successful groundwater exploration requires a basic knowledge of the
manner in which water exists in the aquifers (water-bearing ground
formations). Without this knowledge, constructing wells becomes

something like a game of roulette.

The aim of the groundwater exploration must be clearly defined. Is it
for providing a small local supply or is it to obtain an overview of

groundwater occurrence in an entire region or country?

PRECIPITATION

TRANSPIRATION
—

FVARDRATION

Figure 11.
Groundwater movement (schematic).

Important is the determination of the area of study. A frequent reason

for failure of groundwater exploration is that too small a study area is
chosen.
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Collection of existing data

The collection of information for the study arca may involve:

- geological maps, even 1if they are inaccurate, incomplete or not
readily available (as is frequently Lhe case in developing
countries);

- Lopographical maps (e.g. 1 : 25,000 scale);

- information on existing wells;

- meleorological records;

- hydrological data.

i *%*’f‘ww @g

Meteorologz('al station in Buba

As part of the information collection effort, a survey of the area
should be made, preferably towards the end of the dry scason when
groundwaler levels will probably be at their lowest. IF information on
existing wells is available, one of the loweslL-cost techniques for
locating suitable aquifers is to develop schematical geological cross
sections of the area. This is done by analysing well logs and any

available pump tests of the wells.

The aim of the survey should be to produce sufticient data for the
drawing up of a hydrogeological map, showing the (tentative)
distribution of aquifers; any springs present; depth of the
groundwater table; yicld of existing groundwatcr sources, and the

quality of the water from them.
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The role of traditional hydrogeological investigations for effective
groundwater exploration should not bhe overlooked. Traditional
groundwater prospecting should be supplemented, not replaced, by
modern geophysical exploration techniques such as electrical
resistivity, seismic refraction or well logging. These geophysical
exploration methods are most important for obtaining supplementary,
and more accurate information about the subsurface conditions and
aquifer characteristics. They may be wused to complement the

groundwater data obtained by traditional investigations (Figure 13).
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Stages of groundwater exploration and development.
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Surface exploration

Several surface exploration techniques may be used to acqui
information on the groundwater resources in an area without Lhe use of

costly borings. These are:

- stream monitoring; by monitoring stream flow, areas can be
identified where the stream receives an inflow of groundwater that

might be intercepted by wells;

- photogrammetry and remote sensing; identification of groundwater
resources through aerial photographs (e.g. 1 : 50,000 scale) or
satellite imagery; these methods are generally useful for obtaining

an overview for large areas, i.e. for an entire counlry or region;

- surface geophysical prospection methods; geophysical methods provide
information of subsurface formations and, through interpretation,
allow the identification of formations having water-bearing
capacity; the electrical resistivity, and the seismic refraction
methods are the most Important in surface exploration of shallow
groundwater strata; sometimes, a gravity survey can form a useful
addition to these methods, and may help to save on the overall costs

of the groundwater exploration.

Test drilling

The best but most expensive way Lo check subsurface geological
formations on groundwater occurrence and aquifer potential is test
drilling. Various methods for test drilling exist; the choice of
method depends on factors such as the type of ground structure, the

depth of the groundwater table, and the degree of accessibility of the

sites,
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3.2 Groundwater exploration in the Buba-Tombali project

In the Buba-Tombali water supply project, shallow wells were chosen as
the most appropriate technology for the Tombali and Quinara regions.
Most of the cexisting deep bore holes had nol been accepted by Lhe
population because of the salinity or the iron content of the water.

Moreover, the investigation of deep groundwater is quile expensive.

In the Buba-Tombali project the following groundwalter exploration

methods were seleclively used.

Aerial photography

In January 1978, aerial photographs were taken of the regions Tombali
and Quinara to obtain basic information on the topography of the area
and the distribution of the settlements. This survey technique was not

employed to obtain jnformation on the water resources.

Electrical resistivity measurements

During 1979, the suitability of electrical resigtivily measurements
was checked for determining the presence of deep aquifers. At the same
Lime the suitability of this groundwater survey method for locating

shallow wells was assessed.

In a pilot survey area covering part of the Quinara region, the
usefuiness of the electrical resistivity survey method was Lested. The
method was found suitable for deep groundwater investigations in the
project arca although the interpretation of resulls  vequired
considerable expertise. A tentative conclusion hased on the data
obtained was that fresh groundwater aquifers al greater depth are only

cxislent in very few parts of the southern regions of Guinea-Bissau.

The location of shallow wells

An eclectrical resistivity survey was carried out in a small arca near
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the village of Cobumba. The investigation showed this survey method to
be of limited use in locating shallow wells in the regions concerned
as:

-~ the method is very time consuming as the laterite is very compact

and difficult to penetrate;

- the electrical resistance of dry laterite is very high.

Test drilling

For the conditions pertaining in the project area, test drilling was
selected as the most suitable groundwater exploration method.

The drilling of test holes was combined with the making of production
wells. Although the cwphasis on immediate results in an early stage of
the project can be justificd by many valid "political" reasons, a more
complete groundwater survey, by the construction of a limited number
of wells in the first year of the project, would probably have been
better. Experience in the Buba-Tombali project as well as in other
similar projects shows that of the wells constructed in the first
stage of the project a considerable percentage dried out at the end of

the dry season.



All wells were checked in June 1980, and the well logs were comparcd.
The results showed that 587 of the wells had no recharge problems. On
the basis of this investigation Lhe site selection criteria were
modified. Staundard profiles for drilled and dug wells were established
based on the proiiles of the wells that showed no recharge problems
(Table 11). The test-driliing vesulls had to come close to these
profiles and the yield had to be acceptable before the decision Lo
construct a well was taken. A survey in June 1981, of the wells
congtructed according to the modified selection criteria, showed the

mimber of wells wilthout recharge problems rising to 817%.

On average, 2.3 tesl drillings were needed to locale a suitable well
site. In some areas, it was necessary to lake a large number ol
test drillings. In ome village no suilable wel! site could be found,
15 drillings being unsuccessful. To avoid such a situation, it would
be very useful to dnvestigate whether an additiomal groundwater

exploration method could be used Lo reduce the number of test holes

required.

66



Yield test

In order to get some insight in the yield of the test hole a drawdown
test of 30 minutes was carried out, with a simple hand-operated pump
down in the bore hole. Before starting the pumping, the water level
was measurcd. During pumping Lhe water leve] and the yield were
recorded every five minutes. The rise of the water level in the hole

after pumping was stopped and recorded every minute.

Observation wells

To get some insight in the fluctuations of the groundwater level,
ohservation wells were made al a number of sites. These wells were
ecquipped with @ 30 mm PVC tubing and well screens, and with a 2"

galvanised tube placed at ground level.

The water level was checked daily by local observers. This was decided
for practical reasons, as a daily check is more easy to arvange than a

weekly one.
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Figure 14.

A water level record of the groundwater table in the upper aquifer.

67



Selection of well sites
The selection of well sites was based on consultations with the
community, and on the test-drilling results. Diagram 9 shows the

various steps in the well-site selection process.

Diagram 9.
Steps in the well-site selection process.

is access road if not no well will
ready? be constructed
any pollution yes can they ba
hazards present remedied?
yes
are relevant no

water quality
guidelines met?

yes

is drawing of
water with rope-
and bucket preferred?

yes

no
geological conditions no
suitable for well digging’

yes

conditions suitable conditions suitable no select other
for hand-drilled well? for hand-dug well ) site

yes

select select
hand-drilled well hand-dug well
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Some details of the criteria mentioned in Diagram 9 are given

below.

Where there was no access road, and where the villagers werc not

prepared to build one, no survey was made and no well was constructed.

Pollution hazards

ITf there were cattle pools or latrines nearby, a well would be liable
to become polluted. The manner in which bacterial and chemical

pollution is transmitted with groundwater flow, is shown in Figure 15.
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Figure 15.

Bacterial and chemical pollution pattern.

While the community was making the decision on where to locate the
well, they would be informed by the social activation promotors about
pollution hazards. An adequate distance between the well and any

sources of pollution is always necessary.

The water from a well must be acceptable to Lhe community. The main
quality factor used in the¢ Buba-Tombali water project was the taste of

the water. If no water could be found that would be acceptable to the
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community as drinking water (i.e. where the water has high iron
content), then the well might still be constructed to provide water

for olher purposes than for drinking.

Where the village community in question preferred to draw water with a
bucket instead of a pump, the geological conditions were investigated
to check whether it would be possible to dig the well. If this proved

feasible, then the community's preference was followed.

The test-drilling results were compared with standard sample profiles

for dug and drilied wells (Table 11).

Table 11.
Standard sample profiles for dug and drilled wells.

A. Typical profile for drilled well

dapth type of, color additional dry humid water
(m) geological notes bearing
3.5 clayish sand red small streaks x
of laterite
5.0 sandy clay grey " "t x
8.0 clay red/ laterite x
grey i
11.0 clayish sand yvellow fine sand %
13.0 fine sand grey/ clay x
yellow
14.0 middle coarse white/ fine sand X
yellow
15.0 compact clay grey/ - X
vellow

B.  Typical profile for dug well

depth type of color additional dry |humid water
geological notes bearing
formation
5.0 clay red/grey laterite %
4.0 clay grey/red small streaks X
of laterite
12.0 sandy clay grey oo 3
13.0 dense clay gray/ -
yellow
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Obviously, the water layer in the aquitzs had to be of sufficient
depth to atlow the ready inflow of groundwaler inte the well,

{Table 12)

Table 12.

Minimal thickness of aguifer

Month Minimal depth Month Minimal depth
of groundwater {m) of groundwater (m)
" October 3.2 : March 1.7
November 2.9 . April 1.4
December 2.6 May 1.1
January 2.3 | June 0.8
February ) 2.0 _ : July ) 0.5 B

Wel scason well

Where it was impossible to find a soitable site for a well with a
year-round supply, a so-called "wet-season well™ might be conslructed.
Such a well would dry oul in the course of the dry season. Yet, during
about nine months of each vear, the villagers would have an adequale
supply of water close to their dwellings, which represents a
considerable  improvement over the exisling situation. In Lhe dry

period of about three months, the villagers wonld have to resort to

permanent water sources at a greater distance.

§ 3%;&». 3
In a number of villages dug wells were preferred.
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3.3 Well construction

There are many different well construction techniques. The most widely
used techniques are:

- hand digging;

-~ mechanical digging;

- drilling with hand auger;

- percussion drilling;

- rotary drilling.

An overview of well construction techniques and their characteristics

is given in Table 13.

Table 13.
Well construction techniques and their characteristics.

\@cteristics type of construction technical degree of [ operation
geologival — e — equipment technical | & maintenance

well formation max.depth diameler | weight complexity| aspect
construction {m) (m) ‘
techniques [

hand-digging unconsnlidated 80 1.0m ] Yow/medium low low/medium
nechanical unconselidated 80 1.5m ‘ med im med i um medium
digging & consolidated

hand-drilling unconsolidated 20 0,1-0,15m low Low Low
rable-tool consoltidated 200 0,1-0,6m fairly high med Lum wediom
percussion & unconsolidated

rotary unconsolidated 300 0, 15m high high high
drilling excepting

hard gravel

Choice of construction method

For shallow wells, drilling with a hand aunger, and hand digging can be
suitable construction methods.

In the DBRuha-Tombali water supply project, at first preference was
given to hand drilling, as it requires little in the way of equipment
and investment, and has the advantage that the hole dees not need Lo
be pumped dry during construclion. At a later stage, when in several
places low recharge rates were observed, hand-dug wells were chosen;

small-diameter tubewells arc unsuitable for that condition,
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To provide for those areas where neither hand drilling nor the digging
of wells could be tried, a percussion rig was used in order to drill

for deecp groundwater.

Percussion rig.

Percussion drilling was preferred to rotary drilling, in view of the

following conditions pertaining to Guinea-Bissau:

- Lthe capacily to repair complex machinery iLs very limited; for
instance, a rotary drill wused in another water supply project was
already out of service for more than a year!;

- thin aquifers might be sealed off by the drilling fluid;

- no deep wells were envisaged; the dcepest well constructed in the

project was 80 m.

The use of a well digging wachine was not serionsly considercd by the
project team. Experiences in another water project with such machinery
were rather unfavourable due to frequent mechanical failure, lack of

fuel, and other problems.
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Types of wells

The following types

of wells

water supply project:

dug well with telescopic construction;

were constructed in

the

dug well with constant diameter over full depth;

drilled well;

renovated traditional well.

In

Table

14 the main characteristics of dug wells

wells, as constructed in the Buba~Tombali project, are compared.

Table 14.

The main characteristics of dug wells and hand-drilled wells.

Buba-Tombald

and hand-drilled

HAND-DUG WELLS HAND DRILLED WELLS

—

8 Site survey required site survey required

R not feasible in sand layers not suitahle in low-recharge

A8 over 3 m layers

é g' possible to penectrate hard rock hard rock may present problems

= established construction method relatively new technology

oom heavy vehicle with hoisting gear lLight vehicle sufficient

25 needed

k- lining necessary plastic tubing adoquate

g 4 weeks construction time, 2 workers 1 week construction time, 6 workers
Qe

g

v saund, gravel; should be locally fillerpack requiring sand, gravel
se availahb]le should be locally available

3y high-capacity pump needed during

iy construction

5 ?'f low-maintenance equipment low maintenance eguipment

B communily may choose pump or only pump option

a4 rope-and-bucket

E E if pump breaks down, well can if pump breaks down, well becomes
gm ¢onlinue to be uged useless
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Dug wells

Mg wells should in almost all cases be lined their full depth.
Various materials can be used for the lining of dug wells:
- prefabricated concrete rings;

brickwork;

- concrete lining cast on site.

il

.’«;)3) - é_
- A ?‘
L

oa
¥ g‘% %&Wy ¢ Lowering a filler ring
i <W§%%§é into the hole.

In the Buba-Tombali water supply project, prefabricated concrete rings
were chosen t1or lining the wells, because brickwork lining would have
required more Tabour and thus taken much longer to build. Concrete
lining, casl on site, required a large uumber of moulds and technical
supervision during construction. For the production of the needed

concrele rings, a factory was built in Buba.
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Production of concrete rings in Buba.

The construction of Lhe well started by staking out a circle with a
diameter ol 1.5 m. A small roof was madce Lo provide the workers with
shelter against sun and rain. A hole of 1-1.5 m deep was excavated in
which the upper part of the lining was placed. Digging Lhen procecded
in a smaller diameter. In most cases the laterite layers were so hard
that they had to be broken with pick-axes. The loosened rock Lhen was
removed with a bucket. When the groundwater level was reached, filter
rings with a diameter of 1 m were placced in the hole wsing a tripod &
m high. Digging then continued until Lhe hard clay layer was reached.
In some cases, digging would conlinue at least a Ffurther 0.5 m into

the hard clay so as to provide a greater storage capacity in the well.

During the work, water was pumped from the hole wilh an electrical

pump powered by a gencralor.

77



The filter rings of one meter height were placed in the hole below the

level of the highest expected groundwater table.

A typical dug well, on average, was 11 m deep; the upper part
consisting of 4 rings 0.5 m high, and 1.5 m in diameter; the lower
part 5 rings 1.0 m in diameter and 1.0 m high. The middle secction

usually did not need a concrete lining (Figure 16).

The ring of 1 m diameter provides 0.8 m internal space. It is the
minimum size in which a man has sufficient space Lo do the digging.
This ring size, the smallest possible, was choosen because there were
no trucks available in the initial stage of the project, so weight had

to be reduced as much as possible.

Rehabilitation of existing wells

In some villages, existing wells were rehabilitated instcad of new
well construction . The rehabilitation work involved a deepening of
the hole and lining the well with concrele rings. Unfortunately,
rehabilitation of existing wells proved nol very successful, as the
recharge problems continued. Furthermore the number of wells remaining
the same, the availability of water was not wmuch improved by
rehabilitating am existing well. In some cases the waler quality
deteriorated after the further excavation of the well. Rehabilitalion

of existing wells is no longer promoted in the project.

Drilled wells

The hand-drilling equipment used in the Buba-Tombali water supply
project enabled the drilling of tube wells of 25-30 cm diameter to a
depth of 15~20 m.

A hcavy tripod equipped with a winch was placed over the well site,
and the 30 com auger centered, A heavy cross-piece with handles was
mounted on the drill. Eight persons rolated the auger, until il was
completely filled wilh earth. The drill was then lifted by means of

Lthe winch and the drillings were removed from the auger.

78



The auger.
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For penetrating hard layers, up Lo 8 persons could load the cross

section to pressure the auger.

W?gg??'

When sand was struck below the groundwater table, a casing had to be
ingerted, Drilling then proceeded using a bailer. The casing was sunk

by rotating it under loading.

When penetrating hard layers, the bailer was exchanged for an auger
with a smaller diameter, and drilling was continued wilhin the casing

until the desired depth was reached.

Opposite the aquifer a 6" PVC [ilter screen was installed with a
0.3 mm slot size. This filter required a filter pack of fine gravel
(0.5-2 mm size). As the gravel was poured in the hole, the casing was
slowly pulled up. Finally, tLhe space around the 6" PVC tubing was

sealed with clay, at the top part.
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) ] Finishing the cemented
B . apron of a borehole.

Filter pack

For an optimal recharge of the well, the filter pack and the slot size
generally should bhe selected with care. VFor handpumps, however, the
withdrawal rate is much less than the actual recharge from the
aquifer, and the filter-pack design is not so critical. Thus, a
standardization of the filter pack was possible in the Buba-Tombali

project.

During the execution of Lhe project, the required core sand for use in
the filter packs was found in the region of Bafata. When this gravel
was used, the problem of sand entering the bore holes no longer

occurred.
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3.4 Handpumps and rope - and - bucket systems

The search for handpumps with limited malntenance requirements is
on-going. AL first the tendency was to construct very stordy
handpumps, requiring as little wmaintenance as possible. This approach
was not very successful. Present pump models frequently invelve very
high actual costs of repair and maintenance. Morcover, an unacceptable

high percentage of these pumps are not operative.

A new approach has been developed in the UNDP/World Bank Projecl for
Testing and Technological Development of Haudpumps. Neo longer is the
reduction of breakdowns the first priorily, but the suitability for
local waintenance and repair. Especially the use of easily repairable
below-ground components is seen as an essential step. This will help
avoid the need of lifting the pump cylinder from the well For repair.
The use of plastics in below-ground parts has considerable potential.
Another promising development is represented by cylinders which can be
lowered inside the rising main. In case of a repair they can be lifted

manually, while the rising main itself remains in Lthe bore hole.

The main objective is to simplify maintenance and repair, and to have
a stock of spares reasdily available at the village level. This will
enable the local population after a period of training, to carry out
routine maintenance. The new approach ties in with the concept of
community participation in water supply projects. Unfortunately, Lhe
development of Lhese new pumps and pump maintenance systems is still
in an experimental stage. The experience so far obtained in the
Buba-Tombali project, cspecially with the rope-and-bucket system,
points to potentially very limited maintemance costs and a promising

degree of participation al village level.

The pumps used in the Buba-Tombali water supply project

Suclion pumps were not suitable for use in the Buba-Tombali project
because the groundwater level generally is deeper than 7 m. Initially,

toot~operated deep-well pumps (Lhe"Kangeroo™ pump) were installed.
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The ‘Kangeroo’ footpump.

Although the current model of this pump seems Lo give acceptable
performance results, some major drawbacks remain. The project team
decided to introduce another pump (Lhe "Buba'pump) which would be more
in accordance with the prefercnce of the people and the {indings of

the social activation units. (See Table 15).

Only (he pump head was manufactured in Buba, the other parts were
imported. The pump has a cylinder of 2-inches (approx. 51 mm) or
3-inches (approx. 76 mm) in diameler, depending on the depth of the
groundwater table and the yield of the well. The rising main is
I%-inches (approx. 38 mm) galvanized pipe assembled from standard

lengths of 3~2-1-0.5 meter, The complete pump cylinder is imported.

For some medical cenlres in the southern regions of Guinea-Bissau, the
"Buba" handpump was modified in such & way that it could pump water
into a small elevaled water tank, placed on a supporting frame 4 m

high.



Table 15
Comparison of pumps and rope- and -bucket systems in Guinea-Bissau.

Maintenaoce

FOOT PUMP

FOOT FUMP

ROPE -ANU-BUCKET

pump must he lubricated
monthly

local palm 0il available
spring must he replaced
after 2-3 years, lealher
CUps eVery year

pomp must be lubricated
monthly

grease (imparted)
bearings to be replaced
atter 2 years, leather
cups every year

pulley must be lubricated
weekly

grease (imported}

rope veplacement every

2 years, bucket every year

eptance

Ace

low acceptance as elderly
people and children have

difficulty operating pump
pump operation wpfamiliay
and uynpopular

rasy to operate hy urers

vperational mode familjar

Lecal
Productior]

local manufacture fearihle

pump imported

Pol-

Mution

|
|

e

well sealed from pollution

local manufacture feasible,
but complicated
pump imported

preferved where pump repait
ot breakdown o problem

Tocal mamifactnre posasible

most materials available

well =ealed from pollution

well open; possible pollntion

The Buba pump.

84

e
“‘“’%"émm




Becausce of the necessity to reduce wmaintenance costs as much as
possible, Lhe rope-and-bucket system was accepled in the project, in

spite of its drawbacks (i.e. pollution harards, heavy work for drawing

water).

In practice, the rope-and-bucket system proved not as simple as it

looked. The following problems were encountered:

- the rope; normal 18 mm twined sisal rope lasted for two months only,
after which the rope opened up; twined nylen rope did no better;
fater a woven nylon rope proved successful; a generous length of
vope must be provided as it shrinks 5-10%;

~ the pulley; several types of pulleys were tested;

~ the bucket; a 7-liler bucket was used, wilh a flat botlom; a 12-liter
bucket was found too heavy; in a test, a bucket with a round bottom
was provided, which could not be placed on the ground, and so would
be less polluted; however, the people may have assumed Lhat the
round bottom was a manufacturing fault, and they flattened it by

using big stoncs for a hammer.
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Sisal rope proved unsuitable.

The use of the rope-and-bucket system was also tried out on a few tube

wells using a bailer instead of a bucket. This was not successful

hecause:

~ it took very long before clean water could be drawn, due to Lhe
surging ellect of the bailer;

- the people did not Jike it because when the rope breaks, they are
unable to fish Lhe bailer out of the well; the tube well is then
blocked and ne water at all can be drawn; for a tube well, the

population strongly preferred a pump.

To Find out whether a dug well with a rope and bucket s hygienically
acceptable, a small bacteriological survey was carried out. The

results ave given in Table 16.

Table 16.  Results of a bacteriological survey.

Type of wel| E.coli/100 ml Coliforms/100 ml
Lraditional, nz=h 450 1300
dug well; hucket, n=9 14 40
dug well; pump, n=10 0.4 5
drilled well; pump, n=5 0 0
Guideline value WHO absent 10

Further, a bacteriological survey was made to check the quality of

water stored in the houses. Even waler that was definitely not
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polluted at the moment il was drawn from the well, in scveral
instances was found to be serious!y polluted when stored in the house.
This is not unusual, and is confirmed by others (Lit.10).

Although the results of the survey were indicative only, the
difference found betwcen traditional wells and the new wells was very
significant. Further investigalions are necessary, but it is clear
that as long as adequate maintenance of handpumps cannot he guaranteed
the rope-and-buckel system must be accepted as an  intermediate
solution. Tt should be scen as a minimal provision, and should be

improved as soon as condilions permit.

3.5 Maintenance

Although appreciable progress is being made in many developing
counlries with regard Lo well conslruclion and handpump installation
for rural water supplies, the same is unfortunately not true of Lhe

maintenance of the pumps once they are installed.

Wells and pumps are intended Lo provide safe drinking water Lo the
users, but too often they become inoperative, and remain unrepaired

or long periods of time. Adequate maintenance is lacking, and

concentrated efforts are necessary Lo improve this situation.

Repair of a Buba pump.
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Maintenance is one of the most neglected aspects of water supply
projects, and the number of inoperative pumps remains discouragingly
high. Ideally a handpump and well, once installed, should continue to
provide water for a lifetime without any repair or inspection needed.
However, a certain amount of regular maintenance will always be

required to ensure the proper functioning of pumps and wells.

Reasons for the poor maintenance record
The most important. reasons for the poor maintenance record are:

International and bilateral agencies frequently offer funds for new
construction but are not so prepared to finance maintenance,
considering this to be a responsibility of the recipienl country. But
many, if not most govermment water supply agencies in developing
countries have only a very limited, or a non-existent budget for
meeting the maintenance costs associated with handpump installation
programmes. [t is a fact that many developing countries can scarcely
afford the costs of maintenance, whereas investment costs are often
born by doner agencies. Tt happens, therefore, that new handpump
installations are sometimes used to replace existing pumps which could

have been rehabilitated at much less cost.

The maintenance costs expressed as a proportion of the investment cost
of new handpump installations will vary considerably depending on the
type of maintenance syslem used, density of the handpump installa-
tioms, the country's infrastructure, prices of fuel and spare parts,
wage level and a host of other faclors, such as the quality and

durability of the pump.

A national handpump programme requires a long term commitment to
maintaining the pumps and providing the spare parts needed. Whether
the funds for new vonstuction come from national or external sources,
the relationship between construction and maintenance exists, and
should be considered from the start. Otherwise the investment is

likely to be completely wasted.
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In wany countries there are considerable problems stemming from the
lack of manpower, and inadequate procedures for reporting and
repairing pumps that have broken down. Non-operative pumps deteriorate
very quickly as people tend to damage them when they do not deliver
the desired water. The training of manpower and the set up of a
maintenance organization must be considered from Lhe start of a water

supply project.

IL is not uncommon that new projects adopt new handpump designs and
use equipment that is new to the country concerned. As a result,
countries receiving assistance would have to provide for the
maintenance of a large number of completely different handpumps and
equipment. This is a serious problem hampering the provision of
adequate maintenance, as it requires excessively large stocks of

different spare parts.

Consequences of insufficient maintenance

The most important consequences of inadequate maintenance are:

Jn areas where handpump waler supplies are vital, the introduction of
the wells and pumps frequently is a major event. To obtain the maximum
benefit, health educational activities are increasingly promoted and
organized to accompany the cvent. This ivvolves information on health
benefits, and explaining the hygienic reasons for using safe water for
drinking, cooking and personal  hygiepe. If  the pump becomes
inoperative and is not repaired, the chance of Improving water use and

hygicne is lost, perhaps for many years.

Furthermore, if the village wells were constructed with conlributions
from the communities, they way view Lhe pump's breakdown as evidence
that their support was wasted. They may lose regard for the water
supply agency and the government, and they will not loock forward to
co-operating in other goveruvmental projects. This may lead to a

complete stop of the entire process of rural development, as an
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improvement of the village water supplies often forms apn early part of

the development efforts in the rural arecas.

Serious Economic Loss

When pump maintenance is not provided for adequalely, the economic
loss that is suffered by handpumps breaking down and remaining oul of

service will be considerable.

Approach to a better maintenance concept

It would appecar Lhere are basically two convergent lines of approach
which should be followed when secarching for a solution to the serious
maintenance problems experienced in the upkeep ol handpump ruval water

supplies:

A. Adopt handpump designs that enable part of the waintenance tasks to
be carricd out at village level; in this way, regular waintenance
could be better secured, and costs reduced.

B. Organise for providing back-up maintenauce services, and the supply
of spare parts to support the pump caretaker(s) at the village
level; Lhese services should assist in carrying out the maintenance

tasks that are outside the scope of village-level capabililies.

Maintenance set-up selected in the Buba~Tombali project

Provisions for pump waintenance were incorporaled in an early stage ol
the project. In every village in which a pump was installed, a male
carctaker was appointed to take carc of lhe greasing of the pump and
Lo report any failure of the pump to the project centre. A woman was
made responsible for cleaning the surroundings of the pump. However,
only in 1980, when the first pump Ffailures were taking place, did the
organizalion of this system for maintenance and repair of pumps become

gradually appreciated.

The matter ol handpump maintenance was taken up with Lhe Ministrey of
Natural Resources. It had become clear that it would be very difficult
for the Ministry to finance the maintenance of the pumps cspecially in

the initial stage. So far, the maintenaunce costs had to be charged to
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the project budget. Ways and means must still be found for fipnancing
the maintenance costs in the long run. One result of the discussions
hag been a proposal prepared jointly with staff members of olher water
projects, which calls for a degree of standardization of equipment. A
start was made to promole actively the standardization of handpumps

used in Guineca-Bissau.

Regional maintenance centres

In both the Tombali and Quinara regions, a small maintenance centre
was built by Lhe project. Tor each ceutre, a team was trained to carry

out the maintenance of the pumps and wells in the region concerned.

The teams cousisted of:
- 1 regional maintenance officer;
- 1 mechanic;

- 1 driver.

Fach team was provided with a Landrover.

Experience shows that each team was capable of mainlaining about 200
wells, although at the price of fairly lomng breakdown periods. At the
end of the project, 850 wells will have been constructed. This implies
Lhal more maintenance teams will have to be formed. Thus, the total
maintenance costs would Tlikely rise uniess olher ways can be found for

assuring the upkeep of the pumps and wells.

Il appears Lhat an extension ol the cxisting mainlenance set up would
Tucrease the costs of maintenance to a very high level and in any case
would remain vulnerable because of the many Lransport facilities
needed. Therefore, il was decided to study and test the following

maintenance concepls:

Maintenance al sector level

In this set up, one mechanic would be stationed in every sector of a
region. As each region has lour sectors, four mechanics need to be
added  to the existing regional teams. All of them would get a

molorbike.
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These sector mechanics would be responsible for the maintenance of
pumps in their sector. Major repairs, such as the complete overhaul of
a pump, should be made with the assistance of the regional team. The
regional team would removate worn out pumps and cylinders. This system

is to be tested in two sectors.

Maintenance at block level

The villages would be grouped in blocks. For every block a volunteer
is selected and trained to maintain pumps and bucket systems in the
villages forming part of the block. The volunteer mechanic is provided
with spare parts and tools by the regional centre, which would also
assist him in mwajor repairs. This type of maintenance system is
already functioning satisfactorily on the island of Caiar, and will be

tested in five more areas.

Tn this approach, the male caretaker for the pump in the village would
be trained to carry out regular maintenance tasks. He would be
provided with teools and spare parts hy the regional centre which will
support him in any major repairs. Ten villages will be selected to
take part in testing this approach. The main advantage here is that
the breakdown time of the pump would be limited. It may also generate
a cash contribution from the community as the volunteer would gain

status and might receive small payments from the community.

It should be clear that the handpump maintenance problem in  the
Buba-Tombali project is not yet solved. But a good start has been made
with effective arrangements for regular maintenance at the village
level, including the involvement of a local caretaker for the pump.

A decision on Lhe most suitable maintenance system would probably have

to be made by 1984.

If the tests prove that major maintenance tasks and repair are
feasible at village level, the way to a full solution will be open. It
is likely that, for several years, external funds and assistance will
be needed in view of the scarce national resources available in

Guinea-Bissau.
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4. ORGANIZATION, TRAINING AND LOGISTICS
4.1 Organization
Expanding on the general outline given in Chapter 1, the organization,

training structure and logistics of the project are described here in

more detail.

Car workshop
The structure of the workshop is shown in Diagram 10.

Diagram 10.
Organization chart of the car workshop.

car workshop

(mechanical inspectoer)

L |

transport vehicle repairs equipment spare parts
division division division store
. . I I
(transport officer) (mechanical officer) !
[ | +
| 1 |
' repair maintenance ' |
!
: section section : |
1
: i i ' 1
1 ! ! A 1
. R R R b .
21 drivers 5 méchanics 1 mecﬁan1c 1 mechanic 1 administrator
3 assistants 3 assistants 2 assistants
19 Landrovers 1 generator
5 trucks in the centre

10 field generators

ferry (7 tons) 10 electrical pumps
flat bottomed boat{2 tons) 1 percussion rig
speed boats

—

compressor

motorbikes 125 cc

_ W W e

tractor
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The workshop was designed for repairing four vehicles at the same

time. This relatively large capacity was decided on because:

- the rough road conditions in Guinea-Bissau make frequenl maintenance
of the vehicles necessary,

- this workshop being the only one with adequate facilities and
trained mechanics in the whole southern region of Guinea-Bissau,
local authorities and those in other projects frequently requested
repairs (o be made on their vehicles. Space and time permitting,

these repairs were made at cost.

¢

&f%ﬁ”m ’
The car workshop under construction.

The first requirement Lo keep Lhe vehicles operating is to ensure that
each driver fecels responsible for the necessary day-to-day checking
and maintenance of his vehicle. The driver should check the following
items cvery day:

- o0il level;

- water level;

- battery {luid;

- tire pressure.

The driver should report any problem he detects at once Lo the
workshop. Unfortunately, the bencfits ol preventalive mainlenance are
not yel commonty understood by most of the Guinean drivers and

mechanics.
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Usually they would repair the cars only after breakdown. A proposal
for encouraging the drivers to pay attention to the condition of their
cars is now being considered by the Ministry of Natural Resources.
Instead of charging the drivers for part of the rcpair costs, as
caused by a lack of care on their part, they would get a bonus lor

every three months of driving without a breakdown.

Fvery three months a complete maintenance of cach vehicle is carried

out.

Repairs

Most of the wechanics ewployed by the project had little experience,
and only very limited time was available for training purpeses. For
this reason, each mechanic was trained for a specific task (e.g.
repair ol the gearbox, repair of the electrical system etc.). To
reduce the time required for an overhaul, complete components such as
gearboxes and electrical generators were replaced from a stock of
overhauled ones. The removed components then were overhauled, after
the vehicle had left the workshop. Frequent problems occurred with the

suspension springs, the gearboxes and the frames., In itself, this is

testimony of the rough road conditions.

» b

ssembling bf pumps.



Except for

complicated repairs,

equipment were carried out on the spot.

Gl e

A

Maintenance of other equipment was carried

Mechanical workshop

Lk i

The mechanical workshop was set up for:

outont

maintenance and

- production of pumps and rope-and-bucket systems

- repairing tools and cquipment

Diagram I1.

Organization chart of the mechanical workshop.

mechanical workshop

(mechanical inspector)

[

he spot.

repair of other

F ey

s
B

l

pump production bucket construction and
division production repair
division division
5 metal workers 1 metal worker 1 lathe operator
4 metal workers

1 painter (part time)
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Fach mechanic received a set of tools for which he was required tlo
assume responsibility. Special tools had to be obtained separately
from the store, with the nawe of the user registered by the

storekeeper. The equipment used in the workshop is shown in Table 17.

Table 17.
Mechanical workshop equipment.

1 lathe (1200 mm) 1 compressor

3 electric welding machines 1 hydraulic press {12 tons)
1 welding generator 1 shearing machine

2 welder's torches 1 profile rolling machine

1 sawing machine 1 sheet rolling machine

1 drill press 1 slotting machine

1 grindiog machine 1 smith's hearth

The mechanics were altowed to use the equipment in the workshop for

personal purposes after working hours.

\

Production of buckets.
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Diagram 12.

The proposed organogram for the Buba water centre for the regions
Quimara and Tombali in 1986.
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Regional water supply centre at Buba

In the plans of the Ministry of Natural Resources, the project centre
at Ruba will become a regional waler centre, after Lhe completion of

the project.

Three of such centres are planned by the Ministry. Each of them will

be responsible for two regions.

In a proposal prepared by Lhe project team, in cooperation with the
Ministry of Natural Resources, the centre in Buba would be assigned
Lthe following tasks:

- the colleclion and processing of geohydrological data; these data
provide a basis for assessment of water resources, for water supply
a8 well as for irrigation purposes;

- the maintenance and rcpair of the existing facilities; the estimated
production capacity is about 25 wells per year; some of these wells
will he new ones; a team of promotors of the social activation
section will continue to be required;

- Lhe repair of handpumps; repairs ol pumps in the two regions will be
locally carried out by repair crews, the pumps and cylinders will be
overhauled in Ruba;

- the repair of the vehicles and other equipment of the centre.

The proposcd organization of the centre and the required number of

staff is given in Diagram 12.

This diagram shows the most comprehensive and, thus, the most
expensive orpanization that should be considered. As tesling of
differenl mainlensnce syslems is sLill underway, modificalions of the

proposed maintenance organization may have to be considered.

4.2 Communications

Radio transmittors were ordered for communication belween Buba and
Rissau. It Look more than a year to obtain a licensc to use them. Once
installed, they proved very useful. Daily contact between Buba and
Bissau helped improve the project operations considerably. Emergency
calls could be made, and no lounger would a project vehicle travel in

vain Lo meet the ferryboat, as now the project centre could be informed
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whether it wonld come or not. Two portable radio transmittors were
bought to facilitate the field communications. One was installed on a

truck, and the other on the ferryhoat.

Liaison with other organizations

Much attention was paid to the development of liaison and ceoperation
with governmeut departments and other organizations, A well construc-
tion project of a duration of five years will have a limited impact on
the water supply situation and especially health conditions if
cxisting behaviour runs counter to the proper use of the water from
the wells. Changing the traditional customs will require a
considerably longer period of time. To expand the impact of the
project, initiatives taken by the project team should be taken up as
mich as possible by other organizations. Thus, in an early stage of
the project, contact was made and consultations werc started with many

of these organizations,

The social activation section organized a seminar, which was held in
September 1979, in RBissauw. O0fficials and project managers of the
Ministries of Agriculture, Education and Public Health weve invited.
The purpose of the seminar was an exchange of information, especially
on the subject of promotors working at the village level, and to
discuss Lhe possibilities of future collaboration. Many wuseful

contacts were established during this seminar.

Special attention was paid to cooperation wiith the Women's Union. The
members of this organirzation were willing to collaborate in mobilising
the women but, due to lack of staff, funds and transport, only a
little assistance was actually forthcoming. Some of the Union members
in the southern regions gave firm and useful supporl. It was found
that direct contacts at the village and regional lecvel generally were
more useful. As a result of meetings with the promotors ol the social
activation section, some village health workers and school teachers
started instructiou and education on the prevention of discase, and on
Lhe hygienic use of water and food preparation. Anolher [avourable
development was that the Ministry of Agriculture in 1981, for the

First time, supplied the projecl with sceds for vegetables.
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4.3 Training

Scarcity of skilled stalf has been clearly identified as the most

commornn and imporLant obstacle to a more rapid improvement of rural

waler supplies. The reasons for mappower probiems are:

- the training capacity is small and lags behind the fast growing
needs;

- the required numbers of staff are increasing becaunse the emphasis
has shifted to labour-intensive schemes;

- the shortage of technical staff is critical;

-~ there is a shortage of managers due to Lhe rapid expansion of
government. and industrial services;

-~ jobs in the private sector are generally more altractive

than those offered in the government service;

"On the job'" Lraining is probably the most useful and flexible way of
training technicians and skilled workers, such as supervisors, foremen
and warkshop mechanics., For professional staff, such as managers and

engineers, "

on the job" training opportunities obviously are limited,
and extensive education has to be provided in another way. Thus,
financial provisions should be made for such advanced education and

cepecially the provision of scholarships can be important.

Training in the Buba-Tombali water supply project

The transfer of the project to the aulhorities of Guinea-Bissau will
only be successful if sufficient manpower would become available.
Training constituted an essential part of the project. So far,
Lraining has ouly been "on the Job" backed up with some teaching of
theoretical aspects. These lessons were mostly given during the wet

season as work then slowed down or came to a complete stop.

The following matters were important:

The expatriates did not have a sufficient command of Portuguesec nor of
Creolo, the language which is widely spoken in Guinea-Bissau. This

made it extremely difficult for them to give theorctical lessons;
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practical lessons, however, were less of a problem as much could be
demonstrated. The lack of theoretical understanding remained a
constraint. To tLry lo overcome this, contact was made with Guinean
teachers. For lessons in mathematics this was successful, but for Lhe
transfer of more specific knowledge on a higher level no practical

solution has yet been found.

Another linguistic problem was encountered in the ordering of
materials and equipment. Most ol the materials were ordercd in The
Netherlands, and all catalogues were in the Dutch or English
languages. For training staff in the ordering of materials and
equipment., the catalogues needed to be translated. Some Dutch
companies were contacted to see il in the nearby future ordering in

Portugese or French could be a possibility.

Level of schoolin

The level of schooling of the staff varied widely from the elementary
stage of reading and writing, up to high school. To accomodate these
differences in the Buba-Tombali project, the groups were divided
according to level of education. The group with the highest level
received training from the expatriates. In turn, Lhis better educated

group acted as the teachers of the next group.

A village school,



Graduates of the high school in Bissau did not see Buba as an
attractive place of work, as it has no cinema, no restaurant and only
one shop. Moreover, mosl of the graduates did not have family in or
around Buba. These circumstances made it very difficult to recruit

counterpart staff for the project.

The material for use in training work had Lo be prepared by the
expalriale project staff. However, preparation of such material is
very time-consuming and difficult. At a later stage, contact was
established with relevant institutions in Brazil. The materials so

obtained were useful but needed adaptation to the local conditions,

In general, the expatriate members of the project team had been
selected for their professional training and experience, as relevant
to the well construction project. They did not necessarily possess
capabilities for training of staff. This was an important factor
because in view of the specific situation in Guinea-Bissau and the
relatively low starting level of education of counterparts, a carveful
and intensive Lraining programme proved to be an essential element of

the project.

In the wmechanical workshop, this problem was solved by asking a
trained teacher of the technical school in Bissau to give special
courses covering the theorelical aspects fFor the mechanics. The "on

the job" training was provided by expatriates.

As soon as practical problems arose in the field, the Lendency was to
immediately shift attention from traiming to problem solving. Althonugh
there was not a specific target for the number of wells to be
constructed, the project tcam saw production as its first task.
Because it is often easier and gquicker to do a job yourself then to
train somebody else to do it, the imporlance of training was casily

overshadowed by the day-to-day operational requirements.
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In the selection of Lraining objectives, oflen a choice must be made
between a long-term and a short-term approach. This might be
illustrated by the training in the vehicle workshop. It was in the
interest of the project that the work should be executed with speed,
for which good maintenance was essential.

To obtain some capable mechanics after a very short training period,
each of them was trained for a narrow task. Onc mechanic concentrated
on gearhoxes, another repaired only the breaks of motor cars. In this
way, a team of mechanics very soon became capable of repairing a car.
But no one was able Lo do 3ll of the repairs. At a later stage, this
type of training was modified to a more comprehensive one, as it was

important for the country to obtain manpower with a more complete

training.
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The training procedures followed in the social activation section
should be given further attention. In this training net only
theoretical and practical information was passed on, bul also social

skills.

The main training tool used was role playing. The staff members were
enthusiastic and role playing proved much more successfaul than
transfer of theoretical knowledge through lectures. This was so
because the nationals had a limited theoretical background, and were
not used to classroom-style abstractions. A further problem in the
lessons was the lack of concentration, oflen associated when the

learning process is not learner-oriented.

After the training by role playing, the student promotors paid a field
visit to several villages, together with a senior promotor and an
expatriate. After a few visits, the new promotors were sufficiently
trained to start work om their own. Later, the theovetical lessons on
sanitation were stopped because of their limited effect. Emphasis was

shifted to s more practical approach.

A special problem was the training of the male and female promotors
jointly. The men were accustomed Lo take the Jeading role and
responsibility. In Guinea-Bissau it is not common Lhat a woman is in
charge, and most village committees directed themselves exclusively to
Lhe male promotor, and not to the woman in the promotional team.

As a result the male promotors were taking up their tasks more easily
and the female promotors made little progress. Once the female
promotors, after many discussions, became more sceure in taking up

their tasks, the male and female promotors became equally effective,



4.4 Logistics

The operation of a well construction project largely depends on a
regular supply of malerials and equipment. In the Buba-Tombali water
supply project this was extremely important, as almost all materials
were imported from abroad. The procurement and storage of materials

and equipment had to be carefully planned.

Procurement of material

Most of the material and equipment were ordered in The Netherlands. A
careful planning of the orders was necessary as it took over six
months before the ordered items would be delivered, and substantial
savings in costs could be obtained by reducing the number of shipments

to a minimum. The procurement schedule is shown inm Figure 17.

PERIOD ACTIVITY
1 MAY  —
p————————— PREPARING ANNUAL ORDER OF MATERIAL
7 JUNE -4 {'
PURCHASE OF THE MATERIAL IN THE NETHERLANDS
1 JULY —1
1 AUG PACKING AND DELIVERY AT THE PORT OF ROTTERDAM
1 SEPT. — E
P OVERSEAS TRANSPORT ROTTERDAM — BUBA
10CT. T }—- CUSTOM CLEARANCE AND OVERSEAS TRANSPORT TO BUBA
v
1 NOV. ==

Figure 17. _
Procurement and delivery schedule of materials for the project.

106



The lists of material and equipment to be ordered were prepared by the
project team and sent to the procurement office of the Directorate
General for Development Cooperatiom, im The Hague. This office then
placed the orders and made arrangements for their shipment. The
procurement officer of the project regularly visited the otfice in The
Hague, to assist in the ordering of the required materials and the

shipping arrangements.

@ . .
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Arrival of project material in Buba.

Stores
A good storage system is very important for any project, so as to
avoid that progress is hampered by a shortage of materials or

equipment.

The time and effort thal were spent in arranging the slorage system
and the stock administration definitely paid off. Important factors
for determining the size of the required stock were rate of turn-over,
delivery schedule and the costs of storage. An aspect not Lo he

overlooked is the reliability of supplies, especially of local
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products. For example the acetylene used in the project was initially

obtained in Bissau, but when local production was stopped for more

than a year, the acetylene had to be obtained from Senegal.
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5. COST DATA

In this chapter some cost data on Lhe Buba-Tombali water supply

project are presented for September 1977 - December 1981.

5.1 Investment costs

The total capital investment in the project during this period

amounted to US § 3.65 million, as specified in Table 18.

Table 18.

Capital investment Buba-Tombali waler supply project.
Feasibility studies us § 185,000. 5%
Workshop, offices, housing 425,000. 11%
Vehicles 685,000. 18%
Equipment 425,000, 11%
Material 800,000. 22%
Salary 1,100,000. 30%
Fuel ...100,000. _3%
TOTAL US §  3,650,000. 100%

As can be seen in the table, the construction costs of the workshop,
offices and housing for project staff absorbed a considerable portion
of the total investment. This might be more than in comparable well
projects, because very few facilities were available in Buba at the

start of the project.

Capital investment per well

The capital investmenli per well, specified for the various project
inputs, 1is shown ino Table 19Y. The capital investment in 1980 was

divided over 150 wells, the total number of wells constructed in Lhat

year.
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Table 18.
!rwestment cost per completed well (in US dollars).

Section Imported Local expen- Salaries Total per

material ditures expatriates section
Social
activation 25. 130, 815. 970. 17%
Survey 15. 105. 160. 275, 5%
Construction 660. 435. 160. 1255. 229
Vehicle workshop 560. 55. 130. 745, 13%
Mechanical
workshop 255. 50. 255. 560. 109
Production 230. 185. 410. 7%
Overhead * 45 . 665. 670. 1375. 25%
Total 1790. 1625. 2190. 5590. 100%

* Calculated for 1980; 150 completed wells.

As shown in the table, the social activation work took a substantial
portion of the overall investlment, which was partly due to the rela-
tively high costs of expatriate staff. [t should however be realized
that very little experience was available for the social activation
work, so that the extensive expatriate ivpul was needed Lo develop

this activity.

The experience gained in the project should be very useful! to simijlar
water supply projects both in Guinea-Bissau and in other countries.
Substantial cost savings may be had in such social activation activi-

ties using the lessons learned in the Buba-Tombali project.

Cost data of well construction

The actual construction costs for dug wells and hand-drilled wells

produced by the project were as shown in Table 20,
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Table 20.

Construction costs of wells.

Dag well, 12 m <epth Hand-drilled well, 15 m depth

4 rings $ 1.50 m ug § 145. 5 metres {ilter tubing 100.
5 rings @ 1.00 m 180, 10 metres tubing ¢ 15 cm. 140.
I well covex 35 gravel for filter pack 35.
cement 65. well cover 35.
generator (30 hours) 40. cement 65.
transport 350. transport 300,
salaries (2 persons) 225. salaries 180.
TOTAL Us § 1,040. TOTAL Us $ 855.

The tablc¢ shows that hand drilling from the view poiunt of costs was
advantageous over weil digging. Hand drilling also required less in
the way of traunsport of cquipment, which in the conditions of Guinea-
Bissau was an important advantage. The equipment and tramsport

requirements for well digging and well drilling are shown in Table 21.

Table 21.
Equipment and transport requirements for well digging and well drilling.

A, Kquipment and transport requivewments for five teams of two persons;
each Leam producing one dug well/month

1 truck (for 5 teams) us & 48,000.

1 Landrover 14,000,

4 generators + pump 32,000.
equipment™ 7,000.
Total inveslment US § 101,000.

B. Hquipment and transport requircements for one team of six persons
producing 4 drilled wells/month

1 drilling set us 5 14,000,
1 Landrover + trailer 16,000.
Total investment Us s 30,000,

* The steel moulds for the concrele ring production were made in the
workshop of the project.

Transport costs

The costs of the Landrovers and trucks used in the projoct were
substantial. Unil costs, expressed per kilometer, are presented in

Table 22.



Table 22.
Costs of aLandroverand a truck, per kilometer.

Landrover Truck
Spare parts Us $ 0.36 0.8¢
Maintenance and repair 0.07 0.07
Insurance 0.01 0.02
Tuel 0.07 0.17
Driver 0.10 0.10
TOTAL Us ¢ 0.6\ 1.16

Based on 12,500 km per year {or the Landrover;
20,000 km per year for the truck.

Pump production costs

The production costs of the "Buba" pump, and those of the rope-and-
hucket system are shown in Table 23. The cost data were compuled for a

production rate of 150 pumps and 50 rope~and-bucket systems per year.

Tabel 23. Production costs of ‘Buba’ pump and rope- and -bucket system.

"Buba" pump, installation Rope-and-bucket
depth of cylinder 12 m system
Material us § 56. us s a6,
Salaries * 40. 20.
Riging main 100.
Cylinder 120.
Overhead 100. 60.
Depreciation 32, __18.
TOTAL Us § 448. Us § 164.

* Payment of the workers was in local currency;
The figures are computed for an annual production rate of 150 pumps
and 50 rope-and-bucket systems
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When, in the future, the mechanical workshop will be run by local
staff without expalriate assistance, overhead and supervision costs
will be less. The total production costs of one pump are estimated at
U8 § 450 and those of the rope-and-bucket system, at US § 120, for
the estimated production rate of 150 pumps and 50 rope-and-bucket

systenms per year.

5.2 Recurrent costs

For a full cosl analysis all the rclevant costs should be taken into
account. In addition to the investment costs, the recurrent costs of
the water supply agency of maintenance replacement of parts and
transport should be considered. The investment costs of a pump, for
instance, may be nol more than 15 - 25% of its total "{ife-time"

COSTS.

As there are very few cost data on maintenance and replacement of the
Buba pump and of the rope-and-bucket system available, a full cost
analysis is not yet possible. However, it is clear that the production
costs as well as recurrent costs of a rope-and-bucket system are

considerably lower than those of the pump.

113



114



References

o

10.

11.

12.

AFRICA SOUTH OF THE SAHARA 1981 - 1982
Europa Publications, London, 1982

ANUARICQ ESTATISTICO 1977
Ministerio do Desenvolvimento Econdmico ¢ Planificagao, Bissau, 1978

Arnold G., et al.

UMA PROPOSTA PARA A PROGRAMMACAQ DO ABASTECIMENTO DE AGUA PARA A POPULACAO
RURAL. NA ZONE I (CACHEU, 0I0)

Ministerio de Recursos Naturais, Rissau, 1981

Beyer, M.G.
DRINKING WATER FOR EVERY VILLAGE
Assignmenl Children, no 34, April-June 1976

Brush, K.
WELLS CONSTRUCTTON
Peace Corps, Washington, 1979

Caironcross, et al.

EVALUATION FOR VILLAGE WATER SUPPLY PLANNING

International Reference Centre for Community Water Supply and Sanilation,
Rijswijk, The Netherlands, 1980.

Technical Paper no.15

LA CONSTRUCTIEN DES PUTTS EN AFRIQUE TROPICALE
Ministére de 1as Coopération de la République Francaise/
Burgeap, Paris, 1974

Davidson, B.
THE L1BERATTON OF GUINE -~ ASPECTS OF AN AFRICAN REVOLUTION
Penguin Books, London, 1969

Farooque, A.
DESIGN PARAMETERS FOR RURAL WATER SUPPLTES TN RANGLADESH
Bangladesh University of Engineering and Technolegy, Dacca, 1981

Feachem, R. et al.
WATER, HEALTH AND DEVELOPMENT
Tri-Med, London, 1978

Fert, A., and Gussenhoven, §.

INDIKATIE HULPBEHOEFTEN GUINE BISSAU

Directorast Generaal voor Internationale Samenwerking , 's-Gravenhage,
1980

Fletcher, B.
WHY PERCUSSION RIGS BEAT ROTARIES FOR WATER DRILLING
World Waler, October 1979

GROUNDWATER IN AFRICA
New York, United Nalious Department of Economic and Social Affairs
United Nations 1973

115



14.

16.

17.

18.

19.

20.

21.

22.

23.

24.

GROUNDWATER AND WELLS
Johnson Division VOP, Minnesota, 1975

Hofkes, E.H.
DUG WELLS - A CHOICE OF TECHNOLOGY FOR GROUNDWATER DEVELOPMENT
African Water and Sewerage, vol.l, no.l, March 1982

Hofkes, E.H.

GROUNDWATER EXPLORATION FOR DRINKING WATER SUPPLIES IN

DEVELOPING COUNTRIES

International Reference Centre for Community Water Supply and Sanitation,
Rijswijk, The Netherlands, 1982

Training Module Series, No.7

Hofkes, E.H., ed.

SMALL COMMUNITY WATER SUPPLTES

International Reference Centre for Community Water Supply and Sanitation,
Rijswijk, The Netherlands, 1981

Technical Paper No.18

Hornby, P., et al.

PLANNING FOR MANPOWER FOR RURAL WATER SUPPLY AND SANITATION

In: Proceedings of the WHO Interregional Workshop on Natiounal Water and
Sewerage Sector Development, New Delhi, 1976

Lemoine, J., et al.

L'EQUIPEMENT DES VILLAGES KN PUITS ET FORAGES
Commission des Communautes Furopeennes/
Burgeap, Paris, 1978

Tincklaen Artridns, W.T.

PLANNING AND EVALUATION FOR COMMUNITY WATER SUPPLY AND SANITATION

A Selected and Annotated Bibliography

Internaticnal Reference Centre for Community Water Supply and Sanitation,
Rijswijk, The Netherlands, 1982

Mathur, S.P.

DESIGN AND DEVELOPMENT OF A SIMPLE ELECTRICAL RESTSTIVITY EQUIPMENT KOR
GROUNDWATER [NVESTIGATIONS AT SHALLOW DEPTH

Report prepared by WHO Consultant for the Deparment of Health,

Royal Thai Government, Bangkok, Thailand, October 1980

Mlengu, J.M.K.

OPERATTON AND MAINTENANCE PRACTICE FOR RURAL WATER SUPPLY IN
KILIMANJARO REGION

Tampere University of Technology, Tampere, Finland, 1981

Overmeeren, R.A. van
COMPT.EMENTAIRE GEOFYSISCHE EXPLORATIE METHODEN - EEN VOORBEELD UIT SOKDAN
Dienst Grondwaterverkenning TNO, DelflL, The Netherlands, 1980

Overmeeren, R.A. van

GEO-ELEKTRISCH ONDERZOEK COBUMBA (Guinea-Bissau)
Dienst Grondwater verkenning TNO, Delft, The Netherlands, 1979

116



Palacky, G.J., et al

ELECTROMAGNET1C PROSPECTING FOR GROUNDWATER IN PRECAMBRIAN TERRAINS IN
THE REPUBLIC OF UPPER VOLTA

Geophysical Prospecting, no. 29, 1981

Penning, M., Slobbe, E. van and Ubels, ..
DRINKWATERVOORZIENING OF HET PLATTELAND IN ATFRIKA
Landhouw Hogeschool Wageningen, Wageningen, 1980

Ploeg, J.D. van der

A ACTIVIGCAQ SQCIAL DENTRO DO QUADRO DO ABASTECIMENTO DE AQUA RURAL DO
PROJECTO DE AQUA EM BUBA E TOMBALI

Direccao Internacional de Ajuda Técnica e o Comissariado de Estado de
Recursos Naturais, Guinea-Bissau, 1979

(not published)

Ploeg, J.D. van der, and Wijk-Sijbesma, C. van

COMMUNITY PARTICIPATION IN THE RURAL WELL CONSTRUCTION PROGRAM OF
GUINEA-BISSAU

Aqua, 9/10, 15980

Ploeg, J.D. van der

VERSLAG VAN DE EFRSTE EXPERIMENTELE EVALUATYE-RONDE
Voorlichlingssektie van het Buba-Tombali waterprojekt Guiné Bissau 1980
(not published)

Poelhekke, T.

GUINE BISSAU, LANDENDOCUMENTATIE NR. 5

Royal Institute of the Tropics, Amsterdam, 1979
Landendocumentatie, no.5, 1979

RURAL WATER SUPPLY IN DEVELOPING COUNTRIES
Proccedings of a workshop held in Zomba, Malawi, 5-12 August 1980
International Development Research Centre, Ottawa, 1980

Saunders, R..J., and Warford, J.J,

VILLAGE WATER SUPPLY

Johns Hopkins University Press, Baltimore, 1976
World Bank Research Publication

Schaik, H.P.J. van

WATER PROJECT OPERATOR FIELD HANDBOOK
Department of Lands, Valuatijon and Water
Blantyre, Malawi, 1981

SHALLOW WELLS
DHV Consulting Engineers, Amersfoort, 1978

Slot., H.

WATERCONSUMPT1E, WATERKOSTEN EN ECONOMISCHE SUTUATIES IN 2 DORPEN IN HET
NOORDEN VAN HET DEPARTMENT 'VOLTA NOIRE' IN BOVEN VOLTA

Projet d'Hydraulique Villageocise 0.R.D. de la Volta Noire,

Direction H.E.R., Ouagadougou, Haute Volta,

Assistance Technique Neerlandaise, 1981

(not published)

TECHNIQUES RURALES EN AFRIQUE

7. Hydrauligue Paslorale

Secrétarial d'Ftat aux Affaires Ltrangéres chargé de la Coopération,
Paris, 1973

117



37.

38.

39.

40 .

Wagner, E.G. and Lanoix, J.B.

EXCRETA NISPOSAL FOR RURAL AREAS AND SMALL COMMUNITIES
World Health Organization, Geneva, 1958

Monograph Series, no. 39

White, A.T.

COMMUNITY PARTICIPATION IN WATER AND SANITATION

Concepts, Strategies and tethods

Iuternational Reference Centre for Community Water Supply and Sanilation,
Rijswijk, June 1981

Technical Paper no.17

Willis, K.F.
GROUNDWATER EXPLORATION AND DEVELOPMENT TECHNTQUES
Journal AWWA, vol.73, no.10, Qctober 1979

Wijk-Sijbesma, C. van

PARTICIPATION AND EDUCATION IN COMMUNITY WATER SUPPLY AND SANITATION
PROGRAMMES

A literature review; 2nd rev. ed.

International Reference Centre for Community Water Supply and Sanitation,
Rijswijk, 1981

Technical Paper no.12, lst ed. 1979

118



